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Abstract 

Frustration is a negative emotional state, arising when an individual is thwarted from 

achieving a goal. In the human literature, frustration has been linked with anger and 

aggression and a variety of psychometric scales have been developed to scale this affective 

tendency at the trait level. The potential role of frustration within canine behaviour 

problems has been highlighted within the veterinary behavioural medicine literature, 

however the assessment of such frustration has historically been based on individual 

personal evaluation. At the start of this thesis, existing published research was limited to 

frustration-related behaviours reported in dogs in specific experimental settings.  

The aim of this thesis was to develop a reliable and valid psychometric tool – the Canine 

Frustration Questionnaire (CFQ) - for the quantification of trait level frustration tendencies 

in dogs and explore the application of this tool in a clinical setting.  

A series of three surveys was undertaken to gather expert opinion on canine frustration 

from clinicians, ethologists and owners. The results of these informed the generation of 

items capturing the trait of frustration which were formulated into a questionnaire for dog 

owners. The questionnaire was disseminated electronically and was completed by 2346 

owners. Reliability was established within the scale, with a high level of internal 

consistency. Reliability was also established over repeated completion of the scale: intra-

rater reliability over short (6 weeks) and long (1 year) time points; inter-rater reliability 

assessed using two owners of the same dog. Following the removal of non-reliable items, 

principal component analysis was used to generate a 21 item, five component solution 

which could be interpreted biologically and demonstrated concurrent validity with 

expected associations between the CFQ and a range of owner reported measures. Principal 

components (PC) were labelled: PC1 ‘General frustration’; PC2 ‘Barrier 

frustration/perseverance’; PC3 ‘Unmet expectations’; PC4 ‘Autonomous control’; and PC5 

‘Frustration coping’.  

In order to further assess the validity of the CFQ beyond owner reported measures, a 

battery of behaviour tests was designed to elicit frustration, mapping on to the CFQ PCs 

and items. A group of 44 dogs underwent the test battery and a range of behavioural and 

physiological measures were collected, selected for their expected relationship with 
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frustration. Vocalising measures from the full test battery were associated with CFQ scores 

providing evidence of convergent validity. Change in salivary cortisol levels pre- to post-

test and absolute post-test levels were associated with CFQ PC5 providing evidence of 

convergent validity with this physiological measure of arousal. Heart rate variability and 

urinary neurotransmitters/metabolites were also tested revealing a range of associations 

warranting further investigation in future studies.  

Finally, the CFQ was piloted in a clinical setting where clinical predictions were supported, 

establishing the CFQ as an aid to the diagnostic process and in monitoring the response to 

treatment of frustration-related problems. This important achievement completes the 

original aims of the thesis and allows the CFQ to be used in a clinical setting and applied in 

future clinical research.  
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1.1 Definitions of frustration 

Frustration is a term used in common vernacular, with the Oxford Dictionary definition of: 

“the feeling of being upset or annoyed as a result of being unable to change or achieve 

something” (OxfordDictionaries, 2017). Consistent with this common usage, frustration is 

considered a fundamental negative emotion in the fields of psychology and psychiatry 

(Jeronimus and Laceulle, 2017), applicable to human and non-human animals. A range of 

definitions of the emotion of frustration have been proposed, primarily focussing on the 

contexts in which it may arise: an emotional reaction experienced after a given expectation 

is violated (Amsel, 1962); reaction following a surprising incentive reduction or omission 

(Dudley and Papini, 1997); irritable distress of disappointment following the limitation, 

exclusion or failure of expectations (Jeronimus and Laceulle, 2017). Other contexts which 

can lead to frustration include: absent, reduced or delayed rewards (Amsel, 1992); 

situations where one is thwarted from obtaining/retaining a resource, where the level of 

frustration experienced increases in proportion to the intensity of the desire that is 

thwarted (Panksepp, 1998, Panksepp and Biven, 2012, Panksepp and Zellner, 2004); where 

barriers to autonomous control exist, whether accessing an incentive or avoiding an 

aversive (Mills et al., 2012), or with intrusions into personal space and territory (Archer, 

1988). Some authors focus on the appraisal of events: e.g. Kuppens et al. (2008) suggest 

frustration can lead to emotion such as anger; Dollard et al. (1939) propose frustration is 

the interference with the occurrence of an instigated goal. For the purposes of clarity in 

this thesis, frustration is considered an emotion in line with the former definitions. 

1.2 Behaviour problems in dogs and the proposed 

role of frustration 

In clinical animal behaviour, frustration has been considered an important negative 

emotion implicated in a range of common behaviour problems in dogs. For example, the 

presence of physical barriers such as doors, or being restrained on a lead, may thwart a dog 

from obtaining a desired resource which could be a social (person or conspecific) or non-

social (chasing prey, accessing food, a toy etc.) stimulus (Mills et al., 2012). Frustration has 

been linked to redirected aggression where leash restraint acts as a barrier causing 

thwarting (Bowen and Heath, 2005). The inability to access an expected resource has been 
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described as a stressor in dogs which can give rise to aggressive behaviours (Notari, 2009). 

In addition, frustration may arise alongside fear when access to safety is thwarted (Mills 

and Zulch, 2010). Frustration may also arise in situations where expectations are not met 

which can include a failure to gain access to a resource the animal considers it needs or 

when a situation fails to produce and outcome in line with the individual’s experience 

(Bowen and Heath, 2005, Hargrave, 2015), which may include contexts of absent, reduced 

or delayed reward (Amsel, 1992). Territory and personal space are also important 

resources (Archer, 1988) associated with increased autonomy – and so if a dog perceives a 

potential intrusion into his/her personal space and/or territory, frustration can arise. 

Restraint and confinement which prevents an animal from escaping from an aversive 

environment can cause frustration (Yin, 2009). Frustration has been highlighted as a key 

emotional differential within the umbrella term of ‘separation related problems in dogs (de 

Assis et al., 2020, Lenkei et al., 2018, Lund and Jørgensen, 1999). Links have been described 

between frustration and the development of repetitive and compulsive behaviour 

problems (Landsberg et al., 2012, Luescher, 2009). Indeed, a lack of autonomous control 

over the environment occurs in all of these contexts and is a contextual hallmark for 

frustration (Panksepp, 1998). 

1.2.1 Prevalence of canine behaviour problems 

Behaviour problems in dogs are very common: recent published studies suggest between 

72.5 and 86% of owners report their dogs have one or more behaviour problems (Didehban 

et al., 2020, Dinwoodie et al., 2019, Salonen et al., 2020, Yamada et al., 2019). It is generally 

considered that a behaviour problem is behaviour exhibited by a dog considered 

problematic behaviour from the owner’s viewpoint: behaviour problems may therefore 

represent issues ranging from normal behaviours which are deemed unacceptable for a 

particular owner to truly dysfunctional behaviours (Askew, 1996, Mills et al., 2012). 

However, there is currently a lack of consensus in the classification of behaviour problems 

in dogs, particularly relating to the inference of emotion. This is illustrated by assessing 

proposed categories of problems across four prevalence studies published in the last two 

years. Behaviour problems were assigned to between seven and 25 categories depending 

on the paper (Didehban et al., 2020, Dinwoodie et al., 2019, Salonen et al., 2020, Yamada 

et al., 2019). In the paper by Salonen et al. (2020), of the seven categories, one was labelled 
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‘fear’ and a different category labelled ‘fear of surfaces and heights’; ‘fear/anxiety’ was 

listed as one of the 12 categories in the paper by Dinwoodie et al. (2019), and ‘fearfulness’ 

one of the 13 categories reported by Didehban et al. (2020); of the 25 categories in the 

study by Yamada et al. (2019), four included the term ‘fear’ alongside a specified context, 

with the term ‘anxiety’ used within the category ‘separation anxiety’. Despite the 

purported role of frustration within a range of canine behaviour problems, neither it, nor 

any other emotion, was mentioned in the remaining categories of any of these papers. 

Whilst the seven pre-determined categories used by Salonen et al. (2020) were all 

considered “anxiety-related traits”, it is unclear from the other papers whether the 

categories without an emotional label were deemed non-emotional problems, or whether 

unnamed emotions not related to fear/anxiety may have been playing a role but  not 

explicitly stated. The only other area of consensus was the use of the term 

aggression/aggressive behaviours used to label one or more categories in each study, and 

whilst no emotion was attributed to these categories, the association between frustration 

and aggression has been highlighted in the literature (Archer, 1988, Berkowitz, 1978, 

Berkowitz, 1989, Dollard et al., 1939, Taylor and Pisano, 1971). 

This has important implications: the diagnosis and classification of behaviour problems 

should lead to the most appropriate treatment regime, to safeguard the health and welfare 

of the patient and other parties; inconsistencies and inaccuracies in classification may 

therefore lead to suboptimal treatment, and threaten animal and human welfare. 

Behaviour problems can have wide and far reaching consequences for dogs and wider 

society. For dogs, problems associated with negative emotions such as fear and anxiety 

have been highlighted as detrimental to welfare, and may impact negatively on health and 

lifespan (Dreschel, 2010). Behaviour problems can also affect the human-animal bond, and 

are the leading reason for relinquishment of dogs to shelters and euthanasia (Lambert et 

al., 2015, Patronek et al., 1996, Salman et al., 2000). Aggressive behaviour toward people 

is the most common cause of relinquishment (Salman et al., 2000), and is associated with 

risks of physical injury and psychological distress (Mills and Westgarth, 2017): the link 

between aggressive behaviour and frustration (Archer, 1988, Berkowitz, 1978, Berkowitz, 

1989, Dollard et al., 1939, Taylor and Pisano, 1971) further highlights the importance of 

understanding the role of this emotion in canine behaviour problems.  
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1.2.2 Current approaches to the classification of behaviour 

problems within clinical animal behaviour 

The lack of agreement in the most suitable terminology for the classification of canine 

behaviour problems highlighted above likely reflects three different approaches which 

have emerged within the related fields of clinical animal behaviour and veterinary 

behaviour medicine (Mills and Ewbank, 2016): 1) the medical model, where emphasis is 

placed on the identification of abnormal behaviours as indicators or pathology, which lead 

to a phenotypic diagnosis specifying context and behaviour(s) e.g. food-related aggression; 

possessive aggression (Overall, 2013). A key text on this approach is that written by Overall 

(2013) and whilst emotions are considered in this approach, fear and anxiety are proposed 

to be at the root of most abnormal behaviour problems in dogs, and there is less focus on 

the potential role of other emotions, including frustration – this model is commonly used 

for classifying behaviour problems in prevalence studies; 2) the behavioural model, using 

an applied behavioural analysis approach focusses on identifying environmental 

antecedents and consequences associated with behaviour(s) of concern (Friedman, 2009). 

Emotions are considered private events, where they neither cause nor are caused by 

behaviour (Layng, 2017) and as such do not form part of the diagnostic process; 3) the 

psychobiological approach was inspired by the ideas of neurobiologist Jaak Panksepp 

(Panksepp, 1982, Panksepp, 1998, Panksepp et al., 1980), and has been developed for the 

purpose of assessing emotion and problem behaviours in the field of clinical animal 

behaviour at the University of Lincoln (Mills, 2017, Mills et al., 2012). The approach is 

strongly influenced by evolutionary biology, psychology and recent developments in the 

field of affective neuroscience (Davis and Montag, 2019, Montag and Panksepp, 2017, 

Panksepp, 1982, Panksepp, 1992, Panksepp, 1998). Rather than a focus solely on fear and 

anxiety, emotional differentials are developed from Panksepp’s affective neuroscience 

model, comprising the emotional systems: FEAR, RAGE, SEEKING, PLAY, PANIC, LUST, CARE, 

PAIN, HATE (Craig, 2003, Davis and Montag, 2019, Mills et al., 2012, Panksepp, 1998, Zeki 

and Romaya, 2008) within which, the RAGE system encompasses the emotion of 

frustration. Using this approach, Mills et al. (2012) has been a major proponent of the key 

role played by frustration within a wide range of behaviour problems. Importantly, there is 

flexibility within the psychobiological approach: owner reported behaviour problems may 
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reflect ‘normal’ emotional responses mounted by an individual to deal with stimuli in their 

environment, whilst retaining the option of classifying behaviour problems as arising due 

to medical problems, whether pathology arising in the brain or other body system (Mills et 

al., 2012).  

1.3 Theories of emotion underpinning the 

psychobiological approach 

A range of theories of emotion have been adapted to inform the psychobiological 

approach. These are discussed in turn alongside their relevance to frustration.  

1.3.1 Theories of basic emotions 

Whilst the psychobiological model is influenced by Panksepp’s affective neuroscience 

perspective, it should be noted that currently, there is no consensus on the  definition of 

emotion, nor agreement on the existence or form of biologically hardwired basic emotions 

(Barrett, 2006a, Ekman, 1992, Ekman, 1999, Izard, 1992, Izard, 2009, Levenson, 2011, 

Ortony and Turner, 1990, Panksepp, 1992, Panksepp, 2011, Scherer, 2005, Scherer and 

Ekman, 1984). However, with origins in Darwin’s writings (Darwin, 1872), non-human 

emotions are widely considered to have evolved through their adaptive value (Ekman, 

1992, Izard, 2009, Montag and Panksepp, 2017, Plutchik, 1980, Scherer, 1984). There is also 

wide support for the existence of basic emotions, and a recent paper by Tracy and Randles 

(2011) assessed consensus of four key proponents of this stance: Ekman (Ekman and 

Cordaro, 2011), Izard (2011), Levenson (2011) and Panksepp (Panksepp and Watt, 2011). 

The paper reported convergence across the four models in several central themes: 1) basic 

emotions are discrete, with associated physiology, behavioural outputs, subjective feelings 

and motivations, selected for their adaptive value in dealing with distinct 

antecedents/stimuli of relevance to survival and reproduction; 2) to qualify as a basic 

emotion, clear indicators such as cross-species generalisation (human and non-human 

animals) is sufficient, with evidence of genetically determined neural structures related to 

the activation of that emotion. There was also consensus on the existence of a range of 

basic emotions including RAGE (frustration)/anger however for an alternative perspective 

through the psychological constructionist view, see Feldman-Barrett (Barrett, 2006a, 

Barrett, 2006b, Gendron and Feldman Barrett, 2009). 
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1.3.2 Scherer’s Component Process Theory 

An influential psychological theory of emotion to the psychobiological approach  is 

Scherer’s component process theory (CPT, also referred to as component process 

model/CPM) (Scherer, 1984). Scherer proposes that emotions serve many important 

biological functions: they permit ongoing evaluation of relevant stimuli in an ever changing 

environment (both internal and external); they motivate appropriate behavioural 

responses to deal with such stimuli; they can serve an important social communicative 

function; they are linked with learning and memory, permitting flexibility in the acquisition 

of adaptive responses. Since it first emerged, CPT has been refined (Scherer, 1982, Scherer, 

1984, Scherer, 1988, Scherer, 2005, Scherer, 2009, Scherer, 2013, Scherer and Ekman, 

1984), and has been influential in the study of emotions (Boissy et al., 2007, Gross, 1998, 

Izard, 2009, Lazarus, 1993, Mauss and Robinson, 2009, Smith and Lazarus, 1993). Scherer 

defines emotion as: “an episode of interrelated, synchronized changes in the states of all or 

most of the five organismic subsystems in response to the evaluation of an external or 

internal stimulus event as relevant to major concerns of the organism” (Scherer, 2005). In 

CPT, the “process” refers to the co-ordinated changes within the five proposed subsystems 

called the “components” as follows: 1) appraisal component – where an organism 

evaluates stimuli in their environment; 2) neurophysiological component – associated with 

changes in arousal preparing the body to deal with the situation; 3) motivational 

component – involved in the preparation and direction of action to manage the situation; 

4) motor expression component – including facial expression and vocalisations, which can 

serve a communicative function; 5) subjective feeling component – functions to reflect and 

monitor internal state and interaction with environment.  

Whilst CPT is an appraisal theory, and does not assume the existence of basic emotions 

(Scherer, 2009), there is much commonality between the component processes within 

Scherer’s theory and the central themes arising in basic emotion theories (Tracy and 

Randles, 2011). CPT theory breaks emotion down into important elements which can be 

operationalized, and measured empirically, making it highly suitable for both clinical 

applications and the generation and testing of hypotheses when researching emotion. The 

CPT has been adapted within the psychobiological approach for the purposes of emotional 

inference in clinical animal behavior (Mills and Ewbank, 2016, Mills, 2017, Mills et al., 2012): 
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the first four components of CPT (relating to context/appraisal, arousal, motivation and 

behavioural output/motor expression) have been retained; the fifth component relating to 

subjective feelings is complex and proposed by Scherer to represent an amalgamation of 

the other four components (Scherer, 2009) - it is typically based on self-report in humans 

and so is not amenable to direct measurement therefore is not included in the adapted 

version.  

1.3.3 Emotional reactions, mood and temperament 

A final important consideration within the diagnostic framework of the psychobiological 

model is the categorisation of emotion at three levels (Goldsmith, 1994, Mills et al., 2012): 

emotional reactions - relatively short lived emotional states, with a behavioural response 

selected to deal with the emotion eliciting stimulus; mood - episodic changes which can 

vary in duration and may occur as a sequel to an emotional reaction (or series of emotional 

reactions) biasing subsequent behaviour; temperament - a longer term state referring to a 

stable trait, or general disposition to behave in a particular way in relevant contexts linked 

to underlying basic emotions, due to genetics and early experience. Differences in stable 

emotional traits represented by temperament are proposed as having a neurobiological 

basis (Mills et al., 2012), therefore when temperament is implicated in a behaviour 

problem, there may be additional treatment considerations, including the tendency to use 

psychotropic medication due to inherent baseline tonic activity in the related affective 

system, compared to other levels of emotion.  

1.4 Function of frustration 

As a key negative emotion, it is suggested that frustration has evolved to deal with the 

common recurring circumstance where physical or psychological barriers thwart the 

fulfilment of goals, needs or desires (Jeronimus and Laceulle, 2017): frustration acts to 

increase arousal to invigorate responses to overcome such threats and barriers, with the 

function of obtaining, protecting and maintaining resources. From an affective 

neuroscience perspective, Panksepp (2004) relates frustration to mild engagement of the 

reactive aggression (RAGE) system. The RAGE system considers frustration to have evolved 

due to selection pressure on a system originally enabling invigorated response to some 

physical constraints likely arising from predator-prey encounters (Panksepp, 1992).  
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Given the wide range of contexts in which frustration can occur, frustration related 

behaviours are likely to vary depending on the goal. However, in line with Scherer’s CPT, it 

could be speculated that typical component features expected with frustration in dogs 

would include: relatively high physiological arousal; communication of the desire for 

autonomy through aggressive displays (e.g. snarling, growling, snapping, biting); 

behavioural tendencies associated with increased efforts such as pulling/lunging on lead or 

digging at a barrier to access the desired resource. Vocalizations (including whining, 

barking, growling) may accompany these efforts, and if the goal cannot be achieved then 

redirected behaviours (e.g. sudden grabbing of the lead) or displacement behaviours such 

as sniffing, scratching, spinning, or tail chasing may also be seen. The form and intensity of 

frustration behaviour can therefore result in a risk of injury to self and to others. Over time 

frustration may be implicated in the development of some repetitive and compulsive 

behaviours (Mills and Luescher, 2006). It is therefore unsurprising that frustration is 

considered a key negative emotion in the field of clinical animal behaviour, often implicated 

in many of the behavioural problems affecting dogs (Mills et al., 2012).  

1.4.1 Reported manifestations of frustration 

Studies have often focussed on frustration as an emotional reaction, especially the 

relationship between frustration and aggressive behaviour in specific contexts. Invigoration 

of responding to overcome a threat or barrier in response to frustration can manifest as 

aggressive behaviour, including redirected aggression towards alternative targets (Archer, 

1988, Berkowitz, 1989, Dollard et al., 1939, Jeronimus and Laceulle, 2017, Taylor and 

Pisano, 1971). The historical frustration-aggression hypothesis posited that frustration 

always leads to aggression (Dollard et al., 1939), however this theory has been revised with 

advancements in understanding of frustration. It is accepted that frustration can result in 

negative affect, a consequence of which can be aggression, however aggression does not 

always occur in response to frustration (Berkowitz, 1989). Whilst anger is widely considered 

a basic emotion, the terms anger and frustration are often used interchangeably 

(Cackowski and Nasar, 2003, Deater‐Deckard et al., 2007, Rothbart et al., 2000, Sutton, 

2007, Zhou et al., 2004).  

As well as studies exploring state level frustration in specific contexts, trait level frustration 

has also been investigated in the human literature. A range of tools have been developed 
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to measure state versus trait anger, encompassing aspects of frustration (Deffenbacher et 

al., 1996, Jacobs et al., 1988, Kroner and Reddon, 1992, Snell Jr et al., 1995, Spielberger, 

1983). The State-Trait Anger Expression Scale/Inventory (Spielberger, 1983, Spielberger et 

al., 1999) is one such tool which has demonstrated utility and validity as a measure of trait 

level anger (Deffenbacher et al., 1996). More recently, frustration intolerance is a core 

concept within the theory of rational-emotive behaviour therapy, a form of cognitive 

behavioural therapy (Harrington, 2005b). Scales have been developed for measuring trait 

level frustration tolerance such as the Frustration Discomfort Scale developed by 

Harrington (2005a) and the Low Frustration Tolerance Scale (Trip and Bora, 2012), where 

identifying those frustration intolerant individuals alters subsequent therapeutic 

interventions. In psychiatry, it is proposed that state and trait level reactions (e.g. relating 

to fear, anxiety, depression, anger) have different underlying neurobiological mechanisms, 

with implications for treatment choice and potential outcomes (Abrams et al., 2004, Lara 

and Akiskal, 2006, Lara et al., 2006, Min et al., 2012). 

In humans, low frustration tolerance has been linked to aggressive behaviours in children 

(Fives et al., 2011). Experimental studies in children have used behaviour tests to elicit 

anger and frustration, where a desired object is removed from an infant and placed in sight 

in an inaccessible location (Ahadi and Rothbart, 1994, Barker et al., 1941). These studies 

report variation in observed behaviours such as temper tantrums, vocalising, hitting the 

experimenter and reduction in constructive play. Ahadi and Rothbart (1994) suggest that 

behavioural measures in infants at 10 months old are predictive of trait level 

anger/frustration at 7 years old. Studies investigating frustration tolerance and impulsivity 

have found that these traits are often related within an individual and may give rise to 

aggressive behaviour (Caprara et al., 1985, Horesh et al., 1997, Ramirez and Andreu, 2006, 

Seymour et al., 2016).  

In addition to the established relationship with aggression, frustration intolerance has been 

linked to other behavioural co-morbidities. Belief in low frustration tolerance has been 

linked to stress, anxiety and depression in children (Mahon et al., 2007), and it has been 

suggested that poor frustration tolerance may provide the link between attention deficit 

hyperactivity disorder and depression in children (Seymour and Miller, 2017). A study by 

Meindl et al. (2019) found that individuals who demonstrated high frustration tolerance 
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measured through self-report and performance in a frustrating task were more likely to 

obtain higher academic achievements at the time of testing and 2 years later.  

A range of experimental settings have been used to study frustration in non-human 

animals, with a particular focus within captive and farm animal welfare (Désiré et al., 2002, 

Meehan and Mench, 2007). In fowl, thwarted access to feeding through barriers was 

associated with behaviours such as aggression to lower ranking individuals, increased 

pecking at the barrier and stereotyped behaviours (Duncan and Wood-Gush, 1971). 

Omission of an expected reward has been associated with increased aggression towards 

conspecifics alongside raised plasma cortisol levels as a sign of arousal, especially when 

paired with an unacquainted pig (Arnone and Dantzer, 1980, Dantzer et al., 1980). Food 

deprivation has been used to simulate frustration in dairy cows, resulting in aggressive 

behaviours, head-shaking, vocalisation as well as increased eye white visibility which has 

been linked to sympathetic arousal (Sandem et al., 2002). Frustration has been implicated 

in the performance of displacement behaviours and repetitive behaviours including 

stereotypies in a range of species (Mason, 2006, Roberts, 1986).  

1.4.2 Frustration in dogs 

In dogs, like most other animal species, the focus of any research relating to frustration has 

tended to be on the immediate emotional reaction in experimental settings. A study by 

Jakovcevic et al. (2013) described frustration-related behaviours arising in domestic dogs 

when reinforcement for gazing at a human experimenter was extinguished. Observations 

included significant increases in frequency of ambulation, sniffing, and vocalizations 

(Jakovcevic et al., 2013). Other studies have explored changes in communicative aspects of 

dog-human behaviour during reinforcement omission and extinction protocols (Bentosela 

et al., 2008, Bentosela et al., 2009).  

Whilst experimental studies provide a foundation for how frustration may manifest in 

specific settings, given the ubiquity of frustrating contexts and apparent variation within 

the broad range of manifestations of frustration in dogs (Mills et al., 2012), there is good 

reason to believe that frustration tolerance exists as a trait in this species as has been 

demonstrated in humans (Harrington, 2005a, Jacobs et al., 1988, Kroner and Reddon, 1992, 

Spielberger, 1983, Trip and Bora, 2012). To provide insight into frustration as a general 
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predisposition/trait it is important to understand the breadth of circumstances in which 

frustration can arise and the consistency of responses across contexts, the characterisation 

of which has not been demonstrated in the literature. This may provide insight into a more 

general predisposition/trait related to frustration tolerance in dogs as has been 

demonstrated in humans (Harrington, 2005a, Jacobs et al., 1988, Kroner and Reddon, 1992, 

Spielberger, 1983, Trip and Bora, 2012).  

1.4.3 Psychometrics 

Psychometrics utilizes psychological tests in the study and measurement of individual 

differences and has been widely used as a method to study and quantify traits (Kline, 1993). 

A branch of psychometrics uses a questionnaire/inventory-based approach, which has 

many advantages for the assessment of temperament traits in dogs: questionnaires can be 

easily standardized, and repeated, enabling validity and reliability to be assessed in the 

process of psychometric test development; once developed, questionnaires can be a useful 

clinical tool, with their ease of completion making them feasible to use as part of the 

diagnostic process (Taylor and Mills, 2006).  

A range of psychometric scales have been developed to measure temperament and 

personality traits in dogs. These include specific scales measuring traits of impulsivity 

(Wright et al., 2011) and positive/negative activation (Sheppard and Mills, 2002), and as 

well as instruments which have identified a range of underlying personality traits (Ley et 

al., 2009, Posluns et al., 2017). Currently, the identification of individuals with poor 

frustration tolerance is based on the use of either instruments with facets loosely related 

to frustration (e.g. ‘self-assuredness’ and ‘amicability’ within the Monash Canine 

Personality Scale, (Ley et al., 2009)) or subjective evaluation by the clinician. The absence 

of a more precise and objective assessment instrument to assess frustration in dogs is a 

serious impediment to progress within the field: a tool allowing frustration tolerance to be 

measured would help identify dogs with variances in this trait who may require different 

treatment protocols; such a tool would aid in objectively differentiating emotions 

underlying behaviour problems e.g. fear/anxiety from frustration, leading to more accurate 

diagnoses and resulting treatments; the existence of a tool would permit the assessment 

of new treatments aimed at controlling frustration related problems.  
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1.5 Neurophysiology of emotions 

Within the neurophysiological component of CPT, different emotions would be expected 

to be associated with different adaptive physiological reactions within both the central 

nervous system (CNS) and the autonomic nervous system (ANS). The CNS comprises the 

brain and spinal cord; the ANS is separated into branches: the sympathetic nervous system 

(SNS), stimulated for preparation and action; the parasympathetic nervous system (PNS), 

goals of which include digestion, growth, immune responses and energy storage (Bear et 

al., 2020). Within the CNS and ANS, the hypothalamus is at the forefront of the regulation 

of behaviour in response to psychological or physical ‘stress’ with the goal of mounting a 

‘stress response’ via two main systems: most rapidly, in the sympathetic-adrenal-medullary 

system (SAM), via the SNS, brain structures control the  release of the catecholamines 

noradrenaline and adrenaline from the adrenal medulla; a slower response is the 

hypothalamic-pituitary adrenal (HPA) system, where the hypothalamus produces and 

releases corticotrophin releasing hormone (CRH) in the blood stream, resulting in release 

of adrenocorticotropic hormone (ACTH) from the anterior pituitary stimulating the release 

of the glucocorticoid cortisol from the adrenal cortex.  

The overarching aim of a ‘stress response’ is to prepare the body for action, and the actions 

of the catecholamines and cortisol include mobilising energy reserves to increase blood 

glucose and diversion of resources to focus on those beneficial to immediate survival, with 

suppression of those which do not e.g. the immune system, and reproductivity (Bear et al., 

2020). The hypothalamus is regulated by other brain structures. This includes the amygdala 

which has a crucial role in emotional processing, including detection of threatening stimuli, 

and acts to stimulate CRH neurons of the hypothalamus. Cortisol in the blood stream can 

cross the blood brain barrier, acting on the hippocampus which suppresses CRH neurons of 

the hypothalamus, therefore acting as a negative feedback loop.  

1.5.1 HPA System, ANS and frustration 

Analysis of HPA and ANS functioning has been at the forefront of understanding animal 

emotions for decades: and there is a growing body of evidence suggesting specific 

autonomic signatures for both valence and type of emotion (Critchley et al., 2013, Ekman 

et al., 1983, Kreibig, 2010, Scherer, 1984, Scherer, 2009). A range of measures have been 
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investigated including cortisol as an indicator of arousal through HPA system activation 

which is well established in human and non-human animal literature (Dedovic et al., 2009, 

Hellhammer et al., 2009, Moberg, 2000, Polgár et al., 2019). It has been demonstrated that 

high arousal associated with frustration increases cortisol in species including pig (Arnone 

and Dantzer, 1980, Dantzer et al., 1980) and mink (Mason et al., 2001) and the same would 

be expected in dogs whilst frustrated has been shown in other states of high arousal 

(Beerda et al., 1996, Beerda et al., 1998, Vincent and Michell, 1992). However, such an 

increase can be seen in a range of other positive and negative emotions, therefore valence 

nor emotion cannot be specified or differentiated using this as a sole measure.  

Cardiorespiratory measures are commonly used for assessing ANS functioning. Blood 

pressure has been used as a measure of cardiovascular reactivity in a range of studies 

assessing emotion, demonstrating high blood pressure in a range of frustrating contexts 

(Garcıá-León et al., 2003, Hokanson and Burgess, 1962, Hokanson and Burgess, 1964, 

Hokanson et al., 1963, Klein et al., 2004). High blood pressure has been linked to handler 

assessed “stress proneness” in a group of guide dogs in training (Vincent and Michell, 

1996). Heart rate variability (HRV) measures the changes in time between subsequent 

heart beats, and has been widely used as a measure of the ANS in humans and a range of 

other species (Acharya et al., 2006, Polgár et al., 2019). HRV monitors are readily available 

and allow non-invasive collection of data, making them highly suitable for research, with 

different outputs reflecting activity of the SNS and PNS. HRV has been used widely in a 

range of canine studies exploring emotion including contexts where frustration may have 

been elicited (Craig et al., 2017, Katayama et al., 2016, Kuhne et al., 2014, Maros et al., 

2008, Wormald et al., 2016, Wormald et al., 2017, Wu et al., 2019, Zupan et al., 2016). It 

would be expected that indices of SNS activation would be increased, with PNS activation 

decreased in situations of high arousal, and these studies have demonstrated such findings, 

therefore these measures show promise for providing objective physiological measures of 

emotion, including frustration.  

Infrared thermography is a non-invasive tool by which reflected radiation is measured and 

temperature is calculated, and has been used in the study of emotion in humans and other 

species (Clay-Warner and Robinson, 2015, Kuraoka and Nakamura, 2011, Lecorps et al., 

2016, Salazar-López et al., 2015, Stewart et al., 2008). In dogs, thermography has been used 
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to assess negative responses during a veterinary examination (Travain et al., 2015) with 

increased eye temperature during the examination phase; similar patterns during positive 

responses during anticipation of food (Travain et al., 2016). Reduction in ear temperature 

has been associated in dogs separated from their owners, in line with the hypothesis that 

SNS activation would result in peripheral vasodilation (Riemer et al., 2016). Given the 

important role of frustration in separation related problem behaviours in dogs (de Assis et 

al., 2020, Lenkei et al., 2018, Lund and Jørgensen, 1999), thermography may be a promising 

non-invasive tool for differentiating emotional states and potentially identifying frustration 

in dogs.  

1.5.2 Central nervous system and frustration 

Panksepp’s body of work underpinning affective neuroscience introduced and developed 

further understanding of emotional systems related to CNS functioning. Using techniques 

of direct electrical stimulation of the brain, Panksepp was able to identify brain regions 

implicated in each emotional system (Panksepp, 2011). This included highlighting the roles 

of the amygdala, hypothalamus and periaqueductal grey (PAG) in RAGE/frustration, and 

the prefrontal cortex involved in evaluation of reward contingencies (Panksepp, 2004). The 

invasiveness of such techniques limits their utility in clinical research; however, a range of 

other techniques have been developed and have been used in the study of emotions 

including frustration.   

Electroencephalography (EEG) is a means of capturing electrical activity in the brain, and a 

large body of research has explored asymmetrical EEG and correlations with underlying 

emotions in humans both at state and trait level (for a review see Coan and Allen (2003)) 

as well as lateralised cognitive functions (Mazza and Pagano, 2017). EEG has been proposed 

as a method to measure electrical activity in the brain of adolescent humans showing 

aggressive behaviours during a frustration-inducing task, and may allow identification of 

those amenable to cognitive behavioural therapy (Sukhodolsky et al., 2016). In dogs, 

telemetric EEG has recently been used to study epilepsy and sleep (Ákos et al., 2012, 

Bassett et al., 2014, Bunford et al., 2018, Iotchev et al., 2017, Kis et al., 2017, Pellegrino and 

Sica, 2004). Lateralisation as measured by EEG shows promise as a potential as an indicator 

of welfare in horses (D’ingeo et al., 2019, Rochais et al., 2018); such a method has not yet 

been applied in dogs.   
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The advanced imaging modality of functional magnetic resonance imaging (fMRI) has been 

used to study brain function and localise brain areas involved in emotion in humans 

(Hamann et al., 2002, Reiman et al., 1997, Salimpoor et al., 2011). fMRI has been used to 

investigate changes in brain activity during frustration generated through reward 

(monetary) omission in humans (Abler et al., 2005). This identified decreased ventral 

striatal activation and increased activation of right anterior insula and right ventral 

prefrontal cortex: these areas associated with the dopaminergic reward system and parts 

of the pain processing system are thought to be associated with processing frustration. 

Another study using fMRI also assessed self-reported motivation and frustration, alongside 

response force of participants’ pressing a button to win a monetary reward (Yu et al., 2014). 

Reward blocking resulted in activation of the amygdala, midbrain PAG, insula, and 

prefrontal cortex which are all implicated in reactive aggression supporting earlier 

hypotheses of Panksepp (2004). Increased aggression in response to frustration in 

psychopathy has been reported, with a proposed mechanism including ventromedial 

prefrontal cortex impairment, which can potentially lead to trouble regulating aggressive 

behaviour arising through frustration (Blair, 2010, Harenski and Kiehl, 2010). Dogs have 

been successfully trained to undergo fMRI whilst remaining conscious (Berns et al., 2013) 

and one study by the same authors developed a classification of neural activity as a 

predictor of success as a service dog (Berns et al., 2017). Currently fMRI has not been 

explored as a means of assessing neural correlates of frustration in the dog. Aside from cost 

and availability of equipment, further challenges to the use of such imaging modalities for 

this purpose include the intensive training required (Berns et al., 2013). It would be 

expected that training frustration intolerant dogs to lie still and unrestrained for such 

studies could be very challenging with low expected success rates.    

Within the brain, a range of diffuse modulatory systems (DMS) exist which are implicated 

in cognitive processes including memory, mood and motivation, to motor control and 

metabolism (Bear et al., 2020) including: the noradrenergic locus coeruleus using 

noradrenaline (NA); the serotonergic raphe nuclei serotonin (5HT); and dopaminergic 

ventral tegmental area and substantia nigra using dopamine (DA). Many psychoactive 

medications work via the targeting of neurotransmitters used by these diffuse modulatory 

systems, and a variety of hypotheses exist on imbalances of these systems and their link 
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with a range of psychiatric problems. Various neurotransmitters and neuromodulators 

have been implicated in the control of frustration. As well as mapping brain regions, 

Panksepp also mapped those neurotransmitters and neuromodulators involved in each 

emotional system from the technique of localised chemical stimulation of the brain (CSB): 

some having general effects on all emotional systems e.g. inhibitory effects of 5HT; 

excitatory effects of NA, and notably for RAGE, substance P, acetylcholine and glutamate 

all having excitatory effects (Panksepp, 2004, Panksepp, 2011).   

It has been proposed that if baseline levels of neurotransmitters and their metabolites can 

be measured, it may be possible to form rational treatment recommendations such as 

choosing appropriate medications to correct potential neurotransmitter imbalances (Huey 

et al., 2006). In addition, such tests can be used to monitor neurotransmitter changes 

during treatment (Altemus et al., 1994). Neurotransmitter and metabolite levels from 

samples of brain tissue or cerebrospinal fluid (CSF) may provide the most accurate levels in 

an individual and may be obtained ante-mortem (Altemus et al., 1994, Huey et al., 2006, 

Rambeck et al., 2006), however, given the invasiveness and potential risks of this 

procedure, such sampling is not commonplace in the diagnostic process. Neurotransmitter 

and metabolite levels can also be measured in blood or serum. In dogs, low serum 

serotonin levels have been reported in aggressive (Amat et al., 2013, Çakiroǧlu et al., 2007, 

Weber et al., 2018) and anxious (versus non-anxious) dogs (Weber et al., 2018), with a 

positive correlation between serum serotonin and sociability towards humans in shelter 

dogs (Alberghina et al., 2017).  

As the least invasive method, there is great interest in the analysis of neurotransmitters 

and their metabolite in urine for the diagnosis of medical problems such as 

phaechromocytoma (Lenders et al., 2002, Sawka et al., 2003) and psychiatric/psychological 

problems including attention deficit hyperactivity disorder (ADHD) (Hanna et al., 1996) (for 

a review see Marc et al. (2011)). However, there is much debate about the validity of 

urinary neurotransmitter analysis, based on the existence and functioning of extracranial 

monoamines (Hinz et al., 2010, Kharrazian, 2011, Lynn-Bullock et al., 2004) as well as the 

usefulness of how valid results of single urine samples are in light of fluctuations in urinary 

levels of these compounds (Alberghina et al., 2019, Hinz et al., 2011a, Hinz et al., 2011b). 

However, as part of validation of a psychometric scale, higher trait level impulsivity (as 
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measured by the Dog Impulsivity Assessment Scale (DIAS)) has been shown to negatively 

correlate with levels of urinary 5-HIAA and 5-HIAA/HVA ratio (Wright et al., 2012). This 

highlights the potential utility of this technique while emphasising the potential role of the 

balance between serotonergic and dopaminergic functioning within this trait, even if the 

levels may be of limited diagnostic value due to their lack of specificity.  

The neurophysiology of emotion is an important area of research. The research discussed 

here briefly summarises some key neurophysiological measures which have demonstrated 

some validity and potential applications in the categorisation of emotion. Whilst there is 

currently an absence of a gold standard neurophysiological correlate of frustration in dogs 

or other species, there are a range of non-invasive CNS and ANS measures which could be 

explored.  

1.6 Conclusion 

The negative emotion of frustration is thought to play key role in a wide range of behaviour 

problems in dogs and other species. Despite this, there is currently no consensus on the 

most appropriate definition of frustration, nor agreement on the contexts or manifestation 

of this emotion within canine behaviour problems. Therefore, the first aim of this thesis 

was to develop a definition of frustration which could be applied to dogs and other species.  

The psychobiological model has adapted widely accepted theories of emotion to form a 

sound scientific approach to the classification of canine behaviour problems including the 

inference of emotion, expressed at the level of emotional reactions/states, mood and 

general predispositions/temperament traits.  Studying frustration as a trait provides a 

rational basis for the risk of problem behaviours arising in response to such stable 

behavioural predispositions, and within human psychology and psychiatry, there is 

extensive literature on state versus trait anger/frustration. A range of temperament and 

personality traits have been identified in dogs, and whilst there is good reason to believe 

that frustration tolerance exists as a trait in dogs (as it does in humans) no such tool exists 

to quantify this trait. The second aim of this thesis was to develop a reliable and valid 

psychometric tool for the assessment and quantification of frustration tendencies in dogs. 
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Using CPT, predictions can be made on the behavioural responses and physiological arousal 

expected in dogs experiencing frustration. Recent advances in neurophysiology have 

resulted in a plethora of objective measures of CNS and ANS functioning and their proposed 

relationship with different emotions, which has been used to establish validity of 

behavioural measures in the human and animal literature. The third aim of the thesis was 

to explore the external validity of the psychometric tool with behavioural and 

neurophysiological measures.  

Recent studies reveal that canine behaviour problems are highly prevalent, and whilst the 

role of frustration is overlooked these studies, human and animal literature suggested it 

likely plays a key role in such problems. Therefore, the final aim of this thesis was to 

undertake a pilot investigation of the utility of the psychometric tool in a clinical setting as 

a preliminary exploration of the scale as an aid to diagnostic process and monitoring of 

treatment of frustration-related problems. 

 

 

  



28 
 

Chapter 2 

Developing a definition of frustration 

in dogs 
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2 Overview 

In this chapter a series of three exploratory surveys which all sought to obtain opinions of 

different relevant groups on frustration in dogs are described. The first used a component 

process theory approach to develop a survey about canine frustration to be completed by 

canine clinical animal behaviour experts. Using these results, and informed by reviewing 

relevant literature, an operational definition of frustration was developed. The second 

survey used this operational definition to obtain the opinion of applied ethologists and 

other experts on frustration across a range of non-human animal species in addition to 

dogs. The third survey obtained the opinion of dog owners on contexts and manifestations 

of frustration in their owned dogs. A blend of qualitative and quantitative analyses was 

performed and are reported. The primary aim of these surveys was to comprehensively 

describe the range of contexts and manifestations of frustration in the domestic dog. These 

results could then theoretically be taken forward to develop an owner scored psychometric 

instrument to quantify frustration tendencies in dogs. 
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2.1 Introduction 

As described in chapter 1, frustration is considered a basic emotion in human and non-

human animals. In dogs, whilst frustration appears to play a role in a range of problematic 

behaviours there has been minimal scientific investigation into frustration in dogs. Whilst 

some studies have explored the manifestation of canine frustration in specific experimental 

settings (Bentosela et al., 2008, Bentosela et al., 2009, Jakovcevic et al., 2013), it is 

surprising that no research has yet considered the breadth of circumstances in which 

frustration can arise, nor the range of behavioural and physiological manifestations which 

may be associated with this emotion. When considering the existence of frustration as a 

trait, there is also a lack of knowledge on the consistency of frustration related responses 

over time and across contexts.  

Psychometrics utilize psychological tests such as inventory-based questionnaires in the 

study and measurement of individual differences (Kline, 1993). Psychometric 

questionnaires have been widely used as a method to scale personality and temperament 

traits in humans, including scaling frustration tolerance/intolerance (Harrington, 2005a). In 

dogs, such an approach has been used to scale a range of affective tendencies including 

impulsivity (Wright et al., 2011) and positive/negative affect (Sheppard and Mills, 2002) 

through the use of owner completed questionnaires. Within the literature, there is no tool 

which exists to measure frustration tendencies in the dog. 

In their influential paper, Taylor and Mills (2006) propose a multi-step process for the 

development and assessment of temperament tests in dogs. These include the quality 

metrics essential in psychometric scale developed for assessing behavior in humans (Kline, 

1993). The first step in this process is identifying the purpose of the test, i.e. focusing on 

what the test is going to be used for. In the case of scaling an affective tendency, it is 

important to use a systematic framework to define the nature of the construct of interest. 

The psychobiological approach (Mills and Ewbank, 2016, Mills, 2017, Mills et al., 2012) 

described in Chapter 1 uses an adapted version of Scherer’s component process theory 

(CPT) (Scherer, 1984), and provides such a framework, allowing investigation and 

characterisation of emotion using the first four components: appraisal/context 
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component, motivational component, motor expression component, neurophysiological 

component. 

Development should then proceed to considering generation of items to be included in 

such a test. Item generation often relies on extracting data from relevant literature 

(Sheppard and Mills, 2002, Taylor and Mills, 2006). Where there is an absence of published 

evidence and/or a lack of consensus in a subject area, surveying current experts working 

within that area can be employed. This approach has been successfully utilised to 

investigate opinion and generate items for inclusion in the Dog Impulsivity Assessment 

Scale (DIAS) (Wright et al., 2011).  

To conduct such a survey of experts, questionnaires are a commonly employed research 

tool: their structure can vary from unstructured (focussing on open questions), structured 

(focussing on closed) to semi-structured (combining both) (Coolican, 2017). Closed 

questions allow clarity to responses which improves consistency and aids comparison 

across respondents; open questions allow the generation of rich qualitative data, and 

where the purpose of a questionnaire is to generate ideas in a new subject area, their 

inclusion is essential. Aside from question type, questionnaires can also vary by the number 

of rounds over which they are delivered i.e. single or multiple rounds. Whilst single round 

questionnaires are faster to obtain, the use of multiple round surveys allows a deeper 

exploration of expert opinion. 

One such method utilising a multiple round questionnaire is the Delphi method. The Delphi 

method was developed in the mid-20th century (Dalkey, 1969a, Dalkey and Helmer, 1963, 

Dalkey, 1969b, Dalkey et al., 1969) and has been used in a range of disciplines from business 

forecasting (Rowe and Wright, 1999) to health services (Keeney et al., 2006) and the social 

sciences (Strauss and Zeigler, 1975) to help reach expert consensus on a chosen topic. 

Recently such an approach has been used in companion animals to establish consensus on 

behavioural signs of pain and welfare issues in cats (Merola and Mills, 2016), as well as 

preventative healthcare considerations in cats and dogs (Belshaw et al., 2019, Rioja-Lang 

et al., 2019). The Delphi method can be employed in various ways (for a review see (Hsu 

and Sandford, 2007)), but is characteristically conducted over several rounds, where the 

first round uses the chosen experts (or ‘panellists’) to generate ideas on the chosen topic. 
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Items from the first round are used to construct the questionnaire in the second round and 

this can continue for several rounds, until agreement between panellists and thus expert 

consensus (usually where a threshold of >80% agreement is obtained) is obtained. As the 

process maintains anonymity of respondents, the potential inhibitory effects on the 

offering of opinion which could occur if a particularly eminent or domineering individual is 

known to be involved as an expert is avoided.  

The primary aim of this chapter was to generate a comprehensive range of items to fully 

characterise the broad contexts and manifestations of frustration in dogs. These items 

would be used as a basis for subsequent development of an owner completed 

psychometric tool to measure frustration tendencies in dogs. To fulfil this aim, three 

exploratory surveys were conducted using a blended qualitative and quantitative approach 

to explore expert and owner opinion on frustration in dogs. The first surveyed experts in 

canine behaviour using a Delphi method approach, where Scherer’s component process 

theory formed the framework for initial enquiry. Using an operational definition of 

frustration, the second survey targeted experts in other species to ensure broad coverage 

of potentially relevant features of frustration to dogs, as well as exploring aspects of validity 

of this approach to studying frustration at a multi-species level. Thirdly, as the purpose of 

the test was to ultimately create a questionnaire for dog owners to complete, a group of 

owners were surveyed on frustration in their dogs to ensure from the outset that items 

would be relevant to the end-user i.e. the owner.  

2.2 Materials and Methods 

2.2.1 Ethical approval 
This study was granted ethical approval by the College of Science Research Ethics 

Committee, University of Lincoln (reference CoSREC160).  

2.2.2 Survey 1 – Clinical animal behaviour experts 
The first survey used a semi-structured questionnaire delivered using a modified Delphi 

method over three rounds administered to a group of clinical animal behavior experts to 

explore opinion and consensus on aspects of frustration in dogs. The Delphi method had 

two main modifications: firstly, rather than focusing on survey rounds to establish 

consensus, the primary goal was to gather expert opinion on aspects of canine frustration, 
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with a secondary goal of exploring levels of agreement; secondly, whilst the first round of 

a Delphi method typically generates ideas from experts, in this modified version, Scherer’s 

component process theory was used to develop an initial foundation for scientific enquiry 

into canine frustration. First round questions were structured to map on to the different 

facets of CPT (as described in Chapter 1) as shown in Table 2.2-1. The questionnaire as 

administered in Round 1 of this survey as sent to experts is available in Appendix A1. 

 

Table 2.2-1 - Mapping of questions onto component process theory with considerations of necessary and 
sufficient, for Delphi method survey 

 

Whilst the subjective feelings component of CPT was not directly addressed (as discussed 

in Chapter 1), the definitions provided by experts would be qualitatively explored for any 

themes arising relating to the terms “emotion” or “valence”. Further questions were posed 

on specificity of behavioural and physiological signs of frustration to consider those 

Component 

represented 

Question used to 

explore 

Further enquiry into concepts of 

‘necessary’ and ‘sufficient‘ 

motivational 

component 

“Could you provide a 

definition for 

“frustration”?” 
- 

appraisal 

component 

“Are there, in your 

opinion, general 

environmental 

circumstances or 

conditions in which 

frustration occurs?” 

- 

motor expression 

component 

“Which are, in your 

opinion, behavioural or 

postural signs of 

frustration in dogs?” 

“Are any of these signs or collection of 

signs unique to frustration?” 

 

“Are any of these signs or collection of 

signs always present in frustration? If so, 

which ones?” 

 

“Does the absence of any of these signs 

indicate that a dog is not frustrated? If so, 

which ones?” 

neurophysiological 

component 

“Which are, in your 

opinion, readily detectable 

physiological signs of 

frustration in dogs?” 
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concepts of ‘necessary’ and ‘sufficient’ (i.e. the presence of ‘unique’ signs related to 

frustration, which are sufficient to infer frustration whenever they occur even though the 

presence of such signs are not necessary for frustration to be inferred; the presence of signs 

which are necessary for frustration to be inferred, and the absence of such necessary signs 

indicating that a dog is not frustrated). In addition, experts were asked to provide their 

opinion on any potential breed differences in the expression of frustration. An additional 

question provided a free text box for any additional comments, allowing experts to provide 

any other relevant points about canine frustration.  

The second round of the survey consisted of five sections, each corresponding to the 

collated response from questions in round one (Appendix A2 – A6). Experts were asked to 

rate the relevance and/or agreement with the collated answers from the first round of the 

survey.  

Responses from the second round relating to the relevance of behavioural and 

physiological signs to frustration were assessed. The list of signs for each was refined 

retaining specific signs where >50% had experts agreed on their relevance. The third round 

of the survey consisted of two sections where experts were asked to rate the intensity of 

frustration at which these behavioural and physiological signs would manifest (Appendix 

A7 – A8). 

2.2.3 Invited participants – Survey 1 

Experts from various institutions around the world were selected due to their work and 

expertise in dealing with canine problem behaviour. Experts were contacted via email in 

April 2013 and were asked to answer open questions about the topic of frustration based 

on their academic and professional experience. They were advised their responses would 

be stored and analysed with the sole purpose of identifying common elements helpful to 

the building of a consensus around opinion on frustration in dogs. A group of 21 experts 

were selected in the first instance, with an aim of having at least 11 experts in the final 

survey round, consistent with a range of other studies using this method (Diamond et al., 

2014). Data were collected from April 2013 – July 2013 (see Declaration).  
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2.2.4 Survey 2 – Applied ethologists/experts in other 

species 

From the findings of the literature review of frustration (see Chapter 1) and the responses 

from the expert panellists on frustration in the dog (Survey 1) an operational definition of 

frustration was created: 

“Frustration is an emotional state which can arise when an organism is 

thwarted from obtaining something it is motivated to gain or retaining 

something under its control. For example, frustration can occur where 

previously learned expectations are not met (absent, reduced or delayed 

reward) as well as in situations where there are actual or potential barriers to 

autonomous control (e.g. restraint, intrusion into personal space including 

territory).” 

The second survey used this operational definition to explore opinions of applied 

ethologists and other experts on frustration more broadly across different species. The 

operational definition was translated into a semi-structured questionnaire to be 

administered in a single round (Appendix B1). The questionnaire first established the 

species and environment in which they were kept. Thereafter, questions aimed to gather 

data on the contexts and manifestations of frustration. For each context, questions then 

focussed on what was thwarting the animal, motivations, expectations and barriers to 

control. A free text box was available for response to each question. A section for additional 

comments concluded the questionnaire. 

2.2.4.1 Invited participants – Survey 2 

The questionnaire was sent by e-mail to three groups of participants: 

1) A group of individuals working in the field of applied ethology were compiled by 

reviewing the proceedings of the International Society of Applied Ethology (ISAE) 

annual congress 2015 (Sapporo, Japan) and 2016 (Edinburgh, Scotland). A full list of 

all spoken presenters was compiled totalling 252 (excluding duplicate entries where 

experts presented in both congresses);  
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2) A group of 13 individuals were selected from the UK due to their experience in 

dealing with clinical behaviour problems in companion species other than dogs 

(namely horses, cats and exotic species);  

3) A group of four individuals were selected due to their expertise in zoo animal 

welfare; 

In addition, to increase breadth of opinion, an invitation to complete the questionnaire (see 

Appendix B2) was disseminated as follows: 

4) In order to reach ISAE members who may not have presented in the years 2015-16, 

the questionnaire was advertised on the ISAE website http://www.applied-

ethology.org/News.html  for a two month period (from August 2016 – October 

2016), as well as via posts on both the ISAE Twitter and Facebook pages (on 16th 

August 2016); 

5) In order to reach those working with animals in laboratory and zoo settings, contact 

was made with the Laboratory Animal Science Association (LASA) and The British 

and Irish Association of Zoos and Aquariums (BIAZA), in order to advertise the 

questionnaire amongst their members. 

Data were collected between August 2016 and October 2016. 

2.2.5 Survey 3 – Dog owners 
The third survey sought to obtain the opinion of dog owners on contexts and corresponding 

behaviour(s)/manifestation(s) of frustration in their owned dogs. A short semi-structured 

questionnaire was developed (Appendix C1) to capture this data alongside demographic 

information on the dog (breed, age, sex, neuter status).  

2.2.5.1 Invited Participants – Survey 3 
Dog owners who were registered on the University of Lincoln PetsCanDo database 

http://www.lincolnpetscando.co.uk/  (a database of dog owners willing to take part in 

research regarding their pet dog) were contacted a single time by e-mail in August 2016. 

The e-mail included the short questionnaire which participants were asked to complete on 

a dog they owned. For multi-dog households, participants were offered the option of 

completing a separate questionnaire for each dog. At that time there were 590 dog owners 

http://www.applied-ethology.org/News.html
http://www.applied-ethology.org/News.html
http://www.lincolnpetscando.co.uk/
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on the database, owning 849 dogs between them. Data were collected between August 

2016 and September 2016.  

2.2.6 Anonymity of participants  
Anonymity was assured for participants across all surveys, in that opinions would not be 

linked to the identity of the participants, nor would the identity of participants be disclosed 

to other participants or to the public. For Surveys 1 and 2 involving experts and 

professionals in the field, participants were offered the option to be mentioned in the 

“acknowledgement” section of any published works if they so desired (participants’ 

opinions/responses would remain anonymous).  

2.2.7 Administration of surveys and collection/analysis of 

data 
All questionnaires were administered in a written form in English and were disseminated 

via e-mail. Data was collected electronically with all participants submitting their responses 

electronically via e-mail. For each survey, responses were collated and entered into a 

Microsoft Excel file for further analysis.  

2.3 Results 

2.3.1 Survey 1 – Clinical animal behaviour experts 

2.3.1.1 Participants - Survey 1 
Of the 21 experts originally invited to participate, 15 responded to the first round, 14 to the 

second round, and 12 to the third round. Details of experts and the survey rounds to which 

they contributed are listed in Appendix A9.  

2.3.1.2 Responses – Survey 1 
The results for all rounds of the survey are are summarised below. Consensus was 

established where there was >80% concordance amongst experts in a given round. Any 

additional comments provided by experts at each round of the survey were considered but 

the content of these did not alter the approach taken in the development of questions in 

subsequent rounds.  
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Definitions of frustration 

Each expert provided a singular definition of frustration (all 15 definitions are listed in 

Appendix A10), with only one being a cited definition: ”The operational definition of 

frustration applied to animals is the reaction to the absence or reduction of an appetitive 

reinforcer in the presence of signals previously paired with a larger incentive (Amsel, 

1992)”. 

In the second round, experts were asked to rate their level of agreement with these 15 

definitions and the relevance to frustration in dogs (Appendix 10). Consensus was 

considered where >80% experts responded ’relevant’. Of the 15 definitions, agreement of 

>50% was reported for all but two definitions, however, only 50% of respondents thought 

the cited Amsel definition was relevant. Consensus was obtained on the relevance of two 

definitions: definition 2 “The internal state experienced when a dog is thwarted from 

getting something it wants” (92.9%); definition 8 “Emotional state that arises when the dog 

is unable to achieve a goal either due physical or behavioural barriers”(84.6%).  

Ten experts specifically mentioned frustration as an emotional or internal state 

experienced by dogs, and three of these specified the valence of the emotional state as 

negative. 

Context(s) in which frustration can occur  

The responses from the first round were collated to form a group of 21 statements 

(Appendix A3) comprising variable content on context, inferred motivation and general 

circumstances which may lead to frustration. Of these, 10 statements included contextual 

details on specific stimuli the dog is motivated to access (owner (5), food (2), desired 

object/toy (2), other dog (1), sufficient exercise (1)) with 7 statements referring to a general 

inability to achieve a goal or need. Four statements included contextual details but did not 

specify what the dog was motivated to gain (being in a rescue shelter (1), being muzzled 

(1), confined (1), in a barren environment (1)). Four statements mentioned the type of 

barrier preventing such access (physical (including leash) (3), mental/psychological (1)), 

with a general ‘inability’ listed in 3 statements. The style of human interaction as a cause 

of frustration were mentioned specifically three 3 statements (negative punishment (1), 

inconsistency (1) and teasing (1)).  
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In the second round, experts were asked to state their opinion on the coverage of all 21 

contexts within the 15 definitions provided (Appendix 3). This means that theoretically, if 

all experts (14 took part in the second round) linked coverage of a single definition to all 21 

contexts, it would have a total of 294 responses. The average number of responses linking 

context to definition was 43 (range 12-76). Definition 8 (“Emotional state that arises when 

the dog is unable to achieve a goal either due physical or behavioural barriers”) performed 

best (76 responses), with at least one response linking it to each context. Definition 2 (“The 

internal state experienced when a dog is thwarted from getting something it wants”) which 

had obtained highest expert consensus as a suitable definition of frustration was third 

highest, being linked to 61 contexts. All remaining results linking context and definition are 

shown in Appendix A11. 

In response to the statement "There are no general circumstances that can elicit 

frustration, it depends on the dog’s individuality", three experts strongly agreed, five 

agreed, four disagreed, one strongly disagreed, and one was not sure. 

Behavioural/postural signs of frustration 

The responses from the first round were collated to form a group of 43 

behavioural/postural signs (Appendix A4).  

Considering uniqueness of signs as they relate to frustration revealed varied opinion. Most 

experts (8/15) stated no unique behavioural signs existed. Of the rest, 2/15 were not sure, 

1/15 commented ‘yes’ without explaining the sign(s), and the remainder provided 

qualifying statements on their opinion on how they may be different including different 

vocalisations (1/15), focussed intent (1/15), and the importance of considering context 

(1/15).  

Next, on considering whether any signs were always present in frustration, 5/15 experts 

suggested no, whilst 3/15 were not sure and 1/15 commented ‘yes’ without explaining the 

sign(s). The remaining 6 experts suggested features which are always present: expression 

of arousal (2/15), tense body posture (2/15), moving away from the stimulus (1/15) and 

whining (1/15).  
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The majority (9/15) of experts answered that the absence of specific signs could not be 

used to rule out frustration. Of the remainder, 2/15 were not sure, 2/15 claimed that the 

absence of body tension and displays of calm relaxed behaviour could support the fact that 

a dog is not frustrated, 1/15 suggested that context is more important than signs, and 1/15 

highlighted the difficulty in describing expected behaviours seen in frustration.  

In the second round, experts were asked to rate their agreement on whether each of the 

43 behavioural/postural sign was related to the expression of frustration in dogs. One 

expert scored a single sign as both “agree” and disagree” and this was recoded as “not 

sure” for the purposes of calculating frequencies. Consensus was considered where >80% 

experts responded either ’agree’ or ’strongly agree’. Consensus was reached on the signs 

whining, mild pacing and motor excitation (85.7% of all experts strongly agreed or agreed 

with the relevance of these signs). Of the remainder, 25 behavioural signs had 50-78.6% 

agreement, and 15 signs had <50% agreement, with the full results for these shown in 

Appendix A12.  

Behavioural signs with >50% agreement on relevance by the experts were retained for the 

third round of the survey. Some descriptors were combined and refined (e.g. ’orientation 

towards the object/critter it desires to further investigate (if physically restrained)’ and 

’pulling on a leash’ from round two resulted were combined resulting in the behavioural 

sign ’Orientation towards the stimulus / Pulling on a leash’), leaving a list of 20 behavioural 

signs associated with frustration in dogs. 

In the third round of the survey, experts were asked to rate the intensity of frustration 

reached before the particular behavioural sign would be evident (i.e. how frustrated would 

a dog be showing each particular sign) with options of high, moderate, low and an option 

of marking the behavioural sign as an unreliable indicator to assess the intensity of 

frustration (Appendix A7). Consensus was considered where >80% experts selected the 

given intensity  and behavioural sign combination. There was consensus for the presence 

of only one sign, in that motor excitation would be expected in high intensity frustration 

(83.3%). Results are shown in Figure 2.3-1 to Figure 2.3-4. 
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Figure 2.3-1 Delphi survey third round. Behavioural sign(s) expected with 'High intensity frustration' 

Figure 2.3-2 Delphi survey third round. Behavioural sign(s) expected with 'Moderate intensity frustration' 



42 
 

 

0
1
2
3
4
5
6
7
8
9

10
N

u
m

b
e

r 
o

f 
e

xp
e

rt
s

Behavioural/postural sign

Behavioural sign(s) expected with 
'Low Intensity Frustration'
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Figure 2.3-4 Delphi survey third round. Unreliable behavioural sign(s) of frustration 
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Physiological signs of frustration in dogs 

The responses from the first round were collated to form a group of 13 physiological signs 

(Appendix A5).  

Considering uniqueness of physiological signs as they relate to frustration revealed varied 

opinion. Most experts (12/15) stated no unique physiological signs existed. Of these, three 

experts further qualified their statements suggesting the similarity in physiological signs 

amongst other emotional states. Remaining responses include no response (1/15), “N/A” 

(1/15) and the importance of considering context (1/15).  

Next, on considering whether any physiological signs were always present in frustration, 

5/15 experts suggested no, 1/15 replied “I don’t know”. Increased heart rate was suggested 

by 2/15 (one of these also suggested increased cortisol would always be present). Body 

rigidity and sympathetic arousal were considered to always be present in frustration by one 

expert each. One expert commented that there would be variability in response depending 

on individuality.  Remaining responses include no response (2/15), “N/A” (1/15), and “All” 

(1/15) referring to all previous signs noted by that respondent (i.e. panting, salivating, 

trembling). 

The majority (9/15) of experts answered that the absence of specific physiological signs 

could not be used as evidence of absence of frustration. Absence of arousal (2/15), stable 

cortisol levels (1/15) and signs of relaxation (1/15) were deemed incompatible with 

frustration. Remaining responses include no response (1/15) and “N/A” (1/15) 

In the second round, experts were asked to rate their agreement on whether each of the 

13 physiological signs was related to the expression of frustration in dogs. Consensus was 

considered where >80% experts responded either ’agree’ or ’strongly agree’. No consensus 

was reached on physiological signs. The highest agreement was for increased heart rate 

and increased motor activity (71.4% of all experts strongly agreed or agreed with the 

relevance of each these signs). Of the remainder, six physiological signs had 50-64.3% 

agreement (one of the statements gathering 50% agreement was “They are unique for 

every dog”), and five signs had <50% agreement, with the full results for these shown in 

Appendix A13.  
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Agreement of >50% (combination of ’agree’ or strongly agree’) amongst the experts on the 

relevance of the 13 physiological signs resulted in their retention for the third round of the 

survey. In addition, only readily detectable non-invasive physiological signs were included 

at this stage, resulting in the removal of those related to levels of cortisol and other 

neurotransmitter/hormone levels, as well as removal of the non-specific ’anxiety signs’. 

This left a list of 6 individual physiological signs - readily detectable non-invasive measures 

that are associated with frustration in dogs. 

Experts were asked to rate the intensity of frustration reached before the particular 

physiological sign would be evident (i.e. how frustrated would a dog be showing each 

particular sign) with options of high, moderate, low and an option of marking the 

physiological sign as an unreliable indicator to assess the intensity of frustration (Appendix 

A8). Consensus was considered where >80% experts selected the given intensity  and 

physiological sign combination. Consensus was achieved for the presence of the sign 

increased motor activity expected in high intensity frustration (91.7%). Results are shown 

in Figure 2.3-5 to              Figure 2.3-8. 
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Figure 2.3-5 Delphi survey third round. Physiological sign(s) expected with 'High intensity frustration' 

 

Figure 2.3-6 Delphi survey third round. Physiological sign(s) expected with 'Moderate intensity frustration' 
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          Figure 2.3-7 Delphi survey third round. Physiological sign(s) expected with 'Low intensity frustration' 

             Figure 2.3-8 Delphi survey third round. Unreliable physiological signs of frustration 
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Relevance of breed in expression of frustration 

The responses from the first round were collated to form 19 ‘breed statements’ (Appendix 

A6) on the relevance of breed in the expression and intensity of frustration. In the second 

round, consensus was obtained on the relevance of two breed statements: “there are both 

breed differences and temperamental differences” (92.9%);  “there is probably a genetic 

predisposition to use specific actions/behavioural elements as a coping strategy when 

being frustrated, possibly linked to breeding lines within breeds” (85.7%). Of the 

remainder, three breed statements had 50-64.3% agreement, and 14 statements had <50% 

agreement. Of note, two of these statements had no agreement from any expert: “There 

are no differences between breeds, but between individuals within breeds”; “I do not think 

there are differences between breeds in the expression of frustration”). The full results for 

these are shown in Appendix A14.  

 

2.3.2 Survey 2 – Applied ethologists/experts in other 

species 

2.3.2.1 Participants - Survey 2  
The responses of each of the five groups are summarised below: 

1) Of the 252 experts contacted through the ISAE congress 2015-2016 presenters list, 

there were 34 responses (27 full responses; two responses with minor comments; 

four responses declining to contribute due to lack of data in the species with which 

they have worked; one response where the request had been passed onto a 

colleague, who then did complete a full response);   

2) Of the 13 individuals contacted due to expertise in companion animal species other 

than dogs, there were responses from six (three on domestic cats; two on horses; 

one on parrots);  

3) Of the four individuals with expertise on zoo animal welfare, one replied declining 

to complete the questionnaire due to lack of data in this area, and another passed 

on the request to a zoo research group (no further contact was made from this 

group);  
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4) From the ISAE Twitter and Facebook pages there was one email request for the 

questionnaire, which was sent, but not completed; 

5) LASA distributed the questionnaire internally - five respondents showed initial 

interest in contributing with two of these proceeding to give a full response (both 

responses related to dogs); BIAZA would not disseminate information on the study 

without registration http://www.biaza.org.uk/Research/general-guidance/, which 

due to expected time constraints on processing was not pursued. 

Details of the participants in this survey, including names of those who consented to being 

identified, country they are based, and contact group they were from are listed in Appendix 

B3. In total there were 36 respondents providing their opinions on frustration across 38 

animal groups (one expert contributed responded on three species), comprising 15 

different species kept in a range of environments as shown in Table 2.3-1. 

 

Species 
No. of 

responses 
Environment(s) kept in 

Dog 8 Kennel (4) 

Home (4) 

Pig 6 Variety of intensive systems 

Horse 4 Variety of management systems (stable/box; field; 

variable degrees and durations of turnout onto paddocks) 

Chicken 4 Variety of systems (cage, loose housing) 

Cat 4 Variety of home environments (3) 

Caged (1) 

Sheep 2 Variety of systems (indoor housing; at pasture) 

Gerbil 1 Laboratory cage 

Red fox 1 Captivity 

Parrot species 1 Enclosed space – indoor cage/enclosure/aviary 

Ostrich 1 Breeding camps – ostrich farm 

Mouse 1 Laboratory cages 

Rat 1 Laboratory cages 

Goat 1 Goat sanctuary 

Dairy cow  1 Shed (cubicles) 

Veal calf 1 Pen (1.8m2 per animal) 

Atlantic salmon 1 Sea tanks 

Table 2.3-1 Different species where expert opinion obtained 

http://www.biaza.org.uk/Research/general-guidance/
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2.3.2.2 Responses - Survey 2  
For each question, qualitative judgements were used to attribute collated responses to 

themes. Quantitatve data were obtained by calculating the frequency at which these 

themes arose across respondents and species. These results are displayed below for each 

question. Data for frequencies of these themes arising as reported for individual species 

for each question are shown in Appendices B4 – B12. Additional comments were provided 

by 16 respondents; these were considered in relation to the main questions but did not 

alter the qualitative themes used or resulting quantitative analysis.   

Manifestations of frustration 

All 36 respondents reported behavioural signs amongst the 15 species where frustration 

was described. A wide range of behavioural signs were listed, categorised into 15 themes 

(see Table 2.3-2, Appendix B4). A smaller number of respondents (8) listed physiological 

signs within this, categorised into 13 themes (see Table 2.3-3, Appendix B5). 

 

Behavioural signs of frustration Total Freq. No. of species 

Aggressive behaviour (incl. redirected) 14 10 

Repetitive/compulsive/stereotypic 14 10 

Vocalising 17 8 

Increased motor activity 16 8 

Oral (self)  7 6 

Oral (environment) 10 5 

Oral (conspecifics) 6 4 

Barrier directed 3 3 

Out of context /displacement 3 3 

Escape attempts 3 2 

Apathetic behaviour 2 2 

Head nodding /shaking 3 1 

Attention seeking (human) 2 1 

Destructive behaviour 1 1 

Turning and/or moving away from situation 1 1 

Table 2.3-2 Survey 2 - Categorised behavioural signs of frustration, ordered by frequency of number of 
species where the sign was reported from high to low, top to bottom.  
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Physiological signs of frustration Total Freq. No. of Species 

Body tension 4 4 

Skin/tail twitching 5 3 

Facial tension 2 2 

Visible eye white 2 2 

Urine marking 1 1 

Piloerection 1 1 

Dilated pupils 1 1 

Increased heart rate 1 1 

Increased cortisol 1 1 

HRV signature 1 1 

Panting 1 1 

Salivating 1 1 

Hypervigilance 1 1 

Table 2.3-3 Survey 2 - Categorised physiological signs of frustration, ordered by frequency of number of 
species where the sign was reported from high to low, top to bottom. 
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Contexts where frustration can arise 
All respondents completed this section, and contexts were categorised into 14 themes (see 

Table 2.3-4, Appendix B6).  

 

Contexts where frustration can arise Total Freq. No. of Species 

Access to food  24 10 

Intrusion into personal space 10 7 

Insufficient enrichment 10 7 

Space/freedom to explore 12 6 

Access to social contact – conspecific 6 5 

Physical restraint 5 4 

Access to resting places 6 3 

Access to mate 4 3 

Inconsistency during training 4 3 

Access to human contact 3 2 

Access to water 2 2 

Separation parent/offspring 2 2 

Inability to relieve pain 2 2 

Ability to thermoregulate 1 1 

Table 2.3-4 Survey 2 - Categorised contexts where frustration may arise, ordered by frequency of number of 
species where the sign was reported from high to low, top to bottom. 
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Causes of thwarting  
A total of 34 respondents completed this section with causes of thwarting categorised into 

10 themes (see Table 2.3-5, Appendix B7).  

 

Cause of thwarting Total Freq. No. of Species 

Action of human in control of resource 15 10 

Action of conspecific 7 6 

Inappropriate environmental conditions 10 5 

Physical barrier 7 5 

Non-specific "inability" 6 5 

Physical restraint 5 3 

Pain/medical problem 3 3 

Reference to experimentally induced 
thwarting 

1 2 

Action of other species (non-human) 1 2 

Physical punishment by human 1 1 

Table 2.3-5 Survey 2 - Categorised causes of thwarting, ordered by frequency of number of species where 
the sign was reported from high to low, top to bottom. 
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“What is the animal motivated to gain?” 
A total of 31 respondents completed this section with 19 categories created of those things 

the animal is motivated to gain (see Table 2.3-6, Appendix B8).  

 

Motivated to gain Total Freq. No. of Species 

Access to appropriate food  21 10 

Access to social contact – conspecific 12 7 

Freedom of movement 13 5 

Access to resting places 6 5 

Access to object/toy 7 4 

Access to human contact 5 3 

Access to water 4 3 

Access to mate 3 3 

Access to parent/offspring 3 3 

Appropriate environmental substrate 3 3 

Opportunity to hunt 4 2 

Maintain personal space 3 2 

Access to territory 2 2 

Safety 2 2 

Ability to thermoregulate 2 1 

Ability to relieve pain 1 1 

Direct frustration onto something else 1 1 

Avoidance of physical restraint 1 1 

Control/ predictability 1 1 

Table 2.3-6 Survey 2 - Categorised things an animal is motivated to gain, ordered by frequency of number of 
species where the sign was reported from high to low, top to bottom. 
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“What is the animal motivated to retain under its control?” 
A total of 30 respondents completed this section with 19 categories created of those things 

the animal is motivated to retain (see Table 2.3-7, Appendix B9).  

 

Motivated to retain Total Freq. No. of Species 

Access to appropriate food  16 7 

Access to social contact – conspecific 11 5 

Control/ predictability 5 4 

Freedom of movement 8 3 

Access to human contact 5 3 

Access to water 4 2 

Access to resting places 2 2 

Access to territory 2 2 

Access to parent/offspring 2 2 

Safety 2 2 

Avoidance of physical restraint 2 2 

Ability to thermoregulate 3 1 

Access to object/toy 2 1 

Maintain personal space 2 1 

Appropriate environmental substrate 2 1 

Access to mate 1 1 

Choice 1 1 

Social status 1 1 

General access to resources 1 1 

Table 2.3-7 Survey 2 - Categorised things an animal is motivated to retain, ordered by frequency of number 
of species where the sign was reported from high to low, top to bottom. 
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“What expectations are not being met?” 
A total of 31 respondents completed this section with 18 categories created of those unmet 

expectations (see Table 2.3-8, Appendix B10).  

 

Unmet expectations Total Freq. No. of Species 

Access to appropriate food 15 8 

Access to social contact – conspecific 9 5 

Access to resting places 5 5 

Freedom of movement 6 3 

Inability to meet 'needs' 5 3 

Access to water 2 2 

Ability to thermoregulate 2 2 

Safety 2 2 

Control/ predictability 2 2 

General access to resources 2 2 

Avoidance of physical restraint 1 1 

Access to human contact 3 1 

Opportunity to hunt 1 1 

Access to mate 1 1 

Access to territory 1 1 

Ability to relieve pain 1 1 

Choice 1 1 

Inability to avoid aversive 1 1 

Table 2.3-8 Survey 2 - Categorised unmet expectations, ordered by frequency of number of species where 
the sign was reported from high to low, top to bottom. 
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How the expectation has arisen? 
A total of 33 respondents completed this section with 5 categories created of how those 

expectations had arisen (see Table 2.3-9, Appendix B11).  

 

How expectations arose Total Freq. No. of Species 

Previous learning 18 10 

Innate 13 6 

Unsure 5 4 

Genetic predisposition 1 1 

Confinement 1 1 

Table 2.3-9 Survey 2 - Categorised how expectations arose, ordered by frequency of number of species 
where the sign was reported from high to low, top to bottom 

 

What are the actual or potential barriers to control?  
A total of 29 respondents completed this section with 10 categories created of actual or 

potential barriers to control (see Table 2.3-10, Appendix B12).  

 

Barriers to control Total Freq. No. of Species 

Inappropriate environmental conditions 7 7 

Physical barrier 12 6 

Action of human in control of resource 8 4 

Action of conspecific 3 3 

Intrusion into personal space 2 2 

Absence of resources 2 2 

Unsure 2 1 

Physical restraint 1 1 

Pain/medical problem 1 1 

None 1 1 

Table 2.3-10 Survey 2 - Categorised actual or potential barriers to control, ordered by frequency of number 
of species where the sign was reported from high to low, top to bottom 
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2.3.3 Survey 3 – Dog owners 

2.3.3.1 Participants – Survey 3 
Responses were received from 25 dog owners providing information on 30 dogs in total 

(five owners completed questionnaires for two owned dogs each).  

Dogs were aged from 8 months to 11 years 6 months old (average 4 years 10 months). Most 

dogs were female neutered (n=16), the remainder being male neutered (n=10), male entire 

(n=3), and female entire (n=1). There were 10 dogs classed as cross bred, and the remainder 

were comprised of 12 pure breeds (Border Collie (5), Labrador Retriever (2), English 

Springer Spaniel (2), Siberian Husky (2), Miniature Schnauzer (2), Cocker Spaniel (1), Large 

Munsterlander (1), Miniature Poodle (1), Jack Russell Terrier (1), Cairn Terrier (1), 

Rottweiler (1), Nova Scotia Duck Tolling Retriever (1)).  

2.3.3.2 Responses – Survey 3 
Qualitative judgement was used to group highly similar responses forming a refined list of 

contexts and manifestations. This refined list was further classified into categories in order 

to facilitate an exploration into the frequencies of co-occurrence of categories of contexts 

and manifestations.  

Owner reported contexts 

Across all respondents, there were a total of 130 contexts reported listed. These were 

grouped into 44 highly similar contexts (Appendix C2), and these were further classified 

into nine categories (Table 2.3-11). One of the respondents stated there were no situations 

in which she felt her dog became frustrated. 

Context Category Total no. of respondents per context category 

Prey/object 31 

Social – human 24 

Social – conspecific 19 

Anticipating exercise 19 

Food 14 

Expectancy during training 14 

Non-social - noise/novelty 4 

Confinement 3 

Physical restraint 2 

Table 2.3-11 Survey 2 results. Categories of contexts where frustration can occur in dogs ordered by the 
frequency they were reported by owners 
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Owner reported behaviour(s)/manifestation(s) 
Relating to the contexts, there were a total of 325 behaviours/manifestations reported. 

These were grouped into 75 highly similar behaviours (Appendix C3), and these were 

further classified into 12 categories (Table 2.3-12). 

 

Behaviour/manifestation category Total no. of respondents per context category 

Vocalising 110 

Other motor behaviour  66 

Pulling/lunging towards 32 

Mouthing/grabbing 26 

Other body postures/behaviours  21 

Gazing at owner 15 

Pawing/digging barrier 14 

Physiological signs 14 

Intense focus, difficult to distract 11 

Aggressive behaviours 9 

Avoidance behaviours 4 

Destructive behaviour 3 

Table 2.3-12 Survey 2 results. Categories of behaviours/manifestations of frustration in dogs ordered by 
frequency they were reported by owners. Related to ‘Other motor behaviour’ and ‘Other body/postures 
behaviours’ the term ‘Other’ encompasses other behaviour falling under these categories not represented by 
other specific categories listed here  

 

Additional comments received from owners 
Two of the 25 owners provided additional comments. The first of these related to a 

perceived decrease in frustration tolerance apparently related to the onset of back pain in 

their dog. The second comment related to the fact that straining and pulling on the lead 

when seeing another dog and when a toy was out of reach had become easier to interrupt 

since their dog had been castrated.  

Co-occurrence of categories of contexts and manifestations 
Behaviour/manifestation categories were grouped by context categories to explore the 

relationship between the two (Table 2.3-13). For each context category, all behavioural 

categories in which the owner had listed a behaviour/manifestation of frustration were 

recorded e.g. if for a singular context, an owner listed five behaviours and each behaviour 
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fell under a different category, then this context would have five associated behavioural 

categories. In the case where an owner reported multiple behaviours within a single 

behaviour category (e.g. barking and whining, which each fall within the category 

‘Vocalise’) a single frequency in that behavioural category was recorded.  
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   Behaviour(s) 

 

 

Context 

Vocalise 
Other 
motor 

behaviour 

Pulling
/ 

lunging 
toward 

Mouthing 
/grabbing 

Other 
body 

postures/ 
behaviour 

Gazing 
at 

owner 

Pawing / 
digging 
barrier 

Physiol. 
signs 

Intense 
focus 

Aggressive 
behaviour 

(growl, 
snarl) 

Avoidance 
behaviour 

Destructive 
behaviours 

Prey/object 21 9 7 2 1 6 6 6 0 2 0 0 

Social – 

human 
24 23 6 9 10 5 2 3 5 2 0 0 

Social – 

conspecific 
11 1 13 1 2 1 0 4 2 2 0 0 

Anticipating 

exercise 
10 5 5 5 3 0 1 0 1 1 1 0 

Food 10 6 0 1 1 3 0 1 0 0 0 0 

Expectancy 

during 

training 

6 6 1 6 1 0 1 1 2 0 3 2 

Non-social - 

noise/ 

novelty 

4 3 0 1 0 0 1 0 0 1 0 0 

Confinement 3 0 0 0 0 0 2 0 0 0 0 1 

Physical 

restraint 
0 0 0 0 0 0 1 0 0 1 0 0 

Table 2.3-13 Owner reported co-occurrence of context and manifestation whilst frustrated. Rows (context categories) ordered top to bottom, most to least frequent by 
context; columns (behaviour/manifestation categories) ordered left to right, most to least frequent by context; columns (behaviour/manifestation categories) ordered left to 
right, most to least frequent by behaviour/manifestation. 
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2.4 Discussion 
The primary aim of this chapter was to generate a comprehensive range of items to 

characterise frustration in the dog, to inform the development of a psychometric tool to 

measure canine frustration tendencies. Three exploratory surveys were conducted obtaining 

the opinion of experts and owners on frustration in dogs and other species to meet this aim. 

The results of the surveys are discussed below collectively within the framework of Scherer’s 

model.  

Consensus was reached by clinical animal behaviour experts in Survey 1 on suitable definitions 

of frustration in dogs. These definitions included reference to frustration as an emotional or 

internal state, as would be expected when considering frustration as a basic emotion. Also 

specified were general circumstances where frustration can arise when there is an inability to 

complete goal directed behaviours due to thwarting or some form of barrier. Such references 

are consistent with features of frustration as described in the wider literature (Amsel, 1992, 

Jeronimus and Laceulle, 2017), and consider both motivational and appraisal components 

within Scherer’s model (Scherer, 1984). Whilst the majority of experts agreed with the 

statement “There are no general circumstances that can elicit frustration, it depends on the 

dog’s individuality”, there was no consensus on this. However, examining contexts described 

by experts suggest there are common features which could be considered both in the type of 

stimuli/resource (e.g. food and social contact), as well as type of barrier interfering with the 

completion of that motivation (e.g. physical or psychological barrier).  

There was evidence of convergent validity at a multi-species level in themes relating to the 

motivational and appraisal components. Within the motivational component, access to food, 

water, social contact and sufficient enrichment were reported across a range of species in 

Survey 2, and these themes all arose within the owner responses in Survey 3. In Survey 2, 

“previous learning” was the most common suggested mechanism for how such expectations 

can arise across species, followed by “innate” expectations. Expectations and anticipation of 

when such resources were received (e.g. feeding and walking time) were also highlighted by 

dog owners. This is important as it suggests that frustration does not just arise if there is an 
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absence of resources for which there exists an innate requirement, but also if there is a delay 

in the provision of expected resources arising through learning. Such opinion aligns with 

experimental settings exploring delayed reward on frustration in human and non-human 

animals (Amsel, 1992, Bitsakou et al., 2006, Rapport et al., 1986). Specifically, the impact of 

delayed feeding has been explored in a range of species including sheep (Reefmann et al., 

2009), dairy cows (Sandem et al., 2002), hens (Haskell et al., 2000a, Zimmerman et al., 2000), 

sows (Haskell et al., 2000b) and macaques (Rosenblum and Paully, 1984, Waitt and Buchanan-

Smith, 2001). Delayed feeding has been associated with a range of behavioural and 

physiological changes including increased arousal, vocalising, self-directed and stereotyped 

behaviours, as well as disrupted social behaviour including aggression. Interpreting these 

findings within animal husbandry practices more broadly, if resources are typically provided 

within a highly predictable routine, then any subsequent deviation from this routine, 

particularly with a delay, could result in frustration.  

When interpreting owner reported behaviours attributed to frustration in Survey 3, it is 

important to note that distinguishing between behaviours arising through frustration versus 

excitement/anticipation is challenging. Even amongst experts there is no clear consensus on 

when positive anticipation (positive valence) becomes frustration (negative valence), although 

research has attempted to differentiate these states across a range of species (including 

humans) using both behavioural and physiological measures (Anderson et al., 2015, Deater‐

Deckard et al., 2010, Reefmann et al., 2009). Only three experts in Survey 1 explicitly specified 

the valence of the emotion experience to be negative within their definitions, none specified 

it as positive. However, the emphasis within circumstances where frustration arises across 

surveys  was on the inability to complete a goal, or meet a need, which would be classified as 

negative valence if considering valence as a one-dimensional positive-negative concept 

(Shuman et al., 2013).  

Recent research in dogs using the anatomical tool dog facial action coding systems (DogFACS) 

has investigated this in controlled experimental settings (Bremhorst et al., 2019). This study 

demonstrated a difference in several facial actions and expressions which could potentially be 
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used to help differentiate these two emotions. Despite challenges to differentiating positive 

anticipation and frustration, delays to obtaining a reward were included as features of 

frustration by experts in Survey 1 and 2, and are well documented in the literature as a context 

in which frustration can arise, therefore should be considered for inclusion in any tool 

purportedly measuring frustration tendencies.  

Within the appraisal component, categorised responses relating to physical and psychological 

barriers to achieving a goal were common across species, and for dogs across the three 

surveys. Physical barriers reported in dogs reflect methods to commonly manage their 

movement, including being on lead, confined in a crate, room, or separated by some other 

barrier such as a window, door or fence. Aside from the physical environment, the social 

environment was reported as a barrier, referring both to the human in charge of managing 

access to resources was a common perceived barrier across species, as well as the actions of 

conspecifics. Dog-owner interaction style has been shown to impact on a dog’s response to a 

threatening situation (Cimarelli et al., 2016). In addition, dog owners vary in their perception 

on signs of stress in their dogs (Mariti et al., 2012). It is likely that how and when an owner 

intervenes in a frustration inducing situation for their dog will have an impact on behaviour at 

that time and in subsequent situations, and this warrants consideration when studying 

frustration tendencies.  

Experts in Survey 1 did not mention intrusion into personal space as a potential context in 

which frustration could arise. However, territory and personal space are important resources 

(Archer, 1988) associated with increased autonomy – if a dog perceives a potential intrusion 

into his/her personal space and/or territory, frustration can arise. Indeed, a lack of 

autonomous control over the environment occurs in all of these contexts and is a contextual 

hallmark for frustration (Panksepp, 1998). For these reasons, these contexts were included in 

the operational definition provided to experts in Survey 2.  In Survey 2 contexts relating to this 

category were reported across seven species, including dogs. As raised in Survey 2, it is 

important to consider personal space and access to territory as potentially important 

resources, and anything which jeopardises these - such as intrusion (where into perceived 
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territory or personal space) by another, including physical restraint - are therefore potential 

causes of frustration. 

Additional context categories arose in Survey 2, with specific mention of frustration arising 

across multiple species when there was an inability to access a mate (including one expert 

including this for dogs), as well as separation of parent/offspring. The commonly performed 

procedure of neutering will of course remove a dog’s ability, and may reduce the motivation, 

to reproduce. In Survey 3 (UK based dog owners), the majority of dogs were neutered, as this 

procedure is common in the UK, however, in many countries neutering is not readily carried 

out resulting in a higher proportion of entire dogs (Wongsaengchan and McKeegan, 2019). 

Clearly, one must consider frustration which may arise from not being able to meet innate 

reproductive needs, especially for those entire dogs. Distress vocalisations and other 

behavioural and physiological signs arising in parent(s) and/or offspring when separated from 

each other has been highlighted in studies in a range of species including dogs (Panksepp et 

al., 1980, Panksepp et al., 1994, Sandem and Braastad, 2005) and should be considered as a 

potential cause of frustration where such a context arises.  

When assessing responses related to the motor expression component there was consensus 

amongst experts in Survey 1 on the signs whining, mild pacing and motor excitation, with >50% 

agreement on a range of other behavioural signs. Considering the intensity of frustration at 

which specific behavioural/postural signs would be seen, there was consensus for only one 

sign, in that motor excitation would be expected in high intensity frustration with fewer 

experts deeming this sign to be present at moderate, or low intensities of frustration. Overall, 

expert opinion from these responses suggested there was no consensus on the existence of 

unique signs of frustration in dogs, none necessary or sufficient to establish the 

presence/absence of frustration, nor any which can help infer the intensity at which that 

individual experiences frustration.   

For motor expression, reports of behavioural manifestations categorised as vocalising, motor 

behaviour, oral behaviours and aggressive behaviours appeared in dogs across all surveys, and 

also across different species in Survey 2, demonstrating convergent validity. Of the 20 
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behavioural signs >50% agreement across experts in Survey 1, 14 of these were also reported 

by at least one owner Survey 3, suggesting owners can observe the majority of signs experts 

deem are relevant. For four of the six which were not reported by owners (‘licking own body’, 

‘self-mutilation’, ‘paw lift’ and ‘biting’) it is likely that these simply did not occur as there were 

other owner reports oral behaviours, paw movements and aggressive behaviours which were 

clearly observable in the rest of Survey 3. The remaining two signs were vague and non-specific 

(‘out of context behaviours’ and ‘apathy’) and it is not expected that an owner would offer 

these as an answer to a question asking for a list of behaviours.  

Considering behavioural signs, frustration has been linked to displays of aggressive behaviour 

to varying degrees, including redirected aggressive behaviour (Archer, 1988, Berkowitz, 1989, 

Dollard et al., 1939). Frustration has been implicated in the performance of displacement 

behaviours (Roberts, 1986) and repetitive behaviours including stereotypies (Mason, 2006). 

Previous studies have explored frustration related behaviours arising in dogs when 

reinforcement for gazing at a human experimenter is extinguished (Bentosela et al., 2008, 

Bentosela et al., 2009, Jakovcevic et al., 2013). Findings included significant increases in 

frequency of ambulation, sniffing, and vocalizations. Whilst such signs are nonspecific and may 

in response to general ‘stress’ due to a range of other emotions, and as such are not be unique 

to frustration, there is much commonality across species on the types of response which may 

be seen.  

Whilst reference to repetitive/stereotypic/compulsive behaviours was frequently made by 

experts in Surveys 1 and 2, perhaps not unexpectedly, these technical terms did not appear in 

Survey 3, with only one reference to ‘repetition of behaviour’. Nonetheless, of the many of the 

motor behaviours described in Survey 3 by owner (spinning, circling, pacing), and some within 

the oral behaviour category (suckling blanket) could potentially be assessed to fall under such 

a classification depending on features of their expression (Landsberg et al., 2012).  

For the neurophysiological component, whilst >50% agreement on the relevance of a number 

of physiological signs was achieved, none exceeded the 80% threshold for consensus. 

However, of note within these, the majority of experts (12/15) stated no unique physiological 
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signs existed with frustration, and like for behavioural signs, there was no consensus on the 

presence or absence of physiological signs to assist in ruling in or ruling out frustration. As with 

motor excitation within behavioural signs, there was high agreement for the relevance of 

increased motor activity (10/14 experts, 71.4%) as a physiological sign, and the same level of 

agreement for increased heart rate. Opinion on the intensity of frustration at which specific 

physiological signs would be observed was consistent with that for behavioural signs, with 

consensus for increased motor activity expected in high intensity frustration, with fewer 

experts deeming this sign to be present at moderate, or low intensities of frustration. 

Considering motor activity, convergent validity was demonstrated with the reporting of this 

sign in dogs in Surveys 1 and 2 (where it was classed as a behavioural sign), and also at the 

multi-species level being reported in 7 other species. In addition, increased heart rate was also 

reported in sheep. However, it should be noted there were fewer reported physiological signs 

in Survey 2 overall and across species when compared with behavioural signs in the same 

survey. The likely cause of this was that the questionnaire in Survey 2 (or 3) did not specifically 

ask experts to list physiological signs, instead asking them to list behavioural signs. Despite 

this, several owners provided physiological signs within their answers and three of these 

(‘drooling/salivating’, ‘panting’ and motor excitation/behaviour’) matched from the group of 

six readily detectable signs demonstrating >50% agreement amongst experts in Survey 1. The 

presence of these is useful as it suggests some physiological signs which could be observable 

by an owner which could be relevant to include within items for the psychometric tool. For any 

future use of the operational definition questionnaire from Survey 2 where it is being used a 

standalone survey to investigate frustration in other species, it is suggested that an additional 

question specifically asking for opinion on physiological signs is included. 

The distinction between behavioural and physiological signs may not always be clearly defined 

as was seen with responses in Survey 1, where highest levels of agreement were obtained for 

‘motor excitation’ as a behavioural sign, and ‘increase in general motor activity’ as a 

physiological sign in dogs experiencing high levels of frustration. It is therefore important to 

recognise such overlap when categorising observable signs, particularly when attempting to 
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use independent signs to validate motor expression and neurophysiological components. A 

range of specific neurophysiological measures do exist and have been used in the study of 

emotions including frustration, including measurement of blood pressure (Prkachin et al., 

1999), heart rate variability (Appelhans and Luecken, 2006), thermography (Clay-Warner and 

Robinson, 2015), electrodermal activity (Keil et al., 2008), cortisol levels (Foyer et al., 2016), 

neurotransmitter/metabolite levels (Huey et al., 2006), and brain studies using functional 

magnetic resonance imaging (Abler et al., 2005, Yu et al., 2014) and electroencephalography 

(Coan and Allen, 2003). Neurophysiological correlates of frustration in dogs are considered in 

Chapter 5.  

Given the minimal attention the study of frustration has received, the suggestion of non-

specificity signs of frustration (behavioural and physiological) from experts in Survey 1 is 

unsurprising. Within the field of clinical animal behavior the term ‘stress’ has often been used 

to generally classify all such signs without differentiating the underlying emotion(s) involved 

(Beerda et al., 1997, Mariti et al., 2012). However, when assessing a behavior problem, it is 

vital to understand both the motivation and the likely underlying emotion (e.g. differentiating 

fear/anxiety from frustration) so that specific treatment can be instituted (Mills, 2017). This 

further highlights the importance of Scherer’s component process theory approach to the 

understanding of canine frustration: it is only by considering features across all components, 

including the important role of context within motivational and appraisal components that 

emotion can be classified (Scherer and Moors, 2019, Scherer et al., 2001), and thereafter, 

emotion-specific treatment modalities implemented and assessed.  

Exploring the conceptual validity of the operational definition questionnaire created for Survey 

2, it was important to establish that the questions generated resulted in broad coverage of 

frustration as a trait. The array of responses covering a range of contexts and manifestations 

suggests this is a useful approach to investigate frustration. Replies to the operational 

definition questions were examined for the presence of repetition across questions in order to 

check for redundancy. Whilst only one respondent explicitly commented that they felt they 

repeated their answers across some of the questions, it was evident from responses that there 
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was some overlap in answers from some respondents. Whilst this was not measured, 

repetition was apparent between the following: motivational aspects within the context may 

overlap with that which an animal may want to gain (or retain), and these may also present as 

expectations not being met; aspects related to appraisal may overlap with that which is 

thwarting an animal or those barriers to control. However, there were various examples where 

such questions resulted in different additional answers from the same respondent, e.g. in 

chickens – the “inability to find or to gain access to a site acceptable for nesting” was suggested 

as thwarting an animal, whereas the “design of the system (including number of birds per nest 

space)” was suggested as an actual barrier to control. There appears to be value in thinking of 

frustration at this detailed level from a range of perspectives, as whilst some parts of the 

operational definition look at general principles, other parts may give rise to limitations of the 

specific environment that animal is faced with. A range of questions on frustration prompts 

respondents to consider frustration more broadly across both contexts and manifestations. 

This allows flexibility in the use of this operational definition for the study of frustration in 

other species regardless of the management system under which they are kept, and between 

respondents who may vary in their interpretation of specific questions.  

Responses to the additional section in Survey 1 which assessed breed statements related to 

frustration in dogs saw consensus amongst experts that breed variations do exist in frustration 

tendencies. Variation between breeds is a topic of great interest (for a review see (Mehrkam 

and Wynne, 2014). Various studies have assessed behavioural differences between breeds and 

have identified potential differences in trainability, fearfulness, sociability and aggressivity 

(Asp et al., 2015), and interspecific communications (Jakovcevic et al., 2010). However, other 

studies have concluded that there is as much variation within, as between breeds for traits 

such as impulsivity when considering working versus show lines (Fadel et al., 2016). Breed 

differences in frustration tendencies are explored following psychometric tool development 

as documented in Chapter 3.  

Examining co-occurrence of owner reported contexts and behavioural signs suggested that a 

variety of different contexts may result in similar expressions of behaviour, and that a specific 



 

69 
 

context may result in a range of frustration related responses e.g. vocalising and motor 

behaviour. Exceptions to this include signs which may only be possible in specific contexts (e.g. 

lunging may only be seen if on lead; digging at a barrier may only occur if such a barrier is 

present). Aside from these exceptions, the likelihood of a particular expression of frustration 

occurring depending on context deserves further investigation and is explored in Chapter 4.  

There is an increasing body of evidence highlighting the potential impact of painful conditions 

on the development and maintenance of a range of behaviour problems in dogs and other 

companion animals (Barcelos et al., 2015, Camps et al., 2012, Lopes Fagundes et al., 2018, Mills 

et al., 2020a). Pain and medical problems were not mentioned as a cause of frustration by 

experts in Survey 1 but were mentioned repeatedly in Survey 2 both in dogs and other species 

as being implicated in frustration. Interestingly, an additional comment from one of the dog 

owners in Survey 3 stated: “Her frustration tolerance seems to have decreased recently; I think 

it is related to pain in her back”. The interplay between pain and frustration has been studied 

in humans, with bidirectional effects: frustration tolerance can impact on the experience of 

chronic pain (Suso-Ribera et al., 2019, Suso-Ribera et al., 2016), and, chronic pain can lead to 

frustration (Dow et al., 2012). The relationship between pain and frustration tendencies in 

dogs deserves further attention and a preliminary look at this was performed in Chapter 6. 

Potential limitations of the three surveys include those related to the selection of respondents. 

It was not a pre-requisite to have conducted any research on frustration to participate, 

therefore the opinion of the experts in Surveys 1 and 2 may simply reflect that which has been 

passed on through sources such as textbooks and word of mouth within certain communities. 

Nonetheless, the modified Delphi method provided the opportunity in Survey 1 for 

respondents to reflect on their answers in subsequent rounds, and this allowed a richer 

exploration of opinion over time, including the ability to change opinion based on presented 

information from other respondents. In addition, convergent validity was evident across many 

of the features of frustration between experts in Surveys 1 and 2, in dogs and across species, 

despite these experts being sourced from different disciplines which reduces the likelihood of 

the gathered opinion reflecting a single niche community.   
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Another potential limitation relates to the sourcing of dog owners in Survey 3. The database 

of dog owners comprises those with a particular interest in their dog participating in research 

in animal behaviour and who previously may have been involved in research studies where 

emotions, including frustration, have been highlighted. Whilst this represents a bias in 

potential knowledge level of the respondent, given that this questionnaire was predominantly 

being used to gather data of where an owner feels their dog may experience frustration and 

how that manifests in their specific home environment and day to day life, this was not 

deemed to be of concern. Caution should be exercised when attempting to generalise the 

assumed knowledge and awareness of this group of owners to the wider general dog owning 

population. However, it is also noteworthy that many of the commonly reported contexts and 

manifestations reported by owners display convergent validity with those described in Survey 

1 in which the clinical animal behaviour experts are predominantly working with problem 

behaviour of other owned dogs. The approach taken in this chapter, with multiple surveys 

gathering opinion of different groups increases confidence in taking forward the readily 

detectable items related to frustration in dogs for generation of items in the psychometric tool 

in Chapter 3.  

2.5 Conclusion 
Overall, when considering the results of the three surveys within Scherer’s framework, there 

was evidence of convergent validity on a range of features of frustration in dogs across the 

three surveys involving groups of experts and owners. Similar response categories from Survey 

2 were also observed across species. This suggests conceptual validity of the operational 

definition approach supporting its use as a tool to categorise frustration at a multi-species 

level. It should also be noted that in Survey 1, lack of consensus amongst experts suggests 

many areas of uncertainty around the specifics of canine frustration, particularly when 

assessing those responses related to the presence specific behavioural and physiological signs 

of frustration, and their potential to provide a measure of intensity of frustration. This, plus 

the uncertainty highlighted within various responses from experts in Survey 2 underpins the 

importance of this work to characterise frustration in the dog, and also develop a framework 
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to characterise this basic emotion in other species. The three surveys described above provide 

useful information on frustration in dogs, including that observable by owners, to be taken 

forward to generate items for the psychometric tool in Chapter 3. 
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Chapter 3  

Development of a psychometric tool to 

measure frustration in dogs – the 

Canine Frustration Questionnaire 
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3 Overview 

In this chapter the process of psychometric test development for the measurement of canine 

frustration tendencies is described. Data gathered in Chapter 2 were used to generate 33 items 

relevant to canine frustration, which were then formulated into a questionnaire for owners to 

rate their level of agreement with each item as it related to their dog. The questionnaire, plus 

a series of demographic and behaviour/training questions, were combined on an on-line 

platform, and invitations to complete the survey were disseminated electronically through a 

variety of social media channels. Of the original respondents, a proportion completed the 

questionnaire a second time at 6 weeks or 1 year. Additionally, paired responses were 

collected where two carers completed the questionnaire independently about the same dog. 

Intra- and inter-rater reliabilities were assessed prior to structuring the items using principal 

component analysis. The resulting 21 items loaded on a biologically meaningful five principal 

component solution with some expected correlates demonstrated from other features of the 

questionnaire.  
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3.1 Introduction 

As outlined in Chapter 1, in the field of psychometrics questionnaire/inventory based tools are 

commonly used to quantify behavioural traits (Kline, 1999). Whilst various scales exist to 

measure a range of traits in dogs, currently no scale exists to quantify frustration tendencies 

in dogs. The absence of such a tool impedes advancement of our understanding of the 

diagnosis and treatment of frustration related problem behaviours in dogs.  

In order to ensure that a psychometric tool is robust, Taylor and Mills (2006) proposed a 

framework considering various quality metrics which can be used as a guide to test 

development. Firstly, when attempting to create a questionnaire to measure trait level 

behaviour, the items/questions which form that tool should cover the breadth of contexts and 

manifestations of the construct of interest. In addition to reviewing relevant literature (see 

Chapter 1), obtaining expert opinion on the subject area is a common way to generate items 

for inclusion in a psychometric tool (Taylor and Mills, 2006). In Chapter 2, opinions on canine 

frustration were established by surveying a range of stakeholders including clinical animal 

behaviourists, applied ethologists and dog owners, as a basis for generating items for inclusion.  

Next, consideration needs to be given to the number of items to include in the context of the 

purpose of developing such a questionnaire and the practicality of using it (Taylor and Mills, 

2006). Where the goal is to develop a psychometric tool to be completed by dog owners, it is 

important that from a practical point of view, the questionnaire is comprehensible by owners, 

and easy to complete. In addition, it is important to ensure that the questionnaire can be 

completed within a reasonable time frame to make it feasible to be included whether as part 

of the clinical assessment of problem behaviours, or potentially as a tool within other research 

gathering quantitative data on the trait of interest. The number of items and length of 

questionnaire may also impact on the number of respondents in initial stages of questionnaire 

development: a survey which is prohibitively long may result in fewer respondents and as such 

a smaller data set which may hinder the generation of a valid questionnaire structure. A 

balance must therefore be struck between the number of items broadly covering the construct 

of interest within the scale, and the feasibility of the scale being readily completed.  
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Assessing published literature outlining the development of questionnaires scaling other 

canine behavioural traits provides a useful guide when deciding on the number of items to 

include in the creation of a new scale. Two existing canine questionnaires were assessed before 

and after data reduction methods: 1) the Positive and Negative Activation Scale (PANAS) 

(Sheppard and Mills, 2002) started with 45 items, with 21 items remaining in the final scale; 2) 

the Dog Impulsivity Assessment Scale (DIAS) (Wright et al., 2011) started with 28 items, with 

18 items in the final scale. Kline (1999) suggested that while a test composed of 20 items can 

be highly reliable, one with 10 or less items may represent too narrow a range of items to be 

useful.   

A variety of rating scales can be used to gather owner opinion on questions such as binary 

scoring (e.g Yes/No, True/False), and rating scales where statements are rated by respondents 

on a scale, usually comprised of five, seven or nine points (Kline, 1999). Rating scales have been 

commonly used in canine temperament/personality scales, with both PANAS and DIAS using a 

5-point Likert rating scale, with a not applicable (N/A) option. Other questionnaires such as the 

Monash Canine Personality Questionnaire (MCPQ) (Ley et al., 2009) use a 6-point agreement 

scale, whilst the Canine Behaviour and Research Questionnaire (C-BARQ) (Hsu and Serpell, 

2003) uses 5-point scales (either frequency or intensity depending on the item begin assessed). 

Rating scales offer advantages over binary scales as they allow exploration of a broader 

spectrum of ratings, and lend themselves well to inter-item correlation analysis (Kline, 1999).  

As outlined in Chapter 1, whilst there are many advantages of psychometric questionnaires 

over behavioural testing, there can also be issues associated with their use such as the 

potential for biases during completion (Kline, 1999). Such potential biases include: a response 

set, where an individual answers a series of questions with the same response; tendency for 

some respondents either to avoid or favour extreme responses on a rating scale; social 

desirability bias where subjects answer questions to reflect their belief in the desired response; 

acquiescence which refers to the tendency to agree with all statements provided regardless of 

their content. There are a variety of methods to help overcome these biases both in the 

questionnaire design and assessment of responses. Inclusion of reverse scored questions and 
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assessment of answers for a response set (and removal of those present) can guard against 

issues of response sets and acquiescence (Weijters et al., 2013), although the inclusion of such 

items is controversial with the potential for confusion for respondents ultimately leading to 

issues with scale reliability (Suárez-Alvarez et al., 2018, Van Sonderen et al., 2013). Framing 

questions neutrally and providing anonymity for responders can be helpful in reducing social 

desirability bias (Grimm, 2010, Nederhof, 1985). 

In order to create a robust psychometric tool, there must be demonstration of both reliability 

and validity. In psychometrics, reliability can be considered at two broad levels: firstly, if the 

items within a tool are purportedly measuring different aspects of the same variable, then 

there should be a high level of internal consistency which can be established through statistical 

tests such as Cronbach’s alpha (Kline, 1999); secondly, if the same test is given on two separate 

occasions, there should be a high level of agreement between scores. If scoring is completed 

by the same observer on two different occasions, this is termed intra-rater reliability; if the 

observers are different, this is termed inter-rater reliability. When a tool aims to measure a 

trait, then temporal stability would be expected, and as such test-retest reliability would be 

expected to be high (Taylor and Mills, 2006). 

Whilst a test must be reliable in order to be valid, there are a range of additional aspects of 

validity which must also be considered in psychometrics (Kline, 1999). Construct validity refers 

to the extent to which the nature of the construct being measured is measured, and can be 

clarified through testing hypotheses e.g. correlations with similar (convergent validity) or 

different (discriminant validity) measures (Taylor and Mills, 2006). Content (or face) validity 

refers to the appearance of the test and the items within it broadly covering the trait of interest 

(Taylor and Mills, 2006). Concurrent validity is where the test correlates highly with another 

valid test which measures the same construct, if such a test exists (Kline, 1999). 

When developing a questionnaire, it is important to gather demographic data on the subjects 

(dogs) and respondents (owners) to ensure responses are obtained from a wide spectrum of 

dog breeds, covering all sex/neuter statuses, in order to explore and establish generalisability 

of the resulting tool. For canine frustration tendencies, breed related differences were 
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suggested by experts in Chapter 2. In the development of existing canine questionnaires such 

as PANAS and DIAS (Sheppard and Mills, 2002, Wright et al., 2011), some subscale scores 

varied with the age of the dog. When demographic data are recorded, statistical analysis can 

be performed to test for effects of such differences.  

Therefore, the aim of the current study was to develop a psychometric instrument for the 

assessment of frustration tendencies in dogs via an owner completed questionnaire. To 

maximise the robustness of the psychometric tool, the quality metrics described within this 

introduction were adhered to during all stages of scale development and are described 

throughout the remainder of this chapter.   

3.2 Materials and Methods 

3.2.1 Ethical approval 

This study was granted ethical approval by the College of Science Research Ethics Committee, 

University of Lincoln (reference CoSREC160).  

3.2.2 Item generation 

A review of the literature on frustration in humans and non-human animals (including dogs) 

(as outlined in Chapter 1), together with the data from three qualitative surveys (Chapter 2) 

were used as a basis for item generation.  

We sought to identify items encompassing the full range of aspects related to frustration in 

dogs identified from the literature review and qualitative research, for inclusion in the 

instrument. This included responses to frustration at the level of immediate emotional 

reaction and temperament. An item relating to mood was included given the potential for 

temporal fluctuations in frustration related behaviours due to pain or other reasons. 

Behavioural and physiological manifestations of frustration readily detectable by owners were 

included, with consideration given to intensity, and where relevant, duration and frequency of 

responses. A range of contexts potentially triggering frustration were identified. Absent, 

reduced and delayed rewards that may trigger frustration were considered in both social and 
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non-social contexts, including the typical barriers (e.g. lead restraint and confinement) that 

thwart an individual from achieving their goal. Aspects relating to lack of autonomous control, 

intrusion into territory/personal space, and the tendency to display repetitive behaviours were 

also included. As discussed in Chapter 2, questions dependent on a specific reproductive status 

such as frustration arising due to separation from offspring, or access to a mate were not 

included due to the potential impact of neutering on reproductive ability and motivation.  

Initially 33 items were included in the provisional list (please see Appendix D1), with the 

expectation that unreliable items would be lost during test development. Consistent with 

similar developed scales, a 5-point agreement Likert scale was used for scoring items. Items 

were expressed as statements about the dog’s behaviour; an additional “Not applicable” (N/A) 

option was provided for each item to identify items that might be uncommon, as well as 

prevent missing data and minimising the likelihood of owners making spurious choices on the 

scale.  

3.2.3 Questionnaire development 

The questionnaire was written in British English. Demographic data was collected relating to 

the dog (breed, sex, neuter status, age). Given the potential relationship between health and 

frustration highlighted in Chapter 2, additional questions on current and historic medical 

problems and current medication were posed. Due to the expected role of frustration in clinical 

animal behaviour problems in dogs, questions relating to training as well as behaviour 

problems and attendance at a behaviour consultation were included. This was followed by the 

33 items of the questionnaire relating to frustration. Five items were worded specifically for 

subsequent reverse scoring, in order to reduce the likelihood of a response set (these items 

are identified in Appendix D1 by (R)). An additional question was included to determine 

concurrent validity with the construct of interest: “I consider my dog to be very easily 

frustrated”.  

Other items included asking owners about how well behaved, and how obedient they felt their 

dog was. The distinction between these concepts forms the core principles behind the Life 
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Skills for Puppies programme (Zulch and Mills, 2012) and given the emphasis on developing 

frustration tolerance with in this programme, understanding the relationship between these 

concepts and the construct of interest was deemed important. Owners were asked how 

frequently they felt their dog experienced a potentially frustrating situation, to allow the 

relationship between this and frustration tendencies to be explored.   

The questionnaire was tested for comprehensibility with nine individual dog owners. Survey 

Monkey™ was used to develop an on-line version of the questionnaire (Appendix D2). The 

questionnaire was circulated with the title: “Profiling how your dog copes in a range of 

situations”, avoiding the use of the word frustration so as to reduce the risk of bias. All 

respondents were asked to provide a contact e-mail address if they were willing to be 

contacted again about the study. This facilitated future reliability testing. 

3.2.4 Questionnaire distribution 

An electronic link to the questionnaire, including a brief summary of what it involved and an 

estimated time for completion, was distributed electronically using social media platforms 

(Facebook (https://www.facebook.com/) and Twitter (https://twitter.com/)) and via personal 

contacts of the authors. The stated inclusion criteria were: i) that the owner must be over 18 

years old; ii) that the questionnaire was completed about a dog the respondent currently 

owned. In order to take part in the survey, a participant was required to read the summary 

information then mark ‘agree’ to proceed, constituting informed consent. The initial 

questionnaire was advertised and open for a period of four months from December 2016 to 

April 2017.  

3.2.5 Reliability assessment 

In order to explore intra-rater reliability, respondents who provided an e-mail address to be 

contacted again were sorted by date of completion. Every second respondent was contacted 

a minimum of six weeks (maximum seven weeks) after their first questionnaire completion, 

requesting they repeat the same questionnaire. The 6-week period was used to establish item 

reliability in the short term. The remaining half were contacted a minimum of one year 

https://www.facebook.com/
https://twitter.com/
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(maximum 13 months) after completion of the initial questionnaire to establish temporal 

stability of the questionnaire. Between first and second completion, the order of the 

items/questionnaire layout was unchanged. 

All respondents who were contacted again were also asked to provide contact details if there 

was a second carer for their dog who would be willing to independently complete the same 

questionnaire about the same dog. The questionnaire was then sent to the second carer with 

the name of their dog, giving them the opportunity to complete the questionnaire. 

3.2.6 Statistical Analysis 

Data was collected electronically via the Survey Monkey™ platform. All statistical analyses 

were conducted using IBM SPSS Version 22.  

3.2.6.1 Item scoring and missing data 

The scoring method reflected the hypothesis that high scoring dogs should be experiencing 

greater frustration. A numerical score was given for each response according to a 5-point Likert 

scale: 5 (“Strongly agree”), 4 (“Mainly agree”), 3 (“Partly agree, partly disagree”), 2 (“Mainly 

disagree”) or 1 (“Strongly disagree”). All items with anticipated ‘reverse’ scoring requirements 

had their scores reversed before analysis (i.e. score of 5 becomes 1; 4 becomes 2; 3 remains 3; 

2 becomes 4; 1 becomes 5). Complete datasets were those where there was a response for all 

33 items (including “N/A” responses) therefore no imputation for missing data was required. 

“N/A” responses were handled in SPSS by ‘excluding pairwise’ – i.e. the N/A response would 

be excluded, but the remaining item scores from that respondent would be included in the 

analysis. Incomplete questionnaires or those where a response set were identified (i.e. where 

all answers were the same value on the Likert scale, including reverse scored items) were 

rejected from further analysis. 

3.2.6.2 Intra- and Inter-rater reliability 

Non-parametric tests were used to assess correlation and significant differences to determine 

intra-rater reliability (at 6 weeks and 1 year) and inter-rater reliability of items. Items were 

excluded on the basis of significant differences (p<0.05) between samples (Wilcoxon signed 
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rank test), or non-significant (p>0.05) and/or weak correlations (Spearman’s rank order 

correlation <0.2).  

3.2.6.3 Content structure 

In order to maintain unidimensionality within the scale, but avoid redundancy from highly 

correlated items, the correlation matrix of all remaining items was inspected. Any items with 

no correlations >0.2 with another item, or with correlations >0.8 suggesting multicollinearity 

were removed. Items with anti-image matrices values >0.5 demonstrating sufficient sampling 

adequacy were retained (Field, 2009).  

Remaining items were then subject to principal component analysis (PCA) with a Varimax 

rotation (Dunteman, 1989). In order to decide how many components to extract, scree plots 

(Cattell, 1966) alongside Kaiser’s criterion (Eigenvalues >1) (Kaiser, 1958) were used. Items 

loading >0.4 were considered to significantly load on a given component (Stevens, 2002). 

Cronbach’s alpha (Kline, 1999) was used to measure internal consistency of the resulting scale.  

3.2.6.4 Standardisation of overall questionnaire scores and principal 

component scores 

Standardisation of scale scores was necessary to enable further comparison of dogs. Total 

scores were converted to a decimal for each dog, with “N/A” responses removed from the 

calculation. This generated a single ‘overall questionnaire score’ (OQS) for each dog, with a 

range of possible scores from 0.2 – 1.0 (where OQS = (total score achieved divided by total 

maximum score possible from the questions answered). The same process was also conducted 

to generate a score for each principal component for each dog. 

3.2.6.5 Correlations with OQS/principal component scores and 

theoretically related concepts  

Spearman’s rank order correlations between the OQS/principal component scores and 

theoretically related concepts were explored as follows: concurrent validity was established 

from correlations and associated with owner rating on the specific item relating to how easily 

they believe their dog becomes frustrated “I consider my dog to be very easily frustrated”; 
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correlations between OQS/principal component scores and owner reported obedience, well-

behaved-ness and the frequency with which their dog was exposed to frustrating situations 

were also explored.  

3.2.6.6 Relationship between OQS and demographics/dog behaviour 

history 

Associations between the OQS and demographics/dog behaviour history were analysed using 

a general linear model (GLM), with OQS as the dependent variable. Explanatory factors 

included age as a covariate, and all categorical variables as fixed factors (sex; neuter status; 

breed; country of origin; size/bodyweight; place dog acquired; medical problem (current V 

none); presence/absence of owner reported behaviour problem; whether the owner had 

sought help via a behaviour consultation or not).  

3.3 Results 

3.3.1 Responses 

Two thousand nine hundred and eighty-nine (2989) questionnaires were started on-line, and 

of these two thousand three hundred and forty-eight (2348) respondents completed the 

questionnaire to the end. Of the completed questionnaires, there were no missing data. The 

rate of “N/A” answers varied from 6 “N/A” responses (0.26%) for item 24 to 299 “N/A” 

responses (12.7%) for item 15. All items were therefore applicable to at least 87.3% of 

respondents, which was deemed to be acceptable at this stage. 

Within the set of total respondents with completed questionnaires, 1180 (50.3%) provided a 

name and e-mail address to be contacted again for the follow-up questionnaire. 

3.3.2 Demographics 

Respondents were from 36 countries with: 1365 (58.1%) from the United Kingdom; 703 

(29.9%) from the USA. Respondents from all other countries were classes as ‘Other countries’ 

for the purpose of analysis, including Canada (74 (3.2%)), Australia (48 (2.0%)) and a further 

158 (6.8%) from 32 countries, with 18 (0.8%) respondents who did not provide a country. 
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The dataset included dogs aged from 2 months to 18 years 6 months old (average 5 years 11 

months). The majority of dogs were neutered: male neutered (n=938, 39.9%), female neutered 

(n=905, 38.5%), male entire (n=281, 12.0%), female entire (n=208, 8.9%). Sixteen (0.7%) 

respondents did not provide their dog’s sex/neuter status. 

Dogs were assigned to five categories based on size: toy, < 5kg (n=81, 3.5%); small, 5-10kg 

(n=408, 17.4%); medium, 10-25kg (n=1109, 47.2%); large, 25-45kg (n=674, 28.7%); giant, >45kg 

(n=74, 3.2%). Two (<0.1%) respondents did not provide their dog’s size. 

The majority of dogs were classed as pure bred (n=1489, 63.4%), with 674 cross bred dogs 

(28.7%). 127 breeds were represented. For the purpose of analysis, breeds comprising >1% of 

the study population were considered as individual breeds (n=11) with those representing <1% 

(n=116) categorized as ‘Other pure bred’ (see Appendix D7). There were 185 respondents 

(7.9%) who did not select cross bred or a pure breed from the provided list – five of these 

provided no breed related details, whilst the remaining 180 provided further details as to the 

specific breed(s) they classified their dog as (e.g. Labradoodle, Lurcher). 

Overall, the majority of dogs were acquired from a ‘breeder’ (n=1085, 46.2%), or a ‘shelter/ 

rescue’ (n=711, 30.3%). Other less common sources were classified as ‘Other source’ for 

analysis (see Appendix D7) and included: ‘neighbour/friend/relative’ (n=234, 10.0%), ‘adopted 

as a stray’ (n=66, 2.8%), ‘bred by myself’ (n=63, 2.7%), ‘pet store’ (n=21, 0.9%), and ‘other’ 

(n=164, 7.0%) where further details were provided (e.g. on-line advert, private rehome etc.). 

3.3.3 Distribution of item response scores 

Eight of the 33 items (items 9, 11, 12, 13, 17, 23, 31, 33) were grossly positively skewed from 

a normal distribution (i.e. mean <2 and median 1, all with Skewness values >1), but no items 

were grossly negatively skewed (i.e. mean >4 and median 5). 

Using data for the 33 items, overall questionnaire scores (OQS) were calculated for each dog 

and visual inspection of the histogram appeared normally distributed, with a mean of 0.47 (+/- 

0.11) median 0.47, and a small positive skew (Skewness value 0.391).  
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3.3.4 Reliability assessment 

3.3.4.1 Intra-rater 

Spearman’s rank order correlation and Wilcoxon signed rank test were conducted on all 33 

items for intra-rater reliability assessment at 6 weeks and 1 year, and also for inter-rater 

reliability assessment as shown in Appendix D3. The number of paired respondents is shown 

per item at each stage. A “N/A” rating resulted in excluding from analysis that item from that 

respondent.  

Five hundred and ninety (590) respondents were contacted for the 6-week follow up. Of those 

contacted, 273 (46.3%) respondents completed the second questionnaire. Of these, 27 could 

not be paired with their original responses (n=1 did not provide the dog’s name; n=26 provided 

a dog’s name which could not be matched to an original questionnaire - it is suspected these 

owners erroneously completed the questionnaire for a different dog), leaving 246 completed 

paired questionnaires. 

All items had a significant correlation between test and retest scores (p<0.01). There were 

strong correlations (r=0.5-1.0) for 27 items and moderate correlations (r=0.3-0.49) for six 

items. Wilcoxon signed rank tests revealed a significant difference in the median test-retest 

scores of only one item (item 8, r= 0.024). 

The remaining 590 respondents who provided an e-mail address and who had not been 

contacted at 6 weeks were contacted for the one year follow up. Of those contacted, 294 

(49.8%) respondents completed the second questionnaire. Of these, 18 completed 

questionnaires could not be matched based on the details provided, leaving 276 completed 

paired questionnaires for 1-year intra-rater analysis.  

All the items had a significant correlation between test and retest scores (p<0.01). There were 

strong correlations (r=0.5-1.0) for 18 items; moderate correlations (r=0.3-0.49) for 14 items; 

and weak correlations (r=0.1-0.29) for one item (item 15, r=0.143). Wilcoxon signed rank tests 

revealed significant differences in the median test-retest scores for four items: items 4, 5, 28 

and 31.  
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When age was explored, and dogs < 2 years old at completion of the first questionnaire (n=33) 

were excluded, the analysis was rerun and item 4 could be retained (n=243; r=0.602, p<0.01; 

Wilcoxon 0.110). There was no alteration in any other items to be included/excluded. 

Given the increased number of items which were not reliable at 1 year, statistical analysis was 

rerun on the 276 paired responses, excluding those dogs where in the 1 year since owner 

completion of the first questionnaire there had been a change in any of the following 

categories: neutered (n=5); developed new medical problems (n=40); receiving new 

psychoactive medication (n=14). Excluding these dogs did not alter the items to be excluded.  

3.3.4.2 Inter-rater 

One hundred and forty-eight (148) respondents completed questionnaires for inter-rater 

reliability assessment. Of these, 56 could not be matched based on the details provided, 

leaving 92 completed paired questionnaires. 

All items had a significant correlation between test and retest scores (p<0.01) except for item 

15 (p=0.166) and item 17 (p=0.352). There were strong correlations (r=0.5-1.0) for 9 items; 

moderate correlations (r=0.3-0.49) for 19 items; and weak correlations for 5 items (r=0.1-0.29). 

Of the weak, the lowest correlations (<0.2) were for item 15 (r=0.161) and item 17 (r=0.100). 

Wilcoxon signed rank tests revealed significant differences in the median test-retest scores for 

3 items: item 3 (0.040); item 20 (0.041) and item 24 (0.021).  

Based on the above analysis nine items were removed (items 3, 5, 8, 15, 17, 20, 24, 28, 31). 

Item 4 “My dog is protective of his/her territory (house/garden/car)”, was retained after closer 

inspection as although it was not reliable at 1-year intra-rater reliability testing using all 

respondents’ data, it was reliable when dogs who were less than 2 years old at the time of the 

first questionnaire being completed were excluded. This resulted in 24 items being taken 

forward for further analysis. 
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3.3.5 Principal Component Analysis 

The PCA was conducted on the 24 reliable items using the dataset of 2348 respondents who 

had completed the original questionnaire. “N/A” answers were dealt with by excluding them 

pairwise.  

Only item 7 had no correlations >0.2 with any other variables. There were no variables with 

correlations >0.8 (highest 0.585 between items 19 and 29) suggesting no problems with 

multicollinearity of data, and no singularity. Anti-image matrices showed that all items had the 

recommended value of >0.5 for sampling adequacy, except for item 27 which had a value of 

0.478.  

Based on this initial analysis, item 7 (“My dog tends to react in the same way regardless of 

what he/she is frustrated by”), and item 27 (“My dog finds it very difficult to calm down if 

he/she does not get something they want”) were removed. 

PCA was run on the remaining 22 items with a Varimax orthogonal rotation.  

Item 9 (“My dog can lunge and grab at a nearby object (e.g. lead, clothing, toy, bed etc.) if 

he/she cannot access something wanted”) did not load >0.4 on any component, so this was 

removed, and the analysis rerun resulting in all items loading >0.4 on at least one component 

(see Appendix D4).  

The final PCA had five components which explained 49.43% of the variance, converged in nine 

iterations. The determinant was 0.009 (greater than the necessary 0.00001) (Field, 2009). The 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy KMO=0.907 (i.e. ‘excellent’) (Kaiser, 1974) 

indicating confidence in the sample size being adequate for this analysis. In addition, Bartlett’s 

test of Sphericity was highly significant χ2 (210) = 9628.310 (p<0.001) (Field, 2009).  

Cross-loading >0.4 occurred only with item 25 (“My dog gets upset if shut away from visitors 

(e.g. vocalises or scratches/digs at the door)”); loading on both component 2 (0.465) and 

component 4 (0.416). Given the higher relative loading, item 25 was considered as part of 

component 2.  
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3.3.5.1 Biological Interpretation of Components 

The items within each of the five components of the Varimax solution were deemed to be 

related and were labelled: PC1 (5 items) ‘General frustration’; PC2 (4 items) ‘Barrier 

frustration/perseverance’; PC3 (4 items) ‘Unmet expectations’; PC4 (4 items) ‘Autonomous 

control’; and PC5 (3 items) ‘Frustration coping’ (         Table 3.3-1).
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PC 
Item 
No. 

Item Name 
Variance 
explained  

PC1 
 

19 My dog becomes frustrated in a large range of situations 

General 
frustration 

26.98% 

22 There are days when my dog seems to become more easily frustrated than 
others for no apparent reason 

29 My dog appears to become frustrated frequently (e.g. at least once daily) 

21 My dog shows increases in certain behaviours (e.g. lip licking, yawning, 
mounting, full body shake off) if he/she cannot immediately access 
something they want 

11 My dog engages in a repetitive behaviour (e.g. tail chasing, pacing, circling) 
when unable to access something he/she wants 

PC2 
 

26 My dog shows continued efforts (e.g. lunging, pulling towards) to approach 
a dog/person they wish to greet, when being restrained from doing so (e.g. 
when on lead) 

Barrier 
frustration / 

perseverance 
6.55% 

6 When on lead my dog will persist in lunging/pulling towards something 
he/she would like to chase (e.g. a cat, rabbit, bird, toy) 

18 My dog has difficulty in responding to cues/commands (e.g. sit, lie down, 
stay) if there is something else he/she wants to do or access 

25 My dog gets upset if shut away from visitors (e.g. vocalises or 
scratches/digs at the door) 
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PC3 
 

2 My dog does not like being left out of activities with other dogs 

Unmet 
expectations 

5.70% 

32 My dog appears agitated and unsettled when he/she wants something 
another dog has (e.g. a toy or food item) 

30 My dog becomes very excited/restless (e.g. pacing, whining, barking, 
jumping up) when waiting to take part in an enjoyable activity 

1 My dog appears unsettled when there are delays in his/her routine (e.g. if 
walked or fed later than usual) 

PC4 
 

13 My dog becomes aggressive (i.e. growl, snap or bite) if I try to remove an 
item he/she has (e.g.  favourite toy or food) 

Autonomous 
control 

5.25% 

23 When my dog is not kept busy, he/she can repeatedly lick, chew or nibble 
their own body parts (e.g. paws, flanks/sides) 

33 
 

My dog appears annoyed/upset if given less than he/she was expecting 
(e.g. wants table scrap and gets a pat on the head; given less food/a lower 
quality  of food than expecting) 

12 My dog will attempt to escape if I try to confine him/her (e.g. in a room, 
crate or kennel) 

4 My dog is protective of his/her territory (house, garden, car) 

PC5 
 

14 My dog appears to cope well when denied access to things he/she is 
occasionally allowed (e.g. access to the sofa/bed or provision of table 
scraps) (R) 

Frustration 
coping 

5.02% 16 I find it easy to interrupt/distract my dog from doing things he/she wants 
to do (R) 

10 My dog finds it easy to relax and settle when unable to access something 
he/she wants (R) 

         Table 3.3-1 Biological interpretation of principal components and variance explained by each – 21 item, 5 component solution with Varimax rotation
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In PC5, all three items (items 10, 14 and 16) require reverse scoring (R), so once reverse scored, 

a high score represents low ‘Frustration coping’ (i.e. a higher level of frustration intolerance) 

in-line with the scoring of other PCs.  

3.3.5.2 Internal consistency 

Overall Cronbach’s alpha=0.792, and evaluation of the effect of systematic deletion of 

components did not result in an increase in overall Cronbach’s alpha (Appendix D5) supporting 

the retention of all components. All PCs had a positive correlation with the OQS ranging from 

0.596 for PC5 to 0.801 for PC1, supporting the hypothesis that such underlying components 

are related, but also reasonably separate. 

3.3.6 Standardisation of overall questionnaire and principal 

component scores 

Principal component scores were calculated and OQS recalculated for the 21 items retained in 

the final solution for each dog, again accounting for any “N/A” answers, to standardise decimal 

scores between dogs (as shown in Table 3.3-2). 2 response sets were identified, where an 

owner had answered “N/A” to all 21 retained items, therefore these were removed from 

analysis, leaving 2346 respondents.  

 

Component Mean 
Standard 
deviation 

Median Skewness 

PC1 0.38 +/- 0.15 0.36 0.919 

PC2 0.55 +/-0.18 0.55 0.063 

PC3 0.52 +/-0.17 0.50 0.186 

PC4 0.37 +/-0.13 0.36 0.791 

PC5 0.46 +/-0.16 0.47 0.535 

OQS 21 item 0.45 +/-0.12 0.44 0.347 
Table 3.3-2 Mean, standard deviation, median and skewness for 5 component, 21 item Varimax solution (OQS = 
overall questionnaire score) 
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3.3.7 Correlations with OQS/principal component scores and 

theoretically related concepts 

A significant positive correlation was identified between the owner view of how easily 

frustrated they considered their dog to be (“I consider my dog to be very easily frustrated”) 

and the OQS and all principal components. This was strongest for PC1 (Spearman’s r = 0.680) 

and OQS (Spearman’s r = 0.646), with moderate correlations with other principal components 

(PC2: r = 0.408 PC3: r = 0.479; PC4: r = 0.399; PC5: r = 0.433). Weak to moderate negative 

correlations were identified between owner reported obedience levels (“I consider my dog to 

be very obedient (i.e. is well trained and will respond to things I ask)”) and OQS/all PCs. Stronger 

negative correlations were identified when looking at owner reported well behaved-ness (“I 

consider my dog to be very well behaved (i.e. is able to manage his/her own behaviour 

appropriately, without being told what to do)”) and OQS/all PCs. Weak to moderate positive 

correlations were identified between the owner reported frequency with which their dog is 

exposed to frustrating situations (“How often do you consider your dog to be exposed to a 

potentially frustrating situation?”) and OQS/all PCs. Full results are shown in Appendix D6. 

3.3.8 Relationship between OQS and demographics/dog 

behaviour history 

The full results of the GLM are shown in Table 3.3-3. Equal variances were assumed based on 

Levene’s test (p=0.795). It was established that a weak but significant negative correlation was 

found between age of dog when owner completed the questionnaire and OQS (Spearman’s r 

= -0.148), where younger dogs to score more highly than older dogs.  Therefore, in the GLM, 

‘Age’ was included as a covariate. Estimated marginal means (EMM) (taking into account ‘Age’ 

as a covariate) for all dependent variables are shown in Appendix D7. 
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Source df F p 
Partial 

Eta2 

Corrected Model 31 11.788 .000 .136 

Intercept 1 114.385 .000 .047 

Age (months) 1 48.469 .000 .021 

Sex 2 4.757 .009 .004 

Neuter status 2 5.290 .005 .005 

Breed 12 1.784 .045 .009 

Size 5 4.815 .000 .010 

Source 3 .994 .394 .001 

Medical problem (current) 2 1.932 .145 .002 

Behaviour problem reported by owner 1 150.719 .000 .061 

Behaviour consult attended by owner 1 25.990 .000 .011 

Country 2 1.692 .184 .001 

Error 2314 
   

Total 2346 
   

Corrected Total 2345 
   

R Squared = .136 (Adjusted R Squared = .125) 

Table 3.3-3 General linear model – ‘Overall questionnaire score’ as dependent variable (significant effects at the 
level of p<0.05 are highlighted in bold) 

 

Of the fixed factors, there was a significant effect of sex and neuter status, with male dogs 

scoring more highly than females, and neutered scoring more highly than unneutered. There 

was a significant effect of size on OQS, where increasing OQS was associated with decreasing 

size of dog. When considering breed, the 11 most common breeds from the study population 

were compared with ‘Cross-bred’ and ‘Other pure-bred’ dogs. The GLM suggested a marginal 

significant effect of breed (p=0.045). However, post hoc analysis based on EMM with 

Bonferroni adjustments for multiple comparisons revealed no significant differences between 

breeds.  

The OQS of dogs with a behaviour problem as reported by their owner was significantly higher 

than those with no reported problem. Similarly, the OQS of dogs who had attended a 

behaviour consultation was significantly higher than those who had not. 
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When considering the ‘Source’ of the dog, no significant difference was found between the 

categories ‘Breeder’, ‘Shelter’ or ‘Other’. There was no significant difference in OQS of those 

dogs who had a current medical problem and those without. The country where the 

owner/dog was based had no significant effect on the OQS when the UK, USA and ‘Other’ 

countries were compared. 

3.4 Discussion 

The main aim of this study was to develop a reliable owner-based psychometric instrument for 

the assessment of frustration in dogs – the Canine Frustration Questionnaire (CFQ) - and have 

succeeded in developing the first specific instrument of this kind.  The importance of reliability 

as a core quality metric of a psychometric tool (Taylor and Mills, 2006) was considered from 

the outset, hence reliability was established rigorously, at multiple levels in the development 

of this instrument. Whilst some other scales such as the Dog Impulsivity Assessment Scale 

(DIAS) have demonstrated long term temporal stability/reliability (Riemer et al., 2014, Wright 

et al., 2011), many developed scales fail to report reliability over time (Brady et al., 2018b). 

The robustness of the specific items was facilitated by retaining only items shown to be reliable 

by the same raters after 6 weeks and 1 year, and by different raters familiar with the dog. The 

relatively high level of completion was probably in part a consequence of the initial qualitative 

research undertaken to identify relevant items followed by the comprehension analysis to 

ensure they were clearly understood. The soundness of our approach was supported by the 

results of the 1 year follow up which indicates that the latent traits underpinning responses 

are stable over time, as should be the case with features of personality/temperament.  

The use of rigorous reliability assessment in scale development can come with a cost of 

removal of items important to the construct being measured, and potential loss of sensitivity. 

Only nine of the original 33 items were lost during reliability assessment. Only one item was 

lost at 6-week intra-reliability assessment; and three further items were lost at 1-year intra-

rater reliability assessment. The inter-rater reliability assessment is the single stage where 

most (n=5) items were lost. This may not reflect problems with the facets of frustration that 

they assess, but rather different owners variable knowledge and perception of their dog. For 
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example, the loss of item 17, “My dog shows marked physical signs (e.g. panting, drooling, 

trembling) when he/she cannot access something they want” – physical signs may not be 

uniformly recognized by all owners based on their level of experience. However, there may 

also be some differences in how a dog reacts depending on which owner/carer is present, and 

this may be particularly relevant in consideration of the loss of item 20 “My dog will seek 

attention (e.g. looking at me, vocalising, pawing, looking between me and the thing they want) 

when he/she wants something”. A dog may learn that a given reaction may result in a particular 

outcome from one but not both owners (Mills et al., 2010) – this could be related to attention 

seeking, or could be related to differences between if/when an owner intervenes in such a 

context. One limitation from the process is that the final scale does not contain an item relating 

to intrusion into personal space; the relevant item (31) was removed at the 1-year intra-rater 

reliability assessment. However, further analysis reveals this item most highly correlates with 

PC4 – ‘Autonomous control’ (see Appendix D6), therefore PC4 may be predictive of the 

response related to this item. 

Item 4 (“My dog is protective of his/her territory (house/garden/car)”) was retained in the final 

questionnaire after reliability was demonstrated when excluding dogs who were less than 2 

years old at the time of the first questionnaire being completed, i.e. immature dogs were 

excluded. Territoriality is deemed an important part of the construct of frustration and within 

the final structure appeared related to other items within PC4 – ‘Autonomous control’. Our 

decision to raise the age of dogs for eligibility to consider this item is supported by the finding 

that the onset of aggressive behaviour towards strangers is typically around 1.5 years (+/- 0.2 

years) and towards owners is 1.3 years (+/- 0.1 years) (Takeuchi et al., 2001). This suggests that 

this aspect of the trait may be subject to variability as the animal matures, and so is of clinical 

relevance. This is further supported by findings by Bamberger and Houpt (2006) who found 

that the median age at which owners tend to seek help for behaviour problems in their dogs 

(including ‘territorial aggression’) was 3.7 years (mean 2.5 years). As dogs age and reach sexual 

and social maturity, certain behaviour changes can be seen, and it is possible that ‘territoriality’ 

does not truly develop and stabilise until social maturity is reached. It is important to consider 

that this single item may not be stable when assessing dogs <3 years old. 
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Content related validity was apparent in the form of both face and concurrent validity (Taylor 

and Mills, 2006). Face validity comes from both the initial selection of items and the final 

structure of the instrument. In developing the instrument, as well as reviewing current 

literature on the topic, we sought advice from a wide range of experts in applied aspects of 

dog behaviour and also animal welfare scientists working with dogs and other species, so as to 

provide broad coverage of items. In addition, initial stages also included consulting 

experienced owners on the contexts and manifestations of frustration in their dogs, so that 

the items included in the survey were likely translatable to the experiences of the dog owners. 

Concurrent validity was shown in relation to a number of expected correlates: the significant 

positive correlation between the OQS and owner view of how easily frustrated they considered 

their dog to be; the relationship between the presence of a behaviour problem in a dog and 

the OQS; and, the likelihood that an owner had sought help via a behaviour consultation.  

Purported frustration levels from OQS/all PCs were negatively correlated with owner rating of 

well behaved-ness and also, to a lesser extent obedience. The questionnaire qualified the 

concept of ‘well-behaved’ for owners with an explanatory statement “i.e. is able to manage 

his/her own behaviour appropriately, without being told what to do”, and also ‘obedience’, 

“i.e. is well trained and will respond to things I ask”. It is understandable that dogs scoring 

highly on the frustration scale would be less likely to be judged by their owners as being ‘well-

behaved’, as it is likely that such dogs would struggle to manage their own behaviour in various 

situations within everyday life, particularly when they are unable to achieve a particular goal. 

Whilst owner reported levels of ‘obedience’ was also negatively correlated with the OQS, the 

correlation was, as expected, weaker. Considering obedience as responsiveness to cues, a dog 

may still respond to previously learned cues given by owners despite experiencing frustration, 

although it would be expected that when highly frustrated, a dog would respond less reliably 

to such cues i.e. an owner would be less likely able to distract, interrupt or redirect their dog 

at such times. This distinction is important to consider when devising programmes to help 

prevent or treat frustration related problems. Exercises such as those suggested by Zulch and 

Mills (2012) to develop frustration tolerance (which do not focus on obedience), may therefore 
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be important in such programmes, but have yet to be evaluated empirically. The development 

of the CFQ allows for the evaluation of such interventions in the future.  

Convergent validity is provided by the positive correlations between OQSs and all PCs 

(Appendix D6) as would be expected in a scale where all items and components are measuring 

aspects of a single trait. However, the PCs also indicate discriminant validity between separate 

facets related to frustration. The PCA explained about half of the variance in the dataset and 

so it must be appreciated that the precision within the scale may be relatively low due to other 

factors affecting the rating of the response of dogs in the contexts described. This is not 

surprising given the diversity of situations included in the rating which can induce frustration 

and the diversity of behaviours which dogs can potentially show given the options available in 

the environment at any given time. Nonetheless the first factor explained a substantial amount 

of the variance alone (27%) indicating that it provides a good guide to the frustration 

tendencies. All other items (which refer to more narrowly defined contexts) explained >5% 

(with Eigen values >1) and so are better on average than any single item within the 

questionnaire. These findings should also emphasise that scales such as this should not be used 

to define a discrete behavioural “disorder”, but rather as a guide to inform the assessor on an 

individual’s predisposition towards different types of frustrated arousal. 

The following section speculates on the clinical relevance of the different facets, where the 

biological interpretation of each PC facilitates predictions concerning the behaviour and 

management of dogs scoring more highly within one domain. These should be considered 

hypotheses for consideration that can be tested through clinical intervention, and future work 

should aim to provide more empirical evidence in relation to these proposals and is discussed 

further in Chapters 6 and 7: 

(i) Dogs scoring highly on PC1 - ‘General frustration’ would be predicted to be experiencing and 

displaying signs of frustration regularly and in various aspects of their daily life. Interventions 

which focus on the development of general frustration tolerance may be particularly valuable 

(Zulch and Mills, 2012). This component also contains the one item related to moodiness (item 

22 – “There are days when my dog seems to become more easily frustrated than others for no 
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apparent reason”), therefore PC1 might also include dogs with irritability and moodiness 

associated with pain (Barcelos et al., 2015). Whilst there was no significant difference in OQS 

from dogs with/without known current medical problems, it must be recognized that many 

chronic painful conditions manifesting as behavioural problems go unrecognized (Barcelos et 

al., 2015, Lopes Fagundes et al., 2018); 

(ii) Dogs scoring highly on PC2 – ‘Barrier frustration/perseverance’ would be predicted to 

persevere in attempting to achieve a specific goal, despite the presence of a physical barrier 

and at such a time, an owner may find them difficult to distract/interrupt. Interventions 

focused on building tolerance around a gradient of barriers may be useful in this instance; 

(iii) Dogs scoring highly on PC3 – ‘Unmet expectations’ would be predicted to struggle to cope 

in situations where an expectation is not met, such as a routine change (absent or delayed 

reward). We would suggest that interventions focused on creating positive associations with 

change may be valuable (Zulch and Mills, 2012); 

(iv) Dogs scoring highly on PC4 – ‘Autonomous control’ might be expected to display problems 

(which may include aggressive behaviours) where there is a loss of freedom to act 

independently (due to restraint or confinement) and when there are threats to resources such 

as territory, food or toys. Interventions based on teaching dogs to form positive associations 

with restraint, handling, confinement, and approach when in possession of resources may be 

useful here; 

(v) Dogs scoring highly on PC5 – ‘Frustration coping’ would be predicted to struggle to relax 

and settle when faced with a situation where they cannot achieve their goal. Interventions 

which focus on teaching dogs how to cope with such disappointments may be most 

appropriate (Zulch and Mills, 2012).  

There are possible links between frustration tendencies measured by the CFQ and impulsivity. 

Impulsivity can be defined as a predisposition toward rapid, unplanned reactions without due 

consideration to the consequences (Moeller et al., 2001). Whereas impulsivity refers to the 

general executive control of behaviour and cognition, frustration refers to a general emotional 
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state. There is a substantial bank of human literature demonstrating that low frustration 

tolerance and impulsivity are often related within an individual, particularly in relation to 

aggressive behaviour (Caprara et al., 1985, Horesh et al., 1997, Ramirez and Andreu, 2006, 

Seymour et al., 2016). More impulsive individuals may be more likely to place themselves in 

more frustrating situations due to poor decision making. This could be a result of either a 

failure to consider and thus anticipate the consequences of their action, or possible differences 

in sensitivity to reward or punishment. It is therefore recommended that this scale be used 

and interpreted alongside those developed to measure impulsivity (DIAS, developed by Wright 

et al. (2011) and sensitivity to rewards and aversives (Positive and Negative Activation Scale, 

developed by Sheppard and Mills (2002)). The influence of impulsivity may also contribute to 

the relatively low level of variance explained by this scale.  

Belief in low frustration tolerance has been linked to stress, anxiety and depression in children 

(Mahon et al., 2007). In addition, poor frustration tolerance has been suggested as a possible 

mechanism for the link between attention deficit hyperactivity disorder and co-morbid 

depression in children (Seymour and Miller, 2017). It is possible that dogs may serve as a useful 

model for studying such human behavioural problems. 

The finding that younger dogs tended to appear more highly frustration intolerant is in 

accordance with the finding that younger dogs have higher levels of impulsivity (Brady et al., 

2018c, Wright et al., 2011) and positive activation (i.e. they have greater sensitivity to rewards) 

(Sheppard, 2003, Sheppard and Mills, 2002). These two traits will make them more 

predisposed to frustration. Younger dogs are more interested in exploring and barriers to 

exploration such as being on lead, may result in higher levels of frustration. As they age, they 

may develop expectations based on what typically happens in a given situation and hence, 

frustration may reduce as expectations are realistic and largely met. Exceptions to this might 

relate to resources of value with respect to the individual’s reproductive fitness, such as its 

territory, which may only become established as the animal reaches peak maturity, as 

discussed above. 
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When considering OQS and the effect of sex and neuter status, male dogs scored more highly 

than females and neutered dogs scored more highly than unneutered. Neutering may have an 

adverse impact on certain behaviour problems as suggested in male dogs by McGreevy et al. 

(2018), however it may be that more frustrated dogs are more likely to be neutered in order 

to help control the associated problems (Farhoody et al., 2018, Maarschalkerweerd et al., 

1997, Neilson et al., 1997). It is also possible that entire/unneutered dogs typically develop 

more frustration tolerance as they have to cope routinely with denial of access to a sexual 

partner in our society. Alternatively, entire dogs may be managed more carefully in some 

contexts such as around other dogs, to avoid unwanted breeding or interactions with the 

opposite sex. It is difficult to draw any definite conclusions from these results, but the 

relationship deserves further investigation in a longitudinal study to elucidate causal 

relationships between neutering and frustration tolerance.  

Whether dogs were acquired from a breeder, shelter or other source made no significant 

difference to the OQS. Despite this, behaviour problems are a common cause of dogs ending 

up in a shelter (Patronek et al., 1996), including those likely related to frustration such as 

destructive and aggressive behaviour (Salman et al., 2000), so these should still be considered 

as potential reasons for dogs being relinquished.  

Another potentially surprising relationship is the weak to moderate positive correlation 

between the OQS and the reported frequency of exposure to frustrating situations. There are 

several possible reasons for this: a dog owner may find managing the overt behaviours of a 

dog experiencing more frustration challenging, and so may have a tendency to avoid situations 

which may trigger these responses meaning a reduced frequency of exposure; alternatively, a 

dog may start to habituate to frustrating situations if they experience them regularly.  This 

again emphasizes the need to develop effective evidence-based interventions to help manage 

and potentially prevent this problem.  

There was a trend where OQS decreased as the size of dog increased, i.e. smaller dogs scored 

more highly on the CFQ OQS. This size related effect is consistent with aggressiveness towards 

people as reported by Martínez et al. (2011) and prevalence of behaviour problems reported 
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by (McGreevy et al., 2013). Whilst it has been suggested that this may have a genetic basis 

(Zapata et al., 2016), there are other explanations for this observation. It is possible that 

management plays a role, with smaller dogs possibly more likely to be lifted/carried or 

physically restrained compared to their larger counterparts, which may lead to increased 

frustration related issues related to autonomous control. Another possible explanation is that 

frustration related behaviours and associated risks may be better tolerated (and therefore not 

addressed) by owners of smaller dogs compared to owners of larger dogs, as found by Guy et 

al. (2001). 

Whilst the questionnaire was only distributed in English, owners who completed it were from 

a wide range of countries. The lack of a significant difference between OQS from dogs based 

in different countries reinforces our assertion that the psychometric tool is generally reliable 

and so applicable to owners and their dogs in countries other than the UK.  

The main limitation of the instrument as it stands relates to it being based on owners’ 

perception of frustration in dogs. In order to further validate the tool, correlations between 

the questionnaire and a suite of behavioural tests designed to replicate the biological 

associations proposed for each specific principal component needs to be undertaken, and such 

a study is described in Chapter 4. Also in Chapter 4, correlations between the CFQ and other 

psychometric scales (namely the DIAS and PANAS) are performed to assess features of 

convergent and discriminant validity to elucidate relationships between these 

temperament/personality scales.  

Additionally, physiological correlates should be explored, which may provide further validation 

and may also guide future targeted pharmacological interventions for treating those dogs with 

frustration related problems. Chapter 5 describes a range of physiological measures and their 

relationship with both the CFQ and behavioural tests inducing frustration.  

Whilst there was a significant effect of owner reported behaviour problems plus attendance 

at behaviour consultation for dogs with higher CFQ scores, further evaluation of the CFQ as a 

clinical tool is needed. Chapter 6 provides an initial assessment of the CFQ in clinical practice 
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as a diagnostic aid, as well as a monitoring tool assessing response to current common 

treatments for frustration related problems.    

3.5 Conclusion 

In conclusion, the Canine Frustration Questionnaire (CFQ) can be considered as the first tool to 

measure frustration tendencies in dogs, developed with robust methods and demonstrating 

much validity and reliability. Further validation of the tool with behavioural and physiological 

correlates as well as evaluation as a clinical tool are described in subsequent chapters.  



 

102 
 

Chapter 4 

Behavioural correlates of the Canine 

Frustration Questionnaire  
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4 Overview 

This chapter describes the development of a novel behaviour test battery to induce frustration 

in dogs. The tests were created to map onto the items and principal components (PCs) of the 

Canine Frustration Questionnaire (CFQ) developed in Chapter 3. A group of 44 dogs were 

recruited and filmed whilst undertaking the test battery. Selected behavioural measures were 

assessed from this footage, and a range of hypotheses tested with the aim of establishing 

convergent validity with aspects of the CFQ and exploring discriminant validity between PCs 

within the CFQ. In addition, the completion of the Positive and Negative Activation Scale 

(PANAS) and Dog Impulsivity Assessment Scale (DIAS) by dog owners allowed associations 

between the CFQ and these other trait measures to be explored. A range of expected 

behavioural test measures positively correlated with CFQ scores demonstrating convergent 

validity. Across the CFQ, PANAS, and DIAS, expected correlations were confirmed, supporting 

convergent validity between CFQ measures with positive activation (PANAS) and facets 

relating to general impulsivity (DIAS OQS, Factor 1), with discriminant validity between CFQ 

measures and negative activation (PANAS).   
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4.1 Introduction 

The rationale for a questionnaire based psychometric approach to measure frustration 

tendencies at the trait level was discussed in earlier chapters, culminating in the development 

of the first psychometric tool for the quantification of frustration tendencies in dogs called the 

Canine Frustration Questionnaire (CFQ). During development of the CFQ, potential response 

biases associated with the completion of psychometric scales were raised, and various 

techniques were used to address these. However, a remaining gap is the validity of owner 

reported behaviour as it relates to the actual behaviour of their dog; do scores obtained 

through owner completion of the CFQ correspond to the frustration related behaviours 

displayed by their dogs? In order to address this research question, firstly, the process of 

behavioural validation of existing published canine psychometric tools were assessed. A range 

of methods have been used in the literature to provide behavioural validation of canine 

psychometric tools. Concurrent validity is where the test correlates highly with another valid 

test measuring the same construct (Kline, 1993). Concurrent validity was demonstrated 

between measures from a laboratory based delayed reward paradigm and owner scores 

obtained from the Dog Impulsivity Assessment Scale (DIAS) (Wright et al., 2012). In rare 

instances where an alternative questionnaire has been developed to measure a similar 

construct for which a scale already exists, concurrent validity has been demonstrated, as 

performed with two personality scales (Posluns et al., 2017), namely the refined Monash 

Canine Personality Questionnaire (Ley et al., 2009) and the Dog Personality Questionnaire 

(Jones, 2008). At the time of writing, whilst various behavioural tests have been used to 

measure aspects of frustration in dogs and other species, there was no accepted gold standard 

laboratory test or psychometric scale in existence —aside from the CFQ— to measure trait 

level frustration. As such, demonstration of concurrent validity was not possible. Consideration 

was given to methods used for validation where established tests were not available.  

Demonstrating construct validity - relating to the measure of the construct of interest (Taylor 

and Mills, 2006) – is important in the validation of a psychometric tool, particularly convergent 

validity, where correlations with similar measures are identified. For the Canine Behaviour and 
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Research Questionnaire (C-BARQ), convergent validity of factors were demonstrated with 

diagnostic categories from a group of dogs assessed for behaviour problems (Hsu and Serpell, 

2003). With the Positive and Negative Activation Scale (PANAS), construct validity was 

demonstrated through a study which assessed treatment response in a group of dogs with fear 

of fireworks using a pheromone diffuser (Sheppard, 2003, Sheppard and Mills, 2003). For the 

CFQ, whilst some of these aspects of validity were demonstrated in Chapter 3, i.e. convergence 

with presence of a behaviour problem and attendance at a behaviour consultation, these were 

also based on owner report, highlighting the need for more objective methods of establishing 

validity.  

Another approach commonly taken is the correlational analysis of a psychometric scale 

alongside the assessment of associated behavioural measures from a behaviour test protocol 

reflecting the construct of interest. A scale quantifying separation relation problems was 

validated alongside coded behaviours from behavioural test footage of dogs separated from 

their owners in a study by Konok et al. (2011). Using behavioural measures coded from footage 

of a broad test battery allowed the validation of a scale assessing Attention Deficit 

Hyperactivity Disorder in dogs (Mirkó et al., 2013), with a similar approach using a different 

behaviour test battery to validate the DPQ (Kubinyi et al., 2015). For the validation of any 

personality or temperament trait scale (like the CFQ), the development of a behaviour test 

battery is favoured over a single behavioural test to maximise the chances of replicating a cross 

section of the broad contexts manifestations to represent the construct of interest, which in 

this case relates to frustration tendencies.    

Whilst there is a lack of an established behaviour test battery to assess frustration tendencies 

in dogs, a range of behavioural tests used to induce frustration in dogs have been described in 

the literature. A variety of papers have been published by a single research group exploring 

frustration related behaviours in dogs in various contexts (Bentosela et al., 2008, Bentosela et 

al., 2009, Jakovcevic et al., 2013). The first of  these tests (Bentosela et al., 2008) consisted of 

food reinforcement for gazing at an experimenter followed by trials where gazing was no 

longer reinforced, and food was either withheld completely (extinction group) or food was 
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provided when the dog looked away from the experimenter. The focus of this study was to 

assess communicative behaviours displayed by the dog under each condition. The second 

study (Bentosela et al., 2009) assessed behavioural responses when dogs experience 

successive negative contrast (‘downshifting’) induced by reducing the value of the food treat 

(liver treats downshifted to dry dog pellets) delivered for gazing at an experimenter. The third 

study (Jakovcevic et al., 2013), similar to the first, reinforced dogs for gazing at an experimenter 

before assessing frustration related behaviours during extinction. Vocalising, sniffing, moving 

and looking away from the experimenter were observed during extinction. The series of tests 

from this research group provide a useful basis for the development of a test battery 

encompassing different aspects of frustration (e.g. reduced and absent reward value). They 

also provide insight into key frustration-related behaviours observed, which may be 

considered as measures for the validation of the CFQ.  

In research assessing agonistic behaviour in dogs, Schoening (2006) used a battery of 40 

behaviour tests with 10 tests performed in the owner’s home, and the remaining 30 in another 

location. A range of tests in the battery were developed to potentially induce frustration in 

different contexts including a test where the dog is allowed to approach and eat a thrown food 

treat on two occasions, with access to the third thrown treat blocked by the experimenter’s 

body. Another assesses response to the experimenter bending over the dog whilst holding 

food the dog is not permitted to eat. Both these tests potentially assess contexts triggering 

frustration such as intrusion into personal space and inability to access food. Another test 

performed away from the home involves a dog being tied to a fixed object before the owner 

leaves for a 2-minute period. Scoring for all tests was performed on a 6-point aggressivity scale 

with a range of behavioural descriptors (e.g. snapping, biting) in each category. Whilst 

aggressive behaviour is a potential behavioural manifestation of frustration, for the purposes 

of validation of the CFQ, broader behavioural measures are relevant as identified by experts 

and owners in Chapter 2 and included in the psychometric tool item descriptors in Chapter 3. 

Therefore, tests used by Schoening (2006) can be considered for inclusion in a frustration test 

battery, but the associated scoring system would require modification to fit the purpose in this 

chapter. 
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The use of behaviour tests and test batteries can be controversial. A wide array of behavioural 

test batteries has been developed with the purpose of assessing behaviour of shelter dogs in 

an attempt to predict their future behaviour once rehomed, and in fact whether they are 

deemed safe to rehome. Examples include Assess-a-pet (Sternberg, 2006) and the Safety 

Assessment for Evaluating Rehoming assessment (Weiss, 2006). Despite their widespread use, 

behaviour test protocols in shelters have been criticised for their poor predictive validity, i.e. 

poor validity when used to predict future behaviour of shelter dogs once rehomed 

(Mornement et al., 2009, Mornement et al., 2010, Patronek and Bradley, 2016, Patronek et al., 

2019). Recent research by proponents of this approach have demonstrated some degree of 

predictive validity with their assessments for clusters of behaviours relating to fear, anxiety 

and sociability, but not for aggressive behaviour and food guarding (Clay et al., 2020). A study 

comparing 3 behaviour test protocols purportedly assessing the same measures yielded 

varying results questioning the validity of the tests (Bräm et al., 2008). Reasons suggested for 

this variation included factors such as non-standardisation of test settings (e.g. gender of dog 

in intraspecific aggression test), the scoring system used, as well as poor inter-rater reliability. 

Concerns raised in these studies highlight the importance of developing tests which are easy 

to standardise both in content and methodology, as well as the necessity of establishing 

reliability between raters. 

Aside from the canine literature, experimental studies involving behaviour tests have been 

commonly used to study emotions such as frustration, supporting their validity as a suitable 

methodology. Rodent models have been used for broad bodies of experimental research 

including testing variations of frustration where there are reduced, delayed and absent 

rewards (Amsel, 1992). In other species, experimental protocols and naturally occurring 

contexts within management systems have been used to study frustration including: 

separation of mother/offspring in cows (Sandem and Braastad, 2005); reduced access to 

resources such as food/water in hens (Haskell et al., 2000a); food restriction in pigs (Lewis, 

1999); reduced access to swimming in fur farmed mink (Mason et al., 2001), amongst others. 

In human subjects, laboratory-based tests to induce frustration include: insoluble tasks (Geen, 

1981, Geen and Berkowitz, 1967, Lufi and Cohen, 1987, Teigen, 2008) and computer based 
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gambling games where difficulty increases to induce frustration (Abler et al., 2005, Worhunsky 

et al., 2014). Common features across these studies is the manipulation of access to expected 

resources, which can be easily conducted in experimental settings therefore provide a useful 

foundation to development of a test battery.   

In addition to demonstrating convergent validity, it is important to consider discriminant 

validity from tests measuring different constructs (Taylor and Mills, 2006). Within the 

development of the PANAS for dogs, the two independent traits of positive activation and 

negative activation showed such discriminant validity (Sheppard and Mills, 2002). Aligned with 

the rationale for this thesis, it would be expected that frustration tendencies would be 

independent from trait level fearfulness/anxiousness. However, it would also be expected that 

measures relating to positive affect/responsiveness to rewards and impulsivity may act as 

moderators of frustration related behaviours. Therefore, it was deemed an important step to 

explore the relationship between the CFQ and other temperament and personality traits.  

The primary aim of this study was to demonstrate convergent validity between selected 

measures from behavioural tests and the previously developed CFQ. In order to meet this aim, 

a battery of behavioural tests potentially inducing frustration was developed, to assess 

frustration in a wide range of contexts, whilst ensuring that an item from each principal 

component of the CFQ had an associated test measure. It was hypothesised that the CFQ OQS 

(as an overall measure of frustration from the questionnaire) and PC1 (General frustration) 

would positively correlate measures of vocalising across all tests in the battery, and this was 

deemed the most important in the validation process of trait level frustration. It was also 

hypothesised that such correlations would be higher between these frustration test measures 

and CFQ OQS/PC1 scores than other behavioural trait scores (as measured by PANAS and 

DIAS), thus establishing discriminant validity from these traits. Due to their purported link to 

single behaviour test measures within the developed test battery, more tentative hypotheses 

were also generated for the narrower facets of frustration represented by PC2-5. It was 

predicted that positive correlations would be found between the PC and selected behavioural 

measures: PC2 (‘Barrier frustration / perseverance’) scores with both frequency of lunging and 
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vocalising in test 2 where dogs were unable to access a range of items; PC3 (‘Unmet 

expectations’) scores with frequency of vocalising in test 3 where there was a delay in the dog 

leaving the room, as well as duration of ambulation in test 5 where the dog was ignored for 5 

minutes; PC4 (‘Autonomous control’) with frequency of aggressive behaviours in test 2b where 

items were removed from the dog, as well as frequency of pawing/digging at the barrier when 

separated from the experimenter in tests 6a/6b; PC5 (‘Frustration coping’) with both 

frequency of lunging and vocalising in test 5 where dogs were unable to access food. It was 

also hypothesised that the correlation for each selected behavioural measure/CFQ PC pairing 

might be higher than the correlation of the same behavioural measure with other CFQ PCs. 

A secondary aim was the exploration of the relationship between the CFQ and the established 

psychometric scales PANAS and DIAS, in order to elucidate areas of convergence with related 

measures and discrimination from independent trait measures. Due to expected 

discrimination between frustration and fear/anxiety, it was predicted that frustration 

tendencies would not correlate with sensitivity to aversives (a proposed measure of general 

fearfulness/anxiousness) as measured by the negative activation scale with PANAS. It was 

predicted that frustration tendencies would be positively correlated with sensitivity to rewards 

as measured by the positive activation scale within PANAS, and with broad measures of 

impulsivity as measured by DIAS.  

4.2 Materials and Methods 

4.2.1 Ethical approval 

This study was granted ethical approval by the College of Science Research Ethics Committee, 

University of Lincoln (reference CoSREC490). 

4.2.2 Battery of behaviour tests 

4.2.2.1 Considerations in test development 

In order to assess convergent validity with general measures of frustration represented by the 

CFQ OQS and PC1, the battery of behaviour tests provided broad coverage across a range of 
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frustrating contexts. Selected behavioural measures within the tests represented the 

overarching biological theme of the items comprising each of the remaining four principal 

components (PC2-PC5) from the CFQ. 

Whilst assessing dogs in their own environment (i.e. home, car, walking locations) may 

maximise the likelihood of dogs responding in a test as they would in daily life, the variability 

across such environments makes standardisation challenging. Therefore, all tests were 

developed to be performed in a test room under controlled conditions. Tests were developed 

to be performed with only the experimenter and canine subject present (to increase 

standardisation), therefore those involving the dog’s owner and/or other dogs were not 

considered for inclusion.   

In order to maximise ease of recruiting owners and their dogs, each dog underwent the test 

battery in a single visit, therefore, it was important that tests were easy to perform and had 

no requirement for pre-training. 

Consideration was given to the duration of each individual test and the total test battery time, 

to balance the requirement to potentially generate frustration whilst safeguarding against 

excess of this negative emotional state. At the end of each test, the dogs were permitted access 

to that which they had been denied in the test, to induce a positive emotional state and reduce 

the likelihood of cumulative frustration building which could otherwise have impacted 

responses to subsequent tests. 

Given that some of the tests were likely to result in the dog lunging, dogs were either fitted 

with a flat, non-tightening buckle collar (Halti® Collar, Company of Animals, UK), or their own 

flat collar/harness was used if their owner preferred. An elastic bungee lead (Halti® All-in-one 

Lead, Company of Animals, UK) was used to provide some shock absorbance and reduce the 

potential for neck discomfort during lunging whilst on lead during the tests. 

4.2.2.2 Final battery of behaviour tests 

Existing behaviour tests purportedly inducing frustration in dogs identified from reviewing 

relevant literature were assessed for inclusion. Where no suitable test was described, existing 
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tests were considered for modification, and/or new behavioural tests were developed from 

item descriptors within the CFQ PCs. A pilot study of the test battery was performed with two 

dogs, and subsequently no revisions to the protocol nor test room set up were deemed 

necessary. A summary of the final battery of behaviour tests with the duration for each is 

shown in Table 4.2-1.  

The proposed mapping of these tests onto CFQ items and principal components, as well as 

behavioural test measure(s) selected to potentially best represent each, are shown in Tables 

Table 4.2-2 to Table 4.2-6.
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Test 
no. 

Test name Summary of details of test 
Source/modification in 

proposed test  
Duration 
(minutes) 

1a High value (4 treats) 
Dog’s name called, offered 4 small treats. Repeated 5 times 
in total, 10 second interval  between trials – delayed reward (Bentosela et al., 2009, 

Jakovcevic et al., 2013) 
Downshift in quantity rather 

than quality; reduced 
number of trials/test 

duration 
 

2 
1b Low value (1 treat)  

Dog’s name called, then offered 1 small treat. Repeated 5 
times in total, 10 second interval  between trials – reduced 
reward 

1c No treat  
Dog’s name called, then offered empty hand/no treat. 
Repeated 3 times in total, 10 second interval  between trials 
– absent reward 

2a Inability to access items   
Dog attached to wall tie out by lead. A range of toys are 

placed out of reach by experimenter. 
Newly developed 2 

2b 
Ease of removal of a 
range of items 

After accessing items for 30 seconds, experimenter removes 
items. 

3 
Delay in leaving a room 
when lead clipped on 

Lead clipped on dog, baby gate partially opened and motion 
to leave room, however experimenter remains stationary for 

1 minute. 
Newly developed 1 

4 
Dog ignored whilst in test 
room 

Experimenter sits on sofa in room reading book for 5 
minutes ignoring dog. 

Newly developed 5 

5 
Ability to access food 
denied, restrained by lead 

Dog on lead held by experimenter. Treat thrown in front of 
dog, dog permitted to access it. Repeated 5 times in total, 10 

second interval between trials. 6th treat thrown beyond 
reach of dog, not permitted access to it for 1 minute. 

(Schoening, 2006)  
Increased number of treats 

before access denied; 
thwarted by lead rather than 

body blocking 

2 

6a 
Left alone, experimenter 
out of sight  

Experimenter leaves dog in test room for 30 seconds, out of 
sight of dog, outside test room. 

(Schoening, 2006) Left alone 
by experimenter rather than 
owner, in room rather than 

tethered 

1 

6b 
Left alone, experimenter 
in sight 

Experimenter leaves dog in test room for 30 seconds, in 
sight of dog separated by baby gate. 

Table 4.2-1 Details and durations of frustration tests within test battery. For those based on existing tests, source and modification(s) are stated 
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Principal 
component 

Item mapping onto behaviour tests 

Selected behaviour test 
measure(s) to validate 
principal component(s) Item 

Test 1 
Downshift 

4 treats (1a), 
1 treat (1b), 
0 treats (1c) 

Test 2 
Inability to 

access items 
(2a) 

Ease of removal 
of a range of 

items (2b) 

Test 3 
Delay 

in 
leaving 
a room 

Test 4 
Dog 

ignored 
whilst in 

test 
room 

Test 5 
Ability to 

access food 
denied, 

restrained 
by lead 

Test 6 
Left alone in a 

room, 
experimenter 

out of sight (6a);  
in sight (6b) 

OQS ALL       OQS and PC1 scores 
 
and 
 
All test sections 
(1a,1b,1c,2a,3,4,5,6a,6b) 
 
-Number of tests where 
vocalising 
(barking/whining) 
occurs 
 
-Total frequency of 
vocalising 
(barking/whining) 
across all tests 
 
 

PC1: 
General 
frustration 
 

My dog becomes frustrated in 
a large range of situations       
There are days when my dog 
seems to become more easily 
frustrated than others for no 
apparent reason 

      

My dog appears to become 
frustrated frequently (e.g. at 
least once daily) 

      

My dog shows increases in 
certain behaviours (e.g. lip 
licking, yawning, mounting, 
full body shake off) if he/she 
cannot immediately access 
something they want 

      

My dog engages in a repetitive 
behaviour (e.g. tail chasing, 
pacing, circling) when unable 
to access something he/she 
wants 

      

Table 4.2-2 Proposed mapping of behaviour test measures onto CFQ item, for OQS/PC1 ( = suggested strong mapping of item;  = potential mapping of 

item)  
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Principal 
component 

Item mapping onto behaviour tests 

Selected behaviour test 
measure(s) to validate 
principal component(s) Item 

Test 1 
Downshift 

4 treats 
(1a), 1 treat 

(1b), 
0 treats (1c) 

Test 2 
Inability to 

access items 
(2a) 

Ease of removal 
of a range of 

items (2b) 

Test 3 
Delay 

in 
leaving 
a room 

Test 4 
Dog 

ignored 
whilst in 

test 
room 

Test 5 
Ability to 

access food 
denied, 

restrained 
by lead 

Test 6 
Left alone in a 

room, 
experimenter 

out of sight 
(6a);  

in sight (6b) 

PC2: 
Barrier 
frustration / 
perseverance 

My dog shows continued 
efforts (e.g. lunging, pulling 
towards) to approach a 
dog/person they wish to 
greet, when being restrained 
from doing so (e.g. when on 
lead) 

      

Test 2a  
 
-Lunging frequency 
 
-Vocalising 
(barking/whining) 
frequency  
 
 

When on lead my dog will 
persist in lunging/pulling 
towards something he/she 
would like to chase (e.g. a cat, 
rabbit, bird, toy) 

      

My dog has difficulty in 
responding to 
cues/commands (e.g. sit, lie 
down, stay) if there is 
something else he/she wants 
to do or access 

      

My dog gets upset if shut 
away from visitors (e.g. 
vocalises or scratches/digs at 
the door) 

      

Table 4.2-3 Proposed mapping of behaviour test measures onto CFQ items for PC2 ( = suggested strong mapping of item;  = potential mapping of item)  
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Principal 
component 

Item mapping onto behaviour tests 

Selected behaviour test 
measure(s) to validate 
principal component(s) Item 

Test 1 
Downshift 

4 treats (1a), 
1 treat (1b), 
0 treats (1c) 

Test 2 
Inability to 

access items 
(2a) 

Ease of removal 
of a range of 

items (2b) 

Test 3 
Delay 

in 
leaving 
a room 

Test 4 
Dog 

ignored 
whilst in 

test 
room 

Test 5 
Ability to 

access food 
denied, 

restrained 
by lead 

Test 6 
Left alone in a 

room, 
experimenter 

out of sight 
(6a);  

in sight (6b) 

PC3: 
Unmet 
expectations  

My dog does not like being 
left out of activities with other 
dogs 

      

Test 3 
 
-Vocalising 
(barking/whining) 
frequency  
 
Test 4 
-Duration of ambulatory 
behaviour 

My dog appears agitated and 
unsettled when he/she wants 
something another dog has 
(e.g. a toy or food item) 

      

My dog becomes very 
excited/restless (e.g. pacing, 
whining, barking, jumping up) 
when waiting to take part in 
an enjoyable activity 

      

My dog appears unsettled 
when there are delays in 
his/her routine (e.g. if walked 
or fed later than usual) 

      

Table 4.2-4 Proposed mapping of behaviour test measures onto CFQ items for PC3 ( = suggested strong mapping of item;  = potential mapping of item)  
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Principal 
component 

Item mapping onto behaviour tests 

Selected behaviour test 
measure(s) to validate 
principal component(s) Item 

Test 1 
Downshift 

4 treats 
(1a), 1 treat 

(1b), 
0 treats (1c) 

Test 2 
Inability to 

access items 
(2a) 

Ease of removal 
of a range of 

items (2b) 

Test 3 
Delay 

in 
leaving 
a room 

Test 4 
Dog 

ignored 
whilst in 

test 
room 

Test 5 
Ability to 

access food 
denied, 

restrained 
by lead 

Test 6 
Left alone in a 

room, 
experimenter 

out of sight 
(6a);  

in sight (6b) 

PC4: 
Autonomous 
control 
 

My dog becomes aggressive 
(i.e. growl, snap or bite) if I try 
to remove an item he/she has 
(e.g.  favourite toy or food) 

      

Test 2b 
-Frequency of 
aggressive behaviours 
 
Test 6a/6b 
-Frequency of 
pawing/digging at baby 
gate 
 

When my dog is not kept 
busy, he/she can repeatedly 
lick, chew or nibble their own 
body parts (e.g. paws, 
flanks/sides) 

      

My dog appears 
annoyed/upset if given less 
than he/she was expecting 
(e.g. wants table scrap and 
gets a pat on the head; given 
less food/a lower quality of 
food than expecting) 

      

My dog will attempt to escape 
if I try to confine him/her (e.g. 
in a room, crate or kennel) 

      

My dog is protective of 
his/her territory (house, 
garden, car) 

      

Table 4.2-5 Proposed mapping of behaviour test measures onto CFQ items for PC4 ( = suggested strong mapping of item;  = potential mapping of item) 
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Principal 
component 

Item mapping onto behaviour tests 

Selected behaviour test 
measure(s) to validate 
principal component(s) Item 

Test 1 
Downshift 

4 treats (1a), 
1 treat (1b), 
0 treats (1c) 

Test 2 
Inability to 

access items 
(2a) 

Ease of removal 
of a range of 

items (2b) 

Test 3 
Delay 

in 
leaving 
a room 

Test 4 
Dog 

ignored 
whilst in 

test 
room 

Test 5 
Ability to 

access food 
denied, 

restrained 
by lead 

Test 6 
Left alone in a 

room, 
experimenter 

out of sight (6a);  
in sight (6b) 

PC5: 
Frustration 
coping 
 

My dog appears to cope well 
when denied access to things 
he/she is occasionally allowed 
(e.g. access to the sofa/bed or 
provision of table scraps) (R) 

      

Test 5  
 
-Lunging frequency 
 
-Vocalising 
(barking/whining) 
frequency  
 
 
 

I find it easy to 
interrupt/distract my dog from 
doing things he/she wants to 
do (R) 

      

My dog finds it easy to relax 
and settle when unable to 
access something he/she 
wants (R) 

      

Table 4.2-6 Proposed mapping of behaviour test measures onto CFQ items for PC5 ( = suggested strong mapping of item;  = potential mapping of item)  
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4.2.3 Subjects 

Dogs were recruited through the University of Lincoln PetsCanDo database 

(http://www.lincolnpetscando.co.uk/). Dog owners registered with postal codes within 

Lincolnshire (LN1-LN12) were contacted a single time by e-mail in May 2019 with an 

overview of the study protocol and details on how to enrol (Appendix E1). A total of 58 

owners were contacted, owning 63 dogs between them. In addition, a total of 13 university 

staff and previous students (owning 19 dogs) who were not on the database search but 

were known to have knowledge and/or experience of similar research conducted within 

the University of Lincoln were contacted. 

Initial criteria for inclusion at the recruitment stage were that the owner could bring their 

dog for a single visit to the University of Lincoln, and that there was no restriction on their 

dog eating around 40-50 small pieces of food to be used during the testing session. Pork 

cocktail sausage (each piece approximately 0.8g) were used as food treats, unless the dog 

had dietary sensitivities in which case the owner was asked to provide an equivalent 

number of suitable food treats which the dog would readily consume. Initial exclusion 

criteria included any known sensory deficit relating to sight or hearing, or the presence of 

any medical problem which precluded the use of a flat collar/harness and lead. After 

recruitment and during testing, any dog not eating food from the experimenter after the 

habituation period to the environment (and whilst separated from their owner) would also 

be excluded.   

Owners were provided with a detailed information sheet on the study protocol (Appendix 

E2). Informed consent was obtained from the owner volunteering their dog for the study 

(Appendix E3) where essential requirements included participation in the behaviour tests 

and completion of the CFQ. Consent was also obtained for optional participation of the 

following: owner completion of two other psychometric scales (PANAS, DIAS); collection of 

a range of physiological measures (saliva samples, urine samples and heart rate measures) 

obtained during the visit (see Chapter 5 for the methodology of collection and analysis of 

the physiological measures). Anonymity was assured for dog owners, both in their 

questionnaire responses and behavioural footage and coding of their dogs. Owners were 

given the choice to opt in/out of permitting anonymised footage of their dog to be used in 

http://www.lincolnpetscando.co.uk/
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subsequent teaching/research and were offered the option of receiving a study overview 

once results were finalised. 

4.2.4 Test room set-up 

All testing was conducted within the Animal Behaviour Clinic, University of Lincoln 

(www.lincolnabc.co.uk). The test room measured 7.35 x 5.15 metres, with permanent non-

slip rubber flooring throughout, and a metal wall tie out with a 2-metre long bungee lead 

attached. The test room was separated from a short corridor by a 1-metre tall metal 

baby/safety gate with a solid door then leading to the main corridor. Air conditioning was 

set to maintain air temperature at 21°C throughout all testing. A thick fleece blanket and 

bowl of water were provided within the room for the dog to use if so desired. The test room 

set up is shown in Figure 4.2-1. 

All testing was filmed using four GoPro™ Hero5Session cameras (product number: CHDHS-

502; 4K resolution, 30 frames per second). Cameras were mounted on tripods, with one 

positioned in each corner of the room to capture video and audio of the testing. A GoPro™ 

Wi-Fi Smart Remote Control (product number: GP2039) was used to synchronise the start 

of recording of all four cameras.  

 

http://www.lincolnabc.co.uk/
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Figure 4.2-1 Layout of test room for behavioural tests (sizes are approximate and not to scale) 
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4.2.5 Test schedule 

After arrival in the test room, each dog was given around 10 minutes to habituate where 

they could explore the room off lead. During testing, after each short test, the dog was 

permitted access to what was being denied. Regular 2-minute breaks were included taking 

place in the test room between tests, with a longer toilet break outside of the test room 

approximately half-way through the test battery. Overall, the actual frustration tests lasted 

13 minutes, with the full test schedule lasting approximately 37 minutes including 

habituation and breaks. Strategies were determined a priori to deal with any aggressive 

behaviours or excessive frustration arising during testing. Additionally, a protocol was 

developed for the end of each test to ensure that typically undesirable behaviours (e.g. 

jumping up or vocalising) were not reinforced, where instead the experimenter would wait 

for, or request, a more appropriate behaviour before allowing the dog to access what it 

could not previously obtain. A detailed written and illustrated guide to each test, including 

these strategies, is shown in Appendix E4.  

The test order was counterbalanced so every dog with an ‘odd’ case number would 

undertake the tests from 1 through 6, and those with an ‘even’ case number would 

undertake the tests from 6 through 1 (see Appendix E5).  
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4.2.6 Ethogram 

An ethogram detailing the behavioural measures and corresponding tests selected for 

correlational analysis with CFQ are shown in Table 4.2-7. 

 

Category Behaviour Definition Measure Test 

Vocalising 
Bark Staccato vocalization Frequency ALL 

Whine Prolonged moan Frequency ALL 

Barrier 

related 

behaviour 

Lunge 

(on lead) 

When on lead a 

forward movement 

whereby the dog 

reaches the full extent 

of the lead‘s tension 

Frequency Tests 2 and 5 

Ambulation Ambulating 

Action of walking or 

running for at least 2 

steps 

Duration 

Test 4 

 
Body 

posture 

(when 

stationary) 

Sit 

Sitting with hind legs in 

a flexed position and 

front legs in a 

stretched position 

(may be rest against a 

wall). 

Duration 

Lying down 

Lying in a lateral or a 

ventral position, with 

head up or down and 

eyes open or closed. 

Duration 

Stand 

Standing position, 

supported by 3 or 4 

legs. 

Duration 

Table 4.2-7 Ethogram detailing behavioural measures and corresponding tests selected for correlational 
analysis with CFQ 
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4.2.7 Coding of video footage 

Video footage from each of the four cameras was transferred and saved in a file linked to 

the canine subjects assigned number. The software Solomon Coder© 2019 by András Péter 

(Version: beta 19.08.02) was used as a platform for manual key-press coding of the selected 

behavioural variables as shown in the ethogram. The author (KM) performed all coding, 

and results for each dog were subsequently saved in Microsoft Excel files.   

4.2.8 Inter-rater reliability 

In order to test for inter-rater reliability, coding of a proportion of the video footage by a 

different rater was required. A second coder was selected for their qualifications in the 

subject area (MSc Clinical Animal Behaviour, University of Lincoln), plus previous 

experience of coding behaviour using the same software. Of those dogs who underwent 

behavioural testing, 25% (n=11) were randomly selected using Microsoft Excel RAND 

function. The second coder was provided video footage of these subjects along with the 

ethogram and configuration file programmed for the coding of the variables of interest to 

be used with the Solomon Coder© software.  

4.2.9 Owner questionnaire and psychometric scales 

A short questionnaire, written in British English, was provided to each recruited owner to 

collect demographic data relating to their dog (breed, sex, neuter status, age, source) 

training history, as well as any current treatments for medical or behavioural problems 

(Appendix E6).  

In order to assess frustration tendencies of subjects, the questionnaire included a copy of 

the final 21 item Canine Frustration Questionnaire (Appendix E7) as developed in Chapter 

3. In addition, in order to test for correlations between frustration tendencies and other 

behavioural traits, the Positive and Negative Activation Scale (Appendix E8), and Dog 

Impulsivity Assessment Scale (Appendix E9) were included for completion. The scoring 

sheets (also included in Appendix E7-E9) were used to calculate numerical scores for each 

of the questionnaires. For each dog, this generated an ‘overall questionnaire score’ (OQS) 

for CFQ and DIAS, and one each for positive and negative activation within PANAS. In 

addition, there were five PC scores generated for CFQ, thee for DIAS and three within 
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positive activation of PANAS. Data from these and the short questionnaire were transferred 

to a Microsoft Excel document. 

4.2.10 Statistical Analysis 

All statistical analyses were conducted using IBM SPSS Version 25. Data were evaluated 

visually and tested for normality with Kolmogorov-Smirnov tests. Parametric tests were 

considered where normality was established, with non-parametric analyses performed 

where such assumptions were not met. Values for all subsequent tests were deemed 

significant at the p<0.05 level. For all correlational analysis, values of 0.5-1.0 were deemed 

‘strong’, 0.3-0.49 deemed ‘moderate’, and <0.299 weak.   

Inter-rater reliability assessment (IRR) was assessed using a two-way mixed, absolute 

agreement, average-measures intraclass correlation coefficient (ICC). IRR was assessed for 

consistency of ratings between first and second coder for the seven selected behavioural 

measures across the 11 randomly selected subjects. 

To test the hypothesis that CFQ OQS and PC1 (General frustration) would be associated 

with measures of vocalising (number of tests where vocalising (barking/whining) occurred, 

and, the total frequency of vocalising (barking/whining)) across all tests in the battery 

Spearman’s correlation coefficient was used. Correlational analysis was also performed 

between these vocalising measures and PANAS and DIAS overall questionnaire scores to 

evaluate discriminant validity.  

For the more tentative hypotheses described, correlational analysis was performed with 

the selected behavioural measures from single tests and the corresponding narrower facet 

from the CFQ (i.e. PC2-5). Where associations were established, correlational analysis 

would be performed between the behavioural measure and other PCs (2-5) to explore 

whether such an association was unique to that PC/behavioural measure pairing. 

Mann Whitney tests were used to establish whether the distribution of CFQ scores 

obtained from the population of dogs used for behavioural testing was representative of 

the population of dogs used in the development of the original questionnaire, and also to 

assess for any differences in CFQ scores between the “odd” and “even” counterbalanced 

groups. 
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Correlational analysis was performed to explore the relationship between OQS and PC 

scores for the CFQ, PANAS and DIAS. 

4.3 Results 

4.3.1 Subjects 

Forty-six dogs were recruited for the study. Due to a failure to habituate to the 

environment and refusal to consume food in the absence of their owners, two dogs were 

excluded from undertaking the battery of behaviour tests. 

4.3.2 Demographics 

The 44 dogs tested were aged from 11 months to 14 years old (average 6 years 0 months). 

The majority of dogs were neutered: male neutered (n=14, 31.8%, including one 

‘chemically castrated’ with a hormonal implant), female neutered (n=17, 38.6%), male 

entire (n=7, 15.9.%), female entire (n=6, 13.6%).  

Bodyweight of dogs ranged from 7kg to 40 kg (average 19.5kg). Most dogs were classed as 

pure bred (n=37, 84.0%), with 7 cross bred dogs (16.0%). Pure bred dogs were comprised 

of 14 breeds: Australian Kelpie (1), Belgian Malinois (1), Border Collie (2), Border Terrier (7), 

Cavalier King Charles Spaniel (2), Cocker Spaniel (3), English Springer Spaniel (3), French 

Bulldog (1), Golden Retriever (1), Hungarian Vizsla (1), Labrador Retriever (12), Large 

Munsterlander (1),  Nova Scotia Duck Tolling Retriever (1), and Shetland Sheepdog (1).  

The majority of dogs were acquired from a ‘breeder’ (n=26, 59.0%), with the remainder 

comprised of from ‘shelter/ rescue’ (n=9, 20.5%), ‘bred by myself’ (n=5, 11.4%), 

‘neighbour/friend/relative’ (n=2, 4.5%), and ‘other’ (n=2, 4.5%). 

Current medical problems were reported in 12 dogs (seven with orthopaedic problems; 

four with dermatological problems; one with atypical hypoadrenocorticism) which were all 

receiving treatment ranging from supplements to prescription medications. Dietary 

sensitivities were reported in five dogs which precluded the use of pork cocktail sausages, 

therefore an equivalent number of food treats provided by the owner were used during 

the study. Current behaviour problems were reported in three dogs and all were receiving 

psychoactive medication (imepitoin for anxiety and noise sensitivity (1); fluoxetine and 
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imepitoin for high impulsivity and anxiety (1); clomipramine for anxiety when on walks and 

around traffic (1)). Both behaviour test and CFQ score data were visualised from subjects 

with these reported medical and behavioural problems, and the absence of any outliers 

resulted in their inclusion in the analyses. 

4.3.3 Distribution of CFQ scores  

Visual assessment of histograms of CFQ OQS/PC scores in the population of 44 dogs tested 

and Kolmogorov-Smirnov tests revealed that OQS, PC2, PC3 and PC4 scores were normally 

distributed (p>0.05), whereas PC1 and PC5 were non-normally distributed (p<0.05). Non-

parametric tests were therefore used for statistical analysis thereafter. 

4.3.4 Inter-rater reliability assessment 

Intraclass correlation coefficients (ICC) are shown in Table 4.3-1 for each of the seven 

behavioural measures coded by both raters for the randomly selected 25% of dogs, with 

the resulting average ICC = 0.987. 
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Behavioural 

Measure 
ICC 

95% Confidence Interval F Test with True Value 0 

Lower 

Bound 

Upper 

Bound 
Value df1 df2 Sig 

Whining 

(frequency) 

0.993 0.975 0.998 157.714 10 10 <0.001 

Barking 

(frequency) 

0.992 0.971 0.998 121.000 10 10 <0.001 

Lunging 

(frequency) 

0.928 0.734 0.980 12.973 10 10 <0.001 

Ambulating 

(duration) 

0.998 0.993 0.999 506.868 10 10 <0.001 

Sitting 

(duration) 

1.000 1.000 1.000 286291.918 10 10 <0.001 

Standing 

(duration) 

0.997 0.988 0.999 288.606 10 10 <0.001 

Lying down 

(duration) 

0.999 0.998 1.000 1780.246 10 10 <0.001 

Table 4.3-1 Intraclass correlation coefficient (ICC) for inter-rater reliability assessment of behavioural 
measures coded from test footage 
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4.3.5 Correlations between vocalising measures from full 

test battery and CFQ OQS/PC1 (General frustration) 

scores 

There was a moderate positive correlation between the total number of tests vocalising 

occurred and the total frequency of vocalisation across tests and CFQ OQS (Table 4.3-2). 

There were no significant correlations with these behavioural measures and CFQ PC1, DIAS 

OQS nor PANAS negative or positive activation scores. 

 

 
Total number of tests  

vocalising occurred 

Total frequency of 

vocalising across all tests 

CFQ OQS 

Corr. 0.383* 0.339* 

Sig.  0.016 0.035 

N 39 39 

CFQ PC1 

Corr. 0.203 0.104 

Sig.  0.216 0.527 

N 39 39 

DIAS OQS 

Corr. 0.286 0.277 

Sig.  0.082 0.092 

N 38 38 

PANAS  

Negative Activation 

Corr. -0.063 0.039 

Sig.  0.707 0.816 

N 38 38 

PANAS  

Positive Activation 

Corr. 0.194 0.202 

Sig.  0.244 0.224 

N 38 38 

Table 4.3-2 Spearman’s rank order correlations between questionnaire scores (CFQ OQS/PC1, DIAS OQS), 
PANAS (Negative and Positive Activation OQS)) and overall behavioural measures from test battery (values 
in bold *significant at p<0.05 level) 
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4.3.6 Correlations between single test measures and CFQ 

PC2-5  

For PC2 (Barrier frustration) and frequency of lunging in test 2, visual inspection of a 

scatterplot suggested that whilst there was no clear association between PC2 and 

frequency of lunging in test 2 when all dogs were included, there may be a relationship 

when dogs who lunged greater than twice during the test were included, with a moderate 

positive correlation established (Spearman’s r=0.431, p<0.017, n=30). When all dogs were 

included there was no significant association (Spearman’s r=0.235, p=0.134, n=44). There 

was no significant correlation between PC2 and vocalising in test 2 (Spearman’s r=0.064, 

p=0.685). 

For PC3 (Unmet expectations) and frequency of vocalising in test 3 there was a significant 

positive correlation (Spearman’s r=0.313, all p=0.038). There was no significant correlation 

between PC3 and duration of ambulation in test 4 (Spearman’s r=0.146, p=0.344). 

For PC4 (Autonomous control) and frequency of pawing/digging at the barrier when 

separated from the experimenter in tests 6a/6b there was a significant positive correlation 

(Spearman’s r=0.376, p=0.012). No aggressive behaviours were displayed in test 2b 

(removal of items following test 2a), so no analysis of the relationship between the 

questionnaire and this measure could be performed.  

For PC5 (Frustration coping) and frequency of vocalising in test 5 there was a significant 

positive correlation (Spearman’s r=0.447, p=0.003). There was no significant correlation 

between PC5 and frequency of lunging in test 5 (Spearman’s r=0.074, p=0.639). 

Where a significant correlation between behavioural measure and PC2-5 was found, 

correlational analyses were also performed for the remaining PCs (Table 4.3-3). The 

correlation was higher for the hypothesised pairing than for any other pairing in all cases 

except for frequency of vocalising in test 3 which correlated more highly with PC5 than PC3. 

  



 

130 

 

Test 2   

Lunging 

frequency 

Test 3 

Vocalising 

frequency 

Test 6a/6b 

Scratching gate 

frequency 

Test 5 

Vocalising 

frequency 

CFQ 

PC2 

Corr. 0.431* 0.286 0.130 0.208 

Sig.  0.017 0.06 0.402 0.182 

N 30 44 44 43 

CFQ 

PC3 

Corr. 0.263 0.313* -0.046 0.429** 

Sig.  0.16 0.038 0.767 0.004 

N 30 44 44 43 

CFQ 

PC4 

Corr. 0.309 0.201 0.376* 0.147 

Sig.  0.096 0.19 0.012 0.348 

N 30 44 44 43 

CFQ 

PC5 

Corr. 0.337 0.416** 0.127 0.447** 

Sig.  0.068 0.005 0.412 0.003 

N 30 44 44 43 

Table 4.3-3 Spearman’s rank order correlations between Canine Frustration Questionnaire (CFQ) principal 
components (PC) 2 to 5,  and paired behavioural measure demonstrating convergent validity (values in bold 
*significant at p<0.05 level; **significant at p<0.01 level) 
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4.3.7 Distribution of CFQ scores in ‘behaviour test dogs and 

‘questionnaire generation dogs’   

Distribution of CFQ OQS and PC1-5 scores between the population of ‘behaviour test’ dogs 

(n=44) and the population of ‘questionnaire generation’ dogs from Chapter 3 (n=2346) 

were compared using Mann-Whitney tests (Table 4.3-4).  

 

Canine 

Frustration 

Scale 

Measure 

Median Score 

Mann 

Whitney U 
Z 

Exact sig. (2 

tailed) 

Behaviour 

test  

group  

(n=44) 

Questionnaire 

generation  

group  

 (n=2346) 

OQS 0.48 0.44 42924.500 -1.916 0.055 

PC1 0.36 0.36 43449.000 -1.782 0.075 

PC2 0.60 0.55 42347.000 -2.040 0.041* 

PC3 0.60 0.50 38339.000 -2.925 0.003** 

PC4 0.36 0.36 48632.000 -0.646 0.518 

PC5 0.47 0.47 47157.500 -0.990 0.322 

Table 4.3-4 Comparison of CFQ OQS/PCs between 'behaviour test group' and 'questionnaire generation 
group' using Mann Whitney tests (values in bold *significant at p<0.05 level; **significant at p<0.01 level) 

 

There was no significant difference between distributions of CFQ OQS, PC1, PC4 and PC5, 

however there were for PC2 and PC3, with the ‘behaviour test group’ scoring higher on 

each of these principal components than the ‘questionnaire generation group’. 
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4.3.8 Testing for order effects 

Distribution of CFQ OQS and PC1-5 scores between those dogs undergoing behavioural 

testing in ‘odd’  and ‘even’ test order were compared using Mann-Whitney tests (Table 

4.3-5). There was no significant difference between distributions of CFQ OQS/PCs between 

the ‘odd’ and ‘even’ groups. 

 

Canine 

Frustration 

Scale 

Measure 

Median Score 

Mann 

Whitney U 
Z 

Exact sig. (2 

tailed) 

ODD group 

test order 

1-6 

(n=21) 

EVEN group 

test order 

6-1 

(n=23) 

OQS 0.51 0.44 185.5 -1.317 0.188 

PC1 0.48 0.36 179 -1.480 0.139 

PC2 0.60 0.60 239.5 -0.047 0.962 

PC3 0.65 0.60 235 -0.153 0.878 

PC4 0.36 0.32 159.5 -1.940 0.052 

PC5 0.53 0.40 184.5 -1.358 0.174 

Table 4.3-5 Comparison of CFQ OQS/PCs between 'ODD’ and ‘EVEN’ counterbalanced groups using Mann 
Whitney tests 

 

Frequencies of the behavioural measures positively correlating with CFQ OQS, and PC2-PC4 

did not differ significantly between “odd” and “even” counterbalanced groups: number of 

tests vocalising (U= 149.50, z=-1.120, p=0.269; total frequency of vocalising (U= 165.50, z=-

0.663, p=0.512; Test 2 lunging frequency (U= 191.00, z=-0.702, p=0.483); Test 3 vocalising 

frequency (U=214.50, z=-0.685, p=0.493); Test 6a6b scratch/paw baby gate frequency 

(U=188.50, z=-1.853, p=0.064); Test 5 lunging frequency (U=206.00, z=-0.619, p=0.536).  
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4.3.9 Correlations between psychometric questionnaires 

The CFQ, DIAS and PANAS were scored according to guidelines associated with each scale 

(see Appendix E7 to E9). For each dog, this generated an ‘overall questionnaire score’ (OQS) 

for CFQ and DIAS, and one each for positive activation and negative activation within 

PANAS. In addition, there were five PC scores generated for CFQ, three for DIAS, and three 

within positive activation of PANAS.   

Of the 44 dogs tested there were complete response sets for CFQ for all, and PANAS and 

DIAS for 43 dogs (missing for dog 22). Distribution of OQS and Factor/Principal component 

scores assessed with some normally distributed and some non-normally distributed, 

therefore Spearman’s correlation coefficient used to test correlations between 

questionnaire scores. There were strong correlations between CFQ OQS and all those 

principal components comprising it for all 44 dogs tested. Correlations between CFQ, 

PANAS and DIAS scores were then explored for the 43 dogs where all 3 questionnaires were 

completed. Full results are shown in Table 4.3-6 highlighting significant associations.  

There were no associations between CFQ OQS/PC scores and negative activation OQS nor 

positive activation factor 1: ‘Energy and interest’ (PANAS). For DIAS, there were no 

associations between CFQ OQS/PC scores and Factor 2: ‘Aggression/response to novelty’ 

nor Factor 3: ‘Responsiveness’, although these facets of impulsivity were associated with 

negative activation scores and various positive activation factors respectively. 
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CFQ 
OQS 

CFQ 
PC1 

CFQ 
PC2 

CFQ 
PC3 

CFQ 
PC4 

CFQ 
PC5 

DIAS 
OQS 

DIAS 
F1 

DIAS 
F2 

DIAS 
F3 

PANAS 
NegAct 

OQS 

PANAS 
PosAct 

OQS 

PANAS 
PosAct 

F1 

PANAS 
PosAct 

F2 

PANAS 
PosAct 

F3 

CFQ OQS 
Corr. 1 0.760** 0.763** 0.773** 0.589** 0.803** 0.688** 0.681** -0.035 -0.012 -0.006 0.438** 0.055 0.626** 0.428** 

Sig.  . <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.824 0.941 0.970 0.003 0.725 <0.001 0.004 

CFQ PC1 
Corr. 0.760** 1 0.403** 0.395** 0.303* 0.649** 0.531** 0.537** -0.015 0.020 0.091 0.247 0.057 0.321* 0.231 

Sig.  <0.001 . 0.007 0.008 0.046 <0.001 <0.001 <0.001 0.923 0.897 0.561 0.11 0.715 0.036 0.136 

CFQ PC2 
Corr. 0.763** 0.403** 1 0.548** 0.384** 0.486** 0.399** 0.391** -0.083 0.091 -0.049 0.366* 0.144 0.475** 0.310* 

Sig.  <0.001 0.007 . <0.001 0.01 0.001 0.008 0.01 0.599 0.56 0.754 0.016 0.356 0.001 0.043 

CFQ PC3 
Corr. 0.773** 0.395** 0.548** 1 0.343* 0.622** 0.627** 0.625** -0.032 0.046 -0.14 0.519** 0.004 0.698** 0.633** 

Sig.  <0.001 0.008 <0.001 . 0.023 <0.001 <0.001 <0.001 0.84 0.768 0.369 <0.001 0.977 <0.001 <0.001 

CFQ PC4 
Corr. 0.589** 0.303* 0.384** 0.343* 1 0.334* 0.540** 0.438** 0.152 0.029 0.044 0.174 -0.01 0.346* 0.148 

Sig.  <0.001 0.046 0.01 0.023 . 0.027 <0.001 0.003 0.332 0.853 0.779 0.264 0.949 0.023 0.344 

CFQ PC5 
Corr. 0.803** 0.649** 0.486** 0.622** 0.334* 1 0.465** 0.524** -0.035 -0.199 0.069 0.311* -0.02 0.500** 0.267 

Sig.  <0.001 <0.001 0.001 <0.001 0.027 . 0.002 <0.001 0.822 0.201 0.662 0.043 0.897 0.001 0.083 

DIAS OQS 
Corr. 0.688** 0.531** 0.399** 0.627** 0.540** 0.465** 1 0.884** 0.136 0.182 0.123 0.479** 0.074 0.610** 0.551** 

Sig.  <0.001 <0.001 0.008 <0.001 <0.001 0.002 . <0.001 0.386 0.242 0.431 0.001 0.637 <0.001 <0.001 

DIAS F1 
Corr. 0.681** 0.537** 0.391** 0.625** 0.438** 0.524** 0.884** 1 -0.042 -0.041 0.095 0.435** 0.013 0.668** 0.394** 

Sig.  <0.001 <0.001 0.01 <0.001 0.003 <0.001 <0.001 . 0.789 0.796 0.546 0.004 0.936 <0.001 0.009 

DIAS F2 
Corr. -0.035 -0.015 -0.083 -0.032 0.152 -0.035 0.136 -0.042 1 -0.115 0.598** -0.257 -0.285 -0.174 -0.068 

Sig.  0.824 0.923 0.599 0.84 0.332 0.822 0.386 0.789 . 0.465 <0.001 0.097 0.064 0.265 0.665 

DIAS F3 
Corr. -0.012 0.020 0.091 0.046 0.029 -0.199 0.182 -0.041 -0.115 1 -0.105 0.461** 0.501** 0.179 0.391** 

Sig.  0.941 0.897 0.56 0.768 0.853 0.201 0.242 0.796 0.465 . 0.503 0.002 0.001 0.251 0.01 

PANAS 
NegActOQS 

Corr. -0.006 0.091 -0.049 -0.14 0.044 0.069 0.123 0.095 0.598** -0.105 1 -0.152 -0.139 0.008 -0.203 

Sig.  0.97 0.561 0.754 0.369 0.779 0.662 0.431 0.546 <0.001 0.503 . 0.33 0.376 0.961 0.191 

PANAS 
PosActOQS 

Corr. 0.438** 0.247 0.366* 0.519** 0.174 0.311* 0.479** 0.435** -0.257 0.461** -0.152 1 0.752** 0.801** 0.783** 

Sig.  0.003 0.11 0.016 <0.001 0.264 0.043 0.001 0.004 0.097 0.002 0.33 . <0.001 <0.001 <0.001 

PANAS 
PosAct F1 

Corr. 0.055 0.057 0.144 0.004 -0.01 -0.02 0.074 0.013 -0.285 0.501** -0.139 0.752** 1 0.312* 0.390** 

Sig.  0.725 0.715 0.356 0.977 0.949 0.897 0.637 0.936 0.064 0.001 0.376 <0.001 . 0.042 0.01 

PANAS 
PosAct F2 

Corr. 0.626** 0.321* 0.475** 0.698** 0.346* 0.500** 0.610** 0.668** -0.174 0.179 0.008 0.801** 0.312* 1 0.582** 

Sig.  <0.001 0.036 0.001 <0.001 0.023 0.001 <0.001 <0.001 0.265 0.251 0.961 <0.001 0.042 . <0.001 

PANAS 
PosAct F3 

Corr. 0.428** 0.231 0.310* 0.633** 0.148 0.267 0.551** 0.394** -0.068 0.391** -0.203 0.783** 0.390** 0.582** 1 

Sig.  0.004 0.136 0.043 <0.001 0.344 0.083 <0.001 0.009 0.665 0.01 0.191 <0.001 0.01 <0.001 . 

Table 4.3-6 Spearman’s rank order correlations between Canine Frustration Questionnaire (CFQ), Dog Impulsivity Assessment Scale (DIAS), and, Positive and 
Negative Activation Scale (PANAS) and their principal components(PC)/factors (F) (values in bold *significant at p<0.05 level; **significant at p<0.01 level). 
PosAct=Positive activation; NegAct=Negative Activation. Completion of questionnaires – CFQ (n=44); PANAS and DIAS (n=43).
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4.4 Discussion 

This study detailed the development of a behaviour test battery, and subsequent testing of 

associations between selected behaviour measures and CFQ scores.  

Given the lack of a suitable test battery in the literature, a new behaviour test protocol was 

developed.  Whilst this test battery in itself had not been previously validated, the tests 

comprising it were formulated either from already published tests (Bentosela et al., 2009, 

Jakovcevic et al., 2013, Schoening, 2006), providing concurrent validity, or created based 

on the items within the CFQ, which were informed by expert and owner opinion in Chapter 

2, therefore providing face validity.  

Whilst the quality metric of standardisation of the test battery (Taylor and Mills, 2006) was 

at the core of test development and execution to maximise the robustness and 

repeatability of the test protocol, this came at a cost of the exclusion of contexts relevant 

to frustration, including absence of assessment of the behaviour of each dog with their 

owner. Whilst some study protocols report no difference in response with owner presence 

and absence (Wright et al., 2012), the decision to exclude owners from the test room and 

protocol was to remove the potential bias their behaviour may have on the test conditions. 

In an experimental set up, there are potential issues around how well the test environment 

represents the ‘real world’ which in this study, the CFQ aims to measure. Some contexts 

are impossible to replicate in a standardised test room, e.g. those relating to territoriality, 

which is also a limitation which hinders the ability of rehoming shelters to assess this 

feature of frustration (Sternberg, 2006, Weiss, 2006). Whilst these challenges support the 

rationale for the psychometric approach to measuring frustration tendencies, the wide 

range of tests within the battery did not preclude demonstration of convergence of CFQ 

and behaviour test measures. 

In this study, inter-rater reliability (IRR) was assessed and the average ICC of 0.987 placed 

it in the ‘excellent’ range (Hallgren, 2012, Koo and Li, 2016). Inconsistencies between 

observer rating of behaviour have been suggested as a potential cause of poor correlations 

across behaviour test batteries assessing aggressivity in dogs (Bräm et al., 2008). The IRR 

achieved here indicates a very high level of agreement between coders on their rating of 

the behavioural measures used to demonstrate convergent validity, increasing confidence 
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in the results. It should be noted that the second rater was selected due to advanced 

qualifications in clinical animal behaviour and experience of coding behaviours, and these 

factors likely played a role in the establishment of such a high IRR. Any future studies 

seeking to use this, or any other test battery, should seek to establish IRR using data 

obtained from their studies with their own observers to ensure similar confidence can be 

placed in the results obtained.  

The behavioural test footage acquired using 4 cameras was able to identify all key 

behaviours deemed most relevant and thus used for validation testing. Other studies have 

also shown the importance of other behaviours in canine frustration such as yawning, lip 

licking, and ear posture (Bentosela et al., 2008, Bentosela et al., 2009, Jakovcevic et al., 

2013), as well as the fine detail through facial action coding which can tease apart positive 

anticipation from frustration (Bremhorst et al., 2019). However, on reviewing the footage 

obtained in this study, such measures were not consistently captured across all tests due 

to the position of the dog in the test room relative to camera field of view, researcher and 

room set up. Future studies wishing to specifically capture these behaviours and facial 

expressions would require a revised test room set up, particularly focussing on 

modifications to camera positioning.  

4.4.1 CFQ and behaviour tests 

A diagram illustrating the main relationships between CFQ OQS/PCs, behaviour test 

battery measures and single test measures is shown in Figure 4.4-1.
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Figure 4.4-1 Illustration of relationship between Canine Frustration Questionnaire (CFQ) OQS (overall questionnaire score) and PC (principal component) score with selected 
behaviour test battery measures. Above dotted line represents CFQ OQS/PC1 testing with behaviour measures from full test battery (represented by green box             ); 
below the dotted line represents CFQ PC2-PC5 testing with single behaviour test measures (represented by blue box            ). Solid line represents a significant positive 
correlation. Red cross indicates absence of behaviour seen during test therefore no associations tested, and red box               represents proposed behavioural measure not 
tested. 

 

 

CFQ PC1:                

‘General frustration’ 

Test 5 – food 

inaccessible 

CFQ                              

OQS 

Vocalising – total 

frequency 
Vocalising - across  

all tests 

Lunging -          

frequency 

 

Vocalising – total 

number of tests 

CFQ PC5:                

‘Frustration coping’ 

CFQ PC4:               

‘Autonomous control’ 

CFQ PC3:                

‘Unmet expectations’ 

CFQ PC2:            

‘Barrier frustration’ 

Ambulating 

Aggressive 

behaviours 

 

Vocalising - 

frequency 

Test 2a – toys 

inaccessible 

Lunging -          

frequency 

 
Vocalising - 

frequency 

 

Test 2b – removal 

of toys 

Test 3 – delay 

leaving room 

Test 6a/6b – 

separated 

 

Test 4 – ignored 5 

minutes 

Scratching/pawing 

baby gate 

 
Scratching/pawing 

baby gate Vocalising 

- frequency 



 

138 

4.4.1.1 CFQ OQS/PC1 (General frustration) and full test battery 

measures 

The primary aim of the study was fulfilled through the demonstration of convergent validity 

between the CFQ OQS and vocalising measures across the entire test battery. Vocalising 

has been highlighted as a common sign of frustration in the qualitative research in Chapter 

2 establishing expert and owner opinion, as well as in published literature assessing 

frustration related behaviour in dogs (Bentosela et al., 2008, Bentosela et al., 2009, 

Jakovcevic et al., 2013), therefore was selected as the key indicator of frustration in the 

behaviour test battery. Within the CFQ, the OQS (a metric accounting for the scores of all 

21 items comprising it) best reflects broad, trait level frustration tendencies. Convergent 

validity was demonstrated between CFQ OQS and both the frequency of vocalising across 

all tests, as well as the number of tests where vocalising occurs, i.e. dogs with higher CFQ 

OQS vocalise more frequently and vocalise in more tests of frustration within the test 

battery created. This important finding is the first demonstration of convergent validity of 

the CFQ with quantifiable behavioural measures from an experimental setting independent 

of owner report.   

In hindsight, it is perhaps not surprising that there was a lack of convergence between PC1 

(‘General frustration’) and the same measures of vocalising across all tests which did 

correlate with CFQ OQS. Of the five items comprising PC1 (shown in Table 4.2-2) the three 

loading most strongly within it relate to non-context specific features of frustration (i.e. 

“My dog becomes frustrated in a large range of situations”; “There are days when my dog 

seems to become more easily frustrated than others for no apparent reason”; “My dog 

appears to become frustrated frequently (e.g. at least once daily)”). Such items are less 

amenable to study from a test battery administered on a single day. Alternative means for 

assessing the validity of CFQ PC1 scores could include their interpretation alongside owner 

kept diaries of frequency and range of situations frustration related problems occur, and 

exploration of fluctuations within these reports.  
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4.4.1.2 CFQ PCs and single behaviour test measures 

Considering the more tentative hypotheses on the relationship between the PC scores and 

single behaviour test measures, half (4/8) of those proposed demonstrated convergence 

between selected individual test measures and PC2,3,4 and 5, fulfilling the predictions. The 

main relationships between the CFQ PCs and the single behaviour test measures is 

represented below the dotted line in . These findings add to the robustness of PCs 

supporting their representation of biologically meaningful narrower facets of frustration.  

For PC3, 4 and 5, the association between PC score and selected behavioural measure was 

seen across all subjects tested. For PC2, a positive correlation was only established between 

questionnaire scores and lunging for those dogs lunging greater than twice. In a novel 

situation such as in test 2, checking the integrity of a barrier not once, but twice is 

consistent with an approach whereby the barrier is tested before deciding that energy 

should be conserved, and further attempts should be ceased. However, PC2 scores did not 

explain whether a dog lunged greater or less than twice in this test. Factors relating to 

motivation to access food (all dogs included in the analysis moved towards and consumed 

the food when permitted to do so at the end of the test) and order effect were controlled 

within the study. A possible explanation for these findings relates to the distribution of PC2 

scores: they were higher on average in the ‘behaviour test group’ than the ‘questionnaire 

generation group’, indicating the subjects recruited score more highly on PC2 than those 

represented by the larger dataset used to generate the questionnaire. The skewed 

distribution of PC2 scores amongst subjects could have played a role in the lack of 

correlation with lunging across the entire group. 

It should be noted that failing to find convergence with the other 4/8 proposed 

relationships does not indicate a failure of the CFQ, but more likely reflects problems of 

attempting to predict a trait from a single test measure. A battery of objective behaviour 

tests can include a range of varied contexts relevant to the construct of interest, and 

consistency in behavioural reactions across these contexts may provide support of a stable 

trait (Kline, 1993, Patronek and Bradley, 2016, Taylor and Mills, 2006); on the other hand, 

single behaviour test measures represent a snapshot of behaviour in a single context, and 

as such their narrow focus is problematic when predicting traits. Alongside these broad 
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issues, specific factors likely implicated in the lack of convergence with single behaviour 

test measures in this study are discussed for each PC below. 

The findings from tests for PC2 and PC5 are interpreted together. For PC2 (‘Barrier 

frustration / perseverance’), test 2a was selected where the dog was tethered on lead to a 

wall tie out and a range of toys were out of reach. Frequency of lunging significantly 

correlated with PC2 scores, however vocalising did not. For PC5 (‘Frustration coping’), test 

5 was selected where the dog was on lead, held by the experimenter and withheld from 

accessing food thrown out of reach. Frequency of vocalising significantly correlated with 

PC5 scores, however lunging did not.  Variations between test 2a and 5 existed in both 

context of the potential reward (toys versus food) and expectancy (in test 5, dogs had 5 

pre-trials where food was thrown and they were permitted access; whilst in test 2, dogs 

had not previously been permitted access to the toys). These variations could have 

influenced the observed difference in behavioural response. However, it is noteworthy that 

vocalising positively correlated in test 5 where the experimenter was holding on to the lead: 

i.e. frustration manifesting as vocalisation could serves an interspecific communicative 

function of the frustrated motivation, which may then in turn result in some response from 

that nearby human to facilitate access to that which the dog is thwarted from obtaining i.e. 

moving forward/slackening the lead. Conversely, in test 2, where the dog was tethered by 

the same lead but to a wall tie out, lunging positively correlated whereas vocalising did not: 

with such a physical barrier, efforts may be directed to overcoming the barrier (i.e. lunging) 

rather than seeking to communicate with a nearby experimenter.   

For PC3 (‘Unmet expectations), there was no association with the proportion of time spent 

ambulating in test 3 where each dog was ignored for a 5-minute period. This test was 

considered for inclusion due to previously published literature examining the effects of 

playful activities versus rest on learning in dogs which found that salivary cortisol actually 

marginally increased in dogs in the ‘rest’ group, and decreased in those in the ‘play’ group 

(Affenzeller et al., 2017). The authors suggested an explanation for these results could have 

been frustration in dogs in the ‘rest’ group due to cessation of social interaction and food 

rewards. Nonetheless, variability existed in proportion of time spent ambulating within the 

test population, and as such, whenever ‘rest’ or ‘break’ periods are included in behavioural 

test set ups, behaviour should be monitored as dogs may not perceive them as the down 
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time those designing the study are aiming for, with the potential to impact on other study 

measures.   

For PC4 (‘Autonomous control’), the absence of aggressive behaviour from any of the 

tested dogs whilst items were removed (Test 2b) meant this relationship could not be 

explored. This most likely reflects the subjects used in the study, where none of the owners 

reported behaviour problems relating to this context. Additionally, Test 2b was designed 

to minimise the likelihood of a dog using aggressive behaviour, to ensure both safety for 

the researcher and welfare of the dog, (i.e. items dog interested in least removed first; 

swapping of items for food if not relinquished with ease) which could also have influenced 

the results. A study by Clay et al. (2020) revealed that tests of food guarding and aggressive 

behaviour have poor predictive validity, which raises questions on their role in establishing 

convergent validity even if they had been demonstrated. Exploring PC4 scores in light of 

owner reported ‘resource guarding’ may be a better way to investigate validity of this 

measure, and this is examined in Chapter 6.   

Given the biological interpretation of each PC, it was predicted that there would be a 

degree of discriminant validity in the selected behavioural measures across PC2-5. 

Discriminant validity was demonstrated for PC2 lunging in test 2 (correlated only with 

lunging in test 2) PC4 (correlated only with scratching the baby gate in tests 6a/6b). 

However, there were cross-correlations with PC3 and PC5: vocalising in test 3 positively 

correlated with PC3 as expected, however there was a marginally higher correlation with 

PC5; vocalising in test 5 positively correlated with PC5 as predicted, but there was a 

significant correlation also with PC3, although it was marginally lower. A likely explanation 

for these cross-correlations with behavioural measures was the high cross-correlation 

between PC3 and PC5 scores in the ‘behaviour test group’ studied. PC3 scores from the 

‘behaviour test group’ were on average higher than the ‘questionnaire generation group’ 

in Chapter 3; of all correlations between PCs, that between PC3 and PC5 displayed the 

largest difference between the ‘behaviour test group’ (Spearman’s r=0.622, n=44) and the 

‘questionnaire generation group’ (Spearman’s r=0.344, n=2346).  
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4.4.2 CFQ, PANAS and DIAS – convergent and discriminant 

validity 

The secondary aim of the study was fulfilled with the exploration of correlations of the CFQ 

with the pre-existing psychometric scales PANAS and DIAS. Positive correlations within the 

CFQ (OQS and PCs) demonstrate construct validity, replicating that found in Chapter 3 

during CFQ development. As predicted, there were a range of expected correlates between 

the CFQ and the other psychometric scales investigated, with an illustration of the main 

relationships between the OQS for CFQ, PANAS and DIAS shown in Figure 4.4-2.  

Convergence was evident with CFQ OQS associations with both positive activation (PANAS) 

and the measures of impulsivity represented by DIAS OQS and Factor 1. These confirm what 

would be expected from a biological perspective – dogs who are more sensitive to 

appetitive stimuli (higher on positive activation) and those more impulsive (individuals who 

act without considering consequences) may be more likely to place themselves in situations 

where they may be thwarted and experience frustration as a result.  

Discriminant validity was shown where measures of vocalisation across the frustration test 

battery correlated with the CFQ OQS, but not with positive activation OQS, negative 

activation OQS, nor DIAS OQS. This supports the validity of the test battery and selected 

measures. The lack of correlation between the CFQ/PCs and negative activation (PANAS) is 

an important finding which demonstrates discriminant validity between these independent 

negative emotions, i.e. frustration tendencies (as measured by CFQ) and 

fearfulness/anxiousness (as measured by the negative activation scale, PANAS). This 

demonstration is important in the field of clinical animal behaviour, as the PANAS and 

(now) CFQ can be used to independently quantify these traits.  
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Figure 4.4-2 Illustration of relationship between Canine Frustration Questionnaire (CFQ), Dog Impulsivity Assessment Scale (DIAS), and, Positive and Negative Activation 
Scale (PANAS) and their principal components(PC)/factors (F). Solid line represents a significant positive correlation, p<0.05. Relationships between the OQS of each scale 
and PCs and Fs are displayed; relationships between PCs from each scale are not shown.
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4.5 Conclusion 

Overall, convergent validity was demonstrated with a range of expected behavioural test 

measures from a newly developed behaviour frustration test battery positively correlating 

with owner report from the CFQ OQS and PC2-5 scores. Assessment of the CFQ alongside 

the PANAS and DIAS confirmed expected relationships, with convergent validity further 

shown with positive correlations between specific facets, and importantly discriminant 

validity demonstrated between CFQ measured frustration tendencies and PANAS 

measured negative activation/sensitivity to aversives as a measure of 

fearfulness/anxiousness. Another way to validate the CFQ is through physiological 

measures, and these are explored in the next chapter. 

  



 

145 

Chapter 5 

Physiological correlates of frustration 

in dogs 
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5 Overview 

This chapter describes the collection and measurement of a range of neurophysiological 

parameters collected during the behaviour test battery described in Chapter 4. In these 

behaviour tests, a saliva sample was collected pre- and post- testing, and a cortisol assay 

was performed using an ELISA kit. A heart rate monitor was used to measure heart rate 

variability, and a panel of indices of sympathetic and parasympathetic activity were 

selected. Finally, a urine sample was obtained from dogs and liquid chromatography–mass 

spectrometry (LC-MS) used to measure a range of urinary neurotransmitters/metabolites. 

The aim was to establish convergent validity between cortisol change, CFQ scores and 

behavioural measures from the test battery; exploratory analysis of HRV and CFQ and 

behavioural measures was also undertaken. Cortisol change positively correlated with CFQ 

PC5 score, and the number of tests where vocalisation occurred from the test battery, thus 

demonstrating convergent validity with this physiological measure. In addition, there was 

an association between the HRV measure pNN50% and CFQ PC5, as well as correlations 

between CFQ measures and urinary neurotransmitter/metabolites from the serotonergic, 

dopaminergic and GABAergic systems, and kynurenine pathway.  
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5.1 Introduction 

The neurophysiological component within Scherer’s component process model of emotion 

involves both the central nervous system (CNS) and the autonomic nervous system (ANS), 

comprising the sympathetic nervous system (SNS) and the parasympathetic nervous 

system (PNS) branches.  (Scherer, 1984, Scherer, 2009). Consistent with Scherer’s theory, 

different emotions would be associated with different adaptive physiological reactions. The 

demonstration of convergence with physiological measures provides an additional means 

of validating the Canine Frustration Questionnaire (CFQ), and this formed the primary aim 

of this chapter. Before meeting this aim, the process of deciding which physiological 

measures to select for inclusion was addressed and is outlined below.  

In Chapter 2, there was high agreement amongst clinical animal behaviour experts on the 

presence of increased heart rate occurring with frustration in dogs, although no consensus 

was reached on the uniqueness of such physiological signs to allow differentiation from 

other emotions. In addition, several experts suggested expected frustration related 

physiological signs in dogs and other species including sympathetic activation, increased 

cortisol levels, alterations to neurotransmitter levels and heart rate variability measures.  

In spite of the dearth of literature on canine frustration in general —and even scarcer 

reporting on physiological correlates associated with frustration in dogs— broader 

exploration of the neurophysiology of this emotion in other species provides an insight into 

potentially useful measures to consider for inclusion in this study. A wide range of 

modalities have been used in human and non-human animals in exploring and establishing 

ANS and CNS correlates of emotions, including those related to frustration, and a detailed 

overview of these was provided in Chapter 1.  

All measures described in Chapter 1 and suggested by experts in Chapter 2 were considered 

for inclusion in this study, initially based on the criteria related to feasibility and practicality 

of sampling. Firstly, only non-invasive measures would be permitted; secondly, the 

collection of physiological measures had to align with the behaviour test battery in Chapter 

4, i.e. measures must be collected on a single occasion without any need for additional 

visits. It was deemed essential that collection of individual physiological measures must not 
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interfere with the behaviour test battery protocol nor behavioural measures extracted 

from it.    

Consideration was also given to a range of physiological measures and their utility in 

assessing different aspects of frustration, such as those levels of emotion proposed by 

Goldsmith (1994), namely emotional reactions, mood and temperament traits. The study 

described in Chapter 4 permitted the assessment of the physiological response of a dog 

across a full test battery. Where convergence between the CFQ and behavioural measures 

were demonstrated, this provided a means to establish physiological correlates with trait 

level frustration. Additionally, physiological measures which could be mapped onto single 

tests within the battery would also allow exploration of the short-term emotional reaction 

in that single context. However, the issues around single test measures predicting traits 

(Kline, 1993, Patronek and Bradley, 2016, Taylor and Mills, 2006) is also relevant for 

physiological measures. Nonetheless, the convergent validity demonstrated between a 

proportion of the selected behavioural measures from single tests and trait level CFQ 

measures in Chapter 4 suggest that it is possible to explore physiological responses during 

these short tests and tentatively link these to trait level frustration. Based on the above 

criteria, cortisol was selected as a measure of HPA system activation, heart rate variability 

(HRV) measures as a measure of ANS functioning, alongside a panel of 

neurotransmitters/metabolites as CNS correlates. 

Cortisol 

Cortisol assays have been commonly used as a measure of ‘stress’ through activation of the 

hypothalamic-pituitary adrenal (HPA) system in a range of species (Dedovic et al., 2009, 

Hellhammer et al., 2009, Moberg, 2000). It is important to note that while elevated cortisol 

can provide evidence of arousal, it does not distinguish between valence, with increases 

seen in states of both positive and negative arousal (Moberg, 2000). Nonetheless, in 

settings where conditions are controlled (i.e. contexts designed to induce a specific 

emotional reaction) changes in cortisol over the course of such a setting could provide an 

indication on the level of arousal whilst experiencing that elicited emotion.  

In dogs, salivary and urinary cortisol levels have been shown to reflect plasma levels, 

enabling non-invasive methods of sampling to be used to establish cortisol responses 
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induced by ‘stress’ (Beerda et al., 1996). Urinary cortisol levels reflect average levels over 

the time it took for the bladder to fill, whereas saliva and plasma reflect more immediate 

sympathetic activation. Whereas Vincent and Michell (1992) showed that there was a slight 

delay between plasma and salivary cortisol changes, Beerda et al. (1996) showed that 

salivary cortisol correlates highly with that in plasma, with no delay.  The timing of sample 

collection in relation to test situation varies greatly across studies, both with pre-test and 

post-test sampling. Post-test, some studies collect samples immediately (Batt et al., 2008, 

Pastore et al., 2011), whereas others wait 2 minutes (de Carvalho et al., 2020), 10 minutes 

(Beerda et al., 1998), or between 10 and 20 minutes (Colussi et al., 2018, Mariti et al., 2018, 

Sherman et al., 2015); within these studies, variation exists in the pre-test sampling time 

point, ranging from immediately beforehand, to some other ascribed time point in the 

same or alternative environment, on the same or a different day (often where the dog is 

deemed to be relaxed). Such variation makes direct comparison and interpretation of 

results across studies difficult. 

The methodology around collection of saliva from dogs may also influence results obtained, 

and this has been subject to much investigation. Factors which potentially play a role can 

include the collection device, location of sampling, use of flavourings/salivary stimulants, 

food contamination, and fluctuations depending on the time of day samples are collected 

(Dreschel et al., 2014, Dreschel and Granger, 2009, Lensen et al., 2015). Kobelt et al. (2003) 

demonstrated that a salivary cortisol response to handling does not occur within 4 minutes 

from sample collection, therefore, consideration should be paid to the duration of time 

sampling takes to reduce the impact of the sampling procedure itself on cortisol levels. 

Whilst there is no gold standard procedure for saliva sampling, Lensen et al. (2015) suggests 

accounting for these factors when developing protocols and assessing results from studies.   

Attempts to validate behaviour questionnaires using salivary cortisol have yielded mixed 

results. Dreschel and Granger (2005) found that salivary cortisol levels increased following 

exposure to thunderstorm noise but did not correlate with measures from the C-BARQ 

(neither in absolute values nor change in values). However, more recently Lensen et al. 

(2019) found that salivary cortisol levels collected after a behaviour test protocol differed 

depending on time elapsed post-test: the 10 minute post-test sample was associated with 

desirable behaviours as measured by the C-BARQ, whilst the 40 minute post-test sample 
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was associated with non-desirable behaviour. It is difficult to draw conclusions from this 

study in reference to reactivity and recovery as it relates to frustration, as the behaviour 

test protocol included both social and non-social situations designed to induce non-specific 

stress, without any inference on the specific emotion underlying such stress.  

Heart rate and heart rate variability 

Whilst heart rate (HR) measures the number of beats in a minute, heart rate variability 

(HRV) measures the changes in time between subsequent beats, and has been widely used 

as a measure of the ANS in humans and a range of other species (Acharya et al., 2006, 

Polgár et al., 2019). Heart rate monitors are readily available and allow non-invasive 

collection of cardiorespiratory measures, making them highly suitable for research. A 

variety of HRV measures have been explored reflecting SNS and PNS activity, with some 

purportedly assessing the balance between both systems (Acharya et al., 2006). Standard 

HRV measures can include analysis of both time domain variables and frequency domain 

variables. Time domain HRV measures quantify variation in heart rate over time, including:  

 Mean RR - the mean of RR interval (milliseconds (ms));  

 SDNN - standard deviation of RR intervals (ms);  

 RMSSD - square root of the mean squared differences between successive RR 

intervals (ms);  

 RMSSD:SDNN ratio - ratio between RMSSD and SDNN;  

 pNN50% - number of successive RR interval pairs that differ more than 50ms divided 

by the total number of RR intervals.  

A higher meanRR/SDNN reflects large and irregular HRV and has been used as a measure 

of resilience to stress (Kim et al., 2018). RMSSD and pNN50% assess beat to beat changes 

utilising the variance between adjacent R-R intervals providing information on vagally 

mediated HRV changes, where lower values of each indicate poor vagally mediated HRV 

(and thus lower parasympathetic activity) (Isaacson and Kimble, 1972). Power spectral 

density analysis of frequency domain variables potentially allows quantification of balance 

between sympathetic and parasympathetic activity within the ANS. A commonly examined 

frequency domain variable is LF:HF ratio (Ratio between low frequency (LF) and high 

frequency (HF) band powers (ms2)). Where LF values reflect sympathetic activity, and HF 
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values reflect parasympathetic activity, a high LF:HF ratio is thought to represent greater 

sympathetic activity relative to parasympathetic (Kim et al., 2018).  

Canine studies have focussed on a range of different HRV measures. A study by Maros et 

al. (2008) found that SDNN, but not HR, was elevated in the context of a dog orienting 

towards a ball without being able to access it (possibly inducing positive anticipation, or 

frustration), providing evidence of additional value of HRV measures over simply obtaining 

a HR. This study also demonstrated that a variation in posture had minimal impact on SDNN 

within subjects. Katayama et al. (2016) assessed HRV in dogs in an attempt to differentiate 

positive and negative emotions. Positive emotions, induced by the owner petting the dog, 

were associated with a lower SDNN compared to baseline but no change to mean RR or 

RMSSD; negative emotions, induced by separation from the owner, were associated with 

a reduction in RMSSD compared to baseline, but not change to mean RR or SDNN. In a 

human study, RMSSD was higher in angry than fearful situations, although there was no 

difference between anger and neutral or amused conditions (Wu et al., 2019). Other 

studies have focussed on HRV signatures within contexts where only a single emotion is 

elicited: positive emotional states in dogs elicited through access to low and high value food 

rewards and social contact resulted in higher LF:HF ratio and lower RMSSD and HF (Zupan 

et al., 2016).  

The linking of HRV measures to previous or future displays of aggressive behaviour has also 

been documented. Greyhounds passing an intraspecific aggression test (i.e. did not display 

intraspecific aggression) were found to have a higher SDNN during a blood donation 

procedure than those who failed (Wormald et al., 2016), although blood loss in itself could 

potentially have impacted on the measures. This study also assessed pre- and post- salivary 

cortisol levels with an overall reduction in cortisol levels between those passing the test, 

and an increase in those who failed. In a different study, the same authors, (Wormald et 

al., 2017) assessed HRV measures during a period of restraint and found that SDNN was 

lower in dogs categorised by C-BARQ scores as ‘affected’ by behaviour problems compared 

with those who were ‘unaffected’. The HRV measure pnn50% was found to be negatively 

correlated with aggression scores, and was significantly lower in dogs with a bite history 

(Craig et al., 2017). The ratio of RMSSD to SDNN has been explored in many canine studies, 

and has been shown to negatively correlate with displays of freezing, withdrawing and 
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other displacement behaviours during certain types of handling (Kuhne et al., 2014). Given 

the links between frustration, restraint and aggressive behaviour highlighted in previous 

chapters, the measures of pnn50%, RMSSD and SDNN are promising for assessing HRV 

signatures in canine frustration. 

Overall, whilst there is some evidence for the use of HRV signatures in differentiating 

emotional valence, assessing results from these studies is complex. In part, comparison is 

challenging due to a lack of consistency in the measures obtained and/or reported for each 

study. Furthermore, the findings across studies in terms of which measures indicate 

positive or negative emotions have been contradictory, and there is a no established gold 

standard HRV measure which exists to identify frustration.  

Neurotransmitters and their metabolites 

As summarised in Chapter 1, CNS correlates of emotions including frustration have been 

well documented, including certain neurotransmitter and metabolite levels. The 

serotonergic system (using serotonin (5HT)) and catecholaminergic system have received 

much attention for their roles in behaviour and cognition, especially aggressivity and 

impulsivity (Bacqué-Cazenave et al., 2020, Dalley and Roiser, 2012, Daw et al., 2002, 

Spoont, 1992). The essential amino acid tryptophan (TRP) is the precursor for 5-

hydroxytryptophan (5-HTP) from which serotonin (5HT) is then synthesised. 5HT is 

subsequently broken down to 5-hydroxyindolacetic acid (5-HIAA), which has been used as 

a biomarker to evaluate serotonin turnover. An important degradation pathway of TRP is 

the kynurenine pathway (Chen and Guillemin, 2009), with metabolites of this pathway 

being implicated in a variety of pathological processes including Alzheimer’s disease, 

depression and schizophrenia.  

The amino acid precursor tyrosine is converted to L-dihydroxyphenylalanine (L-DOPA), 

before conversion to three catecholamines dopamine (DA), as well as noradrenaline (NA) 

(or norepinephrine) and adrenaline (Adr) (or epinephrine) (Bear et al., 2020). Within the 

‘stress response’, NA and A are rapidly released from the adrenal medulla via direct neural 

stimulation through the rapid sympathetic-adrenal-medullary system (SAM). Within the 

dopaminergic system, metabolites of DA including homovanillic acid (HVA) and 3,4-

dihydroxy phenyl acetic acid (DOPAC) have been used as biomarkers of DA turnover. 
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Of the range of other neurotransmitters involved in behaviour and cognition, 2 amino acids 

widespread in the CNS are of interest: gamma aminobutyric acid (GABA) is the main 

inhibitory amino acid neurotransmitter of the CNS, and is made from glutamate (Glu), the 

main excitatory neurotransmitter of the CNS (Bear et al., 2020).   

Whilst samples of brain tissue or cerebrospinal fluid (CSF) may provide the most accurate 

levels of neurotransmitters and metabolites in an individual and may be obtained ante-

mortem (Altemus et al., 1994, Huey et al., 2006, Rambeck et al., 2006), the invasiveness 

and potential risks of this procedure has meant that sampling is not commonplace in the 

diagnostic process. Levels can also be measured in blood or serum, with a recent panel of 

neurotransmitters and metabolites representing serotonergic, GABAergic and 

catecholaminergic systems being shown to distinguish major depressive disorder from 

bipolar disorder and healthy controls in human subjects (Pan et al., 2018).  

Least invasive of all, the importace of urinary neurotransmitter analysis has been 

considered as a tool in a range of medical and psyhciatric problems (for a review see Marc 

et al. (2011)). There is extensive literature on the validity of urinary neurotransmitter and 

metabolite analysis in the diagnosis of certain tumours such as phaechromocytoma 

(Lenders et al., 2002, Sawka et al., 2003). Various studies have explored and identified 

correlations between urinary neurotransmitters and psychiatric/psychological problems 

including attention deficit hyperactivity disorder (ADHD) (Hanna et al., 1996) and learning 

disabilities (Matsuishi and Yamashita, 1999), with recent interest in the identification of 

biomarkers of aggression in children (Hagenbeek et al., 2020). The validity of urinary 

neurotransmitter/metabolite analysis has been criticised. Monoamines exist and have 

various functions extracranialligy exclusive of acting as neurotransmitters and as a result, 

they may not accurately reflect CSF levels of such compounds (Hinz et al., 2010, Kharrazian, 

2011). However, a study by Lynn-Bullock et al. (2004) demonstrated the mirroring of 5-HT, 

5-HTP and 5-HIAA in brain and urine. In addition, the usefulness of ”spot testing” has been 

questioned given fluctuations in the levels of such compounds in the urine in a given 

individual (Hinz et al., 2011a, Hinz et al., 2011b). 

In dogs there has been much interest in measuring compounds in blood and urine from a 

range of neurotransmitters systems. Various studies have highlighted links between 
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serotonin levels and behaviour, especially in problems relating to aggressive behaviour, 

highlighting the value of testing the relationship between compounds involved in the 

serotonergic system and frustration. Serum serotonin levels were found to be significantly 

lower in aggressive versus non-aggressive dogs (Amat et al., 2013, Çakiroǧlu et al., 2007, 

Weber et al., 2018), and anxious versus non-anxious dogs (with no difference between 

anxious and aggressive dogs) (Weber et al., 2018). Alberghina et al. (2017) found a positive 

correlation between serum serotonin and sociability towards humans in shelter dogs 

(Alberghina et al., 2017). In contrast, a study by (Riva et al., 2008) found higher levels of 

serum 5HT and DA in the ‘anxious’ group, compared to non-anxious dogs, with no 

differences between groups in levels of NA, 5-HIAA, DOPAC or L-DOPA. Recent 

metabolomics work establishing the potential role for dogs as models for studying ADHD 

in children has identified metabolites of the kynurenine pathway as correlates of ADHD like 

signs in dogs (Puurunen et al., 2016). Given the potential link between ADHD and 

frustration tolerance in children (Seymour et al., 2016, Seymour and Miller, 2017), 

investigating the relationship between the kynurenine pathway and the CFQ in dogs is of 

interest.  

When considering studies assessing urinary levels of neurotransmitters in dogs, Alberghina 

et al. (2019) found fluctuations in urinary serotonin and cortisol occurred in shelter dogs 

varying with time of day and social interactions. However, in other studies the usefulness 

of spot testing has been demonstrated: higher impulsivity (as measured by the Dog 

Impulsivity Assessment Scale (DIAS)) negatively correlated with levels of urinary 5-HIAA and 

5-HIAA/HVA ratio (Wright et al., 2012);  significant differences in urinary monoamine levels 

have been identified in behaviourally healthy dogs when at home compared to when 

deemed to be in a stressful situation, i.e. kennelled (Albright, 2017).  

Aims and hypotheses 

The primary aim of the current study was to demonstrate convergent validity between the 

CFQ, and physiological variables that were expected to differ with different levels of 

frustration. It was hypothesised that pre- to post-behaviour test battery changes in salivary 

cortisol would be greater in those dogs experiencing greater arousal during frustration, and 

that this measure would correlate with the CFQ and vocalising measures from the full test 
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battery in Chapter 4. Given previously published literature, it was not expected that 

absolute pre-test salivary cortisol levels would be informative about frustration tendencies 

alone, however associations for this would be tested: any dogs with pre-test cortisol levels 

greater than that considered the threshold for ‘stress’, i.e. >4ng/ml (de Carvalho et al., 

2020, Di Nardo et al., 2016), would be excluded from analysis, as these would reflect high 

arousal immediately before testing (i.e. prior to entering the test room and habituation), 

which could influence the assessment of cortisol change in response to the frustration 

tests. As well as cortisol change, CFQ scores and vocalising measures would be compared 

between those dogs grouped by post-test cortisol of above or below 4ng/ml if sufficient 

numbers comprised each group. Additionally, pre-test to post-test cortisol change would 

be compared between those dogs with and those without a heart rate monitor during 

testing to examine for any effect of this equipment use during the study or possible 

selection bias.  

Secondary aims include the exploration of the relationship between the CFQ and other 

neurophysiological measures. Average values of six selected HRV measures (LF:HF ratio; 

mean RR; SDNN; RMSSD; RMSSD: SDNN ratio; pNN50%) taken across the entire test battery 

would be tested for associations with the CFQ and vocalising measures across all tests. In 

addition, single behaviour tests where selected behavioural measures correlated with PC2-

5 in Chapter 4, would also be tested for associations with the six HRV measures from the 

time segment related to that individual test. Given the ambiguous findings in other studies, 

no specific hypotheses were formulated, therefore analyses should be considered 

exploratory. However, it was broadly expected that more frustrated dogs as measured by 

the CFQ and/or behaviour tests would have HRV suggestive of increased SNS activation and 

reduced PNS activation. Finally, the relationship between urinary 

neurotransmitters/metabolite levels and CFQ scores would be assessed to provide 

potential insights into the neurophysiological correlates of frustration. The testing of these 

associations was considered exploratory therefore no hypotheses were formulated. 

However, it was expected that urinary cortisol levels would be higher in more frustrated 

dogs as measured by the CFQ. DIAS scores obtained from the same dogs would be tested 

for associations with 2 measures (5HIAA and HVA) as reported in a previous study by Wright 
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et al. (2012), in order to assess whether the subjects tested demonstrated a comparable 

relationship between these measures and impulsivity.   

5.2  Materials and Methods 

5.2.1 Ethical approval  

This study was granted ethical approval by the College of Science Research Ethics 

Committee, University of Lincoln (reference CoSREC490). 

5.2.2 Subjects and test protocol 

From the population of dogs recruited for the study described in Chapter 4, a subset of 

owners consented to the collection of a range of physiological measures, alongside 

behavioural testing and psychometric scale completion. Details of the recruitment of 

subjects, test room set-up, and behaviour test schedule are covered in Chapter 4.  

Physiological measures comprised salivary cortisol, heart rate variability and assessment of 

a panel of urinary neurotransmitters/metabolites. Details of the collection and analysis of 

each are described below. All laboratory analyses were performed at Joseph Banks 

Laboratories, University of Lincoln (urine in December 2019; saliva in January 2020). 

5.2.3 Salivary cortisol  

Pre-test saliva samples were taken after habituation, immediately before commencing the 

battery of behaviour tests; post-test saliva samples were collected 2 minutes after the end 

of the test battery (as per the protocol used in de Carvalho et al. (2020)). Saliva was 

collected using sterile flocked nylon swabs (Swabs, flocked plain, Thermo Scientific™ 

Sterilin™ flocked plain swab, Thermo Scientific, UK; Cat.no. 11399173). Food treats were 

held in the experimenters left hand to encourage the dog to approach/sniff the hand and 

to stimulate saliva production. A swab was gently inserted into the buccal pouch and rolled 

around for approximately 5-10 seconds or until saliva was evident on the swab tip. The 

swab was instantly resheathed and immediately kept on an ice pack. Within 1 hour, swab 

tips were then cut off into Eppendorf tubes which were labelled to identify the subject’s 

number and whether pre- or post- testing using the suffix ‘a’ or ‘b’ respectively. Labelled 
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Eppendorf tubes were frozen at -20C and transferred to a freezer maintained at -80C within 

24 hours, to be stored until testing.  

At the time of cortisol assessment, swab tips were thawed at room temperature, and 

centrifuged for 10 seconds at 6,000xg. A sterile pipette was then used to harvest the pooled 

saliva from the bottom of the Eppendorf tube. Analysis of cortisol was performed using a 

species independent cortisol enzyme-linked immunosorbent assay (ELISA) kit (DetectX®, 

Arbor Assays, Michigan, USA, Cat. No. X012-1EA). The product protocol for analysing 

salivary cortisol from the samples was followed (Appendix F1). A plate reader (Bio-Rad 

iMarkTM Microplate reader, software MPM 6) used at 450nm as per the ELISA kit 

instructions to generate the results.  

5.2.4 Heart rate variability 

To collect heart rate variability measures, dogs were fitted with a Zephyr Bioharness™ 3 

heart rate monitor (Zephyr, USA). Originally designed for human use, this monitor has been 

extensively used in a range of other species including goats (Baciadonna et al., 2016, Briefer 

et al., 2015), horses (Briefer et al., 2017, Freymond et al., 2015, Norton et al., 2018) cows 

(Lambert and Carder, 2019, Proctor and Carder, 2016) and dogs (de Assis, 2018). The 

harness strap was fitted around the thorax of the dog, with the monitor module positioned 

behind the point of the left elbow. The strap containing the sensors was adjustable allowing 

use in dogs approximately >12kg. Whilst shaving the fur of dogs would improve the reading, 

this was not considered due to concerns that owners may be less likely to consent to their 

dogs’ enrolment in the study. Instead, aqueous ultrasound gel (Konix© Ultrasound Gel, 

Turkuaz Ltd., Istanbul, Turkey) was used to improve contact between the dog and sensors 

within the harness.  

The heart rate monitor was fitted immediately before pre-test saliva sampling and removed 

after post-test saliva sampling. Data were downloaded from the monitor module and the 

time/date signature was used to assign the canine subject’s number accordingly. Data were 

analysed using Kubios HRV Premium software (Kubios Oy, Finland) compatible with 

measures from the Zepyhr Bioharness™ 3 heart rate monitor used. The heart rate monitor 

collected a range of physiological measures and both frequency domain (LF:HF ratio) and 

time domain (mean RR; SDNN; RMSSD; RMSSD: SDNN ratio; pNN50%) were selected for 
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assessment due to their utility as indices of SNS and PNS activity in other published studies. 

Spectral analysis yields three frequency domain parameters, and frequency ranges were 

selected due to their use by Jonckheer-Sheehy et al. (2012) in the validation of a different 

heart rate monitor in dogs using the same Kubios software. Frequency ranges were as 

follows: very low frequency (VLF, <0.04Hz), low frequency (LF, 0.04-0.15Hz) and high 

frequency (HF, 0.15-0.60Hz). Fast Fourier Transform was performed automatically within 

the Kubios software to enable power spectral density analysis used for calculating LF:HF 

ratio.  

To approximately align collected video footage with obtained heart rate measures, the 

monitor module was turned on at the same time as the GoPro remote control commenced 

the filming of the behaviour. To precisely extract the time segments of heart rate measures 

with each individual behavioural test, movement within video footage (e.g. transition from 

stand to sit) was assessed and time synchronised with the associated posture change 

(measured in degrees) from the heart rate monitor data. 

5.2.5 Urinary neurotransmitters/metabolites  

A mid-stream free catch urine sample was collected from each dog, with some urine 

samples taken before, and some after behaviour testing in different dogs. Given the 

relatively short duration of the test battery (around 35 minutes) it was not deemed 

essential to standardise the timing of urine collection in relation to the test battery 

particularly, as only the relationship between levels of urinary 

neurotransmitters/metabolites and CFQ measures were being explored. Urine was 

immediately transferred into a sterile 15ml screw top conical tube containing 0.5ml of 1M 

hydrochloric acid as a preservative. Sealed tubes were then immediately kept on ice, frozen 

at -20C within 1 hour of collection, and transferred to a freezer maintained at -80C within 

24 hours, to be stored until testing.  

A total of 16 compounds were assessed from the urine samples. Nine of these compounds 

were selected due to their action as neurotransmitters: Serotonin (5HT); Dopamine (DA); 

Noradrenaline (NA); Adrenaline (Adr); Gamma aminobutyric acid (GABA); Glutamate (Glu)); 

or as metabolites of those neurotransmitters: 5-Hydroxyindoleacetic acid (5HIAA); 
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Homovanillic acid (HVA); 3,4-dihydroxy phenyl acetic acid (DOPAC) as detailed in Table 

4.5-1. 

 

Neurotransmitter 

system 

Neurotransmitter 

measured  
Metabolite measured 

Serotonergic 

system 
Serotonin (5HT) 5-Hydroxyindoleacetic acid (5HIAA) 

Dopaminergic 

system 
Dopamine (DA) 

Homovanillic acid (HVA) 

3,4-dihydroxy phenyl acetic acid (DOPAC) 

Sympathetic-

adrenal-medullary 

system 

Noradrenaline (NA) 

Adrenaline (Adr) 
- 

GABAergic system 

Gamma 

aminobutyric acid 

(GABA) 
- 

Glutamatergic 

system 
Glutamate (Glu) - 

Table 4.5-1 Relationship between the neurotransmitter system and the 9 neurotransmitters and metabolites 
measured in the urine of dogs 

 

Given the reported relevance of the serotonergic system in behaviour and cognition (see 

Introduction), 5/16 additional compounds were included in the analysis: the essential 

amino acid L-tryptophan (TRP), which act as a precursor to serotonin synthesis, and 4 

metabolites of TRP degraded via the Kynurenine pathway: L-kynurenine (L-Kyn); Kynurenic 

acid (KA); 3-hydroxy-DL-Kynurenine (3HKyn); 3-hydroxy anthranilic acid (3HAA) (Chen and 

Guillemin, 2009). 

The final two compounds assessed from the urine samples were: cortisol (as a measure of 

HPA activation), and creatinine measured in order to normalise values of all other 

compounds to urinary creatinine concentration. Dopamine-d4 (DA-d4) was used as an 

internal standard.   
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At the time of analysis of urine, samples were thawed at room temperature. Liquid 

chromatography–mass spectrometry (LC-MS) was performed (UltiMate™ 3000 and TSQ 

Endura™ Triple Quadrupole, Thermo Fisher Scientific, UK) for the targeted assay of a range 

of compounds from the urine samples using a protocol developed at Joseph Banks 

Laboratories, University of Lincoln, UK (described in Appendix F2). Prior to analysis of the 

samples a run of four ‘blank’ samples was performed to ensure the system was free of 

contamination, before a system suitability test (SST) with 3 identical samples containing a 

known mixture of chemical standards. Next, the standard gradient was run, comprising 14 

samples. In order to monitor stability over the course of the analysis, a pooled canine urine 

sample acting as a quality control (QC) was tested at the beginning of analysis then every 8 

samples. 

Following analysis, coefficient of variance (CV) was calculated from the mean and standard 

deviations for the SST samples and QC samples. CV values of <15% have been suggested 

for drug detection thresholds by the Food and Drugs Agency for establishing instrument 

performance prior to use  (for SST) and stability during analysis (for QC), with up to 20% 

acceptable where levels are reaching the limit of quantification (Briscoe et al., 2007, Food 

and Administration, 2001). To generate a calibration curve for each analyte, regression with 

a least-squares fit was conducted using the ratio of the peak area to that of the internal 

standard (DA-d4). 

5.2.6 Statistical Analysis 

All statistical analyses were conducted using IBM SPSS Version 25. Data were evaluated 

visually and tested for normality with Kolmogorov-Smirnov tests. Parametric tests were 

considered where normality was established, with non-parametric analyses performed 

where such assumptions were not met. Values for all subsequent tests were deemed 

significant at the p<0.05 level. For all correlational analysis, values of 0.5-1.0 were deemed 

‘strong’, 0.3-0.49 deemed ‘moderate’, and <0.299 weak.   

To test the hypothesis that changes in salivary cortisol during the test battery would be 

associated with CFQ OQS/PC scores and vocalising measures, Spearman’s correlation 

coefficient was used. Associations were also tested between CFQ OQS/PC scores and 

absolute salivary cortisol levels, both pre-test and post-test. Mann Whitney tests were used 
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to test for differences in CFQ OQS/PCs in dogs grouped by post-test cortisol levels less or 

greater than 4ng/ml, as well as differences in changes in salivary cortisol between those 

dogs with/without a heart rate monitor during testing. 

For heart rate variability, Spearman’s correlation coefficient was used to explore the 

relationship between CFQ OQS/PCs, total vocalising measures from the behaviour test 

battery, and 6 HRV measures combined from all behaviour tests (mean RR; LF:HF ratio; 

SDNN; RMSSD; RMSSD: SDNN ratio; pNN50%). In addition, those PC and individual 

behaviour test measures used for validation in Chapter 4 were tested for correlations with 

those 6 HRV measures from that individual test time segment (i.e. CFQ PC2/Test 2 Lunging 

frequency/Test 2 HRV measures; CFQ PC3/Test 3 Vocalising frequency/Test 3 HRV 

measures; CFQ PC4/Test 6a6b Scratching gate frequency/Test 6a6b HRV measures; CFQ 

PC5/Test 5 Vocalising frequency/Test 5 HRV measures).                           

Spearman’s correlation coefficient was also used to explore the relationship between CFQ 

OQS/PCs, and the panel of urinary neurotransmitters and metabolites tested, as well as 

urinary cortisol. Correlational analysis was also performed between DIAS scores and DIAS 

and the two measures 5HIAA and HVA.  

5.3 Results 

5.3.1 Subjects and demographics 

Of the 44 dogs recruited and tested (see also Chapter 4 for same population), a subset of 

owners consented to the collection of saliva, use of the heart rate monitor and collection 

of a urine sample. Demographic details of the dogs, including which of the physiological 

measures each dog contributed to, are shown in Appendix F3.  

5.3.2 Salivary cortisol 

All 44 owners consented to attempted collection of saliva samples, with successful 

collection of paired samples from 39 dogs. Saliva collection was attempted but abandoned 

in the remaining five dogs due to refusal to willingly approach the researcher at the time 

of pre-test sampling. A sufficient volume of saliva was yielded from all swabs, therefore 

pre- and post-test salivary cortisol levels were obtained for 39 dogs. 
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Visual assessment of histograms of cortisol levels in the 39 dogs and Kolmogorov-Smirnov 

tests revealed that pre-test, post-test and pre- to post-test change in cortisol levels were 

non-normally distributed (p<0.05). As in Chapter 4, CFQ OQS, PC2, PC3, PC4 scores were 

normally distributed (p>0.05) whereas PC1 and PC5 were non-normally distributed 

(p<0.05). Non-parametric tests were therefore used for statistical analysis thereafter. 

Pre-test cortisol levels were greater than that considered the threshold for ‘stress’ 

(>4ng/ml (de Carvalho et al., 2020, Di Nardo et al., 2016) for 17/39 dogs and these were 

excluded from further analysis. For the remaining 22 dogs, median salivary cortisol levels 

varied: pre-test 2.9ng/ml (range 0.20 to 3.81ng/ml); post-test 3.04ng/ml (range 0.90 to 

6.90); pre-test to post test-change 0.43ng/ml (range -2.59 to +6.70ng/ml).   

Correlational analysis between CFQ OQS/PCs, vocalising measures and pre-test salivary, 

post-test salivary cortisol and change in salivary cortisol levels was then performed (Table 

4.5-2). There were significant positive correlations between CFQ PC5 (‘Frustration coping’) 

and both post-test cortisol (Spearman’s r=0.477, p=0.025), and pre-test to post-test change 

in cortisol (Spearman’s r=0.525, p=0.012) which is shown in Figure 4.5-1. There were no 

significant associations between the other measures.   
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Salivary cortisol levels 

Pre-test Post-test 
Pre-test to post-test 

change 

CFQ OQS 

Corr. 0.132 0.296 0.280 

Sig. 0.560 0.180 0.207 

N 22 22 22 

CFQ PC1 

Corr. 0.143 -0.053 0.019 

Sig. 0.524 0.816 0.932 

N 22 22 22 

CFQ PC2 

Corr. 0.384 0.182 0.075 

Sig. 0.078 0.418 0.739 

N 22 22 22 

CFQ PC3 

Corr. 0.069 0.383 0.329 

Sig. 0.759 0.078 0.135 

N 22 22 22 

CFQ PC4 

Corr. -0.007 0.346 0.319 

Sig. 0.975 0.115 0.148 

N 22 22 22 

CFQ PC5 

Corr. -0.156 0.477* 0.525* 

Sig. 0.489 0.025 0.012 

N 22 22 22 

Vocalising – 

total number of 

tests 

Corr. 0.080 0.394 0.373 

Sig. 0.730 0.077 0.095 

N 21 21 21 

Vocalising – 

total frequency 

across all tests 

Corr. 0.113 0.360 0.377 

Sig. 0.625 0.109 0.092 

N 21 21 21 

Table 4.5-2 Spearman’s rank order correlations between Canine Frustration Questionnaire (CFQ) overall 
questionnaire score (OQS) and principal component (PC) scores, vocalising measures from behaviour test 
battery and cortisol levels:(pre-test, post-test and pre-test to post-test change (values in bold *significant at 
p<0.05 level). PC1 (‘General frustration’); PC2 (‘Barrier frustration / perseverance’); PC3 (‘Unmet 
expectations’); PC4 (‘Autonomous control’); PC5 (‘Frustration coping’). 
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Figure 4.5-1 Simple scatter plot of CFQ PC5 (‘Frustration coping’) score and pre-test to post-test cortisol 
change (ng/ml) 
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Median scores for CFQ OQS/all PCs, as well as vocalising measures were greater in the 

group of dogs with post-test cortisol >4.0ng/ml (n=7) compared with those with levels 

<4.0ng/ml (n=15) (Table 4.5-3). Mann-Whitney tests revealed that this difference was 

significant for CFQ PC5, and total number of tests where vocalising was observed. 

  

Measure 

Median Score 

Mann 

Whitney 

U 

Z 

Exact 

sig. (2 

tailed) 

Post-test 

cortisol 

<4.0ng/ml 

group 

(n=15) 

Post-test 

cortisol 

>4.0ng/ml 

group 

(n=7) 

CFQ OQS 0.45 0.51 31.500 -1.482 0.138 

CFQ PC1 0.44 0.40 52.500 0.000 1.000 

CFQ PC2 0.55 0.70 32.000 -1.450 0.147 

CFQ PC3 0.55 0.65 35.000 -1.241 0.214 

CFQ PC4 0.32 0.44 31.500 -1.491 0.136 

CFQ PC5 0.40 0.53 21.500 -2.219 0.027* 

Vocalising – total 

number of tests 
3.0 7.0 17.500 -2.156 0.031 

Vocalising – total 

frequency (all tests) 
10.0 110.5 26.000 -1.481 0.139 

Table 4.5-3 Comparison of Canine Frustration Questionnaire (CFQ) overall questionnaire score (OQS) and 
principal component (PC) scores and vocalising measures from behaviour test battery between 'post-test 
cortisol <4.0ng/ml group’ and 'post-test cortisol >4.0ng/ml group’ using Mann Whitney tests (values in bold 
*significant at p<0.05 level).  PC1 (‘General frustration’); PC2 (‘Barrier frustration / perseverance’); PC3 
(‘Unmet expectations’); PC4 (‘Autonomous control’); PC5 (‘Frustration coping’). 

 

A Mann-Whitney test revealed there were no significant differences in pre- to post-test 

change in salivary cortisol levels between dogs with (n=26) and without (n=13) the heart 

rate monitor (U= 139.00, z=-0.894, p=0.384). 

5.3.3 Heart rate variability 

Of the 44 dogs tested, the heart rate monitor was used in 26 of these dogs. Reasons for the 

heart rate monitor not being used in the other 18 dogs were: dogs weighed less than 12kg 

(n=10); owner consent was not provided (n=5); dog was fearful/avoidant of the harness 
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(n=3). Of the 26 dogs where the heart rate monitor was used, 6 dogs were excluded where 

heart rate confidence was <20% across all tests.   

Dogs were assessed for inclusion where artefacts were <10% across all tests combined (for 

analysis with CFQ OQS and other overall behavioural test measures), leaving 16 dogs in the 

final sample to be analysed.  

Additionally, for analysis of single behaviour tests and selected PCs, dogs were included 

where artefacts were <10% for each individual test: where 10 or more dogs were present 

with sufficiently good quality heart rate monitor readings, data were considered for 

inclusion in the correlational analysis (Table 4.5-4).  

 

Behaviour 

Test  

CFQ 

component  

Dogs with 

artefacts 

>10% 

Dogs excluded 

for other 

reasons 

Number of 

dogs for 

analysis 

Analysis 

performed 

All tests  OQS/       all 

PCs 

4 1 (missing data 

for 2 tests)  

15 Yes 

Test 2 PC2 5 0 15 Yes 

Test 3 PC3 5 0 15 Yes 

Tests 6a/6b PC4 8 0 12 Yes 

Test 5 PC5 6 0 14 Yes 

Table 4.5-4 Reasons for exclusion of dogs from final analysis where heart rate monitor was used, Canine 
Frustration Questionnaire (CFQ). Test 2 (dogs unable to access a range of items); Test 3 (delay in the dog 
leaving the room); Tests 6a/6b (dog separated from experimenter); Test 5 (dogs unable to access food). PC2 
(‘Barrier frustration / perseverance’); PC3 (‘Unmet expectations’); PC4 (‘Autonomous control’); PC5 
(‘Frustration coping’). 

  

For the 16 dogs where the heart rate monitor was used, evaluation of histograms and 

Kolmogorov-Smirnov tests of CFQ/PCs, HRV measures and behavioural test measures 

revealed both normally and non-normally distributed data. Non-parametric tests were 

therefore used for statistical analysis. 

Assessment of the distribution of frequencies of the selected single behavioural test 

measures were examined to assess suitability for correlational analysis with HRV measures 

and CFQ PC2-5. Of the 12 dogs included for analysis in Test 6a/6b, only 1 dog displayed the 

‘scratching gate’ behaviour. Of the 13 dogs included for analysis in Test 5, only 3 dogs 
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‘vocalised’. These behavioural test data were insufficient for the proposed correlational 

analysis which was therefore not performed. There were sufficient dogs displaying the 

other selected behavioural test measures to permit correlational analysis with HRV 

alongside the CFQ scores. 

Correlational analysis between CFQ OQS/PCs, total vocalising measures from the behaviour 

test battery, and the 6 selected HRV measures combined from all behaviour tests were 

performed (Table 4.5-5). There was a strong negative correlation between pNN50% and 

both CFQ PC5 (‘Frustration coping’) (Spearman’s r= -0.572, p=0.026), and total number of 

tests where vocalising occurred (Spearman’s r= -0.523, p=0.046) shown in Figure 4.5-2 and 

Figure 4.5-3 respectively. There was also a significant strong negative correlation between 

RMSSD:SDNN and total number of tests where vocalising occurred (Spearman’s r= -0.517, 

p=0.048) (Figure 4.5-4). There were no significant associations between the other 

measures.   
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Heart rate variability measure – all tests 

Mean 

RR 

(ms) 

LF:HF  

ratio 

SDNN 

(ms) 

RMSSD 

(ms) 

RMSSD: 

SDNN 

ratio 

pNN50%  

CFQ OQS 

Corr. 0.132 -0.433 0.063 0.005 0.156 -0.106 

Sig. 0.638 0.107 0.825 0.985 0.580 0.708 

N 15 15 15 15 15 15 

CFQ PC1 

Corr. 0.098 -0.225 -0.066 -0.120 -0.050 -0.252 

Sig. 0.729 0.421 0.814 0.671 0.860 0.364 

N 15 15 15 15 15 15 

CFQ PC2 

Corr. 0.174 -0.400 0.052 0.014 0.126 -0.034 

Sig. 0.535 0.139 0.854 0.959 0.655 0.904 

N 15 15 15 15 15 15 

CFQ PC3 

Corr. -0.004 -0.348 -0.111 -0.133 0.108 -0.194 

Sig. 0.990 0.204 0.693 0.637 0.703 0.489 

N 15 15 15 15 15 15 

CFQ PC4 

Corr. 0.299 -0.258 0.354 0.403 0.476 0.270 

Sig. 0.278 0.354 0.196 0.136 0.073 0.330 

N 15 15 15 15 15 15 

CFQ PC5 

Corr. -0.226 0.196 -0.436 -0.391 -0.155 -0.572* 

Sig. 0.419 0.485 0.104 0.149 0.582 0.026 

N 15 15 15 15 15 15 

Vocalising – total 

frequency (all tests) 

Corr. -0.310 -0.151 -0.243 -0.355 -0.413 -0.328 

Sig. 0.260 0.590 0.382 0.194 0.126 0.232 

N 15 15 15 15 15 15 

Vocalising – total 

number of tests  

Corr. -0.360 -0.057 -0.376 -0.486 -0.517* -0.523* 

Sig. 0.188 0.841 0.167 0.066 0.048 0.046 

N 15 15 15 15 15 15 

Table 4.5-5 Spearman’s rank order correlations between Canine Frustration Questionnaire (CFQ) overall 
questionnaire score (OQS) and principal component (PC) scores, vocalising measures from behaviour test 
battery and selected combined HRV measures from all behaviour tests within the battery (mean RR; LF:HF 
ratio; SDNN; RMSSD; RMSSD:SDNN; pNN50%) (values in bold *significant at p<0.05 level). PC1 (‘General 
frustration’); PC2 (‘Barrier frustration / perseverance’); PC3 (‘Unmet expectations’); PC4 (‘Autonomous 
control’); PC5 (‘Frustration coping’). 
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Figure 4.5-2 Simple scatter plot of CFQ PC5 score and combined HRV measure pNN50% from all behaviour 
tests within the battery  

 

 

Figure 4.5-3 Simple scatter plot of number of tests where vocalising occurred and combined HRV measure 
pNN50% from all behaviour tests within the battery 
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Figure 4.5-4 Simple scatter plot of number of tests where vocalising occurred and combined HRV measure 
RMSSD:SDNN ratio from all behaviour tests within the battery 

 

There were no significant correlations between HRV measures from individual tests and 

their corresponding CFQ PC nor behavioural test measure where such analysis was 

performed (Table 4.5-6 to Table 4.5-9). 
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Heart rate variability measure – test 2 

Mean 

RR (ms) 

LF:HF  

ratio 

SDNN 

(ms) 

RMSSD 

(ms) 

RMSSD: 

SDNN 

ratio 

pNN50%  

CFQ PC2 

Corr. -0.152 0.093 -0.237 -0.152 -0.287 -0.212 

Sig. 0.587 0.741 0.396 0.587 0.300 0.449 

N 15 15 15 15 15 15 

Test 2                                   

Lunging frequency 

Corr. -0.031 0.308 0.007 -0.052 -0.321 -0.144 

Sig. 0.912 0.264 0.979 0.855 0.244 0.609 

N 15 15 15 15 15 15 

Table 4.5-6 Spearman’s rank order correlations between Canine Frustration Questionnaire (CFQ) principal 
component (PC2) scores, lunging frequency (behaviour Test 2) and selected HRV measures from behaviour 
test 2 (mean RR; LF:HF ratio; SDNN; RMSSD; RMSSD:SDNN; pNN50%). Test 2 (dogs unable to access a range 
of items); PC2 (‘Barrier frustration / perseverance’).  

 

 

 

 

 

Heart rate variability measure – test 3 

Mean 

RR 

(ms) 

LF:HF  

ratio 

SDNN 

(ms) 

RMSSD 

(ms) 

RMSSD: 

SDNN 

ratio 

pNN50%  

CFQ PC3 

Corr. 0.171 0.390 -0.004 -0.065 -0.203 0.113 

Sig. 0.543 0.151 0.990 0.819 0.468 0.688 

N 15 15 15 15 15 15 

Test 3                                 

Vocalising frequency 

Corr. -0.045 0.068 -0.101 -0.081 0.045 -0.025 

Sig. 0.875 0.810 0.721 0.773 0.875 0.929 

N 15 15 15 15 15 15 

Table 4.5-7 Spearman’s rank order correlations between Canine Frustration Questionnaire (CFQ) principal 
component (PC3) scores, vocalising frequency (behaviour Test 3) and selected HRV measures from behaviour 
test 3 (mean RR; LF:HF ratio; SDNN; RMSSD; RMSSD:SDNN; pNN50%). Test 3 (delay in the dog leaving the 
room); PC3 (‘Unmet expectations’). 
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Heart rate variability measure – test 6a/6b 

Mean 

RR 

(ms) 

LF:HF  

ratio 

SDNN 

(ms) 

RMSSD 

(ms) 

RMSSD: 

SDNN 

ratio 

pNN50%  

CFQ PC4 

Corr. -0.057 -0.348 -0.121 -0.149 0.071 -0.071 

Sig. 0.861 0.268 0.709 0.644 0.827 0.827 

N 12 12 12 12 12 12 

Test 6a/6b                       

Scratching gate 

frequency 

Corr. 
Not performed due to insufficient frequency of behaviour of 

interest in population 
Sig. 

N 

Table 4.5-8 Spearman’s rank order correlations between Canine Frustration Questionnaire (CFQ) principal 
component (PC4) scores and selected HRV measures from behaviour tests 6a/6b (mean RR; LF:HF ratio; 
SDNN; RMSSD; RMSSD:SDNN; pNN50%). Tests 6a/6b (dog separated from experimenter); PC4 (‘Autonomous 
control’).  

 

 

 

 

 

 

Heart rate variability measure – test 5 

Mean 

RR (ms) 

LF:HF  

ratio 

SDNN 

(ms) 

RMSSD 

(ms) 

RMSSD: 

SDNN 

ratio 

pNN50%  

CFQ PC5 

Corr. -0.028 -0.173 -0.253 -0.244 -0.127 -0.138 

Sig. 0.925 0.555 0.383 0.401 0.666 0.638 

N 14 14 14 14 14 14 

Test 5                                

Vocalising frequency 

Corr. 
Not performed due to insufficient frequency of behaviour of 

interest in population 
Sig. 

N 

Table 4.5-9 Spearman’s rank order correlations between Canine Frustration Questionnaire (CFQ) principal 
component (PC5) scores and selected HRV measures from behaviour test 5 (mean RR; LF:HF ratio; SDNN; 
RMSSD; RMSSD:SDNN; pNN50%). Test 5 (dogs unable to access food; PC5 (‘Frustration coping’). 
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5.3.4 Urinary neurotransmitters/metabolites 

Urine samples were obtained from 36 of the 44 dogs tested. Results were obtained for the 

panel of 14 neurotransmitters and metabolites plus cortisol and creatinine for all 36 dogs. 

Due to equipment error at the end of analysis, viable results were obtained for the 

compound L-Kyn for the first 29 dogs.  

Values for each compound for SST, QC are shown in Appendix F4. SST CV of <15% was 

achieved for all compounds. For QC samples, CV <15% was obtained for 10/15 compounds 

(>15% for: 3HAA (16.76%); DA (25.65%); 5HT (18.04%); 5HIAA (17.07%); Cortisol (16.34%)). 

All compounds were taken forward for further analysis, however the results of DA, with QC 

CV >20% should be interpreted with more caution.  

For STD samples, regression analysis demonstrated a linear relationship with average r2 

values >0.99 across all compounds (see Appendix F4). Results for each compound within 

urine samples was within the range of the STD calibration curve for all compounds except 

glutamate, where urine sample levels greatly exceeded those used to generate the 

standard curve. Glutamate was therefore excluded from further analysis as the linear 

relationship of the STD curve at that increased level could not be established. 

Results from 10 dogs were excluded from further analysis due to current use of medications 

and/or supplements which could potentially alter the levels of the urinary panel.  

Visual assessment of histograms and Kolmogorov-Smirnov tests of CFQ/PCs, and urinary 

neurotransmitters/metabolites revealed both normally and non-normally distributed data. 

Non-parametric tests were therefore used for statistical analysis. Correlational analysis 

between CFQ OQS/PCs, and the panel of neurotransmitters and metabolites, as well as 

urinary cortisol were performed (Table 4.5-10).  

For compounds within the dopaminergic system there were moderate positive correlations 

between: CFQ OQS/PC4/PC5 and DA; CFQ OQS/PC4 and HVA levels. There were no 

associations with DOPAC. For GABA, there were moderate positive correlations with CFQ 

OQS/PC1/PC4/PC5. For compounds within the serotonergic system, there were moderate 

positive correlations between: CFQ OQS/PC1 and 5HIAA; there was no association with 

5HT. For compounds within the sympathetic-adrenal-medullary system, there were no 
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associations between CFQ scores and NA or A. For compounds within the kynurenine 

pathway, there were moderate positive correlations between: CFQ OQS/PC1/PC4/PC5 and 

TRP; CFQ OQS/PC5 and KA; CFQ OQS/PC1 and 3Hkyn; CFQ PC5 and 3HAA. There was no 

association between CFQ scores and L-Kyn. As expected, there was a moderate positive 

correlation between CFQ measures (OQS, PC4, PC5) and urinary cortisol.  

For associations between DIAS OQS/Factors 1-3 and the measures HVA and 5HIAA: there 

was a moderate positive correlation between DIAS Factor 1 and HVA (Spearman’s r=0.412, 

p=0.04). Whilst there were no significant associations between 5HIAA and DIAS OQS 

(Spearman’s r=0.355, p=0.08) and DIAS Factor 1 (Spearman’s r=0.372, p=0.07), the 

direction of the relationship was positive. 
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 DA HVA DOPAC GABA 5HT 5HIAA TRP KA 3Hkyn 
L-

Kyn 
3HAA NA Adr Cortisol 

CFQ OQS 

Corr. 0.479* 0.411* 0.146 0.442* 0.308 0.432* 0.435* 0.418* 0.393* 0.342 0.386 0.304 0.351 0.479* 

Sig. 0.013 0.037 0.477 0.024 0.126 0.027 0.027 0.034 0.047 0.152 0.051 0.131 0.079 0.013 

N 26 26 26 26 26 26 26 26 26 19 26 26 26 26 

CFQ PC1 

Corr. 0.341 0.336 0.086 0.403* 0.206 0.467* 0.462* 0.328 0.391* 0.368 0.354 0.212 0.225 0.341 

Sig. 0.088 0.093 0.677 0.041 0.313 0.016 0.017 0.101 0.048 0.121 0.076 0.298 0.268 0.088 

N 26 26 26 26 26 26 26 26 26 19 26 26 26 26 

CFQ PC2 

Corr. 0.319 0.195 -0.024 0.116 0.119 0.263 0.164 0.296 0.146 0.031 0.192 0.043 0.187 0.319 

Sig. 0.113 0.341 0.906 0.573 0.563 0.194 0.425 0.142 0.477 0.9 0.346 0.835 0.361 0.113 

N 26 26 26 26 26 26 26 26 26 19 26 26 26 26 

CFQ PC3 

Corr. 0.318 0.258 0.026 0.321 0.248 0.185 0.253 0.235 0.152 0.011 0.29 0.19 0.18 0.318 

Sig. 0.113 0.202 0.898 0.11 0.222 0.367 0.213 0.247 0.459 0.963 0.151 0.351 0.38 0.113 

N 26 26 26 26 26 26 26 26 26 19 26 26 26 26 

CFQ PC4 

Corr. 0.448* 0.436* 0.29 0.401* 0.126 0.362 0.414* 0.274 0.354 0.304 0.237 0.303 0.368 0.448* 

Sig. 0.022 0.026 0.151 0.043 0.541 0.069 0.036 0.176 0.076 0.206 0.245 0.132 0.065 0.022 

 26 26 26 26 26 26 26 26 26 19 26 26 26 26 

CFQ PC5 

Corr. 0.472* 0.322 0.059 0.426* 0.289 0.311 0.410* 0.430* 0.35 0.325 0.451* 0.283 0.358 0.472* 

Sig. 0.015 0.109 0.774 0.03 0.152 0.123 0.038 0.028 0.079 0.175 0.021 0.161 0.073 0.015 

N 26 26 26 26 26 26 26 26 26 19 26 26 26 26 
Table 4.5-10 Spearman’s correlational analysis between Canine Frustration Questionnaire (CFQ) overall questionnaire score (OQS) and principal components (PCs), and the 
panel of neurotransmitters and metabolites (Serotonin (5HT); Dopamine (DA); Noradrenaline (NA); Adrenaline (Adr); Gamma aminobutyric acid (GABA); 5-
Hydroxyindoleacetic acid (5HIAA); Homovanillic acid (HVA); 3,4-dihydroxy phenyl acetic acid (DOPAC); L-tryptophan (TRP); L-kynurenine (L-Kyn); Kynurenic acid (KA); 3-
hydroxy-DL-Kynurenine (3HKyn); 3-hydroxy anthranilic acid (3HAA)) and urinary cortisol (values in bold *significant at p<0.05 level). PC1 (‘General frustration’); PC2 (‘Barrier 
frustration / perseverance’); PC3 (‘Unmet expectations’); PC4 (‘Autonomous control’); PC5 (‘Frustration coping’). 
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5.4 Discussion 

This study describes the collection of a suite of carefully selected physiological measures 

taken during the behaviour test battery detailed in Chapter 4, and the analysis of their 

relationship with the CFQ and behaviour test measures. The findings from each 

physiological measure and their relevance to the validation of the CFQ are discussed below.  

5.4.1 Salivary cortisol 

The primary aim of the study was met through the changes in salivary cortisol across the 

test battery positively correlated with ’frustration coping’ (CFQ PC5) scores, demonstrating 

first evidence of convergent validity between this physiological measure of arousal and the 

CFQ. Bolstering confidence in this result, ’frustration coping’ scores were significantly 

higher in those dogs with post-test cortisol levels >4ng/ml, compared to those where levels 

were <4ng/ml - a threshold for ‘stress’ documented in previous studies in dogs (de Carvalho 

et al., 2020, Di Nardo et al., 2016). 

In Chapter 3, the biological interpretation of PC5 from the items comprising it led to the 

label ‘Frustration coping’. It was predicted that dogs scoring highly on ’frustration coping’ 

would struggle to relax and settle when faced with a situation where they cannot achieve 

their goal. From the findings in this chapter, ’frustration coping’ appears to be associated 

most strongly with physiological changes relating to arousal during the behaviour test 

battery undertaken, above other PCs or the OQS. Whilst cortisol increase does not allow 

categorisation of valence of emotion experienced (Moberg, 2000), the fact that the salivary 

cortisol change occurred during a carefully designed frustration test battery, plus the 

finding of a positive correlation between cortisol change and the total number of tests from 

the battery where vocalising occurred suggests convergence between these measures of 

frustration and arousal as expected. 

When assessing the pre-test cortisol levels, 17/39 dogs exceeded the ‘stress’ threshold of 

4ng/ml threshold (de Carvalho et al., 2020, Di Nardo et al., 2016). There are several 

potential reasons for this: factors related to the study environment could have played a 

role in high pre-test cortisol, e.g. fear of the experimenter, owner separation and being in 

a novel environment could all be implicated in increasing arousal (Dreschel et al., 2014). 
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However, all dogs were sufficiently motivated to work for food during the study, and were 

amenable to saliva sampling without restraint, which suggests that significant fear of the 

experimenter was not the primary cause. Whilst it is possible that some dogs have 

persistent elevated salivary cortisol levels, it is also likely that insufficient time to relax after 

travelling, or to habituate to the test room may have contributed to these findings.  To 

overcome this, some studies have assessed baseline cortisol levels at a different time and 

environment where the dog is calm (de Carvalho et al., 2020, Sherman et al., 2015).  A 

limitation of this approach is the potential for a ‘ceiling effect’ – i.e. high baseline cortisol 

levels immediately before testing (which are unknown to the researchers) altering the 

extent to which post-test cortisol may actually change (Kudielka et al., 2004, Molony, 1991, 

Molony and Kent, 1997). If this study were to be repeated in the future, it is suggested that 

the protocol be modified to allow dogs a period of rest following travel, and lengthen the 

period of habituation prior to the test battery, in an attempt to minimise the proportion of 

dogs with high pre-test cortisol levels. Alternatively, owners could be recruited to attend a 

range of habituation visits prior to testing, as undertaken by Beerda et al. (1998) where 

dogs were habituated to the test room over 2 days. Whilst this may reduce the overall 

novelty of the test room, including interactions with the experimenter, such additional time 

commitment required from owners may reduce the likelihood of recruiting sufficient 

subjects for analysis. 

5.4.2 Heart rate variability 

In part fulfilment of the secondary aim, exploratory correlation between CFQ scores and 

HRV measures obtained during the test battery were completed. CFQ PC5 negatively 

correlated with pNN50% measured across all tests: it was expected that high arousal 

associated with increased frustration would be linked with lower parasympathetic activity, 

which pNN50% reflects (Isaacson and Kimble, 1972). Craig et al. (2017), reported pnn50% 

negatively correlated with aggression scores in dogs, and given the link between aggressive 

behaviours and frustration, the finding in this study is consistent with those reported here. 

Furthermore, pNN50% and the ratio of RMSSD to SDNN both negatively correlated with 

the total number of tests in the battery where vocalising occurred, where RMSSD:SDNN 

has previously been shown to negatively correlate with freezing, withdrawing and 
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displacement behaviours during handling (Kuhne et al., 2014). The results from this study 

represent the first documentation of specific HRV signatures established in dogs whilst 

undergoing tests of frustration, and the relationship with the vocalising measure and CFQ 

PC5 suggests that pNN50% and RMSSD:SDNN are promising measures which may help 

assess frustration in future studies.   

However, the findings should be interpreted with caution. It is important to recall the 

challenges of interpreting the relationships between HRV measures across different studies 

as highlighted in the Introduction (5.1), due to a lack of consistency in reported variables, 

as well as contradictory findings in some studies (e.g. Wu et al. (2019) where 

parasympathetic activity was higher in angry human subjects). Given the sample size with 

useable HRV data was small in this study (n=16), the conclusions should be considered 

tentative, and should be confirmed with testing of a larger population. 

Examining the reasons behind the small sample size allows for future modifications to the 

study protocol. Firstly, the Bioharness, designed for humans, has the sensors in the harness 

strap, and is useful for dogs approximately >12kg, therefore dogs smaller than this (n=10) 

were not tested even if the owner was willing to consent to a harness being used. Using an 

alternative heart rate monitor which can be adjusted for small dogs (such as the Polar® 

monitor validated in dogs (Jonckheer-Sheehy et al., 2012)) could overcome this problem. 

Secondly, data quality checks on heart rate confidence (<20%) and artefacts (<10%) 

resulted in the exclusion of a further 10 dogs. For humans, Zephyr (the producers of the 

Bioharness) suggests that with signal artefacts >5%, caution should be placed on 

interpretation. Low confidence and high artefacts can arise due to poor contact which can 

be the result of thick fur impeding a good quality signal, movement of the dog, or 

movement of the harness over the dog (e.g. slipping). Whilst ultrasound gel was used to 

enhance sensor contact, shaving the thorax of tested dogs would be the best solution to 

improve contact. However, given subjects were recruited from an owned dog population, 

it was not considered that this would have been an acceptable option for those owners, 

therefore was not offered. To reduce Bioharness movement, alternative means of firmly 

securing the Bioharness including the use of mesh bandage wound over the top/over the 

thorax could be considered although it should be borne in mind that pressure of such 
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bandaging could itself result in changes to HRV signatures: the Thundershirt®, a canine 

body pressure wrap, has been shown to reduce heart rate increase compared to a control 

group in dogs left alone in a kennel environment, and, body pressure has been shown to 

increase HRV in a dog displaying aggressive behaviours (Williams et al., 2003). Studies 

comparing HRV measures with and without additional bandaging material would be useful 

to elucidate whether there is an effect of this method on the measures of interest. 

Perhaps unsurprising was the lack of identifiable associations between HRV measures 

extracted from single test measures, and the CFQ PC score associated with that measure. 

Only 2/4 behavioural measures could be tested for correlations, with the other excluded 

due to low frequencies of the behaviour of interest in the population where the heart rate 

data was obtained. Although CFQ PC scores could be compared to HRV measures from 

these single behaviour tests, the problem with single test measures being predictive of 

traits as discussed in Chapter 4 (Kline, 1993, Patronek and Bradley, 2016, Taylor and Mills, 

2006) seem also to hold true for the physiological measures here too.  

5.4.3 Urinary neurotransmitters/metabolites 

To complete the secondary aim, exploratory correlation between CFQ scores and the panel 

of urinary neurotransmitters/metabolites and cortisol were completed. The only prediction 

made before analysis was that urinary cortisol would be associated with CFQ measures, 

and this was upheld. The positive correlation with CFQ PC5 adds to the results from the 

salivary cortisol and HRV, suggesting that ‘frustration coping’ is the best measure of arousal 

within the CFQ, although this association was not unique with positive correlations with 

also with CFQ OQS and PC4. It should be remembered that the spot urinary samples 

analysed should reflect cortisol levels over a longer time period where the bladder has filled 

compared to the assessment of more immediate cortisol changes as obtained in the saliva 

(Beerda et al., 1996). The urinary cortisol levels found here are supportive of a more 

prolonged arousal as would be expected with trait level frustration tendencies measured 

by the CFQ. 

For the urinary neurotransmitters/metabolites, the correlation matrix revealed a number 

of interesting potential associations. Positive corrletaions between CFQ measures and DA 



 

180 
 

and HVA suggest a potential relationship between the dopaminergic system and frustration 

tendencies. The association with HVA is consistent with that from a porcine study by 

Melotti et al. (2013) where basal HVA was found to positively correlate with behavioural 

measures of indecisiveness and frustration during a delayed discounting task therefore this 

may reflect underlying frustration tendencies as proposed in this thesis. In dogs, Mills and 

Ledger (2001) have highlighted the association between the dopaminergic system and 

positive incentive motivation in dogs, so the relationship found here may reflect the link 

between positive activation and frustration reported in Chapter 4. For DA, the study by Riva 

et al. (2008) found higher levels in the serum of ‘anxious’ versus ‘non-anxious’ dogs, and 

the findings here suggest a similar relationship between urinary DA levels and frustration 

tendencies as measured by the CFQ. Whilst this suggests that there may be parallels in the 

relationship between urinary DA and both anxiety and frustration, it is important to closely 

assess the ’anxiety’ disorders in the paper by Riva et al. (2008): they comprised a diverse 

range of behavioural presentations including aggressive behaviours, noise phobia and 

compulsive disorders. Whilst anxiety likely played a role in some of these cases, the 

behavioural phenotype of those dog’s tested was too broad in order to draw any specific 

conclusions from the findings, and it is possible and likely that frustration could have been 

playing a role in the presenting problems of these dogs.  

Imbalance between the inhibitory GABAergic system and excitatory glutamatergic system, 

in favour of the latter, have been implicated in both autistic spectrum disorder (ASD) and 

attention deficit hyperactivity disorder (ADHD) in humans (Purkayastha et al., 2015). 

Investigations into ASD have found conflicting results with findings of both elevated 

(Dhossche et al., 2002) and reduced (Gevi et al., 2020) GABA levels. Exploring the balance 

between GABA and glutamate and the relationship with CFQ would be interesting, but 

unfortunately could not be performed due to the issues with generating accurate 

glutamate results (as explained in 5.3.4). This error could easily be modified in the future, 

by ensuring that the concentration of standard samples exceeded those concentrations 

estimated from the samples in this study, therefore the relationship between GABA and 

glutamate could be performed.    
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For the sympathetic-adrenal-medullary system, the lack of association between CFQ scores 

and NA or A are perhaps unsurprising. The compound vanillylmandelic acid (VMA), a 

metabolite of NA and A, has been suggested to be a better indicator of sympathetic arousal 

than either NA or A, with reports of increased levels in the urine of dogs in stressful versus 

relaxed situations (Part et al., 2014). In retrospect, VMA would have been an interesting 

addition to the panel of compounds tested, and it is suggested that it should be included in 

any future panel seeking to assess the SAM system.    

For the serotonergic system, the moderate positive correlation between CFQ OQS/PC1 and 

5HIAA is interesting, as it contrasts with the negative correlation between this metabolite 

of serotonin and impulsivity found by Wright et al. (2012). However, exploration of the 

relationship between DIAS scores and 5HIAA in the subjects tested here reveal a positive 

relationship, although it was non-significant. This suggests that the subjects tested in this 

Chapter have a different relationship between 5HIAA and HVA than those tested in the 

study by (Wright et al., 2012). The direction of the relationship between urinary 5HIAA and 

CFQ/DIAS scores was surprising. CSF levels of 5HIAA (and HVA) have been found to be lower 

in dogs with higher levels of aggressive behaviour, including biting without warning 

(Reisner et al., 1996). However, studies in rats reveal a relationship in the opposite direction 

with a positive association between CSF levels of 5-HIAA and aggressiveness (van der Vegt 

et al., 2003). There was also a lack of any associations between CFQ OQS/PCs and 5HT. This 

is in contrast to the findings by Riva et al. (2008) where 5HT was higher in anxious dogs. It 

is important to note that the studies described here have examined the levels of 5HT and 

5HIAA in individuals demonstrating aggressive behaviours, or those diagnosed with anxiety 

disorder; however, the population of dogs represented here were not reported to have any 

problems with aggressive behaviour, nor were any shown during the behaviour test battery 

in Chapter 4. This may suggest that these dogs had good inhibitory control despite their 

frustration levels. In support of this, the subjects recruited for this study were dogs whose 

owners had volunteered their participation in behaviour research, rather than those from 

a clinical population of dogs with behaviour problems. Additionally, those dogs receiving 

medication for behavioural problems were excluded from the analysis, due to the potential 

to introduce error in the correlational analysis due to the potential for medication induced 

neurotransmitter and metabolite changes. It is suggested that future work quantifies these 
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compounds in urine from dogs with frustration-related behaviour problems to establish 

the nature of the relationship with the CFQ.   

The exploration of compounds of the kynurenine pathway is novel. Most of the findings 

from the canine subjects in this chapter are in line with those reported in children with 

ADHD (Dolina et al., 2014): i.e. higher CFQ scores positively correlated with higher levels of 

TRP, KA, 3HKyn, and were identified in higher levels in children with ADHD compared to 

healthy controls, although L-Kyn which has also been elevated in ADHD did not have an 

association with the CFQ. Differences were seen in the levels of 3HAA, where there was a 

positive correlation with CFQ, but no difference in children with or without ADHD. The 

findings of a positive association between KA and CFQ measures were consistent with the 

relationship reported by Puurunen et al. (2016) between KA and ADHD-like behaviours in 

dogs. Together, these findings are of interest both in understanding the neurochemical 

processes underpinning frustration tendencies and highlighting the potential role that 

canine models may play in understanding ADHD in children. Conversely, established 

psychopharmacological agents used as part of the treatment of ADHD in children may 

inform the selection of medications to be trialled for the treatment of frustration 

intolerance in dogs, discussed further in Chapter 7 where future directions are explored.   

Overall, with advantages of non-invasive sampling, levels of neurotransmitters and their 

metabolites in urine may prove to be useful biomarkers for behavioural problems in clinical 

research. Given the criticism of spot testing of urine for neurotransmitter/metabolite 

analysis as highlighted above (Hinz et al., 2011a, Hinz et al., 2011b), it is suggested that 

multiple serial urine samples are taken from a group of dogs to establish stability of levels 

over the course of a day, and across different days, to confirm the results presented here.  

5.5  Conclusion 

As expected, associations were demonstrated between CFQ measures and salivary cortisol 

change during the test battery, as well as urinary cortisol levels, providing evidence of 

convergent validity between the CFQ and these physiological measures. Furthermore, it 

was found that HRV measures (pNN50% and RMSSD:SDNN) reflecting lower 

parasympathetic activity were associated with increased frustration. Together, the cortisol 
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and HRV findings support the proposed high arousal expected with increased frustration 

during the test battery and associated with the CFQ. The potential associations between 

specific urinary neurotransmitters/metabolites which correlated with the CFQ deserve 

further investigation in the future to elucidate the nature and reliability of the relationship 

revealed here. Moving on from behavioural and physiological correlates of frustration in 

test settings, the validation of the CFQ as a clinical tool is dealt with in the next chapter.  
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Chapter 6 

The application of the Canine 

Frustration Questionnaire in a 

clinical setting: a pilot study 
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6 Overview 

In this chapter, a pilot study was conducted to explore the application of the CFQ in a 

clinical setting. The caseload of a behaviour referral clinic was reviewed, identifying 31 

cases where the CFQ had been completed by owners as part of the initial assessment of 

their dog’s problem behaviour(s). These owners were contacted following treatment to 

complete the CFQ a second time and provide a rating of treatment success. Clinicians were 

asked to independently rate treatment success, plus comment on the degree to which CFQ 

scores reflected the role frustration played in the presenting problem(s). Clinicians also 

provided details on emotional assessment, treatment and involvement of medical 

problems within each case. Paired CFQ responses were obtained for 26 owned dogs. CFQ 

scores were compared between dogs where clinicians assessed frustration to be present 

(‘frustration group’) or absent (‘non-frustration group’) as an emotion in the presenting 

problems. The change in CFQ scores between first and second completion were evaluated 

in those dogs where owner had rated treatment as successful. CFQ scores were significantly 

higher in the ‘frustration group’) compared to the ‘non-frustration group’, thus providing 

evidence of the utility of the CFQ as an aid to the diagnostic process. Within the ‘frustration 

group’, CFQ scores significantly reduced where owners rated treatment outcomes as 

successful, suggesting the utility of the CFQ as an aid to monitoring treatment outcomes. 

Case features around emotional assessment, presenting problems and treatment 

categories were collated and are discussed, providing further insight into the application of 

the CFQ in a clinical setting, and laying the foundations for future hypothesis driven 

research. 
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6.1 Introduction 

As discussed in Chapter 1, frustration is implicated in a range of behavioural problems 

which affect dogs (Landsberg et al., 2012, Mills and Luescher, 2006, Mills et al., 2012). 

Historically, identifying individuals with poor frustration tolerance has been primarily based 

on subjective evaluation of the clinician, although the use of behavioural testing 

(Schoening, 2006) and other psychometric instruments with facets loosely related to 

frustration (Hsu and Serpell, 2003, Ley et al., 2009) have been described.  

The development of the Canine Frustration Questionnaire (CFQ) documented in preceding 

chapters of this thesis heralds the first objective psychometric tool for the quantification of 

frustration tendencies in dogs. Whilst convergent validity has been demonstrated for the 

CFQ with both behavioural and physiological measures (Chapters 4 and 5), thus far, the 

validity relating to a population of dogs with behaviour problems has been more limited. 

In Chapter 3, there was reported a significant association between behaviour problems 

necessitating attendance at behaviour consultation for dogs with higher CFQ scores. Both 

problem listing and frustration scoring were recorded from owner report, without the 

opinion of a clinician regarding the degree to which frustration was playing a role in these 

cases. Clinical animal behaviourist assessment of canine behaviour problems has been used 

as a method for establishing convergent validity with owner report in the development of 

other psychometric tools (Hsu and Serpell, 2003, Sheppard, 2003, Sheppard and Mills, 

2003). Such an approach is warranted for the CFQ in order to establish the utility of the 

scale in a clinical setting.  

In addition to their value in the assessment of behavioural problems in dogs, psychometric 

scales have been used as monitoring tools to assess response to treatment. In a case series 

following the treatment of fear/anxiety based problems in dogs with the psychotropic 

medication imepitoin, there was a significant reduction in negative activation (as measured 

by PANAS) over a period of several months (McPeake and Mills, 2017). Furthermore, this 

change reflected the reduction in frequency and/or intensity of objective behavioural 

measures recorded regularly by owners over the same time frame. The owner recorded 

objective behavioural measures from this study formed the basis for a new scale, which 

was then used to demonstrate the efficacy of imepitoin treatment on the reduction of fear 
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and anxiety in response to fireworks alongside other owner reported outcome measures 

(Engel et al., 2019). This scale has since been refined and is now called the Lincoln Canine 

Anxiety Scale (LCAS) (Mills et al., 2020b) which can be used for assessing situational 

fear/anxiety. These studies highlight the importance of psychometric scales for quantifying 

changes in behaviour in response to treatment at both the group level and the individual 

level, with biologically meaningful changes reported by owners in line with scale measures.   

Accordingly, in the context of the current work it is predicted that: dogs with clinician 

assessed frustration related problems should score more highly on the CFQ than those 

without; when treatment is successfully implemented to manage and reduce frustration-

related behaviour problems, frustration tendencies as measured by the CFQ should also 

reduce.  However, there are important considerations when attempting such an 

assessment relating to both clinician and owner factors, discussed below.   

Firstly, there is variation in the diagnostic approach and categorisation of behaviour 

problems within the field of clinical animal behaviour including the process used for 

emotional inference and whether frustration is considered within such an evaluation. This 

was discussed in Chapter 5 by reference to the categorisation of ‘anxiety related 

behavioural disorders’ in dogs (Riva et al., 2008) where it is likely that frustration was 

implicated in a range of these cases. This has implications within this pilot study, as the 

degree to which a clinician agrees with the relevance of a score obtained on the CFQ as 

reflecting the degree to which frustration is present in a behavioural problem may vary 

depending on their diagnostic approach. Emotional inference (including considering the 

role of frustration) is at the forefront of the diagnostic approach for behaviour problems 

developed at the University of Lincoln (Mills et al., 2012). In addition, expert opinion from 

Chapter 2 suggested that frustration is considered relevant within the field of clinical animal 

behaviour and so exploration of the degree to which the CFQ agrees with more subjective 

evaluations of frustration is possible. 

Secondly, owners and clinicians may rate success differently: in a study exploring client 

adherence to recommendations to manage and improve their dog’s behaviour following a 

behaviour consultation, Lamb et al. (2018) found that whilst there was a positive 

association between owner and clinician ratings of treatment success, clinicians on average 
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over estimated improvements relative to owners interpretations (by a measure of 0.5 on a 

5-point scale). Therefore, differences in perception of improvement may exist between 

involved parties and should be considered in any study assessing such outcomes.  

The limited literature on canine frustration in general as highlighted in earlier chapters is 

accompanied by an absence of published data on the most appropriate treatments for such 

problems. Recognising the important role of frustration intolerance in a range of behaviour 

problems in adult dogs, Zulch and Mills (2012) propose exercises to develop both self-

control and frustration tolerance as part of the broader ‘Life Skills for Puppies’ education 

programme. Such an approach may be helpful in preventing frustration related (and other) 

problems from developing, and these exercises may be useful in the treatment of 

established behaviour problems but have yet to be evaluated empirically. 

Aside from these proposed exercises, within the field of veterinary behavioural medicine 

commonly implemented treatments for behaviour problems in general offer some insight 

into strategies which could be effective against frustration related problems. These include: 

management (preventing rehearsal of unwanted behaviours, managing risk), behaviour 

modification (applying learning theory, commonly using principles of operant and classical 

conditioning), psychotropic medication (both short and longer term medication), adjunctive 

treatments (including dietary manipulation, nutraceuticals and pheromonatherapy), and, 

assessment and treatment of medical problems which may cause or exacerbate the 

presenting problems (Bowen and Heath, 2005, Hart et al., 2006, Horwitz and Mills, 2009, 

Landsberg et al., 2012, Mills et al., 2012, Overall, 2013). The exploration of current 

treatment recommendations for frustration related problems alongside treatment 

outcomes in a clinical setting allows the generation of future testable hypotheses for 

assessing efficacy of such treatments. 

A pilot study approach allows exploration of the application of the CFQ in a clinical setting 

as described above. Pilot studies are a crucial component of the research process serving 

various important functions, especially in their role as small trial studies to ensure the 

feasibility of subsequent major studies (Lancaster, 2015, Van Teijlingen and Hundley, 2001). 

Other applications of pilot studies include the testing of research instruments and the 

formulation of future research questions where the results can inform the research plan 
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(Van Teijlingen and Hundley, 2001). Whilst many studies are designed to generate future 

hypotheses, where a validated tool is used, it has been argued that hypothesis testing can 

be conducted within such data if sufficient subjects permit this (Van Teijlingen and Hundley, 

2001).  

The primary aim of this chapter was to evaluate the use of the CFQ in clinical practice as a 

diagnostic aid, as well as a monitoring tool assessing response to current common 

treatments for frustration related problems. The following clinical predictions would be 

tested: 1) that CFQ scores would be higher in those dogs with clinician assessed frustration-

related problems compared to those without; 2) there would be an association between 

owner and clinician rating of treatment success; 3) that CFQ OQS should reduce in those 

dogs with frustration-related behaviour problems where owners rated treatment as 

successful. The secondary aim was to explore current treatment approaches used for such 

cases, to inform future hypothesis driven research. As part of this, changes in CFQ scores 

would be analysed considering whether psychotropic medication was included as part of 

therapy.  

6.2 Materials and Methods 

6.2.1 Ethical approval 

Ethical approval was granted by the College of Science Research Ethics Committee, 

University of Lincoln (references CoSREC281 and 2020-3486). 

6.2.2 Use of the CFQ as an assessment and monitoring tool in 

the treatment of behaviour problems 

To explore the potential value of CFQ as a clinical tool to quantify frustration tendencies in 

dogs, and monitor changes in response to treatment designed to reduce such tendencies, 

cases from the behaviour referral clinic of the University were used. Below, an overview of 

the behaviour consultation, treatment and monitoring process is provided, followed by the 

range of measures obtained to assess the CFQ in a clinical setting.   
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6.2.2.1 Overview of behaviour consultation process  

The Animal Behaviour Clinic (ABC) based with the University of Lincoln is a multi-species 

behaviour referral clinic comprising five team members: three veterinary behaviourists and 

two non-veterinary behaviourists. All cases seen are referred by veterinarians, whether in 

first opinion or referral practice in other disciplines.  

Prior to the consultation, the clinician assesses the following: a completed vet referral letter 

(Appendix G1) summarising the problem and health status of the dog alongside the 

complete medical history; a client completed questionnaire comprising a range of 

screening questions on the primary and any other behaviour problems, as well as details of 

the environment in which the dog is kept, prior  treatment recommendations and their 

outcome, and owner expectations (Appendix G2).   

Each behaviour consultation typically lasts around 2-3 hours and is conducted face to face 

(with remote video consulting since March 2020 due to the COVID-19 pandemic). Clients 

are offered the option to consent to the use of case material to be used in teaching and 

research (Appendix G3), and consent was obtained from all clients for the anonymised use 

of case material for this study.  

During the consultation, the approach used to establish a diagnosis adopts a systematic 

and scientific evaluation of motivation and emotion as well as risk assessment as developed 

at the University of Lincoln, and described in (Mills et al., 2012). The evaluation of emotion 

is based on the framework proposed in Scherer’s component process theory (Scherer, 

1984); the categorisation of the emotion(s) inferred from this approach is developed from 

Panksepp’s affective neuroscience model, with emotional systems of RAGE (i.e.  

frustration), FEAR, SEEKING, PLAY, PANIC, LUST, CARE, PAIN, SEEKING (Davis and Montag, 

2019, Mills et al., 2012, Panksepp, 1998) used as primary categories of value. Psychometric 

scales such as the PANAS and DIAS have been regularly used as part of the behaviour 

consultation. Since developmental completion, the CFQ has been added to the suite of 

psychometric tools, being routinely used as part of assessment by all clinicians in the Animal 

Behaviour Clinic since mid-2019; prior to this time, the CFQ was primarily used in the 

assessment process by the main author (KM). 
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Following assessment, a behaviour modification programme (BMP) is tailored for the 

patient, accounting for any concerns over medical influences on the presenting problems, 

and owner/environmental factors specific to the individual dog. Advice is provided during 

the consultation on treatment techniques, with demonstrations and practice where 

necessary. Whilst individualised BMPs may greatly vary, there is commonality in features 

across BMPs including the inclusion of measures to contain/manage and improve/resolve 

the presenting problem (Mills et al., 2012). At the end of a consultation, each owner is 

provided with a summary of the BMP, followed up by a written report to owner and vet 

within 1 week. Any further medical investigations and/or treatment are arranged through 

the client’s referring veterinarian. Clients are encouraged to monitor progress through the 

keeping of diaries, tailored to the individual patient to record observations deemed most 

important to assess behavioural change over time. The follow-up period included with the 

initial consultation is approximately 3 months. During this time, a clinician would regularly 

contact the owner (via phone/e-mail/video call) to assess progress, including diary entries, 

and make any necessary alterations to treatment. Revisit consultations following this 

period are conducted on an as needed basis. 

6.2.2.2 Subjects 

Clinic case records from the ABC were reviewed to retrospectively identify those where the 

CFQ was completed as part of the initial assessment, and where clients had consented to 

the use of the material for research. Unless the dog was known to have been euthanised 

or rehomed following initial consultation, owners were contacted by a clinician for the case 

via e-mail with an invitation to complete the CFQ a second time. No maximum time limit 

was placed on the time since the first CFQ was completed, however as a guide, it was 

suggested that at a minimum of 2 months should had elapsed between first and second 

CFQ timepoints, in order to allow time for treatment recommendations to be followed and 

subsequent behaviour change to occur.  

6.2.2.3 Relevant case information 

Each clinician was asked to extract the following case information: demographics (breed, 

age, sex, neuter status); presenting problem(s) (with an inferred emotion for each); a 

summary for each treatment recommendation as provided in the BMP. Where 
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pheromones, nutraceuticals/supplements or psychotropic medications were used, dosages 

and durations of treatment were recorded. Notes pertaining to presence of established 

medical problems at first consultation, or medical problems subsequently identified or 

suspected during the consultation were also recorded, with a summary of any further 

investigations and treatment. 

Clinicians were asked to give an indication on how completely they assessed the client’s 

implementation of each aspect of the treatment plan, with options “Fully implemented”, 

“Partly implemented” or “Not implemented”.  

In relation to the first CFQ completed at time of assessment, clinicians were asked to 

answer ’Yes’ or ‘No’ to the question: “Do CFQ (OQS and PCs) scores reflect the opinion of 

the assessing clinician on the degree to which frustration intolerance plays a role in the 

problem behaviours?”. Where the answer ‘No’ was provided, clinicians were asked to 

provide details of whether they believed the owner report reflected a ‘higher’ or ‘lower’ 

score than expected by the clinician. The dates of completion of the first and second CFQs 

were recorded in order to calculate the number of days elapsed between scoring. 

Owner and clinician were asked to independently rate their level of agreement with success 

of treatment on a 5-point Likert scale ( “strongly disagree,” through “disagree,” “neither 

disagree nor agree,” and “agree” to “strongly agree”) as used by Lamb et al. (2018) as a 

means of assessing BMP treatment outcomes.  

6.2.2.4 Data collection 

From March to June 2020, clinic case records were reviewed to retrospectively identify 

those where the CFQ was completed as part of the initial assessment. Data collection to 

obtain the second completed CFQ and owner and clinician ratings of treatment success was 

closed in September 2020. Completion of the first CFQ was either on paper in the ABC at 

the time of consultation (<March 2019), or electronically prior to the behaviour 

consultation (>March 2019); completion of the second CFQ was undertaken electronically 

for all subjects. The CFQ was scored according to the guidelines associated with this scale 

(see Appendix E7). Responses related to owner rated treatment success were submitted 

electronically. This, alongside clinician responses to the questions highlighted above and all 
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other requested case information were entered onto a Microsoft Excel spreadsheet by 

each clinician and submitted electronically. Responses from all clinicians were then 

collated. 

Each presenting problem was tabulated, using the categories developed by the ABC and 

recently added to their current on-line owner questionnaire (http://lincolnabc.co.uk/ ). 

Despite individualised BMPs, each treatment recommendation provided by clinicians was 

categorised to permit comparison across cases. 

6.2.3 Statistical Analysis 

All statistical analyses were conducted using IBM SPSS Version 25. Data were evaluated 

visually and tested for normality with Kolmogorov-Smirnov tests. Parametric tests were 

considered where normality was established, with non-parametric analyses performed 

where such assumptions were not met. Values for all subsequent tests were deemed 

significant at the p<0.05 level.  

To test clinical prediction 1), that CFQ scores at initial assessment would be higher in those 

dogs in the ‘frustration group’ compared to the ‘non-frustration group’, Mann Whitney 

tests were used.  

To test clinical prediction 2), a Wilcoxon matched pairs test was used to assess for 

differences in the distribution of owner and clinician rating of treatment success for cases 

in the ‘frustration group’.  

To test clinical prediction 3), a Wilcoxon matched pairs test was used to assess whether 

there was a difference in CFQ OQS between first and second completion within the 

‘frustration group’ in those cases where owners rated treatment success as “agree” or 

“strongly agree”.  

To explore the impact of psychotropic medication used within the ‘frustration group’ Mann 

Whitney tests would be used to test the following:  

1) whether there was a difference in CFQ OQS at baseline in dogs in the ‘medication 

group’ compared to the ‘non-medication group’; 

http://lincolnabc.co.uk/


 

194 
 

2) whether there was a greater reduction in the CFQ OQS across treatment in the 

‘medication group’ compared to the ‘non-medication group’. 

Descriptive statistics would be used to explore the relationship between owner rated 

treatment success between the ‘medication group’ and ‘non-medication group’. 

For presenting problem and treatment recommendation, quantitatve data were obtained 

by calculating the frequency at which these categories arose across cases with and without 

frustration. Descriptive statistics were used to summarise clinician rated measures, 

pertaining to accuracy of CFQ as reflecting frustration in each case, and, owner 

implementation of treatment.  

6.2.4 Results 

6.2.4.1 Subjects 

A total of 31 dogs assessed in the Animal Behaviour Clinic were identified as having the CFQ 

completed by their owner at their initial behaviour consultation. All were contacted, and 

26 owners replied completing the CFQ a second time. Of these, 24 owners also provided 

their rating of success of treatment; clinician rating of success of treatment was obtained 

for all cases. Of the 26 cases seen, KM was lead clinician for five cases and involved in four 

other cases as secondary clinician. The remaining cases were seen by the other four 

clinicians either individually or jointly, therefore assessment, treatment and follow up from 

all clinicians from the Animal Behaviour Clinic were represented in the study population.  

6.2.4.2 Demographics 

Demographic data for each of the 26 dogs where paired completed CFQs were obtained 

are displayed in full in Table 6.2-1, with summaries provided below.  

Most dogs were classed as pure bred (n=16, 61.5%), with 10 cross bred dogs (38.5%). The 

average age of dogs at the time of the initial consultation was 3 years 2 months (range from 

5 months to 8 years old). Most dogs were neutered: male neutered (n=9, 34.6%), female 

neutered (n=9, 34.6%), male entire (n=7, 26.9.%), female entire (n=1, 3.9%).  
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6.2.5 Clinical assessment 

6.2.5.1 Details of presenting problems  

The clinician’s emotional assessment for each case was evaluated. Between 2 and 4 

(median 3, mean 2.71) emotional systems were inferred to be involved in the presenting 

problem(s) for each case (Table 6.2-1). Emotional systems involved were RAGE, FEAR, 

SEEKING and PAIN, with none of the clinicians identifying PANIC, PLAY, LUST or CARE in the 

caseload. Frustration was implicated as an emotion involved in the presenting problem(s) 

in 19/26 cases. These 19 cases will be referred to as the ‘frustration group’; the 7 remaining 

cases as the ‘non-frustration group’.  

Presenting problems as reported by owners were tabulated by case (Appendix G4). Within 

the ‘frustration group’, each dog had between 2 and 6 presenting problems under different 

categories (median 3, mean 3.6). The total number of categories per case are shown in 

Table 6.2-1.  
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Case 
No. 

Breed 
Age 
(mo) 

Sex 
Emotional assessment 

Presenting 
problems  

Treatment 
categories  RAGE SEEKING FEAR PAIN 

1 Border Collie 58 FN Yes Yes Yes Yes 3 4 

2 
Wire-haired Fox 

Terrier 
12 MN Yes No Yes Yes 2 5 

3 Crossbreed 42 FN Yes No Yes No 3 5 

4 
Flat Coat 
Retriever 

5 ME Yes Yes No No 3 4 

5 Border Collie 16 MN Yes No No Yes 2 4 

6 Crossbreed 33 MN Yes No No Yes 2 4 

7 Crossbreed 49 MN Yes Yes Yes No 3 5 

8 Crossbreed 24 ME Yes No Yes Yes 6 4 

9 Crossbreed 18 MN Yes Yes Yes Yes 2 2 

10 
English Springer 

spaniel 
57 ME Yes No Yes Yes 4 2 

11 French Bulldog 38 FN Yes Yes Yes No 3 7 

12 Crossbreed 49 FN Yes Yes Yes No 4 3 

13 Crossbreed 13 FN Yes No Yes Yes 4 4 

14 Border Collie 7 ME Yes Yes Yes Yes 5 4 

15 
German 

Shepherd 
27 FE Yes No Yes Yes 4 6 

16 
German 

Shepherd 
44 ME Yes Yes Yes Yes 5 4 

17 
English Cocker 

spaniel 
90 FN Yes No Yes Yes 3 8 

18 
Jack Russell 

Terrier 
42 FN Yes No Yes Yes 6 2 

19 Crossbreed 20 FN Yes Yes No Yes 4 5 

20 
Miniature 
schnauzer 

36 ME No No Yes Yes 1 2 

21 Crossbreed 96 FN No No Yes Yes 4 5 

22 
Miniature 
schnauzer 

71 MN No No Yes Yes 2 3 

23 
Soft Coated 

Wheaten Terrier 
31 MN No No Yes Yes 4 5 

24 Border Collie 19 ME No No Yes Yes 4 3 

25 Crossbreed 16 MN No No Yes Yes 5 5 

26 Podenco 72 MN No Yes Yes Yes 3 5 

Table 6.2-1 Demographic data for the subjects where paired canine frustration questionnaire data were 
obtained.. ‘mo’ = age in months; ME = male entire; MN = male neutered; FE = female entire; FN = female 
neutered. Cases 1-19 represent ‘frustration group’; cases 20-26 highlighted in grey represent the ‘non-
frustration group’. 
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The frequency each category was recorded in the ‘frustration group’ and ‘non-frustration 

group’ are shown in Table 6.2-2. Of the 18 categories, nine were present in both the 

‘frustration group’ and the ‘non-frustration group’; 8 were present only in the ‘frustration 

group’, and the remaining 1 category was present only in the ‘non-frustration group’.  

 

Presenting problem category 
Frustration 

group 

Non-

frustration 

group 

Unwanted (including aggressive) behaviour towards people 

familiar people 
11 4 

Unwanted (including aggressive) behaviour towards people on 

walks 
7 4 

Unwanted (including aggressive) behaviour over items 7 0 

Unwanted (including aggressive) behaviour around territory 

of home (to people, dogs, noise etc.) 
7 0 

Noise reactivity/fear 7 3 

Unwanted (including aggressive) behaviour towards dogs on 

walks 
6 4 

Unwanted (including aggressive) behaviour over handling in 

the home (touch, grooming, equipment being placed) 
4 1 

Unwanted (including aggressive) behaviour towards dogs in 

same household 
4 0 

Other repetitive behaviour with no obvious function 2 0 

Attention seeking behaviour 2 0 

Unwanted (including aggressive) behaviour in the veterinary 

clinic 
1 1 

Unwanted (including aggressive) behaviour towards 

cats/other animals in same household 
1 0 

Reluctance to walk 1 1 

Eating non-food related items 1 2 

Separation related behaviour problem 1 1 

Generally overactive 1 0 

Avoidance of novelty 1 0 

Undesirable behaviour during car travel 0 2 

Table 6.2-2 Frequencies of presenting problem category across 'frustration group' (white) and 'non-
frustration group' (grey), ordered top to bottom by highest to lowest frequency within the ‘frustration group’ 
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6.2.5.2 Medical problems  

Following assessment, 80.8% (21/26) of dogs were suspected of having a medical problem 

causing or exacerbating the behaviour problem, with 14/19 of the ‘frustration group’ and 

all seven of the ‘non-frustration group’. Of the ‘frustration group’: 11 dogs had suspected 

musculoskeletal pain: specific diagnoses were obtained for four cases - three with hip 

dysplasia (diagnosed with radiographs), one with lumbosacral intervertebral disc 

protrusion (diagnosed with magnetic resonance imaging); for the remaining seven cases 

musculoskeletal pain was suspected from gait assessment and/or physical examination 

with no specific diagnoses obtained; three dogs had gastrointestinal problems (two of 

these had concurrent musculoskeletal pain; one had concurrent idiopathic epilepsy), with 

endoscopic gastric and intestinal biopsies diagnosing eosinophilic enteritis/inflammatory 

bowel disease in one case. Details of the medical problems for each case are shown in Table 

6.2-4.   

6.2.5.3 Existing use of medication in cases at the initial consultation 

At the initial consultation, 19.2% (5/26) of dogs were already receiving medication, with 

4/5 of these in the ‘frustration group’: alprazolam (1); meloxicam (1); meloxicam and 

gabapentin (1); phenobarbitone (1).  In the ‘non-frustration group’, one dog was already 

receiving clomipramine. Details of specific cases where medications were used are shown 

in Table 6.2-4.   

6.2.6 Behaviour modification programmes 

6.2.6.1 Treatment categories not involving medication 

Clinician recommended treatments were categorised by case (Appendix G5). Within the 

‘frustration group’, each dog had between 2 and 8 categories of treatment recommended 

(median 4, mean 4.3). The total number of categories per case are shown in Table 6.2-1.  

The frequency each treatment category was recorded in the ‘frustration group’ and ‘non-

frustration group’ is displayed in Table 6.2-3. Of the 18 categories, eight were present in 

both the ‘frustration group’ and the ‘non-frustration group’; nine were present only in the 

‘frustration group’, and the remaining one category was present only in the ‘non-

frustration group’.  
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Recommended treatment category 
Frustration 

group 

Non-
frustration 

group 

Management- avoid/reduce exposure to triggers 19 7 

Reinforce calm, relaxed behaviour 12 3 

Desensitsation 11 5 

Counterconditioning 11 5 

Increase mental stimulation – activity feeders 6 1 

Muzzle train 5 3 

Safe haven 2 2 

Nose:hand touch 2 1 

Secure base 2 0 

Teach recall 2 0 

Weight loss 2 0 

Leave it cue 2 0 

Drop it cue 2 0 

Ignore attention seeking 1 0 

Self-control exercises 1 0 

Move cue 1 0 

Safety signal 1 0 

Mat training 0 1 

Table 6.2-3 Frequencies of treatment category across 'frustration group' and 'non-frustration group' (grey), 
ordered top to bottom by highest to lowest frequency within the ‘frustration group’ 
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6.2.6.2 Treatment of medical problems 

During the period between first and second CFQ completion, a range of treatments were 

added in those cases with suspected or confirmed medical problems following the 

behaviour consultation. Treatments used for each case are shown in Table 6.2-4, including 

those treatments which were discontinued before the completion of the second CFQ.  

6.2.6.3 Use of psychotropic medication 

Of the 19 dogs in the ‘frustration group’, psychotropic medication was added during the 

treatment period in 11 dogs (‘medication group’), the remaining eight dogs received no 

psychotropic medication (‘non-medication group’). The agent and dose of treatment varied 

across cases, with specific details for each case shown in Table 6.2-4. Within the 

‘medication group’ the most frequently used psychotropic medication was fluoxetine, used 

in 8 cases at an average dose of 1.48mg/kg once daily. Trazodone was used in two cases: 

pro re nata (prn) (i.e. ‘as and when needed’) in one case as an adjunct to fluoxetine; as a 

sole agent twice daily in one case. Clomipramine was used in two cases, twice daily, as a 

sole agent in one case and alongside imepitoin twice daily in one case. Imepitoin was used 

twice daily in a further case in combination with fluoxetine. Of all psychotropic medication 

commenced during the treatment period, all was still in use at the end of the follow up 

period except in case 18 where imepitoin had been discontinued.
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                continued on next page……… 

Case 
No. 

Exisiting 
medication 

Medical 
problem(s) 

 

Treatments 
added 

Psychotropic 
medication 

added 

Dose  - 
maximum 
recorded 
(mg/kg) 

Frequency 
Discontinued 

by time of 
second CFQ 

Still taking by time of 
second CFQ 

1 Meloxicam Hip dysplasia - Fluoxetine 1.43 SID - Fluoxetine; meloxicam 

2 - Musculoskeletal pain Gabapentin Trazodone 2.78 SID - Trazodone; gabapentin 

3 - - - Fluoxetine 1.54 SID - Fluoxetine 

4 - - - - - - - - 

5 Meloxicam Hip dysplasia - - - - - Meloxicam 

6 - 
Musculoskeletal 
pain; gastrointestinal 
(IBD) 

Meloxicam; 
gabapentin; 
omeprazole;        
diet trial 

Clomipramine 2.86 BID - 
Meloxicam; omeprazole; 
clomipramine; 
gabapentin 

7 - - - - - - - - 

8 
- 
- 

Intervetebral disc 
protrusion 

Robenacoxib; 
gabapentin 

Fluoxetine 2 SID - Fluoxetine; trazodone;  
robenacoxib; 
gabapentin Trazodone 3.33 prn - 

9 - Musculoskeletal pain Grapiprant Fluoxetine 1.18 SID - Fluoxetine;  grapiprant 

10 Phenobarbitone 
Idiopathic epilepsy; 
gastrointestinal 

Gabapentin - - - - 
Phenobarbitone; 
gabapentin 

11 - - - - - - - - 

12 - - - - - - - - 

13 - Musculoskeletal pain 
Robenacoxib; 
gabapentin; 
paracetomol 

Fluoxetine 1.54 SID 
Gabapentin; 
paracetomol 

Fluoxetine;  robenacoxib 

14 - Musculoskeletal pain Grapiprant Fluoxetine 1.11 SID Grapiprant Fluoxetine 

15 - Musculoskeletal pain Meloxicam Fluoxetine 1.33 SID Meloxicam Fluoxetine 
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Table 6.2-4 Table of medication at time of initial assessment; medical problems suspected and subsequent medical treatment including psychotropic medication for each 
case. IBD = inflammatory bowel disease; Dose: mg/kg = milligrams (medication) per kilogram (bodyweight); frequency: prn = pro re nata / 'as and when needed'; SID = once 
daily; BID = twice daily. Cases 1-19 represent ‘frustration group’; cases 20-26 highlighted in grey represent the ‘non-frustration group’. 

 

16 
Gabapentin; 
meloxicam 

Hip dysplasia - - - - - 
Gabapentin;               
meloxicam 
 

17 
- 
 

Musculoskeletal 
pain; gastrointestinal 

Robenacoxib;  
diet trial 

Clomipramine 1.43 BID - Clomipramine; 
iImepitoin; robenacoxib Imepitoin 28.6 BID - 

18 
Alprazolam 
(0.04mg/kg 
BID) 

Musculoskeletal pain 

Firocoxib; dog 
appeasing 
pheromone 
collar 

Fluoxetine 1.71 SID 
Firocoxib; 
Alprazolam; 
imepitoin;   
dog appeasing 
pheromone 

Fluoxetine 

Imepitoin 21.42 BID 

19 - Musculoskeletal pain Robenacoxib - - - Robenacoxib - 

20 - Musculoskeletal pain 
Meloxicam; 
gabapentin 

- - - - Meloxicam; gabapentin 

21 
Clomipramine 
(1mg/kg BID) 

Lumbosacral 
spondylosis 

Meloxicam 
Dexmedetomidine 
oromucosal gel  

0.05 prn - 

Clomipramine; 
Meloxicam;  
dexmedetomidine 
oromucosal gel 

22 - - - - - - - - 

23 - Musculoskeletal pain 
Meloxicam; 
gabapentin 

- - - Gabapentin Meloxicam 

24 - Musculoskeletal pain Meloxicam - - - Meloxicam - 

25 - Gastrointestinal Diet trial Fluoxetine 1.36 SID - Fluoxetine 

26 - Musculoskeletal pain Meloxicam 
Fluoxetine 1.17 SID - Fluoxetine;  meloxicam; 

imepitoin Imepitoin 18.18 prn - 
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6.2.7 CFQ scores and treatment outcomes 

6.2.7.1 Clinician evaluation of accuracy of CFQ scores 

Clinicians indicated that the CFQ at initial assessment accurately reflected the degree to 

which frustration tolerance played a role in the problem behaviours in 80.8% (21/26) of 

cases. For the remaining five cases, three suggested that owner report presented a ‘lower’ 

score than expected by the clinician; one suggested that only PC2 ‘Barrier frustration’ was 

lower than expected; one suggested that only PC5 ‘Frustration coping’ was higher than 

expected.  

6.2.7.2 Clinician evaluation of implementation of treatment 

Clinicians indicated that the owner had partly or fully implemented all treatment 

recommendations in 92.3% (24/26) of cases. For the remaining two cases, the clinician 

reported implementation of all other recommendations except whether weight loss had 

been successful (the clinician marked “unsure” in both cases). For one of these cases the 

clinician reported the owner had not implemented avoidance of triggers as suggested.  

6.2.7.3 Time between completion of first and second CFQ 

The time elapsed between completion of first and second CFQ ranged from 76 to 797 days 

(average 219 days), with the details for each case shown in Table 6.2-5.  

6.2.7.4 CFQ scores across groupings 

For baseline CFQ OQS/PC scores, whilst Kolmogorov-Smirnov tests suggested that OQS and 

PCs for both groups were normally distributed (p>0.05), visual evaluation of histograms 

revealed normal distribution only for the ‘frustration group’. However, within this group 

the distributions of scores for the ‘medication group’ and ‘non-medication group’ 

populations were also non-normally distributed. Non-parametric tests were therefore used 

for analysis throughout.  

CFQ OQS values at the initial assessment (‘first’), and follow-up (‘second’) as well as the 

change in scores across these time points are shown in Table 6.2-5, alongside other 

individual case data relating to time elapsed between completion, owner and clinician 
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rating of treatment success and use of psychotropic medication. CFQ PC scores and their 

changes are shown in Appendix G6. 
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Table 6.2-5 Canine frustration questionnaire (CFQ) overall questionnaire scores (OQS). First and second OQQs, with change in score calculated between these time points. 
N/A = not applicable (due to non-completion). Cases 1-19 represent ‘frustration group’; cases 20-26 highlighted in grey represent the ‘non-frustration group’.  

Case 
No. 

CFQ OQS 
First 

CFQ OQS 
Second 

CFQ OQS 
Change 

Time between 
CFQs (days) 

Clinician Rated Success Owner Rated Success 
Psychotropic                          

Medication used 
1 0.64 0.43 -0.21 78 Strongly agree Agree Yes 

2 0.59 0.49 -0.10 797 Agree Agree Yes 

3 0.72 0.58 -0.14 122 Agree N/A Yes 

4 0.72 0.64 -0.08 293 Agree Agree No 

5 0.45 0.51 0.06 530 Strongly agree Strongly agree No 

6 0.70 0.64 -0.06 253 Neither agree nor disagree N/A Yes 

7 0.70 0.54 -0.16 113 Agree Agree No 

8 0.83 0.57 -0.26 315 Agree Strongly agree Yes 

9 0.61 0.37 -0.24 133 Agree Agree Yes 

10 0.74 0.66 -0.08 99 Neither agree nor disagree Agree No 

11 0.81 0.72 -0.09 137 Neither agree nor disagree Agree No 

12 0.50 0.57 0.07 91 Agree Agree No 

13 0.61 0.65 0.04 146 Agree Agree Yes 

14 0.72 0.44 -0.28 165 Agree Agree Yes 

15 0.67 0.61 -0.06 141 Agree Agree Yes 

16 0.71 0.64 -0.07 76 Agree Agree No 

17 0.70 0.69 -0.01 232 Agree Neither agree nor disagree Yes 

18 0.55 0.41 -0.14 304 Agree Agree Yes 

19 0.50 0.41 -0.09 103 Agree Agree No 

20 0.44 0.49 0.05 259 Agree Agree No 

21 0.47 0.37 -0.10 169 Neither agree nor disagree Strongly agree No 

22 0.44 0.60 0.16 305 Agree Agree No 

23 0.63 0.54 -0.09 121 Agree Agree No 

24 0.58 0.50 -0.08 191 Neither agree nor disagree Neither agree nor disagree Yes 

25 0.60 0.49 -0.11 356 Agree Agree Yes 

26 0.52 0.48 -0.04 158 Agree Agree Yes 
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6.2.7.5 Clinical prediction 1) CFQ scores in dogs at initial assessment  

Median scores were higher for CFQ OQS and PC1-4 in the ‘frustration group’ than the ‘non-

frustration group’, and the same for PC5, with Mann Whitney tests showing that the 

difference was significant for CFQ OQS and PC2 scores (see Table 6.2-6). 

 

Canine 

Frustration 

Scale 

Measure 

Median Score 

Mann 

Whitney U 
Z 

Exact sig. (2 

tailed) 

‘Non-

frustration 

group’ 

(n=7) 

‘Frustration 

group’  

(n=19) 

OQS 0.52 0.70 20.000 -2.693 0.006** 

PC1 0.52 0.64 44.000 -1.306 0.209 

PC2 0.65 0.80 26.500 -2.333 0.018* 

PC3 0.60 0.70 52.500 -0.813 0.427 

PC4 0.44 0.56 39.500 -1.570 0.120 

PC5 0.60 0.60 36.000 -1.802 0.083 

Table 6.2-6 Comparison of CFQ OQS/PCs between those cases where 'frustration not identified' and those 
where 'frustration identified' by the clinician during assessment, using Mann Whitney tests (values in bold 
*significant at p<0.05 level; **significant at p<0.01)  

 

6.2.7.6 Clinical prediction 2) Owner and clinician rating of treatment 

success and change in CFQ OQS across treatment 

For the frustration group, ratings of treatment success from both clinicians and owners 

were obtained for 17/19 cases where frustration was implicated. However, responses were 

only recorded for “neither agree nor disagree”, “agree” or “strongly” agree for both 

clinicians and owners, (with no responses for “strongly disagree” or “disagree”). The 

average rating was “agree” (score 4) for both clinicians (median score 4, mean score 4.00) 

and owners (median score 4, mean score 4.06). Responses were non-normally distributed, 

and poor coverage of recorded responses along the 5-point Likert scale excluded 

correlational analysis as an option.  

Cross tabulated scores are shown in Table 6.2-7. Which reveals exact agreement in scores 

between clinician and owner in 12/17 cases, with no greater than 1-point difference in 
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assessment in the other 5 cases. A Wilcoxon matched pairs test revealed no significant 

difference between owner and clinician ratings (W = -0.447, p=0.655). 

 

 

Client rated success 

Total 
Neither 

agree nor 
disagree 

Agree 
Strongly 

agree 

Clinician 
rated 

success 
 

Neither agree 
nor disagree 

0 2 0 2 

Agree 1 11 1 13 

Strongly agree 0 1 1 2 

Total 1 14 2 17 

Table 6.2-7 Cross tabulated frequencies of clinician and owner ratings of treatment success for the 17 dogs 
where frustration was present and both ratings were available 

 

Given that the vast majority (14/17) owners rated success with the response “agree”, with 

only one “neither agree nor disagree” and two “strongly agree”, there were insufficient 

responses within each category to analyse the potential correlation between this measure 

and change in CFQ OQS in the ‘frustration group’.  

6.2.7.7 Clinical prediction 3) Changes in CFQ OQS across treatment in 

those cases successfully treated as rated by owners 

Results for CFQ OQS (first completion, second completion and change in scores across 

treatment) are shown in Table 6.2-5. Of the 16 dogs in the ‘frustration group‘ where the 

owners had responded “agree” or “strongly agree” in rating treatment success, there was 

a significant median reduction of – 0.09 (mean reduction -0.11) for CFQ OQS scores across 

time points (W = -3.105, p =0.002). 

6.2.7.8 Exploration of changes in CFQ OQS across treatment in 

‘medication’ versus ‘non-medication’ group’ 

There was no significant difference (U = 44.00, z =0.000, p=1) between baseline CFQ OQS 

in the ‘medication group’ (n=11, median 0.67, mean 0.67) and ‘non-medication group’ 
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(n=8, median 0.70, mean 0.64). Despite a greater than twofold reduction in CFQ OQS in the 

‘medication group’ (median reduction -0.14, mean reduction -0.13) than ‘non-medication 

group’ (median reduction -0.06, mean reduction -0.06) this difference was not significant 

(U = 27.00 , z = -1.406, p=0.177). The time elapsed between completion of first and second 

CFQ was greater in the ‘medication group’ (median 165 days) than the ‘non-medication 

group’ (median 108 days), although this was not tested statistically. 

6.3 Discussion 

This pilot study explored the application of the CFQ in a clinical context, both within the 

diagnostic process, as well as assessing the outcome of treatment. These are discussed in 

turn, before a discussion on the role of medical problems in frustration-related problems.  

6.3.1 CFQ as an aid to the diagnostic process 

Clinical prediction 1) was confirmed with the demonstration that CFQ OQS was significantly 

higher in the ‘frustration group’ compared to the ‘non-frustration group’. This 

demonstrates convergent validity for the CFQ using an approach adopted by only a few 

other canine psychometric scales (Hsu and Serpell, 2003, Sheppard, 2003, Sheppard and 

Mills, 2003).  

In addition, in >80% of cases, the clinicians indicated that the CFQ scores at initial 

assessment accurately reflected the degree to which frustration was implicated in the 

problem behaviours. It should be noted that clinicians were aware of the CFQ scores of 

each case at the time of assessment, and this could have potentially shaped their 

evaluation of the emotions underlying the presenting behaviour problems. However, the 

clinicians involved in this pilot study are very aware of the role of frustration within 

behaviour problems using the psychobiological approach described earlier, and as such 

were a good group to provide a subjective evaluation of frustration.  

Historically, assessing the role of frustration within such cases has been solely based on this 

subjective evaluation, however the CFQ increases the objectivity of such an assessment. 

This improves the process of evaluating the role of frustration within canine behaviour 

problems and provides support for the utility of the CFQ as an aid to the diagnostic process. 
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The availability of the CFQ enables clinicians, regardless of their current understanding of 

the relevance of frustration within presenting problems, a psychometric tool based on 

owner report which can be used to quantify frustration tendencies. Within this pilot study 

the CFQ was delivered in both paper form for face to face visits and electronically for 

second completion and for all cases at assessment following COVID-19 restrictions. The 

flexibility of administration of the CFQ means it can be readily incorporated into a clinical 

context.  

However, comparing the scores obtained in this clinical case population with average 

values obtained during questionnaire generation in Chapter 3 is of interest (see Table 6.3-1 

below) - it can be seen that median scores for CFQ OQS and all PCs were higher in the ‘non-

frustration group’ than the ‘questionnaire generation group’. 

 

Canine 

Frustration Scale 

Measure 

Median Score 

Chapter 6 

‘Non-frustration 

group’  

(n=7) 

Chapter 6 

 ‘Frustration    

group’ 

(n=19) 

Chapter 3 

Questionnaire 

generation group 

(n=2346) 

OQS 0.52 0.70 0.44 

PC1 0.52 0.64 0.36 

PC2 0.65 0.80 0.55 

PC3 0.60 0.70 0.50 

PC4 0.44 0.56 0.36 

PC5 0.60 0.60 0.47 

Table 6.3-1 Comparison of median canine frustration questionnaire scores (overall questionnaire score 
(OQS) and principal component (PC5) scores) between groupings from Chapter 6, and the original 
questionnaire generation group from Chapter 3 

 

It should be noted that in this study, groupings were determined by clinicians’ subjective 

evaluation of the role of frustration within the presenting problems. Therefore, it is possible 

for a dog to be in the ‘non-frustration group’ regardless of CFQ scores if frustration was not 

implicated in the presenting problems. It is also important to appreciate that relationships 

between the emotional systems within the presenting problems could vary enormously. 

Across this caseload, there was a median frequency of three presenting problems, and 
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three inferred emotional systems per dog. In the author’s experience of working in the 

Animal Behaviour Clinic at the University of Lincoln for over six years, this snapshot is 

reflective of the complexity of the typical caseload seen with multiple presenting problems 

attributed to more than one emotional system. It is possible that frustration intolerance 

may act as a modifier of responses within presenting problems where other emotions are 

inferred, without frustration being evident to the clinicians within those responses. Related 

to the complex nature of the presenting problems (as shown in Table 6.2-2), there were a 

range of case presentation categories which were represented in both the ‘frustration 

group’ and ‘non-frustration group’. However, some categories only featured in the 

‘frustration group’ such as unwanted /aggressive behaviours over items (n=7) and issues 

around the dog’s territory (n=7), which have been linked to frustration in previous chapters 

and provides a degree of face validity of the clinicians’ subjective evaluation. 

These findings should be interpreted with caution given the small number of subjects in 

the ‘non-frustration’ group (n=7) relative to the large dataset of 2346 respondents 

comprising the questionnaire generation population from Chapter 3. As more cases are 

seen in the future at the ABC, and more CFQs completed as part of assessment, it is 

suggested that the analyses performed here are repeated using a larger sample size of dogs 

representing the ‘non-frustration group’, to assess whether the elevated average scores 

reported here are replicated. It is also suggested that within this larger sample size that 

other temperament scales (such as the DIAS and PANAS, measuring different traits) are 

included in such analysis to establish whether interactions between certain traits may be 

more or less likely to result in the manifestation of certain behaviour problems. This is 

currently underway and is discussed in Chapter 7.  

6.3.2 CFQ application in monitoring the response to 

treatment 

For clinical prediction 2), there was no significant difference in the distribution of owner 

and clinician of treatment success, and cross-tabulated results revealed high levels of 

agreement in ratings. However, one of the limitations of the current study was the lack of 

breadth of owner responses when rating success of treatment, which ruled out the testing 

of any relationship with the reduction in CFQ OQS over treatment. The majority of owners 
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agreed or strongly agreed with the treatment being successful and whilst this represents a 

positive case outcome, no conclusion can be drawn on the whether the degree to which 

CFQ scores change correlate with the degree of satisfaction measured by this 5 point scale. 

Clinician and owner ratings were highly similar, unlike the study by Lamb et al. (2018) where 

clinicians marginally overestimated improvements, despite these results being obtained in 

the same clinic albeit at different time points. One methodological difference which could 

have influenced results is that in this study, the clinician involved in the case contacted the 

owners and gathered the responses, whereas in the study by Lamb et al. (2018), the 

primary author was not a clinician, and was unknown to the owners collected responses 

which were anonymised. Although the rate of non-responding was low here (and lower 

than that reported when an unknown researcher contacted the owners in the study by 

Lamb et al. (2018)), the lack of anonymisation may have hindered the responses of those 

who failed to reply, especially if they did not feel there had been a successful outcome. 

Aside from considering anonymisation of responses in any future studies, it would be 

anticipated that a larger sample size may bring with it a broader spread of response 

categories allowing the intended analyses to be undertaken.  

In this caseload, there was a median of four treatment categories used for those dogs in 

the ‘frustration group’ with frequencies of each treatment category shown in Table 6.2-3. 

Management to avoid/reduce exposure to triggers was used in all cases, with categories 

related to reinforcement of calm, relaxed behaviour, desensitisation and 

counterconditioning used in more than 50% of cases. There are two important features of 

treatment which provide face validity for the subsequent assessment of treatment 

outcome: 1) such treatment categories reflect those suggested by experts at the forefront 

of advances within the field of veterinary behaviour medicine (as outlined in the 

Introduction), based on evidence and/or experience; 2) clinicians assessed clients to have 

partially or fully implemented >90% of suggested treatment recommendations, therefore 

treatment outcomes appear to be based on the implementation of the described 

categories.  

Based on these, clinical prediction 3) was confirmed with the demonstration of a significant 

reduction in CFQ OQS within the ‘frustration group’ across treatment in those cases where 
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the owners rated treatment as successful. This finding establishes the validity of the CFQ 

as a tool for assessing response to treatment of frustration related problems with a 

demonstrated link to client rated outcomes.  

As well as showing promise for assessment and monitoring of frustration tendencies for 

individual patients in a clinical setting, future applications of the CFQ include assessing 

larger populations of patients enrolled in clinical trials evaluating the efficacy of treatments 

to help with frustration related problems, in a similar way as the negative activation scale 

from PANAS has been used to assess changes in fear/anxiety during treatment (McPeake 

and Mills, 2017). As part of this, evaluating the efficacy of specific exercises designed to 

improve frustration tolerance and prevent problems arising relating to frustration (as 

described by Zulch and Mills (2012)) should be considered during treatment. In the 

caseload presented here whilst ‘self-control’ exercises (based on those described by Zulch 

and Mills (2012)) were included in the treatment of one case, the frustration tolerance 

exercises were not explicitly specified. That is not to say that the basis of such exercises did 

not feature in treatment recommendations, e.g. increasing mental stimulation through the 

use of activity feeders could develop frustration tolerance through a dog learning to 

tolerate a delayed reward (in this case food). The proposed next steps to assess such 

interventions and future applications are discussed in greater detail in Chapter 7. 

When considering the CFQ for this purpose, the time elapsed between completion is 

important to consider. Whilst the items within the CFQ are reliable over periods of 6 weeks 

and 1 year as shown in Chapter 3, the time elapsed between first and second completion 

of the CFQ in this study was a minimum of 76 days. In the imepitoin study, the time 

between first and second PANAS completion was around 11-17 weeks (McPeake and Mills, 

2017). The important distinction between scales assessing traits (such as PANAS, DIAS and 

CFQ) and those for the evaluation of behaviour at the level of emotional reactions (such as 

the LCAS for measuring fear/anxiety (Engel et al., 2019)) means that for the former it is 

likely that a sufficient minimum period of time must have passed between repeated 

measures for changes to be observed by owners and reported as a change in agreement 

level for items within these questionnaires. Repeating CFQ scores every few months in 

cases undergoing treatment may allow more precise predictions of how long treatment 
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may (on average) take to exert an effect, and also establish at what stage improvements 

plateau, where further changes may not be expected, which in a clinical setting with a 

problem which has not reached a satisfactory outcome would prompt re-evaluation of the 

treatment strategy.  

An interesting finding within this study was the apparent greater reduction in CFQ scores 

in dogs from the ‘frustration group’ treated with psychotropic medication compared to 

those where it was not part of treatment, although the difference was not significant. At 

assessment, CFQ OQSs were not significantly different between those dogs where 

medication was used or not, so it is not evident that differences in the reduction reflected 

a higher starting point (and hence more room for improvement) in those dogs where 

medication was used, nor does it reflect that CFQ OQS score were used in such a way to 

inform the use of such treatment. Clinicians were not asked why medication was advised 

or used, and in retrospect this would be a useful additional question to have included. The 

time elapsed between first and second CFQ completion was longer in those dogs where 

psychotropic medication was used, therefore, it could reflect that more time to implement 

the BMP could have played a role in the difference seen. However, it would be expected 

that medication, where used appropriately, could result in greater potential 

improvements.  

In previous studies, the use of psychotropic medication has resulted in improved treatment 

outcomes. For example, behaviour problems falling under the umbrella term of ‘separation 

related problems’ are common in dogs and as such a range of psychotropic medications, 

especially serotonergic agents, have been trialled to treat them: fluoxetine has been shown 

to be effective with behaviour modification (Simpson et al., 2007) and without behaviour 

modification (Landsberg et al., 2008), being compared to placebo in both studies, whilst 

the use of clomipramine has been shown to speed up response to the implementation of a 

BMP (King et al., 2000). Frustration has been suggested as an emotion involved in 

separation-related problems, although no studies have yet assessed the efficacy of 

treatment for those dogs where it has been identified using this diagnostic framework (de 

Assis, 2018, de Assis et al., 2020).  All psychotropic medications (fluoxetine, clomipramine, 

trazodone) used within those dogs in the ‘frustration group’ are serotonergic agents. The 
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findings in this chapter suggest that medication acting via the serotonergic system is a good 

candidate for further evaluation as treatment for frustration related problems as part of a 

BMP.  

Serotonergic medication, especially SSRIs (such as fluoxetine), has been successfully used 

to treat impulsivity in people (Grant and Chamberlain, 2015, Moeller et al., 2001) and in 

animal models (Fairbanks et al., 2001, Fineberg et al., 2010, Wolff and Leander, 2002). As 

shown in the behaviour test population in Chapter 4, convergence between CFQ OQS and 

DIAS OQS and Factor 1 was demonstrated. It was suggested then that those dogs who are 

more impulsive and are more prone to acting without considering consequences may be 

more likely to place themselves in situations where they may be thwarted and experience 

frustration as a result. Therefore, it is possible that the use of serotonergic medication may 

reduce CFQ scores by directly increasing frustration tolerance, and/or through anti-

impulsive effects which may in turn reduce the situations in which frustration may be 

experienced.  

Aside from serotonergic agents, other medications out with this caseload show promise as 

potential treatments for frustration-related problems.  A case series by Ogata and Dodman 

(2011) explored the use of the alpha-2-adrenoreceptor agonist clonidine as an adjunct to 

BMPs where other psychotropic medications were being used. In this study, diagnostic 

criteria categorised dogs into two groups: separation anxiety and noise/storm phobia 

group; fear and/or territorial aggression group. Whilst frustration was not discussed within 

the paper, it is posited that it could have played a role in both groups, especially under the 

‘separation anxiety’ and ‘territorial aggression’ categories. Owner reported improvements 

in both groups suggest that alpha-2-adrenoreceptor agonists such as clonidine may also be 

a useful class of psychotropic medication to consider studying further in relation to 

frustration related problems.  

The findings from urinary analysis of compounds of the kynurenine pathway in Chapter 6 

should also be considered. There, higher CFQ scores were associated with a range of 

compounds aligned with previous findings in children with ADHD (Dolina et al., 2014).  A 

commonly used psychotropic medication for the treatment of ADHD is the stimulant 

methylphenidate (Abikoff et al., 2004, Dolina et al., 2014, Van der Oord et al., 2008). 
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Methylphenidate has had limited testing in dogs with some case reports where it has been 

used to treat the poorly defined constructs of ‘canine ADHD’ and ‘hyperkinesis’ (Luescher, 

1993, Piturru, 2014). Despite the lack of controlled studies, the use of methylphenidate and 

other psychostimulants in the treatment of canine behaviour problems remains an 

interesting prospect for the future. A detailed proposal for future studies on testing the 

efficacy of psychotropic medications in dogs with frustration-related problems is presented 

in Chapter 7.  

6.3.3 Role of medical problems with dogs with frustration-

related problems 

Attention should be drawn to the role of medical problems within these ‘behaviour cases’, 

as it influences the conclusions which can be drawn from the study. As expected, there was 

a high prevalence of suspected medical problems (especially those related to pain) within 

the caseload of the ABC presented in this study, with a total prevalence of around 80% 

(74% of the ‘frustration group’ and 100% of the ‘non-frustration group’). A survey of the 

ABC caseload from 2018-19 reported a similar high prevalence of medical problems (~82%), 

and this was in accordance with prevalence reports from a range of veterinary 

behaviourists across the globe (Mills et al., 2020a). Whilst musculoskeletal pain has 

received much attention with links to a range of behavioural presentations in dogs, 

especially noise sensitivities (Lopes Fagundes et al., 2018), and the use of aggressive 

behaviours (Barcelos et al., 2015, Camps et al., 2012), medical problems affecting other 

body systems such as neurological, gastrointestinal, urological and dermatological 

problems can also be implicated in some cases (Mills et al., 2020a).  

The relationship between painful medical conditions and behaviour is complex. There is 

extensive human literature on the relationship between temperament and both the 

perception of, and reaction to pain (Chen et al., 2000, Conrad et al., 2007, Kim et al., 2004). 

In dogs, it has been shown that the presence of painful conditions is associated with 

reduced positive affect as measured by the PANAS (Reaney et al., 2017). 

Frustration and pain may be linked for the following reasons: 1) pain may increase 

irritability as identified in humans (Barakatt et al., 2009, Husebo et al., 2014, Pilowsky and 
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Spence, 1976) and is considered within the assessment of chronic pain in dogs (Wiseman-

Orr et al., 2004), and thus reduce thresholds of reaction for a dog experiencing frustration; 

2) pain may result in a dog perceiving that distance increasing behaviours such as moving 

or running away from a potential threatening situation are no longer available – when this 

arises in a social context with a conspecific or owner, there may be an increased tendency 

to actively repel individuals using aggressive behaviours (Barcelos et al., 2015, Lopes 

Fagundes et al., 2018) 

The caseload described in this pilot study highlights the need for medical problems to be 

considered in the assessment of all behavioural presentations, including those where 

frustration is implicated. In the field of veterinary behavioural medicine, advances in the 

understanding of the role of medical problems in dogs presenting with problem behaviours 

is an important step for improving treatment outcomes as well as safeguarding the welfare 

of dogs. A range of approaches suggested to further elucidate the relationship between 

pain and frustration tendencies are discussed in Chapter 7.  

6.4 Conclusion 

To conclude, the utility of the CFQ in a clinical setting has been demonstrated on the 

following levels: firstly, as an aid to the diagnostic process, with convergent validity 

demonstrated through the findings that the CFQ OQS was higher in dogs with behaviour 

problems assessed by clinicians to involve frustration compared to those where it was not 

implicated; secondly, the reduction in CFQ OQS across owner rated successful treatment 

outcomes establishes the role of the CFQ in the monitoring of response to treatment where 

frustration tendencies are implicated. Based on these findings, the CFQ can be taken 

forward to both evaluate and quantify frustration related behaviour problems, as well as 

providing a means to monitoring response to treatment interventions including behaviour 

modification techniques and the use of psychotropic medications, which are outlined in 

Chapter 7.    
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Chapter 7 

General discussion and future 

directions 
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7.1 Progress made during thesis 

When work started on this thesis, existing published research on frustration in dogs was 

largely limited to reports of frustration-related behaviours described in dogs in specific 

experimental settings (Bentosela et al., 2008, Bentosela et al., 2009, Jakovcevic et al., 

2013). Whilst the potential role of frustration within behaviour problems in dogs had been 

highlighted within the veterinary behavioural medicine literature, the assessment of such 

frustration was based on subjective evaluation. The aim of this thesis was to develop a 

reliable and valid psychometric tool for the quantification of trait level frustration 

tendencies in dogs and explore the application of this tool in a clinical setting.   

It is important to appreciate the theoretical underpinnings to the scientific enquiry into 

canine frustration adhered to throughout the thesis. The psychobiological approach 

developed as a model for the assessment of behaviour problems within the field of clinical 

animal behaviour was discussed in Chapter 1 (Mills, 2003, Mills et al., 2012, Mills and 

Ewbank, 2016). This approach was derived from the field of affective neuroscience 

(Panksepp, 1998), with adaptations relating to component process theory (CPT) of 

emotions (Scherer, 1984, Scherer, 2005). CPT provided a framework allowing investigation 

and characterisation of the emotion of frustration starting with the initial survey of experts 

in Chapter 2 which considered these components. Items generated within the CFQ in 

Chapter 3 cover important features of frustration from the appraisal/context component, 

motivational component, and motor expression component. Further validation of the CFQ 

focussed on behavioural (motor expression component) and physiological 

(neurophysiological component) correlates. Through the consideration of each component 

process, this thesis provides the first detailed insight into the characterisation of canine 

frustration.  

In order to generate items for the psychometric tool, a series of three exploratory surveys 

was performed in Chapter 2, each survey obtaining insight and opinion from different 

stakeholders. Selecting experts on clinical aspects of canine behaviour provided face 

validity from those working in the field in the first survey, and a similar approach has been 

used as the sole means of item generation in the development of the DIAS (Wright et al., 

2011). However, in this thesis we explored further: an operational definition of frustration 
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was developed from the first survey and was used to generate the second survey of applied 

ethologists and experts in other species. Responses supported the relevance of contexts 

such as delayed husbandry routines, personal space and territory thus providing 

comprehensive coverage on frustration. Furthermore, the operational definition 

demonstrated species-independent conceptual validity, therefore permitting future 

application for the preliminary investigation of frustration in other species.  

“Frustration is an emotional state which can arise when an organism is thwarted 

from obtaining something it is motivated to gain or retaining something under its 

control. For example, frustration can occur where previously learned expectations 

are not met (absent, reduced or delayed reward) as well as in situations where 

there are actual or potential barriers to autonomous control (e.g. restraint, 

intrusion into personal space including territory).” 

Finally, and often overlooked (Wright et al., 2011, Sheppard and Mills, 2002), dog owners 

were surveyed at this early stage of scale development. Owners are the ultimate end users 

of such a psychometric tool, therefore obtaining their opinion at the start of the process 

ensured the relevance of the phenomenon from their viewpoint, as well as comprehension 

of terminology for inclusion in the questionnaire. Collectively, these three surveys were 

labour intensive to conduct, however the different important insights offered by each 

improves confidence in the degree to which items generated for the preliminary 

questionnaire capture the most relevant aspects of canine frustration. 

In Chapter 3, the process of psychometric test development was described. This process 

culminated in the production of the Canine Frustration Questionnaire, which is the first tool 

that can be used to measure frustration tendencies in dogs. Before discussing the quality 

metrics of the scale, it is useful to reflect on the use of electronic surveys as a method of 

data collection.  The ease with which such questionnaires can be developed using on-line 

platforms, advertised and disseminated via social media channels and results instantly 

recorded electronically likely contributed to the >2,000 initial responses from dog owners. 

This figure far exceeds the hundreds of individuals used for the development of similar 

scales such as PANAS and DIAS at a time where there was a reliance on paper 

questionnaires, and shows the potential for such an approach to generate a large dataset, 
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in a short space of time. In human medical research there is also a trend for the use of such 

methods for data collection (Kessel and Combs, 2016). In addition, this approach allows for 

the ease of collection of data from dog owners in other countries. As documented in 

Chapter 3, sufficient responses from dog owners in the UK, USA, and a catch all category 

‘other countries’ allowed statistical evaluation of nationality and the lack of an effect of 

country on the CFQ OQS supports the international validity of the CFQ in these countries.  

To ensure the robustness of the psychometric tool, a framework for test development 

proposed by Taylor and Mills (2006) guided the process. The quality metric of reliability was 

considered in scale development both within the scale, and across repeated completion of 

the scale, and was rigorously established. Within the scale, Cronbach’s alpha of 0.792 

demonstrated a high level of internal consistency. The scale was assessed over repeated 

occasions at 3 levels: intra-rater reliability over short (6 weeks) and long (1 year) time 

points; inter-rater reliability assessed using 2 owners of the same dog. The demonstration 

of reliability over a 1-year period was deemed to be vital considering the CFQ should be 

measuring stable frustration tendencies. The reliability over a 6-week period (where it is 

expected frustration tendencies would also be stable) permits the use of the CFQ as a 

monitoring tool to assess the efficacy of targeted treatment across a minimum period of 6 

weeks. A limitation of the assessment of temporal stability of CFQ scores in this study 

related to the 1 year duration as the maximum time frame over which reliability of the CFQ 

was assessed. Riemer et al. (2014) have demonstrated stability of DIAS scores over 6 years. 

It is recommended that such an approach is taken for the CFQ (at the end of 2022) when 6 

years have elapsed, to assess the stability of the scale over this time frame.  

Following the removal of non-reliable items, the data reduction technique of principal 

component analysis was used with Varimax rotation, resulting in a 21 item, five component 

solution which could be interpreted biologically. Principal components were labelled 

accordingly: PC1 ‘General frustration’; PC2 ‘Barrier frustration/perseverance’; PC3 ‘Unmet 

expectations’; PC4 ‘Autonomous control’; and PC5 ‘Frustration coping’. The speculated 

clinical relevance of these different facets relating to both assessment and proposed 

treatment was discussed in Chapter 3. Alongside the findings from the clinical application 
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of the CFQ (Chapter 6), these predictions have been used to propose a treatment algorithm 

for frustration-related problems discussed in 7.3 Future directions.  

The quality metric of validity has been at the forefront of the thesis with an overview of the 

types of validity provided in Chapter 3. Validity of the CFQ has been demonstrated during 

stages of development, with content (face) validity from expert and owner surveys in 

Chapter 2, and convergent validity across these surveys, providing the items used in the 

preliminary questionnaire in Chapter 3. Following the creation of the final scale, concurrent 

validity was shown with expected associations between the CFQ and a range of owner 

reported measures. In order to validate the scale beyond owner reported measures, 

Chapters 4 and 5 assessed behavioural and physiological correlates of frustration, using a 

newly designed behaviour test battery. These chapters provided further evidence of 

convergent validity, with a diagram summarising the relationships between the CFQ and 

these measures shown in Figure 7.1-1.  
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Figure 7.1-1 Illustration summarising relationship between Canine Frustration Questionnaire (CFQ) OQS (overall questionnaire score) and PCs (principal components) score 
with behavioural and physiological measures from Chapters 4 and 5. Solid black line represents established relationship; dotted grey line represents relationship warranting 
further evaluation. Green boxes             - measures from full test battery; blue boxes            - measures from single behaviour tests; orange box             - measures taken at a 
time unrelated to test battery 
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In Chapter 4, expected associations between the CFQ, PANAS, and DIAS were confirmed. 

Important here, was the demonstration of discriminant validity between frustration 

tendencies (as measured by the CFQ), and fearfulness/anxiousness (as measured by the 

negative activation score within the PANAS). Now that the CFQ is available, it can be used 

alongside the PANAS as a diagnostic aid in the differentiation of these independent 

negative emotional tendencies. A limitation of this part of the study related to the small 

sample size of dogs (n=44) recruited for behavioural testing where all three questionnaires 

were obtained. This was insufficient to allow for data reduction techniques to more deeply 

examine how items and facets from each scale are related. To address this further, 

investigation of the relationship between these and other canine psychometric scales is 

underway in a related project discussed below in 7.2.  

Before this thesis, frustration could only be subjectively evaluated; now, canine frustration 

tendencies can be quantified through the use of the CFQ. Whilst still based on owner 

evaluation, the demonstration of convergent validity with owner independent behavioural 

as well as physiological measures increases the objectivity of the scale. The creation of a 

reliable and valid psychometric tool throughout the thesis culminated in the piloting of the 

CFQ in a clinical setting in Chapter 6. Clinical predictions were supported meaning the CFQ 

can be used as an aid to the diagnostic process and the monitoring of response to 

treatment of frustration-related problems for both clinicians and researchers. This 

important achievement completes the original aims of the thesis and allows the CFQ to be 

used in a clinical setting and applied in research. Recent and current applications of the 

CFQ and proposed future directions are now discussed.  

7.2 The Canine Frustration Questionnaire – thesis 

outputs, related projects and current ongoing 

research  

The development of the CFQ outlined in Chapters 2 and 3 is documented in a published 

paper (McPeake et al., 2019) (see Appendix H1). Available open access, in the first 18 

months since publication, it has been viewed >25,000 times and has been cited by 5 other 

papers, indicating the interest in this work.   
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During 2019, the final CFQ (Appendix E7) was used as part of two MSc projects at the 

University of Lincoln. The first of these was a prospective cohort study where the effects of 

castration on CFQ and other owner reported behaviours was assessed (Lowery, 2019). 

There were 2 main findings: 1) there was no evidence that frustration tendencies as 

measured by the CFQ changed over a 3-month period following castration compared to 

control dogs, highlighting that such an intervention is not efficacious to reduce frustration 

tendencies at the group level; 2) dogs with higher CFQ scores at baseline were more likely 

to be castrated by their owners – this suggests that that problems relating to frustration 

could be implicated in the decision of owners to castrate in the first place. The second 

project investigated the relationship between CFQ/PANAS/DIAS scores and variations in 

the MAO-A gene, sampled through non-invasive swabbing of the oral mucosa (Richardson, 

2019). MAO-A gene mutations have previously been linked to aggressive behaviours in 

rodents and humans, arising through neurotransmitter imbalances (Cases et al., 1995, Holz 

et al., 2016). No direct link was found between questionnaire scores and variations on the 

MAO-A gene, however the existing behavioural problems within the 66 dogs tested were 

not known. It is suggested that this study is repeated with a behaviour referral caseload 

alongside the assessment of a clinician in order to further explore the potential relationship 

in those dogs with established problems.  

In February 2020, the CFQ was launched on an on-line platform allowing researchers and 

clinicians to access an electronic copy on a free restricted licence, accessible via the link 

https://ipstore.lincoln.ac.uk/product/canine-frustration-questionnaire-cfq. The CFQ is 

now used electronically within the Animal Behaviour Clinic, University of Lincoln for every 

referred case prior to the behaviour consultation. An on-line ‘App’ is under development 

which will enable any dog owner to easily complete the CFQ (alongside others such as the 

PANAS and DIAS) on any electronic device including a mobile phone. Scores will be 

automatically generated and provided to them, which can be shared with their own 

behaviour clinician (including those external to the University of Lincoln) which can then be 

used as part of assessment. 

The CFQ has been translated into two other languages (validated through forward and back 

translation) where it is currently being used within two research projects: the German 

https://ipstore.lincoln.ac.uk/product/canine-frustration-questionnaire-cfq
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version is being used within PhD research as part of the assessment of dogs highly 

motivated by ball play (A Mazzini 2020, personal communication, 1 July); the Italian version 

is being used alongside other scales including PANAS, DIAS and a recently developed 

Response Sensitivity Theory of Personality questionnaire (Piotti et al., 2018) to elucidate 

the relationship across these traits, with questionnaire dissemination both in Italy and 

English speaking countries. These examples reinforce the interest in the application of the 

CFQ within clinical research. 

7.3 Future directions 

Through the work highlighted in this thesis, and now with the existence of the CFQ, the 

following are suggested as five key strategic future directions for further clinical research 

aimed at increasing the validity and widening the potential applications of the scale. 

7.3.1 Treatment of frustration-related problems 

Below is a proposed algorithm for the treatment of frustration-related problems (Figure 

7.3-1). This is informed by the following: 1) the biological interpretation of CFQ PCs and 

proposed treatments for each, where specific exercises are adapted from those described 

by Zulch and Mills (2012) to improve frustration tolerance (as discussed in Chapter 3); 2) 

treatment categories commonly used in the  treatment of behaviour problems, alongside 

the clinical insights obtained from the pilot study in Chapter 6 (Figure 7.3-1).  
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Figure 7.3-1 Proposed algorithm for treating frustration-related problems in dogs 

Algorithm for treating frustration-related behaviour problems in dogs 

Frustration-related 

problem identified from 

subjective evaluation? 

Proceed with 

assessment and 

treatment of problem 

                                     In all cases: 

1) ensure species-specific needs are being met; 

2) ensure individual needs are being met;     

3) assess and address any medical problems. 

 Does the dog score highly 

on CFQ OQS? 

YES NO 

Consider use of psychotropic 

medication (e.g. SSRIs)  

Does the dog score highly 

on CFQ PC1 to PC5? 

PC2 ‘Barrier frustration’  

Building tolerance around a 

gradient of barriers 

 

In all cases: 

1) Avoid/minimise exposure to triggering stimuli; 

2) Reinforce calm/relaxed behaviour.  

PC5 ‘Frustration coping’ 

Exercises on coping with 

disappointment  

PC4 ‘Autonomous control’ 

Forming positive associations 

with restraint, handling 

 

PC3 ‘Unmet expectations’ 

Forming positive associations 

with change 

Reinforce more appropriate 

behaviour (requested or 

offered) with an alternative 

appetitive stimulus; 

countercondition. 

In specific frustration eliciting contexts, is it 

safe/desirable to allow the dog to obtain the 

goal from which is it thwarted? 

Reinforce more 

appropriate behaviour with 

access to desired stimuli 

Is progress being made 

with treatment? 
Continue current 

plan to resolution 

Reassess: 

- owner adherence to 

behaviour modification 

programme? 

- original diagnosis, 

especially potential role of 

medical issues? 

- use of psychotropic 

medication? 

-  If not using, consider 

trialling; 

-  if already using, 

consider change to 

medication dose, type, 

addition of another 

medication 

YES 

NO 

NO 

YES 

NO 

YES NO 

PC1 ‘General frustration’  

General frustration  

tolerance exercises 

YES 



 

227 
 

As highlighted in Chapter 6, clinical cases can present with a range of problems and 

implicated emotions underpinning them. Whilst there will always be a need for tailoring 

treatment to the individual patient/owner/environment, this algorithm can aid clinicians in 

their decision making about which treatments to prioritise within an individualised BMP 

where frustration has been implicated. Furthermore, the treatment options proposed in 

this algorithm can be assessed in clinical trials. Progressing from the retrospective cases 

described in the pilot study in Chapter 6, it is advised that prospective studies are 

conducted on dogs displaying frustration-related problems.  

First, it is important to assess the impact of the PC specific exercises suggested in the 

algorithm on problem behaviour and CFQ scores in dogs to test whether these 

hypothesised interventions are efficacious. Assessing these interventions in dogs with 

established behaviour problems where owners have sought referral could be undertaken - 

however, the complexity of the referral clinic caseload reported in Chapter 6 means that it 

would be challenging to simply evaluate one or two interventions when often a multitude 

are needed to manage and improve such problems. It is therefore suggested that dogs are 

recruited specifically for such a study as they were for the behaviour tests in Chapter 4. 

Whilst there was a low prevalence of reported behaviour problems within this population, 

there was a wide range of CFQ scores, which would facilitate the assessment of these 

interventions on CFQ scores after a period of implementation, without the confounding 

factors of additional treatments which are difficult to avoid within a clinic caseload.  

Second, evaluating treatment outcomes with the addition of psychotropic medication 

could proceed. Given the findings from Chapter 6, alongside its established safety and 

efficacy in other canine behaviour problems, the SSRI fluoxetine is considered the best 

candidate to undergo such an evaluation. The efficacy of fluoxetine in treating separation-

related problems has been demonstrated (Simpson et al., 2007, Landsberg et al., 2008).   

Recent findings suggest that frustration is an important emotion involved in large subset of 

separation-related problems (de Assis, 2018, de Assis et al., 2020). Fluoxetine may 

therefore have already demonstrated efficacy in treating frustration related problems in 

the context of dogs being separated from their owner. Nonetheless, a double-blind 

placebo-controlled study, evaluating the use of fluoxetine alongside a standardised 
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behaviour modification programme (informed from the first proposed study) is suggested. 

This could proceed using a similar methodology to the evaluation of fluoxetine as a 

separation-related problems Simpson et al. (2007) but include other categories of 

behaviour problem where frustration is implicated as assessed by a clinician and the CFQ. 

7.3.2 Urinary neurotransmitter/metabolite profiling in 

clinical cases 

In Chapter 5, there was an association between CFQ measures and a range of compounds 

from the panel of urinary neurotransmitters/metabolites analysed. In order to further 

elucidate the relationship between frustration-related problems and these measures, it is 

suggested that three populations of dogs are recruited with urine samples collected from 

each: 1) dogs with frustration-related problems recruited through a behaviour referral 

clinic (as in Chapter 6), identified through high scores on the CFQ in conjunction with a 

clinician based assessment of the involvement of frustration within the presenting 

problems; 2) healthy controls - dogs without frustration-related problems recruited 

through the database used in Chapters 4 and 5 identified as having low to normal scores 

on the CFQ in conjunction with a clinician based assessment to rule out frustration-related 

problems; 3) dogs with clinician assessed behaviour problems where frustration is not 

implicated, e.g. fear/anxiety based problems. The panel of urinary measures could then be 

compared between the dogs with established frustration-related problems and the group 

of ‘healthy’ controls (i.e. populations 1) and 2)), using a similar methodology as described 

in the studies on ADHD in children (Puurunen et al., 2016, Dolina et al., 2014). In addition, 

urinary measures from those dogs with frustration-related problems and those with 

fear/anxiety-based problems (i.e. populations 1) and 3)) could be assessed for their utility 

in distinguishing between these different emotions.  

If the proposed relationship between CFQ scores, frustration-related problems and 

compounds of the kynurenine pathway was confirmed, then candidate medications for the 

treatment of these problems in dogs could be considered from those medications which 

have demonstrated efficacy for treatment of ADHD in children; typically, psychostimulants 

such as methylphenidate (Abikoff et al., 2004, Dolina et al., 2014, Van der Oord et al., 2008). 

An interesting proposition is trialling the monoamine oxidase-B inhibitor selegiline for this 
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indication. Selegiline has been reported to be efficacious in children and adults with ADHD 

(Akhondzadeh et al., 2003, Ernst et al., 1997, Rubinstein et al., 2006) with one study 

suggesting equivalent efficacy to methylphenidate (Mohammadi et al., 2004). Selegiline is 

licensed for use in dogs (Selgian®, CEVA Animal Health Ltd), therefore there is an 

established history of safety and efficacy in other problems. In dogs, Selgian® has a broad 

licence for the “treatment of signs of emotional origin” (NOAH, 2020), therefore the 

application described here would fall under such a licensed indication. Building on the 

proposal for assessing the efficacy of fluoxetine outlined in 7.3.1, a similar approach could 

be used to assess the efficacy of selegiline (or methylphenidate).  

If both fluoxetine and selegiline demonstrated efficacy above placebo in these independent 

studies, attempting to understand whether assessment of urinary 

neurotransmitters/metabolites at baseline displayed predictive validity of treatment 

success with either of these agents would be of great interest. This could allow for rational 

selection of specific psychotropic medication based on quantifiable urinary measures from 

a simple laboratory test at the time of assessment, which should lead to improved 

treatment outcomes. A similar approach has been used by (Pageat et al., 2007), where 

anxious dogs with higher serum prolactin levels showed greater improvements with 

selegiline than those with lower prolactin levels, who were more improved by fluoxetine. 

If analysis of urinary compounds before treatment could be developed to guide the choice 

of psychotropic medication before it is commenced, the non-invasive sampling is an 

addition advantage, as a blood test is not required this method has the advantage of being 

non-invasive compared to blood sampling. 

7.3.3 Role of pain within frustration-related problems 

Given the high prevalence of medical problems within the Animal Behaviour Clinic caseload 

(including frustration related cases) highlighted in Chapter 6, and reported more broadly 

(Mills et al., 2020a), this relationship deserves further investigation. It is suggested that a 

prospective case series is undertaken on a group of dogs where medical problems such as 

musculoskeletal pain are identified at the first consultation. Treatment should initially focus 

on investigating and improving these medical problems, with implementation of other 

aspects of a BMP delayed aside from immediate risk management. Comparing CFQ scores 
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and owner reported frustration-related behaviour at baseline and following treatment of 

the medical issues would provide valuable insight into the relationship between frustration 

and pain.  

7.3.4 Frustration-related problems in shelter dogs 

Frustration likely plays a key role in behaviour problems such as destructive and aggressive 

behaviour, which commonly result in dogs being relinquished to a shelter (Patronek et al., 

1996, Salman et al., 2000). Within a shelter, new problems may manifest during the period 

a dog is housed related to the environment. Stephen and Ledger (2005) found that the 

prevalence of behavioural indicators of poor welfare deemed to be related to frustration 

(such as repetitive pacing, wall bouncing and bedding chewing) increased gradually over a 

6-week kennel stay, whereas those signs related to fear and anxiety emerged more quickly. 

The authors proposed that frustration may arise due to factors including separation from 

owners, a reduction in contact with dogs and people and lack of suitable enrichment.  

Based on these studies, there is enormous scope to further explore frustration-related 

behaviours in a shelter setting. It is suggested that the utility of the CFQ in predicting the 

ability of dogs to cope in the shelter environment is tested. Such a study would involve 

owners completing the CFQ at the time of relinquishment. Behaviour during the dog’s 

kennel stay could then be observed and measured as performed in other studies (Stephen 

and Ledger, 2005). To capture the trends reported in this study on purported frustrated-

related behaviours, it would be important to follow dogs for a period of around 6 weeks. 

The main clinical prediction here is that dogs scoring higher on the CFQ at intake would be 

more likely to develop these frustration-related problems during kennelling. If such a 

relationship was confirmed, the CFQ is potentially an important tool which could be applied 

in the shelter setting to screen dogs at relinquishment. For those dogs with profiles placing 

them at higher risk of developing frustration-related problems, alternative methods of 

housing could be considered such as fostering in a home or providing enhanced enrichment 

and opportunities to engage in species specific behaviour during their stay e.g. providing 

additional toys, use of activity feeders, increased frequency and duration of time outside 

the kennel, the potential to interact with people and other dogs (if appropriate for the 
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individual).It may also highlight dogs who may benefit from earlier use of psychotropic 

medication to increase their ability to cope in the kennelled environment. 

Dogs in shelter with an unknown history, such as stray dogs picked up with no identifiable 

owner, present a different challenge. Several future studies based on this thesis could be 

undertaken to develop strategies for assessing frustration-related behaviours in these 

dogs. Behavioural measures taken during the kennel stay as described by Stephen and 

Ledger (2005) could be recorded, and assessed alongside the future CFQ score obtained 

from the new owner of those dogs once rehomed – if the behavioural measures showed 

some predictive validity for subsequent frustration tendencies (as measured by the CFQ), 

then these behavioural measures may help identify dogs who may require additional 

support in their new homes, with owners given instructions on how to improve frustration 

tolerance. Another option would be to assess the predictive validity of the behaviour test 

battery developed in Chapter 4 as a method of assessing frustration tendencies following 

rehoming. The test battery could be used in dogs with an unknown history where the new 

owner is asked to complete CFQ following rehoming. If CFQ scores after rehoming were 

associated with test battery measures during kennelling, then this establishes predictive 

validity of the test battery in predicting future frustration tendencies as measured by the 

CFQ. If predictive validity was established , for dogs with an unknown history then this may 

allow earlier identification of those requiring interventions within the kennel setting to 

prevent the development of frustration-related problems, rather than relying on the 

observation of such problems emerging to prompt such interventions (Stephen and Ledger, 

2005). In addition, for dogs with an unknown history who are adopted after a short stay, 

the test battery may also identify frustration intolerant dogs before any signs of kennel-

related frustration had time to emerge, allowing pro-active guidance to future owners on 

how to manage and improve frustration tolerance.  

7.3.5 Assessing the role of the CFQ as a selection tool for 

working dogs 

Finally, assessing whether frustration tendencies are associated with the success/failure of 

working dogs is an interesting future direction. Whilst many studies have explored validity 

of behaviour tests for predicting such outcomes, a systematic review by Brady et al. (2018b) 
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highlighted a range of limitations with these current approaches. The authors suggested 

psychometric scales offer a more robust method of assessment, and a subsequent 

publication (Brady et al., 2018a) reported that “energy and interest” on the PANAS, and 

“responsiveness” on the DIAS may be particularly relevant to working dog success, being 

higher in active versus withdrawn police dogs. Given the relationship highlighted between 

the CFQ, PANAS and DIAS (Chapter 4), and the validity and reliability of the CFQ 

demonstrated throughout the thesis, it is suggested that the CFQ could be applied in a 

similar manner to understand the role of frustration tendencies in the success of dogs 

selected for working in protection, detection or assistance roles.  

7.4 Final conclusions 

This thesis has documented the process of development of a psychometric tool for the 

quantification of trait level frustration tendencies in dogs: The Canine Frustration 

Questionnaire. The result is a reliable psychometric tool, which has demonstrated validity 

at various levels, including convergence with behavioural and physiological measures. 

Finally, the CFQ was shown to have value in a clinical setting, as both a diagnostic aid and 

a tool for monitoring the response to treatment. The CFQ is currently available for use by 

researchers and clinicians; it has already been used in completed studies outside of this 

thesis, with ongoing data collection in others. Five key clinical research directions have 

been proposed to explore the role of the CFQ further in the diagnosis, treatment and 

prevention of frustration-related behaviour problems (including those where pain is 

present), plus the potential predictive validity of the scale in shelter and working dogs.  
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Question 1: Could you provide a definition for “frustration”? 

  

Question 2: Are there, in your opinion, general environmental circumstances or conditions in 
which frustration occurs? 

 

Question 3 Which are, in your opinion, behavioural or postural signs of frustration in dogs? 

 

Question 3.1: Are any of these signs or collection of signs unique to frustration? 

 

Question 3.2: Are any of these signs or collection of signs always present in frustration? If so, 
which ones? 

 

Question 3.3: Does the absence of any of these signs indicate that a dog is not frustrated? If so, 
which ones? 

 

Question 4: Following the previous questions, which are, in your opinion, readily detectable 
physiological signs of frustration in dogs? 

 

Question 4.1: Are any of these signs or collection of signs unique to frustration? 

 

Question 4.2: Are any of these signs or collection of signs always present in frustration? If so, 
which ones? 

 

Question 4.3: Does the absence of any of these signs indicate that a dog is not frustrated? If so, 
which ones? 

 

Question 5: Do you think there are any breed differences in how frustration is expressed? If so, 
please give details. 

 

Question 6: Is there anything else you would like to add on the subject? 

 

Appendix A1 - First round survey questionnaire as sent to clinical animal behaviour experts as part of 
modified Delphi 
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Section 1: definition of “frustration” as it applies to the dog 

INSTRUCTIONS: Please tick the appropriate check-box if you think that the provided definition is relevant or 
irrelevant to the topic. If you think that two or more definitions/items represent repetitions of the same 
concept, please do indicate the appropriate number in the “repetition” box (i.e. if you think that 
definition/item 3 is similar to definition/item 1, write 1 in the repetition box of definition/item 3). If there is 
anything else that you would like to add, please use the appropriate box at the end of the section. 

# Definition Relevant Irrelevant Repetition 

1 The apparent inability to perform a behaviour that a dog 
appears to want to perform. 

☐ ☐  

2 The internal state experienced when a dog is thwarted 
from getting something it wants. 

☐ ☐  

3 The reaction to the absence or reduction of an appetitive 
reinforcer in the presence of signals previously paired with 
a larger incentive. 

☐ ☐  

4 A negative emotional state resulting from a perceived 
difference between expected outcome and reality. 

☐ ☐  

5 Irritative, angry emotion linked to the inability to satisfy a 
need, desire or goal. 

☐ ☐  

6 Inability to reach a goal that can be seen, heard or smelled, 
but not reached. 

☐ ☐  

7 The dog wants to do a certain thing but cannot do it, or 
the dog wants something but cannot get it. 

☐ ☐  

8 Emotional state that arises when the dog is unable to 
achieve a goal either due physical or behavioural barriers. 

☐ ☐  

9 The negative mental state caused by impossibility of 
satisfaction of some or other needs. 

☐ ☐  

10 Frustration refers to the situation in which an animal is 
motivated to perform a behaviour, but it is prevented 
from doing so. 

☐ ☐  

11 When there are roadblocks to what you want, the 
organism becomes frustrated. Teasing can create 
frustration if the dog desires what it is being teased with. 

☐ ☐  

12 A negative emotional experience that happens in several 
circumstances in which expected rewarding outcomes do 
not happen (or it is somewhat reduced) or the dog is 
deprived of its need. 

☐ ☐  

13 An emotional response which emerges when the 
expectations of dogs for a certain stimulus are not met. 

☐ ☐  

14 State of increased emotional arousal derived from the 
impossibility to fulfil a need or expectation. 

☐ ☐  

15 A state in which a dog needs or craves reward or 
satisfaction of its natural, species typical, in-built desires. 
In general, frustration is engendered by lack of reward. 

☐ ☐  

Having read all the answers, is there anything else you would like to add? 
Appendix A2 - Second round survey questionnaire as sent to clinical animal behaviour experts as part of 
modified Delphi - section 1, relevance of definitions 
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Section 2: General environmental circumstances or conditions in which frustration may 

occur 

INSTRUCTIONS: Please tick the appropriate check-box if you can link the listed circumstance to the definitions 

provided in SECTION 1. If you do not feel that the listed circumstance related to any definition, please leave 

the check-boxes blank. If there is anything else that you would like to add, please use the appropriate box at 

the end of the section. Please do check all those that apply. 

# Circumstance 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 Being on a leash 
when another 
dog approaches 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

2 Inability to 
access food 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

3 Inability to 
access a desired 
object 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

4 Not getting 
attention 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

5 Inability to reach 
its owner 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

6 Any context 
involving 
violation of an 
expectation for 
the 
environmental 
condition 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

7 Inconsistent 
human-animal 
communication 
(e.g. allowing 
something at 
first, then no 
longer allowing 
it) 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

8 Negative 
punishment (i.e. 
taking away 
something 
pleasant, e.g. 
food, attention, 
interaction) 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

9 Physical barrier 
preventing an 
action towards a 
highly valued 
goal 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

10 Physical barrier 
between the 
dog and the 
owner 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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11 The 
environment 
cannot provide 
for the 
satisfaction of 
the biological, 
physiological 
and innate 
behavioural 
needs or desires 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

12 Being actively 
restrained 
(physically or 
mentally) from 
reaching a goal 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

13 When the 
attempts to 
reach a goal are 
prevented, and 
there are no 
alternative 
outlets for the 
behaviour 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

14 Being in a rescue 
shelter 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

15 Being confined 
to an enclosed 
area 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

16 Being teased 
with a toy 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

17 Being muzzled ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
18 Failure to 

provide the dog 
with the activity 
levels it 
needs/desires 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

19 Being left home 
alone 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

20 Barren 
environments 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

21 Social isolation ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

 

 Strongly 
agree 

Agree Disagree Strongly 
disagree 

I 
am 
not 
sure 

22 There are no general 
circumstances that can elicit 
frustration, it depends on the 
dog’s individuality 

☐ ☐ ☐ ☐ ☐ 

After reading all the answers, is there anything else you would like to add? 
 

Appendix A3 - Second round survey questionnaire as sent to clinical animal behaviour experts as part of 
modified Delphi - section 2, linking of contexts to definitions 
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Section 3: Behavioural or postural signs of frustration in dogs 

INSTRUCTIONS: Please tick the appropriate check-box if you think that the listed behavioural or postural sign 

is related to the expression of frustration in dogs. If there is anything else that you would like to add, please 

use the appropriate box at the end of the section. 

# Behaviour Strongly 
agree 

Agree Disagree Strongly 
disagree 

I am 
not 
sure 

1 Barking ☐ ☐ ☐ ☐ ☐ 
2 Whining ☐ ☐ ☐ ☐ ☐ 
3 Growling ☐ ☐ ☐ ☐ ☐ 
4 Sighing ☐ ☐ ☐ ☐ ☐ 
5 Whimpering ☐ ☐ ☐ ☐ ☐ 
6 Other vocalisations ☐ ☐ ☐ ☐ ☐ 

Please specify which: 

7 Snapping ☐ ☐ ☐ ☐ ☐ 
8 Biting ☐ ☐ ☐ ☐ ☐ 
9 Lip licking ☐ ☐ ☐ ☐ ☐ 

10 Lip smacking ☐ ☐ ☐ ☐ ☐ 
11 Tongue smacking ☐ ☐ ☐ ☐ ☐ 

12 Yawning ☐ ☐ ☐ ☐ ☐ 
13 Licking its own body ☐ ☐ ☐ ☐ ☐ 
14 Panting ☐ ☐ ☐ ☐ ☐ 
15 Destructive behaviours (i.e. 

redirection of frustration 
towards objects, leash, clothing, 
etc.) 

☐ ☐ ☐ ☐ ☐ 

16 Compulsive behaviours (i.e. 
circling, tail-chasing, flysnapping, 
etc.) 

☐ ☐ ☐ ☐ ☐ 

17 Pica (i.e. ingestion of uneatable 
items) 

☐ ☐ ☐ ☐ ☐ 

18 Self-mutilation ☐ ☐ ☐ ☐ ☐ 
19 Eye fixation ☐ ☐ ☐ ☐ ☐ 
20 Eye squinting ☐ ☐ ☐ ☐ ☐ 
21 Blinking of the eyes ☐ ☐ ☐ ☐ ☐ 
22 Sniffing ☐ ☐ ☐ ☐ ☐ 
23 Tail and ears down ☐ ☐ ☐ ☐ ☐ 
24 Tail twitching ☐ ☐ ☐ ☐ ☐ 
25 Jumping ☐ ☐ ☐ ☐ ☐ 
26 Pawing ☐ ☐ ☐ ☐ ☐ 
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27 Digging ☐ ☐ ☐ ☐ ☐ 
28 Mild pacing ☐ ☐ ☐ ☐ ☐ 
29 Self-scratching ☐ ☐ ☐ ☐ ☐ 
30 Leg lifting ☐ ☐ ☐ ☐ ☐ 
31 Motor excitation ☐ ☐ ☐ ☐ ☐ 
32 Repetitive behaviours ☐ ☐ ☐ ☐ ☐ 
33 Motor stereotypic behaviours ☐ ☐ ☐ ☐ ☐ 
34 Moving away from the stimulus ☐ ☐ ☐ ☐ ☐ 
35 Frantic attempts to locate the 

object/thing it is teased with 
☐ ☐ ☐ ☐ ☐ 

36 Orientation towards the 
object/critter it desires to further 
investigate (if physically 
restrained) 

☐ ☐ ☐ ☐ ☐ 

37 Pulling on a leash ☐ ☐ ☐ ☐ ☐ 
38 Rigid/tense posture ☐ ☐ ☐ ☐ ☐ 
39 Out-of-context behaviours ☐ ☐ ☐ ☐ ☐ 
40 Urine marking ☐ ☐ ☐ ☐ ☐ 
41 Intensify a previously learned 

behaviour if reinforcement 
suddenly stops 

☐ ☐ ☐ ☐ ☐ 

42 Aggression ☐ ☐ ☐ ☐ ☐ 
43 Apathy ☐ ☐ ☐ ☐ ☐ 
Is there anything else you would like to add? 

Appendix A4 - Second round survey questionnaire as sent to clinical animal behaviour experts as part of 
modified Delphi - section 3, relevance of behavioural signs 
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Section 4: Readily detectable physiological signs of frustration in dogs 

INSTRUCTIONS: Please tick the appropriate check-box if you think that the listed physiological sign is a readily 

detectable measure of the expression of frustration in dogs. If there is anything else that you would like to 

add, please use the appropriate box at the end of the section. 

# Sign Strongly 
agree 

Agree Disagree Strongly 
disagree 

I am 
not 
sure 

1 Panting ☐ ☐ ☐ ☐ ☐ 
2 Dilated pupils ☐ ☐ ☐ ☐ ☐ 
3 Salivation ☐ ☐ ☐ ☐ ☐ 
4 Increased body temperature ☐ ☐ ☐ ☐ ☐ 

5 Increased heart rate ☐ ☐ ☐ ☐ ☐ 
6 Elimination ☐ ☐ ☐ ☐ ☐ 
7 Body rigidity ☐ ☐ ☐ ☐ ☐ 
8 Increased cortisol levels ☐ ☐ ☐ ☐ ☐ 
9 Increased 

hormone/neurotransmitter levels 
☐ ☐ ☐ ☐ ☐ 

Please specify which ones:  

10 Increased motor activity ☐ ☐ ☐ ☐ ☐ 
11 Any sign of anxiety ☐ ☐ ☐ ☐ ☐ 
12 They are unique for every dog ☐ ☐ ☐ ☐ ☐ 
13 There are no readily detectable 

signs of frustration, this being 
connected with a considerable 
and long-lasting disorganisation of 
mental processes 

☐ ☐ ☐ ☐ ☐ 

After reading all the answers, is there anything else you would like to add? 
 

Appendix A5 - Second round survey questionnaire as sent to clinical animal behaviour experts as part of 
modified Delphi - section 4, relevance of physiological signs 
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Section 5: Breed differences in the expression of frustration in dogs 

INSTRUCTIONS: Please tick the appropriate check-box in order to indicate your level of agreement with the 

following statements on breed differences in the expression of frustration in dogs. If there is anything else that 

you would like to add, please use the appropriate box at the end of the section. 

# Elements Strongly 
agree 

Agree Disagree Strongly 
disagree 

I am 
not 
sure 

1 Breeds with tendencies to dig are 
more likely to use their feet (e.g. 
pawing, digging) 

☐ ☐ ☐ ☐ ☐ 

2 Tail chasing is more frequent in 
cattle dogs 

☐ ☐ ☐ ☐ ☐ 

3 Herding breeds are more likely to 
be frustrated and show 
aggression if teased with a toy 
then used as reward 

☐ ☐ ☐ ☐ ☐ 

4 Mouth-oriented breeds, such as 
retrievers, are more apt to show 
oral behaviours 

☐ ☐ ☐ ☐ ☐ 

5 Spinning is more frequent in bull 
terriers 

☐ ☐ ☐ ☐ ☐ 

6 Labradors and Golden Retrievers 
are more persistent in the 
extinction of a social response, 
probably reflecting a lower level 
of frustration 

☐ ☐ ☐ ☐ ☐ 

7 There is probably a genetic 
predisposition to use specific 
actions/behavioural elements as 
a coping strategy when being 
frustrated, possibly linked to 
breeding lines within breeds 

☐ ☐ ☐ ☐ ☐ 

8 Terriers, herding dogs, German 
Shepherds tend to have a very 
proactive response to frustration 
(e.g. barking, jumping, aggressive 
behaviours) 

☐ ☐ ☐ ☐ ☐ 

9 Flank-sucking is more frequent in 
Dobermans 

☐ ☐ ☐ ☐ ☐ 

10 German Shepherds and poodles 
are less persistent during the 
extinction of a social response, 

☐ ☐ ☐ ☐ ☐ 
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probably reflecting a higher level 
of frustration 

11 Checking and gazing are more 
frequent in Schnauzers 

☐ ☐ ☐ ☐ ☐ 

12 Hounds can be frustrated if 
teased with a toy then used as 
reward, but they are not likely to 
show aggression 

☐ ☐ ☐ ☐ ☐ 

13 Acral Lick Dermatitis is more 
common in mid-size or larger 
breeds as a result of frustration 

☐ ☐ ☐ ☐ ☐ 

14 Hounds tend to have a reactive 
response to frustration (e.g. 
trembling, lip-licking, hiding, 
yawning) 

☐ ☐ ☐ ☐ ☐ 

15 Within herding breeds, it is easier 
to frustrate Belgian Malinois 
Shepherds than German 
Shepherds 

☐ ☐ ☐ ☐ ☐ 

16 There are no differences 
regarding the nature of how 
frustration is expressed, but 
regarding the intensity of this 
expression 

☐ ☐ ☐ ☐ ☐ 

17 There are both breed differences 
and temperamental differences 

☐ ☐ ☐ ☐ ☐ 

18 There are no differences 
between breeds, but between 
individuals within breeds 

☐ ☐ ☐ ☐ ☐ 

19 I do not think there are 
differences between breeds in 
the expression of frustration 

☐ ☐ ☐ ☐ ☐ 

Is there anything else you would like to add? 
 

Appendix A6 - Second round survey questionnaire as sent to clinical animal behaviour experts as part of 
modified Delphi - section 5, relevance of breed statement 
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Section 1 – Behavioural signs associated with frustration in dogs 

The following table includes all the behavioural signs that you and other members of the expert panel 

reckoned to be possibly related to the expression of frustration in dogs.  

We are now asking you to rate the intensity of frustration at which it is expressed; i.e. how frustrated you 

think the animal is when showing that particular sign. Please note you may tick more than one option, if you 

think it is expressed over a range of intensities. 

 If you think that a given sign cannot be used to assess the intensity of frustration, given that the animal is in 

an environment which you would recognise as triggering frustration, please tick the “unreliable” box. 

Behavioural sign 
Intensity of frustration 

high Moderate Low Unreliable 

Barking ☐ ☐ ☐ ☐ 
Whining/whimpering ☐ ☐ ☐ ☐ 
Growling ☐ ☐ ☐ ☐ 
Biting ☐ ☐ ☐ ☐ 
Lip licking/smacking ☐ ☐ ☐ ☐ 
Yawning ☐ ☐ ☐ ☐ 
Licking its own body ☐ ☐ ☐ ☐ 
Panting ☐ ☐ ☐ ☐ 
Destructive behaviours ☐ ☐ ☐ ☐ 
Self-mutilation ☐ ☐ ☐ ☐ 
Jumping ☐ ☐ ☐ ☐ 
Pawing ☐ ☐ ☐ ☐ 
Digging ☐ ☐ ☐ ☐ 
Paw-lifting ☐ ☐ ☐ ☐ 
Motor excitation ☐ ☐ ☐ ☐ 
Repetitive behaviours ☐ ☐ ☐ ☐ 
Orientation towards the stimulus / 
Pulling on a leash 

☐ ☐ ☐ ☐ 

Out-of-context behaviours ☐ ☐ ☐ ☐ 
Aggressive behaviours ☐ ☐ ☐ ☐ 
Apathy ☐ ☐ ☐ ☐ 

Any comments: 

Appendix A7 - Third round survey questionnaire as sent to clinical animal behaviour experts as part of 
modified Delphi - section 1, intensity at which behaviours manifest in frustration 
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Section 2 – Physiological signs associated with frustration in dogs 

The following table includes all the physiological signs that you and other members of the expert panel 

reckoned to be possibly related to the expression of frustration in dogs. We are now asking you to rate the 

intensity of frustration at which it is expressed; i.e. how frustrated you think the animal is when showing that 

particular sign. Please note you may tick more than one option, but if you think it is expressed over a range of 

intensities. 

If you think that a given sign cannot be used to assess the intensity of frustration, given that the animal is in 

an environment which you would recognise as triggering frustration, please tick the “unreliable” box. 

 

Physiological sign 
Intensity of frustration 

Very  Moderate Low Unreliable 

Panting ☐ ☐ ☐ ☐ 
Pupil dilation ☐ ☐ ☐ ☐ 
Salivation ☐ ☐ ☐ ☐ 
Increase in heart rate ☐ ☐ ☐ ☐ 
Elimination ☐ ☐ ☐ ☐ 

Increase in general motor activity level ☐ ☐ ☐ ☐ 
Any comments: 

Appendix A8 - Third round survey questionnaire as sent to clinical animal behaviour experts as part of 
modified Delphi - section 2, intensity at which readily detectable physiological signs manifest in frustration 
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Expert name Expertise Country 
Survey round response 

First 
round 

Second 
round 

Third 
round 

Anonymous Comparative psychologist Argentina Yes Yes Yes 

Dehasse, Joel Veterinary behaviourist Belgium Yes Yes Yes 

De Keuster, Tiny Veterinary behaviourist Belgium Yes Yes Yes 

Anonymous Veterinary behaviourist Brazil Yes Yes Yes 

Landsberg, Gary Veterinary behaviourist Canada Yes Yes No 

Palestrini, Clara Veterinary behaviourist Italy Yes Yes Yes 

Siracusa, Carlo Veterinary behaviourist Italy Yes Yes Yes 

Anonymous Veterinary behaviourist Japan Yes Yes No 

Anonymous Clinical animal behaviourist Russia Yes Yes Yes 

Salgirli, Yasemin Veterinary behaviourist Turkey Yes Yes Yes 

Anonymous Veterinary behaviourist UK Yes No No 

Bain, Melissa Veterinary behaviourist USA Yes Yes Yes 

Beaver, Bonnie Veterinary behaviourist USA Yes Yes Yes 

Houpt, Katherine Veterinary behaviourist USA Yes Yes Yes 

Plonsky, Mark Experimental biopsychologist USA Yes Yes Yes 
Appendix A9 - Details of clinical animal behaviour experts contributing to the modified Delphi 
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No. Definition 

Expert replies in second survey round (n=14) 

Relevant 
(frequency) 

Irrelevant 
(frequency) 

No 
response 

% 
relevance 

1 
The apparent inability to perform a 
behaviour that a dog appears to want to 
perform. 

9 5 0 64.3 

2 
The internal state experienced when a dog is 
thwarted from getting something it wants. 

13 1 0 92.9 

3 

The reaction to the absence or reduction of 
an appetitive reinforcer in the presence of 
signals previously paired with a larger 
incentive. 

7 7 0 50.0 

4 
A negative emotional state resulting from a 
perceived difference between expected 
outcome and reality. 

8 6 0 57.1 

5 
Irritative, angry emotion linked to the 
inability to satisfy a need, desire or goal. 

7 6 1 53.8 

6 
Inability to reach a goal that can be seen, 
heard or smelled, but not reached. 

7 7 0 50.0 

7 
The dog wants to do a certain thing but 
cannot do it, or the dog wants something but 
cannot get it. 

9 5 0 64.3 

8 
Emotional state that arises when the dog is 
unable to achieve a goal either due physical 
or behavioural barriers. 

11 2 1 84.6 

9 
The negative mental state caused by 
impossibility of satisfaction of some or other 
needs. 

9 5 0 64.3 

10 
Frustration refers to the situation in which an 
animal is motivated to perform a behaviour, 
but it is prevented from doing so. 

11 3 0 78.6 

11 

When there are roadblocks to what you 
want, the organism becomes frustrated. 
Teasing can create frustration if the dog 
desires what it is being teased with. 

3 11 0 21.4 

12 

A negative emotional experience that 
happens in several circumstances in which 
expected rewarding outcomes do not 
happen (or it is somewhat reduced) or the 
dog is deprived of its need. 

10 4 0 71.4 

13 
An emotional response which emerges when 
the expectations of dogs for a certain 
stimulus are not met. 

11 3 0 78.6 

14 
State of increased emotional arousal derived 
from the impossibility to fulfil a need or 
expectation. 

11 3 0 78.6 

15 

A state in which a dog needs or craves reward 
or satisfaction of its natural, species typical, 
in-built desires. In general, frustration is 
engendered by lack of reward. 

5 9 0 35.7 

Appendix A10 - Second round Delphi survey results – definition of frustration (frequencies include those 
where experts suggested there was repetition with a relevant or irrelevant definition) 
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Context/ 
circumstance 

Definition number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Being on a leash when 
another dog approaches 

4 4 2 2 2 2 2 5 2 3 1 2 2 2 1 

Inability to access food 5 3 2 2 2 1 2 5 2 3 1 2 3 3 1 

Inability to access a 
desired object 

5 3 2 3 2 1 2 5 1 3 1 2 3 2 
N
R 

Not getting attention 2 3 4 3 3 1 1 3 1 2 
N
R 

2 3 3 1 

Inability to reach its 
owner 

4 3 2 3 3 1 2 5 1 3 
N
R 

2 2 2 2 

Any context involving 
violation of an 
expectation for the 
environmental condition 

2 4 2 3 2 1 1 4 1 1 
N
R 

3 2 4 2 

Inconsistent human-
animal communication 
(e.g. allowing something 
at first, then no longer 
allowing it) 

2 3 4 3 2 1 1 4 
N
R 

2 
N
R 

4 2 3 
N
R 

Negative punishment 
(i.e. taking away 
something pleasant, e.g. 
food, attention, 
interaction) 

3 4 3 2 2 1 1 3 1 1 
N
R 

2 2 3 1 

Physical barrier 
preventing an action 
towards a highly valued 
goal 

5 3 3 2 2 1 2 5 
N
R 

2 1 2 3 2 1 

Physical barrier between 
the dog and the owner 

3 3 2 2 2 3 1 5 1 1 
N
R 

2 3 3 2 

The environment cannot 
provide for the 
satisfaction of the 
biological, physiological 
and innate behavioural 
needs or desires 

2 4 1 2 2 2 1 2 3 1 
N
R 

3 2 4 3 

Being actively restrained 
(physically or mentally) 
from reaching a goal 

5 3 3 2 3 1 2 5 
N
R 

3 1 2 3 2 
N
R 

When the attempts to 
reach a goal are 
prevented, and there are 
no alternative outlets for 
the behaviour 

5 3 3 2 3 1 2 5 
N
R 

2 1 2 3 2 1 

Being in a rescue shelter 3 1 2 2 2 1 1 2 2 1 
N
R 

3 3 4 2 

Being confined to an 
enclosed area 

3 2 2 3 2 1 1 4 3 1 1 2 2 3 2 

Being teased with a toy 5 4 3 2 2 1 2 5 
N
R 

2 2 2 2 2 1 
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Being muzzled 2 2 1 2 1 1 1 2 
N
R 

1 
N
R 

1 1 1 
N
R 

Failure to provide the 
dog with the activity 
levels it needs/desires 

3 2 2 1 3 
N
R 

1 2 3 1 1 3 2 3 2 

Being left home alone 1 1 1 1 2 
N
R 

1 1 
N
R 

1 
N
R 

1 2 1 1 

Barren environments 3 3 1 2 2 
N
R 

1 2 3 1 1 3 3 2 2 

Social isolation 2 3 1 1 3 1 1 2 1 1 1 3 2 4 2 

Total frequency of 
responses 

69 61 46 45 47 22 29 76 25 36 12 48 50 55 27 

Appendix A11 - Second round Delphi survey results – number of experts linking context/circumstance with 
each definition of frustration (NR = no response). 
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Behavioural/ 
postural sign 

Expert agreement on sign/link to frustration (n=14) 

Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

Not 
sure 

NR 

TOTAL 
(Strongly 
agree + 
agree) 

% 
Strongly 

agree 
/agree 

Whining 6 6 0 0 1 1 12 85.7 

Mild pacing 4 8 0 0 0 2 12 85.7 

Motor excitation 6 6 1 0 0 1 12 85.7 

Barking 9 2 0 0 2 1 11 78.6 

Destructive 
behaviours (i.e. 
redirection of 
frustration towards 
objects, leash, 
clothing, etc.) 

6 5 1 0 0 2 11 78.6 

Yawning 3 7 2 0 0 2 10 71.4 

Jumping 4 6 2 0 0 2 10 71.4 

Motor stereotypic 
behaviours 

6 4 3 0 0 1 10 71.4 

Whimpering 2 7 2 1 1 1 9 64.3 

Lip licking 3 6 1 1 1 2 9 64.3 

Lip smacking 3 6 1 1 1 2 9 64.3 

Licking its own body 3 6 2 1 0 2 9 64.3 

Pawing 3 6 2 0 0 3 9 64.3 

Digging 5 4 4 0 0 1 9 64.3 

Frantic attempts to 
locate the 
object/thing it is 
teased with 

6 3 3 0 1 1 9 64.3 

Orientation towards 
the object/critter it 
desires to further 
investigate (if 
physically restrained) 

5 4 2 0 1 2 9 64.3 

Aggression 2 7 2 1 0 2 9 64.3 

Panting 4 4 4 0 0 2 8 57.1 

Self-mutilation 2 6 3 0 1 2 8 57.1 

Repetitive 
behaviours 

5 3 4 0 0 2 8 57.1 

Out-of-context 
behaviours 

4 4 2 0 1 3 8 57.1 

Urine marking 2 6 2 1 1 2 8 57.1 

Growling 2 5 4 0 1 2 7 50.0 

Snapping 4 3 4 0 1 2 7 50.0 

Compulsive 
behaviours (i.e. 
circling, tail-chasing, 
flysnapping, etc.) 

3 4 3 0 1 3 7 50.0 

Leg lifting 2 5 3 1 0 3 7 50.0 

Intensify a previously 
learned behaviour if 

3 4 5 0 1 1 7 50.0 
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reinforcement 
suddenly stops 

Apathy 3 4 4 1 0 2 7 50.0 

Biting 4 2 3 0 3 2 6 42.9 

Tongue smacking 2 4 1 1 4 2 6 42.9 

Tail and ears down 1 5 4 0 2 2 6 42.9 

Self-scratching 2 4 5 0 1 2 6 42.9 

Pulling on a leash 3 3 4 0 1 3 6 42.9 

Rigid/tense posture 1 5 4 1 1 2 6 42.9 

Other vocalisations 1 4 1 0 6 2 5 35.7 

Pica (i.e. ingestion of 
uneatable items) 

1 4 4 1 1 3 5 35.7 

Eye squinting 1 4 3 0 4 2 5 35.7 

Blinking of the eyes 2 3 2 0 5 2 5 35.7 

Sniffing 3 2 4 1 2 2 5 35.7 

Moving away from 
the stimulus 

2 3 5 1 1 2 5 35.7 

Sighing 1 3 3 2 3 2 4 28.6 

Eye fixation 2 2 4 0 4 2 4 28.6 

Tail twitching 0 3 4 0 4 3 3 21.4 

Appendix A12 - Survey 1 - Second round Delphi survey results – number of experts linking 
behavioural/postural sign to expression of frustration. Ordered top to bottom by total frequency of those 
experts agreeing with the relevance of the sign. 
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Physiological 
sign 

Expert agreement on sign/link to frustration (n=14) 

Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

Not 
sure 

NR 

TOTAL 
(Strongly 
agree + 
agree) 

% 
Strongly 

agree 
/agree 

Increased heart 
rate 

1 9 1 0 2 1 10 71.4 

Increased motor 
activity 

5 5 2 0 0 2 10 71.4 

Panting 2 7 2 0 2 1 9 64.3 

Dilated pupils 2 6 3 0 2 1 8 57.1 

Salivation 1 7 3 0 1 2 8 57.1 

Elimination 1 6 3 1 1 2 7 50.0 

Increased cortisol 
levels 

1 6 2 0 3 2 7 50.0 

They are unique for 
every dog 

6 1 5 1 0 1 7 50.0 

Any sign of anxiety 1 5 4 0 1 3 6 42.9 

Increased body 
temperature 

0 4 2 1 5 2 4 28.6 

Body rigidity 1 3 3 1 4 2 4 28.6 

Increased 
hormone/ 
neurotransmitter 
levels 

0 3 4 0 5 2 3 21.4 

There are no 
readily detectable 
signs of frustration, 
this being 
connected with a 
considerable and 
long-lasting 
disorganisation of 
mental processes 

2 1 6 4 0 1 3 21.4 

Appendix A13 - Survey 1 - Second round Delphi survey results – number of experts linking physiological sign 
to expression of frustration. Ordered top to bottom by total frequency of those experts agreeing with the 
relevance of the sign. 
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Breed statement 

Expert agreement on statement/link to frustration (n=14) 

Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

Not 
sure 

NR 

TOTAL 
(Strongly 
agree + 
agree) 

% 
Strongly 

agree 
/agree 

There are both breed 
differences and 
temperamental 
differences 

4 9 0 0 0 1 13 92.9 

There is probably a 
genetic predisposition to 
use specific 
actions/behavioural 
elements as a coping 
strategy when being 
frustrated, possibly 
linked to breeding lines 
within breeds 

4 8 0 0 1 2 12 85.7 

Flank-sucking is more 
frequent in Dobermans 

3 6 0 0 2 2 9 64.3 

Spinning is more 
frequent in bull terriers 

2 5 1 0 4 2 7 50.0 

Terriers, herding dogs, 
German Shepherds tend 
to have a very proactive 
response to frustration 
(e.g. barking, jumping, 
aggressive behaviours) 

1 6 2 0 4 2 7 50.0 

Breeds with tendencies 
to dig are more likely to 
use their feet (e.g. 
pawing, digging) 

2 4 2 0 5 2 6 42.9 

Labradors and Golden 
Retrievers are more 
persistent in the 
extinction of a social 
response, probably 
reflecting a lower level of 
frustration 

1 3 2 0 6 1 4 28.6 

Checking and gazing are 
more frequent in 
Schnauzers 

1 3 2 1 5 1 4 28.6 

Acral Lick Dermatitis is 
more common in mid-
size or larger breeds as a 
result of frustration 

0 4 3 1 4 3 4 28.6 

Hounds tend to have a 
reactive response to 
frustration (e.g. 
trembling, lip-licking, 
hiding, yawning) 

0 4 0 2 6 2 4 28.6 

There are no differences 
regarding the nature of 
how frustration is 
expressed, but regarding 

1 3 7 2 1 2 4 28.6 
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the intensity of this 
expression 

Tail chasing is more 
frequent in cattle dogs 

1 2 4 0 5 2 3 21.4 

Herding breeds are more 
likely to be frustrated 
and show aggression if 
teased with a toy then 
used as reward 

0 3 3 0 6 2 3 21.4 

Mouth-oriented breeds, 
such as retrievers, are 
more apt to show oral 
behaviours 

1 2 2 0 7 2 3 21.4 

Hounds can be frustrated 
if teased with a toy then 
used as reward, but they 
are not likely to show 
aggression 

0 3 2 1 6 2 3 21.4 

German Shepherds and 
poodles are less 
persistent during the 
extinction of a social 
response, probably 
reflecting a higher level 
of frustration 

1 1 2 1 7 0 2 14.3 

Within herding breeds, it 
is easier to frustrate 
Belgian Malinois 
Shepherds than German 
Shepherds 

0 2 2 3 5 1 2 14.3 

There are no differences 
between breeds, but 
between individuals 
within breeds 

0 0 8 2 2 2 0 0.0 

I do not think there are 
differences between 
breeds in the expression 
of frustration 

0 0 7 2 3 2 0 0.0 

Appendix A14 - Second round Delphi survey results – number of experts linking breed statement to 
expression of frustration. Ordered top to bottom by total frequency of those experts agreeing with the 
relevance of the statement. 
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Appendix B  
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“Frustration is an emotional state which can arise when an organism is thwarted 

from obtaining something it is motivated to gain or retaining something under its 

control. 

For example, frustration can occur where previously learned expectations are 

not met (absent, reduced or delayed reward) as well as in situations where 

there are actual or potential barriers to autonomous control (e.g. restraint, 

intrusion into personal space including territory).” 

Please familiarise yourself with the above operational definition of frustration as it 

may be different to others you use. 

Please complete the table and answer the questions below in relation to a particular 

species you have worked with (if you would like to contribute with information on 

more than one species, or the same species kept in a different environment, please 

complete a full table for each):  

Species  

Environment species kept in  

How frustration manifests (i.e. 

behavioural signs) 
 

Context(s) where frustration can 

arise 
 

And where possible, please identify and complete each section below, where 

applicable, for each example of a context: 

What is thwarting the animal?  

What is the animal motivated to 

gain? 
 

What is the animal motivated to 

retain under its control? 
 

What expectations are not being 

met? 
 

- and, how the expectation has 

arisen?  

What are the actual or potential 

barriers to control? 
 

Please provide any additional 

comments here: 
 

Thank you for providing this information. If you would like to be acknowledged by 

name for your contribution please let me know, otherwise, your response will 

remain anonymised. 

 

Appendix B1 - Survey 2 questionnaire formulated from operational definition of frustration as sent to 
applied ethologists/experts in other species. 
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Input requested: Frustration in Animals - 10 short questions  

Please contribute your expertise by participating in a brief survey on frustration in 

animals 

We are looking for those working with any species of animal to answer 10 short 

questions on frustration 

The questions explore how frustration manifests in that species and in what contexts it 

occurs. 

We are interested in animals kept in a variety of environments ranging from those kept 

in zoos or laboratories to farm or companion animals. 

If you have 5-10 minutes spare and are able to contribute, please email your interest to 

kmcpeake@lincoln.ac.uk and you will be emailed the 10 questions. 

Thank you for your help with this important research, 

Kevin J. McPeake BVMS PGDip(CABC) MRCVS 

School of Life Sciences 

University of Lincoln, UK 

Appendix B2 - Advertisement for survey 2 questionnaire as disseminated to various organisations and 
displayed on ISAE social media and website platforms. 

  

http://www.applied-ethology.org/Input_requested_Frustration_in_Animals-10_short_questions.html
mailto:kmcpeake@lincoln.ac.uk


 

285 
 

Expert name Country Sourced 

Anonymous Australia ISAE 2016 

Christel Moons Belgium ISAE 2016 

Anonymous Brazil ISAE 2016 

Anonymous Canada ISAE 2016 

Anonymous Malaysia ISAE 2016 

Anonymous Netherlands ISAE 2016 

Inonge Reimert Netherlands ISAE 2016 

Anonymous Netherlands ISAE 2016 

Dr Claudia Vinke Netherlands Forwarded by another from ISAE 2016 

Anonymous Norway ISAE 2016 

Anonymous South Africa ISAE 2016 

Anonymous Switzerland ISAE 2016 

Anonymous Switzerland ISAE 2016 

Anonymous Switzerland ISAE 2016 

Anonymous UK ISAE 2016 

Anonymous UK ISAE 2016 

Anonymous UK ISAE 2016 

Anonymous UK ISAE 2016 

Anonymous UK ISAE 2016 

Anonymous UK ISAE 2015 

Jenna Kiddie UK ISAE 2015 

Anonymous UK ISAE 2016 

Anonymous UK ISAE 2016 

Anonymous UK ISAE 2016 

Anonymous UK ISAE 2016 

Anonymous UK ISAE 2015 

Anonymous UK LASA 

Debbie Busby UK Equine behaviourist 

Anonymous UK Equine behaviourist 

Anonymous UK Feline behaviourist 

Anonymous UK Feline behaviourist 

Sarah Ellis UK International Cat Care 

Anonymous UK Parrot behaviourist 

Anonymous USA ISAE 2016 

Anonymous USA ISAE 2016 

Anonymous USA LASA 
Appendix B3 - Details of applied ethologists/experts in other species contributing as respondents to Survey 2.  
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Behavioural signs of 
frustration 

Species 

Total 
Freq. 

No. of 
species Dog 

(8) 
Pig 
(6) 

Horse 
(4) 

Chicken 
(4) 

Cat 
(4) 

Sheep 
(2) 

Gerbil 
(1) 

Red 
fox 
(1) 

Parrot 
species 

(1) 

Ostrich 
(1) 

Mouse 
(1) 

Rat 
(1) 

Goat 
(1) 

Dairy 
cow 
(1) 

Veal 
calf 
(1) 

Atlantic 
salmon 

(1) 

Aggressive behaviour 
(incl. redirected) 

1 1 3 1 3 1 0 1 1 1 0 0 0 0 0 1 14 10 

Repetitive/ compulsive/ 
stereotypic 

2 2 3 1 0 1 1 1 1 0 1 0 0 0 1 0 14 10 

Vocalising 3 2 2 2 4 2 0 0 1 0 0 0 1 0 0 0 17 8 

Increased motor activity 4 0 4 2 1 2 0 1 0 0 1 0 0 1 0 0 16 8 

Oral (self)  0 1 2 1 1 0 0 0 1 0 0 0 0 0 1 0 7 6 

Oral (environment) 3 3 2 0 0 0 0 0 0 0 1 0 0 0 1 0 10 5 

Oral (conspecifics) 1 3 0 0 0 1 0 0 0 0 0 0 0 0 1 0 6 4 

Barrier directed 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 3 3 
Out of context 
/displacement 

0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 3 3 

Escape attempts 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 3 2 

Apathetic behaviour 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 2 2 

Head nodding /shaking 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 
Attention seeking 
(human) 

0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 1 

Destructive behaviour 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
Turning and/or moving 

away from situation 
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 

Appendix B4 - Survey 2 (operational definition). Behavioural signs of frustration, ordered by frequency of number of species where the sign was reported from high to low, 
top to bottom. Number in brackets () represents number of experts for which a response was obtained for this species for this question.  
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Physiological 

signs of 

frustration 

Species 

Total 

Freq. 

No. of 

Specie

s 
Dog 

(1) 

Pig 

(0) 

Horse 

(1) 

Chicken 

(0) 

Cat 

(4) 

Sheep 

(1) 

Gerbil 

(0) 

Red 

fox 

(1) 

Parrot 

species 

(0) 

Ostrich 

(0) 

Mouse 

(0) 

Rat 

(0) 

Goat 

(1) 

Dairy 

cow 

(0) 

Veal 

calf 

(0) 

Atlantic 

salmon 

(0) 

Body tension 1 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 4 4 

Skin/tail twitching 0 0 1 0 3 0 0 1 0 0 0 0 0 0 0 0 5 3 

Facial tension 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 2 2 

Visible eye white 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 2 2 

Urine marking 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 

Piloerection 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 

Dilated pupils 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 

Increased heart rate 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 

Increased cortisol 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 

HRV signature 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 

Panting 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Salivating 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Hypervigilance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 

Appendix B5 - Survey 2 (operational definition). Physiological signs of frustration, ordered by frequency of number of species where the sign was reported from high to low, 
top to bottom. Number in brackets () represents number of experts for which a response was obtained for this species for this question. 
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Contexts where 
frustration can 

arise 

Species 

Total 
Freq. 

No. of 
Species Dog 

(8) 
Pig 
(6) 

Horse 
(4) 

Chicken 
(4) 

Cat 
(4) 

Sheep 
(2) 

Gerbil 
(1) 

Red 
fox 
(1) 

Parrot 
species 

(1) 

Ostrich 
(1) 

Mouse 
(1) 

Rat 
(1) 

Goat 
(1) 

Dairy 
cow 
(1) 

Veal 
calf 
(1) 

Atlantic 
salmon 

(1) 

Access to food  4 5 3 2 4 1 0 1 0 1 0 0 1 0 1 1 24 10 
Intrusion into 
personal space 

4 1 1 1 1 0 0 1 1 0 0 0 0 0 0 0 10 7 

Insufficient 
enrichment 

0 4 0 1 1 0 1 0 0 0 1 1 0 0 1 0 10 7 

Space/freedom to 
explore 

3 0 3 0 3 1 0 0 0 0 1 1 0 0 0 0 12 6 

Access to social 
contact – conspecific 

0 1 2 0 0 1 0 0 1 1 0 0 0 0 0 0 6 5 

Physical restraint 1 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 5 4 
Access to resting 
places 

0 2 0 3 0 0 0 1 0 0 0 0 0 0 0 0 6 3 

Access to mate 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 4 3 
Inconsistency during 
training 

0 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 4 3 

Access to human 
contact 

0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 3 2 

Access to water 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 2 
Separation 
parent/offspring 

0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 2 2 

Inability to relieve 
pain 

0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 2 2 

Ability to 
thermoregulate 

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Appendix B6 - Survey 2 (operational definition). Contexts where frustration may arise, ordered by frequency of number of species where the sign was reported from high to 
low, top to bottom. Number in brackets () represents number of experts for which a response was obtained for this species for this question. 
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Cause of 
thwarting 

Species 

Total 

Freq. 

No. of 

Species 
Dog 

(7) 

Pig 

(6) 

Horse 

(4) 

Chicken 

(3) 

Cat 

(4) 

Sheep 

(2) 

Gerbil 

(1) 

Red 

fox 

(1) 

Parrot 

species 

(1) 

Ostrich 

(1) 

Mouse 

(1) 

Rat 

(1) 

Goat 

(1) 

Dairy 

cow 

(1) 

Veal 

calf 

(1) 

Atlantic 

salmon 

(1) 

Action of human 
in control of 
resource 

3 1 3 0 2 1 0 0 1 1 0 0 1 0 1 1 15 10 

Action of 
conspecific 

2 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 7 6 

Inappropriate 
environmental 
conditions 

0 5 2 0 0 0 1 0 0 0 1 1 0 0 0 0 10 5 

Physical barrier 1 1 2 0 2 0 0 0 1 0 0 0 0 0 0 0 7 5 
Non-specific 
"inability" 

2 0 1 1 0 1 0 0 0 1 0 0 0 0 0 0 6 5 

Physical restraint 0 3 1 0 1 0 0 0 0 0 0 0 0 0 0 0 5 3 

Pain/medical 
problem 

1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 3 3 

Reference to 
experimentally 
induced thwarting 

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 2 

Action of other 
species (non-
human) 

0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 2 

Physical 
punishment by 
human 

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Appendix B7 - Survey 2 (operational definition). Causes of thwarting, ordered by frequency of number of species where the sign was reported from high to low, top to 
bottom. Number in brackets () represents number of experts for which a response was obtained for this species for this question. 
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Motivated to 
gain 

Species 

Total 

Freq. 

No. of 

Species 
Dog 

(7) 

Pig 

(6) 

Horse 

(4) 

Chicken 

(2) 

Cat 

(4) 

Sheep 

(2) 

Gerbil 

(1) 

Red 

fox 

(0) 

Parrot 

species 

(1) 

Ostrich 

(1) 

Mouse 

(1) 

Rat 

(0) 

Goat 

(1) 

Dairy 

cow 

(1) 

Veal 

calf 

(1) 

Atlantic 

salmon 

(1) 

Access to appropriate 
food  

4 5 3 1 3 1 0 0 0 1 0 0 1 0 1 1 21 10 

Access to social 
contact – conspecific 

2 2 3 0 0 2 0 0 1 1 1 0 0 0 0 0 12 7 

Freedom of 
movement 

2 3 4 0 3 0 0 0 0 0 1 0 0 0 0 0 13 5 

Access to resting 
places 

0 0 1 2 0 0 1 0 0 0 1 0 0 1 0 0 6 5 

Access to object/toy 1 4 0 0 0 0 0 0 1 1 0 0 0 0 0 0 7 4 

Access to human 
contact 

2 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 5 3 

Access to water 0 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 4 3 

Access to mate 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 3 3 

Access to 
parent/offspring 

0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 3 3 

Appropriate 
environmental 
substrate 

0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 3 3 

Opportunity to hunt 2 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 4 2 

Maintain personal 
space 

1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 3 2 

Access to territory 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 2 2 
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Safety 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 2 2 

Ability to 
thermoregulate 

0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 

Ability to relieve pain 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 

Direct frustration 
onto something else 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Avoidance of physical 
restraint 

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Control/ 
predictability 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 

Appendix B8 - Survey 2 (operational definition). Things an animal is motivated to gain, ordered by frequency of number of species where the sign was reported from high to 
low, top to bottom. Number in brackets () represents number of experts for which a response was obtained for this species for this question. 
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Motivated to 

retain 

Species 

Total 

Freq. 

No. of 

Species 
Dog 

(7) 

Pig 

(6) 

Horse 

(4) 

Chicken 

(2) 

Cat 

(4) 

Sheep 

(2) 

Gerbil 

(1) 

Red 

fox 

(0) 

Parrot 

species 

(1) 

Ostrich 

(1) 

Mouse 

(0) 

Rat 

(0) 

Goat 

(0) 

Dairy 

cow 

(0) 

Veal 

calf 

(1) 

Atlantic 

salmon 

(0) 

Access to appropriate 

food  
3 3 4 1 3 1 0 0 0 0 0 0 0 0 1 0 16 7 

Access to social 

contact – conspecific 
3 1 4 0 1 2 0 0 0 0 0 0 0 0 0 0 11 5 

Control/ 

predictability 
2 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 5 4 

Freedom of 

movement 
0 3 3 0 2 0 0 0 0 0 0 0 0 0 0 0 8 3 

Access to human 

contact 
3 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 5 3 

Access to water 0 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 4 2 

Access to resting 

places 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 2 

Access to territory 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 2 

Access to 

parent/offspring 
0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 2 2 

Safety 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 

Avoidance of physical 

restraint 
0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 2 2 

Ability to 

thermoregulate 
0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 

Access to object/toy 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 
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Maintain personal 

space 
0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 1 

Appropriate 

environmental 

substrate 

0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 1 

Access to mate 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Choice 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Social status 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

General access to 

resources 
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 

Appendix B9 - Survey 2 (operational definition). Things an animal is motivated to retain, ordered by frequency of number of species where the sign was reported from high to 
low, top to bottom. Number in brackets () represents number of experts for which a response was obtained for this species for this question. 
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Unmet 

expectations 

Species 

Total 

Freq. 

No. of 

Species 
Dog 

(7) 

Pig 

(4) 

Horse 

(3) 

Chicken 

(2) 

Cat 

(4) 

Sheep 

(2) 

Gerbil 

(1) 

Red 

fox 

(0) 

Parrot 

species 

(1) 

Ostrich 

(1) 

Mouse 

(1) 

Rat 

(0) 

Goat 

(1) 

Dairy 

cow 

(1) 

Veal 

calf 

(1) 

Atlantic 

salmon 

(1) 

Access to appropriate 

food 
3 2 3 0 3 1 0 0 0 0 0 0 1 0 1 1 15 8 

Access to social 

contact – conspecific 
4 1 2 0 0 1 0 0 0 1 0 0 0 0 0 0 9 5 

Access to resting 

places 
0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 5 5 

Freedom of 

movement 
0 1 3 0 2 0 0 0 0 0 0 0 0 0 0 0 6 3 

Inability to meet 

'needs' 
2 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 5 3 

Access to water 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 

Ability to 

thermoregulate 
0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 2 2 

Safety 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 2 2 

Control/ 

predictability 
0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 2 2 

General access to 

resources 
0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 2 2 

Avoidance of physical 

restraint 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Access to human 

contact 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 
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Opportunity to hunt 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Access to mate 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 

Access to territory 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Ability to relieve pain 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 

Choice 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Inability to avoid 

aversive 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Appendix B10 - Survey 2 (operational definition). Unmet expectations, ordered by frequency of number of species where the sign was reported from high to low, top to 
bottom. Number in brackets () represents number of experts for which a response was obtained for this species for this question. 
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How 

expectations 

arose 

Species 

Total 

Freq. 

No. of 

Species 
Dog 

(8) 

Pig 

(5) 

Horse 

(3) 

Chicken 

(3) 

Cat 

(4) 

Sheep 

(1) 

Gerbil 

(1) 

Red 

fox 

(0) 

Parrot 

species 

(1) 

Ostrich 

(1) 

Mouse 

(1) 

Rat 

(1) 

Goat 

(1) 

Dairy 

cow 

(1) 

Veal 

calf 

(1) 

Atlantic 

salmon 

(1) 

Previous learning 2 2 3 2 4 1 0 0 1 0 0 0 1 1 0 1 18 10 

Innate 5 3 2 1 0 0 0 0 0 1 0 0 0 0 1 0 13 6 

Unsure 2 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 5 4 

Genetic 

predisposition 
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 

Confinement 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Appendix B11 - Survey 2 (operational definition). How expectations arose, ordered by frequency of number of species where the sign was reported from high to low, top to 
bottom. Number in brackets () represents number of experts for which a response was obtained for this species for this question. 
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Barriers to 

control 

Species 

Total 

Freq. 

No. of 

Species 
Dog 

(6) 

Pig 

(5) 

Horse 

(3) 

Chicken 

(1) 

Cat 

(4) 

Sheep 

(2) 

Gerbil 

(1) 

Red 

fox 

(0) 

Parrot 

species 

(0) 

Ostrich 

(1) 

Mouse 

(1) 

Rat 

(1) 

Goat 

(1) 

Dairy 

cow 

(1) 

Veal 

calf 

(1) 

Atlantic 

salmon 

(1) 

Inappropriate 

environmental 

conditions 

0 1 1 1 0 0 1 0 0 0 1 1 0 0 1 0 7 7 

Physical barrier 3 2 2 0 3 0 0 0 0 0 0 0 1 1 0 0 12 6 

Action of human in 

control of resource 
1 0 3 1 3 0 0 0 0 0 0 0 0 0 0 0 8 4 

Action of conspecific 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 3 3 

Intrusion into 

personal space 
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 

Absence of 

resources 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 

Unsure 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 1 

Physical restraint 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 

Pain/medical 

problem 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

None 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Appendix B12 - Survey 2 (operational definition). Barriers to control (potential or actual), ordered by frequency of number of species where the sign was reported from high 
to low, top to bottom. Number in brackets () represents number of experts for which a response was obtained for this species for this question.
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Appendix C 
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Does your dog ever become frustrated? 

Frustration is one of a range of emotions which can be experienced by dogs. As part of a larger 

project, we are exploring when and how frustration manifests in dogs. Below is a brief 

explanation of what this project entails. If you have any questions, please do not hesitate to get 

in touch using the contact details below.  

Researcher: Kevin J McPeake BVMS PGDip(CABC) MRCVS 

Email: kmcpeake@lincoln.ac.uk                         Telephone: 01522 835425 

In order for us to further the research in this field, we need to gain as much information about 

the different contexts in which dogs become frustrated, and how they behave when they are 

feeling this way, as possible. The aims of this project are to develop a scale to measure 

frustration, and also help dogs to develop frustration tolerance.   

If you would like to assist with this project, please complete the below questions and return 

your completed form to Kevin, using the above email address. If you would like more 

information about the project, or require any clarification with regards to the questions, please 

get in touch using any of the contact details above. If you have more than one dog, please 

complete one questionnaire per dog.  

Owner name:      

Preferred method of contact:  

Dog name:     Dog age (years):  

Breed:   

Gender:    Neutered? (Y/N) 

 

Situation Please describe a situation in 

which your dog becomes 

frustrated 

Please describe how your dog 

behaves when he/she is frustrated 

1   

2   

3   

4   

5   

N.B. Please list as many situations and behaviours that you can think of – there may be more or 

less than 5 (if there are more, please add additional rows to the table). It may be that there is 

some repetition in the behaviours your dog shows in different situations – please DO list all 

behaviours your dog exhibits in each situation, even if you have already listed the behaviour for 

a previous situation.  

Appendix C1 - Survey 3 - Owner questionnaire on contexts and manifestations of frustration in dogs 

mailto:kmcpeake@lincoln.ac.uk
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Contexts 

Total no. of 

respondents 

per context 

Category 

Total no. of 

respondents 

per category 

Unable to chase moving object/prey when restricted (by crate, lead, window) 12 

Prey/object 

 
31 

Unable to access toy 6 

Waiting for a toy/ball to be thrown 5 

Absence of object play with human 5 

Wanting a toy that the other dog has 3 

Lack of owner attention 7 

Social – human 24 

Restricted greeting visitor 4 

Owners separate when on walk 4 

Waiting for turn in activity involving a person 2 

Owner in car drives past 2 

Restricted from accessing a person when on lead 2 

Owner giving attention to another dog 2 

Cued sit whilst wants to greet owner 1 

Restricted from accessing another dog when on lead 14 

Social – conspecific 

 
19 

Sight of owner training other dog 3 

Sight of other dogs recalling during training 1 

Other dog barking outdoors 1 
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Waiting for walks 6 

Anticipating exercise 
 

19 

Awaiting exercise – car 5 

Waiting turn (training event) 4 

Other dog being taken for a walk 1 

General reduction in walks 1 

Needs outdoor access for defaecating 1 

Cues indicating movement to garden 1 

Leading up to expected feeding time 4 

Food 
 

14 
Waiting for food to be given 4 

Presence of/begging for owner’s food 3 

Preparing dog's food 2 

Wanting food 1 

Training new behaviour dog does not understand what is required 6 

Expectancy during training 14 

Unclear cues delivered by owner at agility 1 

No treats given for offered behaviour during training 1 

Reluctance to recall on walks (end of free movement) 1 

When behaviour cued in face of something dog wants 1 

Not rewarded for a behaviour previously rewarded 1 

Reduction in value of reward 1 

During classes, during "settle" 1 

Scentwork - unable to find object 1 

Boundary of property- trigger 3 
Non-social - noise/novelty 4 

Unexpected change in environment (neighbours window open) 1 

Confined in a crate/room 3 Confinement 3 
Ending an interaction (handling) 1 

Physical restraint 2 
Wearing head harness 1 

Appendix C2 - Survey 3 – Categorisation of owner reported contexts where frustration can arise in dogs, ordered by frequency of number of owners reporting from high to 
low, top to bottom. 

 



 

302 
 

Manifestations 
Total no. of respondents 

per manifestation 
Category 

Total no. of respondents 

per category 

Barks 48 

Vocalising 110 

Whining/cries 33 

Cries 7 

Huffing 4 

Snorts 3 

Squeak 3 

Vocalise (not specified) 3 

Howling 2 

Yaps 2 

Shouting  1 

Sighing 1 

Sneeze 1 

Wahoo 1 

Whimper 1 

Jumping  18 

Other motor behaviour 66 

Run around 6 

Spinning  6 

Pace 5 

Paw stomp 4 

Pawing at owner 4 

Bounces 3 

Circles owner 2 

Increased walking speed 2 

Jumps back 2 

Mounts bed 2 
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Runs in circles 2 

Climbing 1 

Difficulty sitting still 1 

Fence running 1 

Following owner 1 

Jumps on owner 1 

Kicks with back legs 1 

Offering behaviour which has previously been rewarded 1 

Rolling  1 

Somersault 1 

Repetition of behaviour 1 

Pulls toward/lunge 30 Pulling/lunging towards 32 

Grabbing accessible item (e.g. clothing lead, toy, ) 11 

Mouthing/grabbing 26 

Mouthing 4 

Chewing toy/bone 2 

Nibbles/chews hand 2 

Picking up/Snatching toy 2 

Suckles blanket 2 

Attempts to steal food 1 

Licks owner 1 

Stealing owners items 1 

Tail wag 6 

Other body 

postures/behaviours 
21 

Play bow 3 

Stands still 3 

Head tilted backwards 2 

High tail 2 
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Ears back 1 

Lowered body 1 

Lowered head 1 

Stretching 1 

Yawning 1 

Looking/staring at owner 9 
Gazing at owner 15 

Alternating looking between desirable(food, toy), door) and owner 6 

Digs/scrapes/paws barrier 11 

Pawing/digging barrier 14 Escape attempts 2 

Scratch at head collar/face 1 

Tense/stiff body 6 

Physiological signs 14 
Panting 4 

Trembling 2 

Drooling 1 

Raised hackles 1 

Focussed, alert, difficult to distract 9 
Intense focus, difficult to 

distract 
11 Reduced accuracy of behaviour 1 

Refusal to follow commands 1 

Growl 8 
Aggressive behaviours 9 

Showing teeth 1 

Walk away 2 

Avoidance behaviours 4 Pulling away 1 

Turns away 1 

Destructive behaviour  3 Destructive behaviour 3 

Appendix C3 - Survey 3 – Categorisation of owner reported behaviours/manifestations of frustration in dogs, ordered by frequency of number of owners reporting from high 
to low, top to bottom.
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Appendix D 
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Item 
no. 

Item after comprehensibility 
Reverse 
Scored 

(R) 

1 My dog appears unsettled when there are delays in his/her routine (e.g. if walked or fed later than usual)  

2 My dog does not like being left out of activities with other dogs  

3 My dog gives up quickly (e.g. moving away from/avoiding) when he/she cannot access something wanted (R) 

4 My dog is protective of his/her territory (house, garden, car)  

5 My dog becomes highly excited and agitated whilst waiting for his/her food  

6 
When on lead my dog will persist in lunging/pulling towards something he/she would like to chase (e.g. a cat, rabbit, bird, 
toy) 

 

7 My dog tends to react in the same way regardless of what he/she is frustrated by  

8 
During periods when my dog does less than usual (e.g. reduced walks, less than expected food or sessions of play) he/she 
appears to become agitated/upset 

 

9 My dog can lunge and grab at a nearby object (e.g. lead, clothing, toy, bed etc.) if he/she cannot access something wanted  

10 My dog finds it easy to relax and settle when unable to access something he/she wants (R) 

11 My dog engages in a repetitive behaviour (e.g. tail chasing, pacing, circling) when unable to access something he/she wants  

12 My dog will attempt to escape if I try to confine him/her (e.g. in a room, crate or kennel)  

13 My dog becomes aggressive (i.e. growl, snap or bite) if I try to remove an item he/she has (e.g.  favourite toy or food)  

14 
My dog appears to cope well when denied access to things he/she is occasionally allowed (e.g. access to the sofa/bed or 
provision of table scraps) 

(R) 

15 My dog tends to react in the same way when frustrated by the same thing on repeated occasions  

16 I find it easy to interrupt/distract my dog from doing things he/she wants to do (R) 

17 My dog shows marked physical signs (e.g. panting, drooling, trembling) when he/she cannot access something they want  

18 
My dog has difficulty in responding to cues/commands (e.g. sit, lie down, stay) if there is something else he/she wants to do 
or access 

 

19 My dog becomes frustrated in a large range of situations  
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20 
My dog will seek attention (e.g. looking at me, vocalising, pawing, looking between me and the thing they want) when 
he/she wants something 

 

21 
My dog shows increases in certain behaviours (e.g. lip licking, yawning, mounting, full body shake off) if he/she cannot 
immediately access something they want 

 

22 There are days when my dog seems to become more easily frustrated than others for no apparent reason  

23 When my dog is not kept busy, he/she can repeatedly lick, chew or nibble their own body parts (e.g. paws, flanks/sides)  

24 My dog is very patient when waiting for something he/she wants (R) 

25 My dog gets upset if shut away from visitors (e.g. vocalises or scratches/digs at the door)  

26 
My dog shows continued efforts (e.g. lunging, pulling towards) to approach a dog/person they wish to greet, when being 
restrained from doing so (e.g. when on lead) 

 

27 My dog finds it very difficult to calm down if he/she does not get something they want  

28 
My dog shows increases in certain behaviours (e.g. barking, whining, growling, jumping up) if he/she cannot immediately 
access something they want 

 

29 My dog appears to become frustrated frequently (e.g. at least once daily)  

30 
My dog becomes very excited/restless (e.g. pacing, whining, barking, jumping up) when waiting to take part in an enjoyable 
activity 

 

31 
My dog is intolerant of intrusion into his/her personal space (e.g. being approached when resting or being physically 
restrained) 

 

32 My dog appears agitated and unsettled when he/she wants something another dog has (e.g. a toy or food item)  

33 
My dog appears annoyed/upset if given less than he/she was expecting (e.g. wants table scrap – gets a pat on the head; 
given less food/a lower quality of food than expecting) 

 

Appendix D1 - Thirty-three items used for initial frustration questionnaire after comprehensibility testing. (R) = reverse scored question 



 

308 
 



 

309 
 



 

310 
 



 

311 
 



 

312 
 



 

313 
 



 

314 
 



 

315 
 



 

316 
 



 

317 
 



 

318 
 



 

319 
 



 

320 
 



 

321 
 



 

322 
 



 

323 
 

 

Appendix D2 - Owner questionnaire: “Profiling how your dog copes in a range of situations” circulated on-
line via Survey Monkey™. 
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Item 
no. 

6-week intra-rater 1-year intra-rater Inter rater 

Spearman’s p n Wilcoxon Spearman’s p n Wilcoxon Spearman’s p n Wilcoxon 

1 0.620 0.000 242 0.801 0.526 0.000 264 0.085 0.535 0.000 88 0.061 

2 0.713 0.000 213 0.530 0.587 0.000 249 0.501 0.351 0.002 76 0.649 

3 0.449 0.000 243 0.075 0.417 0.000 264 0.506 0.314 0.003 87 0.040* 

4 0.692 0.000 244 0.057 0.611 0.000 272 0.012* 0.383 0.000 90 0.299 

5 0.711 0.000 241 0.241 0.660 0.000 272 0.001* 0.550 0.000 91 0.236 

6 0.677 0.000 241 0.548 0.610 0.000 273 0.331 0.555 0.000 88 0.417 

7 0.500 0.000 229 0.082 0.309 0.000 242 0.349 0.304 0.005 84 0.399 

8 0.564 0.000 239 0.024* 0.536 0.000 268 0.275 0.387 0.000 91 0.969 

9 0.557 0.000 233 0.380 0.541 0.000 263 0.990 0.411 0.000 91 0.818 

10 0.465 0.000 241 0.695 0.500 0.000 275 0.791 0.304 0.003 91 0.930 

11 0.495 0.000 236 0.987 0.429 0.000 267 0.373 0.302 0.005 85 0.834 

12 0.569 0.000 236 0.548 0.521 0.000 261 0.880 0.296 0.005 87 0.646 

13 0.732 0.000 244 0.551 0.625 0.000 270 0.746 0.554 0.000 92 0.258 

14 0.374 0.000 234 0.364 0.400 0.000 269 0.818 0.314 0.003 86 0.369 

15 0.380 0.001 214 0.250 0.143* 0.030 229 0.181 0.161* 0.166* 76 0.577 

16 0.498 0.000 246 0.813 0.453 0.000 275 0.924 0.243 0.021 90 0.115 

17 0.502 0.000 234 0.120 0.451 0.000 273 0.249 0.100* 0.352* 88 0.256 

18 0.549 0.000 245 0.996 0.451 0.000 275 0.223 0.371 0.000 92 0.164 

19 0.665 0.000 243 0.385 0.509 0.000 272 0.262 0.516 0.000 89 0.761 

20 0.557 0.000 245 0.615 0.524 0.000 274 0.193 0.371 0.000 92 0.041* 

21 0.559 0.000 239 0.656 0.455 0.000 271 0.244 0.329 0.002 89 0.628 

22 0.540 0.000 236 0.226 0.477 0.000 269 0.131 0.265 0.013 87 0.076 

23 0.664 0.000 231 0.560 0.474 0.000 266 0.221 0.484 0.000 90 0.642 
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24 0.681 0.000 246 0.468 0.534 0.000 274 0.850 0.376 0.000 92 0.021* 

25 0.657 0.000 227 0.305 0.625 0.000 240 0.454 0.560 0.000 85 0.705 

26 0.626 0.000 242 0.335 0.589 0.000 264 0.976 0.513 0.000 90 0.957 

27 0.603 0.000 243 0.135 0.465 0.000 273 0.524 0.487 0.000 91 0.250 

28 0.631 0.000 242 0.432 0.566 0.000 272 0.006* 0.460 0.000 91 0.434 

29 0.624 0.000 244 0.270 0.492 0.000 273 0.172 0.375 0.000 92 0.465 

30 0.554 0.000 244 0.834 0.599 0.000 271 0.422 0.527 0.000 92 0.221 

31 0.517 0.000 240 0.098 0.375 0.000 269 0.005* 0.325 0.000 90 0.423 

32 0.633 0.000 214 0.233 0.534 0.000 246 0.460 0.548 0.000 81 0.783 

33 0.601 0.000 239 0.370 0.419 0.000 263 0.075 0.439 0.000 86 0.344 
Appendix D3 - Intra-rater (6-week and 1-year) and inter-rater reliability analysis (*items removed based on Spearman’s correlation <0.2 and/or p<0.05; or Wilcoxon p<0.05)
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Item 
number  

Principal Component 

PC1 PC2 PC3 PC4 PC5 

Q19 0.704 0.286 0.131 0.107 0.133 

Q22 0.692 0.157 0.169 0.093 -0.035 

Q29 0.649 0.172 0.259 0.119 0.237 

Q21 0.581 0.107 0.274 0.192 0.072 

Q11 0.553 0.026 0.048 0.170 0.098 

Q26 0.112 0.788 0.147 0.112 0.047 

Q6 0.197 0.751 0.131 0.064 -0.021 

Q18 0.346 0.575 0.029 0.043 0.227 

Q25 -0.034 0.465 0.297 0.416 0.138 

Q2 0.031 0.217 0.746 -0.124 0.059 

Q32 0.260 0.117 0.549 0.325 0.029 

Q30 0.203 0.301 0.545 0.136 -0.001 

Q1 0.304 -0.087 0.487 0.040 0.134 

Q13 0.145 0.049 -0.075 0.623 0.177 

Q23 0.366 0.050 0.001 0.503 -0.040 

Q33 0.275 -0.006 0.359 0.473 0.155 

Q12 -0.032 0.304 0.108 0.441 0.301 

Q4 0.206 0.179 0.167 0.432 -0.355 

Q14 0.045 -0.010 0.112 0.241 0.690 

Q16 0.335 0.283 -0.041 0.085 0.548 

Q10 0.316 0.153 0.287 -0.032 0.512 
Appendix D4 - Structure matrix for final 5 principal component, 21 item Varimax solution (bold = those items 
loading >0.4; grey cells = those items included in each principal component (PC)) 
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Principal 
Component 

Scale Mean 
if Item 

Deleted 

Scale 
Variance if 

Item 
Deleted 

Corrected 
Item-Total 
Correlation 

Squared 
Multiple 

Correlation 

Cronbach's 
Alpha if 

Item 
Deleted 

PC1 1.9096 0.232 0.653 0.434 0.727 

PC2 1.7309 0.215 0.598 0.369 0.746 

PC3 1.7619 0.225 0.594 0.367 0.745 

PC4 1.9121 0.262 0.568 0.338 0.759 

PC5 1.8219 0.252 0.475 0.238 0.782 

Appendix D5 - Cronbach's alpha for overall score for each principal component as a measure of internal 
consistency 
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 OQS PC1 PC2 PC3 PC4 PC5 

Owner 
reported 
ease at 
which 

frustrated 

Owner 
reported 

obedience 

Owner  
reported well-
behavedness 

Frequency 
exposed to 
frustrating 
situation 

Item 31- 
intrusion 

into 
personal 

space 

OQS 1.000 0.806** 0.772** 0.753** 0.717** 0.596** 0.646** -0.394** -0.490** 0.274** 0.306** 

PC1 0.806** 1.000 0.495** 0.519** 0.502** 0.425** 0.680** -0.303** -0.423** 0.346** 0.303** 

PC2 0.772** 0.495** 1.000 0.496** 0.456** 0.352** 0.408** -0.399** -0.445** 0.146** 0.151** 

PC3 0.753** 0.519** 0.496** 1.000 0.419** 0.344** 0.479** -0.194** -0.291** 0.216** 0.203** 

PC4 0.717** 0.502** 0.456** 0.419** 1.000 0.323** 0.399** -0.261** -0.278** 0.139** 0.327** 

PC5 0.596** 0.425** 0.352** 0.344** 0.323** 1.000 0.433** -0.331** -0.413** 0.180** 0.165** 

Owner reported 
ease at which 

frustrated 
0.646** 0.680** 0.408** 0.479** 0.399** 0.433** 1.000 -0.264** -0.426** 0.378** 0.287** 

Owner reported 
obedience 

-0.394** -0.303** -0.399** -0.194** -0.261** -0.331** -0.264** 1.000 0.595** -0.070** -0.096** 

Owner reported 
well-

behavedness 
-0.490** -0.423** -0.445** -0.291** -0.278** -0.413** -0.426** 0.595** 1.000 -0.169** -0.155** 

Frequency 
exposed to 
frustrating 
situation 

0.274** 0.346** 0.146** 0.216** 0.139** 0.180** 0.378** -0.070** -0.169** 1.000 0.103** 

Item 31- 
intrusion into 

personal space 
0.306** 0.303** 0.151** 0.203** 0.327** 0.165** 0.287** -0.096** -0.155** -0.103** 1.000 

Appendix D6 - Spearman’s rank order correlations between OQS, principal components and owner reported obedience, well-behavedness, frequency exposed to 
a frustrating situation and removed item 31 (intrusion into personal space) (all correlations significant at the p<0.001 level)
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Fixed factor Groups Mean 
Std. 

Error 

95% Confidence Interval 

Lower Bound 
Upper 
Bound 

Sex Female .417a .032 .355 .479 

Male .431a .032 .369 .494 

Neuter status No – not neutered .375a .032 .312 .438 

Yes - neutered .394a .032 .331 .457 

Size Giant (>45kg/ >99lbs) .389a .043 .305 .474 

Large (25-45kg/ 55-99lbs) .406a .041 .325 .486 

Medium (10-25kg/ 22-55lbs) .410a .041 .329 .490 

Small (5-10kg/ 11-22lbs) .436a .041 .355 .517 

Toy (<5kg/<11lbs) .440a .043 .355 .524 

Breed CROSSBREED .413a .041 .332 .494 

Australian Shepherd .439a .046 .350 .528 

Beagle .454a .047 .362 .546 

Border Collie .403a .042 .321 .486 

Border Terrier .413a .047 .322 .505 

Cocker Spaniel .406a .043 .322 .490 

English Springer Spaniel .390a .044 .304 .477 

German Shepherd .411a .043 .328 .495 

Golden Retriever .381a .044 .295 .466 

Jack Russell Terrier .441a .044 .355 .528 

Labrador Retriever .399a .042 .316 .482 

Staffordshire Bull Terrier .420a .043 .335 .504 

OTHER PURE BRED .401a .041 .320 .481 

Behaviour 
problem 

No .353a .042 .271 .435 

Yes .474a .041 .393 .554 

Behaviour 
consult 

No .396a .041 .316 .477 

Yes .430a .042 .349 .512 

Source Breeder .427a .039 .349 .504 

Shelter/rescue .431a .040 .353 .508 

OTHER SOURCE .421a .040 .343 .499 

Medical 
problem 

No medical problem .407a .041 .327 .487 

Yes – Current medical 
problem 

.416a .041 .337 .496 

Country UK .413a .041 .332 .493 

USA .420a .041 .339 .502 

OTHER COUNTRY .407a .042 .325 .489 

a. Covariates appearing in the model are evaluated at the following values:  
Age Months = 70.6957 

Appendix D7 - Estimated marginal means for all fixed factors used in general linear model 
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Appendix E 
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Characterising frustration in the dog 

We are looking for dogs to take part in our ongoing research aimed at characterising 

frustration in dogs. 

What will I have to do? 

We will need you and your dog to visit us at Minster House, University of Lincoln for one 

single session, which will likely last between 1-1.5 hours. Weekend and evening slots will 

be available, as well as weekday slots on selected days. Data collection will be taking place 

over the summer and early autumn of 2019. 

You are required to complete a questionnaire about aspects of your dog’s 

training/behaviour which takes approximately 15-20 minutes.  

Your dog will be involved in several short behaviour tests mimicking day to day situations 

which may induce frustration e.g. not being able to gain access to food/toys etc. Tests will 

be conducted by veterinary surgeon/behaviourist Kevin McPeake – you have the option of 

leaving your dog with Kevin or observing the testing from a next-door room.  

There are additional optional tests including collecting a single urine sample from your 

dog, saliva samples before and after testing, and heart rate measurements via a chest band. 

Requirements 

Providing your dog has no visual problems, and no medical problems which preclude the 

use of food treats or wearing a flat collar/harness and lead, then your dog may be suitable 

to take part.  

 

To book a place or for more details contact: 

Kevin McPeake kmcpeake@lincoln.ac.uk  01522 835425 

 

Appendix E1 - Overview of the behaviour test study protocol as e-mailed in owner invitation 

  

mailto:kmcpeake@lincoln.ac.uk
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Owner Information Sheet 

 

Study title: Characterising frustration in the dog.  

 

Introduction: 

Frustration is a negative emotional state that can arise when an animal is unable to access a 

desired resource. Whilst frustration related behaviours may also contribute to problem 

behaviours in dogs, there are few studies which have investigated this.  

 

At the University of Lincoln we have recently developed an owner questionnaire to assess 

various aspects of frustration in dogs, and we are now looking to explore how this 

questionnaire, alongside others assessing temperament/personality, agrees with the 

behaviour of dogs in a range of short behavioural tests. These tests have been designed to 

simulate normal day to day experiences of frustration by a dog. We are also looking to 

collect physiological measures including heart rate data, alongside saliva and urine samples 

to be tested for a range of neurotransmitters/hormones to explore whether dogs who are 

more frustration tolerant differ from those who appear less tolerant. 

 

Method: 

We will need you and your dog to visit us for one single session, which will likely last 

between 1-1.5 hours. The schedule will typically be as follows:  

 On arrival at the University, we will spend some time getting your dog accustomed 

to the room, and the researcher, before collecting saliva (and urine samples) and 

then fitting the heart rate monitor harness (with water-based gel); 

 Your dog will be required to wear a non-tightening flat collar or harness to 

participate, so if you have one of these, please use it on the day of your visit – if 

this differs to your dog’s normal walking equipment, a flat collar will be supplied 

and used; 

 We will also ensure your dog will eat food treats before you leave your dog with 

the researcher –you are welcome to view the testing of your dog from a next door 

room or you are free to leave the building and return 1-1.5 hours later if you prefer; 

 You are required to complete 3 temperament/personality questionnaires (taking 

around 5 minutes each) about your dog, and provide some background information 

on their breed, age etc. – this can be done during the behaviour tests or prior to your 

visit; 

 The behaviour tests will then commence – there are several short tests lasting 1-2 

minutes each. Tests include observing your dog when:  

o not being able to access food/toys, and during removal of the toys;  

o not being able to access the researcher;  

o several food treats are followed by fewer than expected food treats;  
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o there is a delay in leaving a room with the researcher.  

After each short test, your dog will be able to access whatever it was that was being 

denied. The order of these tests will vary between dogs, and a break is provided in the 

middle of testing. A second saliva sample will be collected at the end of testing. 

N.B. It is best if you have not trained your dog around any of these contexts, but we will 

ask you about this when you arrive so we know if your dog’s results may be influenced by 

this. 

Both sessions will take place at the University of Lincoln, Minster House, and the study 

will be conducted by veterinary surgeon and veterinary behaviourist Kevin J. McPeake 

(kmcpeake@lincoln.ac.uk).  

 

 

 
Appendix E2 - Owner information sheet on study protocol provided at time consent was obtained 

  

mailto:kmcpeake@lincoln.ac.uk
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Consent form – FS1/FS2 

Study title: Characterising frustration in the dog.  

 

Researcher: Kevin J McPeake 

 Email: kmcpeake@lincoln.ac.uk 

   

Please return 

consent form to: 

Kevin J McPeake 

University of Lincoln 

Minster House  

School of Life 

Sciences 

LN6 7DL 

Email: kmcpeake@lincoln.ac.uk 

Phone: 01522 835425 

 

Please read the following statements carefully: 

I have read the information about the study on the letter accompanying this consent 

form (FS1). 

I agree to my dog taking part in this study and being filmed for the duration of the 

study in order to assist with data collection. I understand all material will be stored 

securely and confidentially for a period of up to 10 years following the study unless 

indicated otherwise with my informed consent. 

I agree to my dog taking part in a range of short behavioural tests which may induce 

mild stress in the form of frustration. I understand that whilst I will not be present in 

the room for the behavioural tests, I am permitted to observe my dog from a viewing 

room next door. I understand that I have the option to halt the test and withdraw my 

dog at any time without having to give a reason.  

I agree to complete a series of questionnaires about my dog, and various aspects of my 

dog’s behaviour as directed by the researcher (form FS2), in relation to this work. 

 

 

Please tick here to acknowledge you have read the statement above 

regarding your participation. 

 

I agree to the non-invasive collection of saliva and urine samples as well as the fitting 

of an external body band to measure heart rate. Please tick to indicate your consent to 

each of the following samples being taken: 

 

 

Saliva samples (via a swab, before and after the behaviour tests) 

Urine samples (mid-flow collection) 

Heart rate (via a monitor on a band, with water-based gel) 

 

  

Due to the nature of this project, your dog will consume a small quantity of food 

(around 40-50 small pieces). We may use foodstuffs such as dry kibble, cheese, 

hotdog, chicken and ham. You are welcome to bring your own food treats if you prefer. 

If there are any foodstuffs your dog cannot tolerate or you would prefer him/her not to 

have please write these here: 

______________________________________________________ 

Participant no. _ _ _ 
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For most dogs, the amount of food is less than the normal amount of food they will 

consume for a meal ration, but please be aware that very rarely your dog may 

experience an upset stomach as a result of the volume of treats he/she has received. If 

you are at all concerned about withholding food before the tests or about your dog after 

the session, please contact us.  

 

 

Please tick here to acknowledge that it has been explained to you that 

you will need to reduce the amount of food your dog has for his/her next 

meal after the study.  

 

OPTIONAL: Occasionally we want to use videos and photographs of dogs as teaching 

material, to promote our courses using the work that we do and also to encourage other 

people to get involved.  

 

Please tick here if you are willing to allow anonymised videos or 

photographs of your dog to be used for purposes outside of this study such 

as those described above. 

 
Please tick here if you are willing to be contacted by our press/media office 

for a potential interview concerning your experience of the study. 

 

On completion, we would like to provide an overview of the whole project which will 

explain the results that your dog has contributed towards.  

If you would like an overview then please enter your e-mail address here: 

________________________________________________ 

 

Data will be held and used in accordance with the General Data Protection Regulations 

(GDPR) and the Data Protection Act 2018, (the privacy policy for which is available at 

http://www.lincolnpetscando.co.uk/sign-up.php) and will not be disclosed to any 

unauthorised person or body.  

 

I understand that it is possible to withdraw my dog from this study at any time, without 

needing to give notice or reason, up until one week after completion of the study. To 

withdraw consent please contact the Pets Can Do database (petscando@lincoln.ac.uk) 

stating your name, your dog’s name, and the name of the project you are withdrawing 

consent from.  

 

I have read and understood the above statements and consent to my dog taking part in 

the study. 

Dog’s name  
 

 

Owner’s name  
 

 

Signature  Date  

    

 

Researcher’s 

name    

Signature  Date  
Appendix E3 - Owner consent form for participation in behavioural test 

http://www.lincolnpetscando.co.uk/sign-up.php
mailto:petscando@lincoln.ac.uk
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Behaviour Test - Study protocol  

 Initially, the researcher will meet the dog and owner to allow time for the dog to 

habituate to the researcher 

 The dog will be then be brought into the test room (clinic) by the owner and 

researcher, and allowed off lead, given a minimum of 2 minutes to explore and 

habituate to the test room 

 The owner will be asked to sign the consent form allowing their dog to take part in 

the study 

 The owner will be questioned about their dog’s dietary preferences and any 

dietary allergies/intolerances so that suitable food is use, as well as gain an idea of 

dog’s favourite foods 

 After this time, the dog will be allowed time to habituate to equipment which may 

be used such as the Bio Harness. The owner may be present to facilitate the fitting 

of the Bio Harness. Food rewards will be used to form positive associations with 

the sight and then use of the equipment. Saliva samples may be taken at this time 

also depending on the finalised panel of physiological measures being taken 

 Dogs must wear a non-tightening flat collar or harness to participate, and if an 

owner does not use one, these will be provided and fitted prior to commencing 

the behaviour tests 

 The owner will then be asked to leave the room via the door entered by, and can 

remain in the observation room if they wish – the owner will be asked to fill in the 

short questionnaire and 3 psychometric scales – CFQ, PANAS and DIAS 

 The experimenter will then provide the dog some food to ensure eats in owner 

absence 

 If not eating, then try some other types of food (as permitted by the owner and 

accounting for any dietary restrictions) 

o If dog does not eat at all, can give longer to habituate to room without 

owner – additional 5 minutes 

o If still not eating, then exclude 

 

Other potential reasons for exclusion / or limited inclusion 

 If the dogs do not habituate to allow the use of the equipment to obtain 

physiological measures (which will be assessed by the researcher observing the 

dogs and identifying any body language indicating concerning levels of 

fear/anxiety/frustration etc) then they may proceed with the behavioural tests 

without such physiological measures being taken  

 If the dog fails to habituate to the test room they will be excluded from the study 
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 If the dog is not consistently interested in food or toys, or does not work with the 

researcher whilst separated from the owner, then they will be excluded on a test 

by test basis  

1. Downshift high value to low value to no treat  

 In demo room, dog on 2 metre lead attached to wall tie out  

 Experimenter sits 1 metre to side of dog, so dog can access experimenter on loose 
lead, but can also choose to move up to 3 metres from experimenter if so desired 

Test 1a 

 Dog’s name called, then offered 4 small treats from experimenter’s hand – the 
food remains on offer for 5 seconds. If not consumed, the food is returned to the 
pot 

 This is repeated 4 times (5 times in total), with an interval of 10 seconds between 
food being consumed/returned to pot and dog’s name being called 

Test 1b  

 Dog’s name called, then offered one small treat from experimenter’s hand – the 
food remains on offer for 5 seconds. If not consumed, the food is returned to the 
pot 

 This is repeated 4 times (5 times in total), with an interval of 10 seconds between 
food being consumed/returned to pot and dog’s name being called 

Test 1c 

 Dog’s name called, then no food treat given – experimenter shows empty hand, 
hand remains open for 5 seconds before closing hand and moving it away from 
dog 

 This is repeated 2 times, with an interval of 10 seconds between calling the dog 
and empty hand being offered 

Dog’s name called, then offered one small treat from experimenter’s hand – the food 
remains on offer for 5 seconds. If not consumed, the food is returned to the pot. The 
purpose of this final treat both to offset any frustration experienced by non-reward in 
previous two trials and serves as a control to ensure that satiety has not been reached. 

 

 
 
 
 
 

 
 
 
 

Experimenter sits 1 metre from tie out 

beside dog, food pots on table/windowsill 

 

Experimenter sits 1 metre from tie out 

beside dog, food pots on table/windowsill 
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Break – 2 minutes, on lead, experimenter holds lead, allows dog to explore/lie down etc 

2a. Inability to access items   

 In demo room, dog on lead attached to wall tie out  

 Experimenter collects range of toys from box on table– squeaky tennis ball, tug 
toy, frisbee, rubber Kong with piece of food dog can tolerate in (single piece of 
food, easy to remove if Kong dropped will fall out) 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 Experimenter makes eye contact with the dog and says dog’s name once as each 
toy is put down to increase interest in the toys, including squeaking ball once as 
placed on ground. Items placed on floor in sight of dog 3 metres from tie out (1 
metre from dog on 2 metre lead) 

 

 

 
 
 
 
 

 

Location where stuffed 

Kong and range of toys 

placed in a line 

 

Location where stuffed 

Kong and range of toys 

placed in a line 

Threshold of dog’s 

reach with lead tight 

 

Threshold of dog’s 

reach with lead tight 

1 

metre 

 

1 

metre 

2 

metres 

 

2 

metres 

1 

metre 

 

1 

2 

metres 

 

2 

Items placed at line 

 

Items placed at line 
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 After 10 seconds, experimenter calls dogs name once 
o If dog comes to experimenter, food treat given, dog lead unclipped, 

allowed to go to toys etc 
o If dog does not come to experimenter, wait 10 seconds, experimenter calls 

dog’s name a second time – if dog comes to experimenter, food treat 
given, dog lead unclipped, allowed to go to items 

o If dog does not come to experimenter, wait 10 seconds, experimenter calls 
dog’s name a third time – if dog comes to experimenter, food treat given, 
dog lead unclipped, allowed to go to items 

o If dog does not come to experimenter, experimenter moves towards dog, 
shows food treat, lures dog away from items towards where experimenter 
was, dog given food treat, lead unclipped from dog and dog allowed to go 
to items 

 Dog permitted to access and interact with items for 30 seconds 
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2b. Ease of removal of a range of items 

 In demo room, dog off lead 
 

  

 
 
 
 

  
  

 
 
 
 
 
 

 At end of 30 seconds of being permitted to interact with items: 
o If dog no longer interested in items, experimenter retrieves all items on 

floor to put back into box from further from dog to closest to dog, then 
picks dog’s lead, moves towards dog clips lead on, treat given, proceed to 
break 

o If dog still interested in items/engaging with them, experimenter moves 
towards items: 

 If dog is oriented near items, but does not have one in mouth, 
experimenter retrieves all items on floor to put back into box from 
further from dog to closest to dog 

 If dog has item in mouth the experimenter retrieves all 
items on floor to put back into box from further from dog to 
closest to dog, then experimenter stretches out hand to 
retrieve item from mouth.  

o If dog drops/relinquishes toy, experimenter removes 
it, puts it back in box, clips on dog lead, gives food 
treat, proceed to break 

 If dog does not relinquish item from mouth, experimenter 
produces food treat from pocket to try and swap for item – 
if drops, food given, item removed and put back in box 

o Experimenter returns to room, clips on dog lead, 
gives food treat, proceed to break 

 If dog still does not relinquish item, experimenter moves 
away from dog, to second box of identical toys (including 

Experimenter moves into position 

to retrieve items 

 

Experimenter moves into position 

to retrieve items 
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Kong with food) out of reach of dog. Experimenter produces 
equivalent item, shows interest in it, attempt to get dog to 
move into waiting room through door, by luring with item, 
food tossed for dog, experimenter retrieves item from clinic 
whilst dog secured in waiting room 

o Experimenter returns to room, clips on dog lead, 
gives food treat, proceed to break 

 If dog still does not relinquish the toy, toy left with dog for 
longer period until loses interest – if this does not happen, 
then leave toy with the dog 

 

 Test situation stopped if dog shows aggressive/threatening behaviours (growling, 
snarling, snapping, biting, lunging) to experimenter, in which case experimenter 
moves away from dog, to second box of identical toys (including Kong with food) 
out of reach of dog. Experimenter produces equivalent item, shows interest in it, 
attempt to get dog to move into waiting room through door, by luring with item, 
food tossed for dog, experimenter retrieves item from clinic whilst dog secured in 
waiting room 

 Ability to move into other room (i.e. waiting room) if concerning aggressive 
behaviours  
 

 

Break – 2 minutes, on lead, experimenter holds lead, allows dog to explore/lie down etc 
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3. Delay in leaving a room when lead clipped on 

 In demo room, dog on lead held by experimenter  

 Prepare dog to leave clinic by walking to waiting room/clinic door, experimenter 
puts hand on door handle as if to leave, but does not open it 

 Wait 1 minute  

 Behaviour monitored for 1 minute whilst in this position 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 At end of 1 minute  
o if dog calm/not jumping/scratching/vocalising, door opened, experimenter 

goes through door with dog 
o If dog jumping and/or showing other undesirable behaviours, 

experimenter will try and distract, speak to, request alternative behaviour, 
and when showing more appropriate behaviour, door open and both go 
into waiting room 

 Test situation stopped If dog shows aggressive/threatening behaviours (growling, 
snarling, snapping, biting, lunging) to experimenter, in which case experimenter 
will try and request alternative behaviours before rewarding with food from 
pocket, and/or allow access to food/drop lead depending on safety 

 Ability for experimenter to move into other room (i.e. waiting room) if concerning 
aggressive behaviours  

 
Additional measures? -  Record observable signs related to frustration towards barrier, as 
well as towards experimenter and lead, and need for requesting an alternative behaviour 
at end of 1 minute. 

 
 
Break – ~5 minutes - Dog taken outdoors on lead, opportunity to wander around, toilet 
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4. Dog ignored whilst in test room 

 Return to demo room, experimenter and dog 

 Dog filmed for 5 minutes whilst off lead and nothing provided, experimenter 
does not interact (experimenter reads a book, sitting on chair – note, 
experimenter to sit on a different chair/different position to that where dog 
expected to receive food treats in test 1, to minimise any confounding factors 
for dogs in group 1, where test 1 comes before the break) 

 

 

 

 

 

 

 

 

 

 

  

Experimenter sits on sofa 

reading from a book 

 

Experimenter sits on sofa 

reading from a book 
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5. Ability to access food denied, restrained by lead 

 In demo room, dog on lead held by experimenter  
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 Piece of food tossed by experimenter in front of dog, dog allowed to eat food. 
Repeated 5 times in quick succession approximately every 10 seconds (different 
dogs may take different amounts of time to eat) – food is large enough dog can 
see clearly, and sticky and not round, so does not bounce or roll away 

 Piece of food tossed in front of dog just out of reach (around 1 metre from where 
dog can reach at extent of lead), dog not allowed to get to it. 

 Behaviour recorded/monitored for 1 minute whilst not allowed to get food. 

 At end of 1 minute  
o if dog calm/not pulling – can progress to picking up food 
o If dog pulling and or showing other undesirable behaviours, experimenter 

will try and distract, speak to, request alternative behaviour, reward this, 
then when not showing undesirable behaviour will quickly allow the dog to 
retrieve original out of reach food 

 Test situation stopped If dog shows aggressive/threatening behaviours to 
experimenter, in which case experimenter will try and request alternative 
behaviours before rewarding with food from pocket, and/or allow access to 
food/drop lead depending on safety 

 Ability to move into other room (i.e. waiting room) if concerning aggressive 
behaviours  

 

Break – 2 minutes, off lead, dog allowed to explore the room 

Threshold of dog’s 

reach with lead tight 

 

Threshold of dog’s 

reach with lead tight 

1 

metre 

 

1 

metre 

2 

metres 

 

2 

metres 

Location where food 

tossed in reach of dog 

repeated  

 

Location where food 

tossed in reach of dog 

repeated  

Location where food 

tossed out of reach of dog 

 

Location where food 

tossed out of reach of dog 
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6a. Left alone in a room, experimenter out of sight  

 In demo room, dog off lead  

 Single food treat tossed for dog to retrieve, so moves away from door as 
experimenter leaves room and leaves door open, but secures baby gate so dog 
cannot follow 

 Experimenter moves out of sight of dog away from the baby gate in the corridor 
for 30 seconds 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

 

Experimenter leaves room 

 

Experimenter leaves room 

Experimenter moves out of sight 

of dog 

 

Experimenter moves out of sight 

of dog 
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6b. Left alone in a room, experimenter in sight 
Experimenter moves to 1 metre from baby gate so in sight of dog 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 Experimenter remains in this position for 30 seconds looking towards dog and will 
continue to look through the baby gate for duration 

 At end of full 1 minute of separation: 
o If dog calm/relaxed whether at gate or not, experimenter opens gate, re-

enters room, no fuss given to dog 
o  If dog displaying undesirable behaviours (e.g. vocalising, barking, 

scratching door) experimenter will approach door and wait 5 seconds for 
more desirable behaviour  

 If more desirable behaviour displayed (e.g. sit/stand/down, quiet, 
scratching ceases) experimenter opens door, re-enters room, no 
fuss given to dog 

o If dog continues to display undesirable behaviour experimenter will 
request a known behaviour e.g. ‘sit’ and if sits within 5 seconds 
experimenter opens door, re-enters room, no fuss given to dog 

o If dog continues to display undesirable behaviour, door opened regardless 
of behaviour, experimenter re-enters room, no fuss given to dog 

END OF TEST  
2 minutes then 2nd saliva swab, BioHarness removed, dog returned to owner 

Appendix E4 - Illustrated test guide including details for dealing with aggressivity, excessive frustration and 
ensuring reinforcement of desirable behaviours 

Experimenter moves into sight of 

dog, but remains behind safety gate 

 

Experimenter moves into sight of 

dog, but remains behind safety gate 
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Test no. Group 1 (odd) – Test Time (mins) 

 Habituation to experimenter, room and equipment 
             First saliva sample 
             Fitting of Bioharness 

~10 

1 Downshift high value (1a) to low value (1b) to no treat (1c) 2 

              Break – in demo room 2 

2a Inability to access items   1 

              Permitted to access items   1 

2b Ease of removal of a range of items 1 

               Break – in demo room 2 

3 Delay in leaving a room when lead clipped on 1 

               Break – outdoors toilet break ~5 

4 Dog ignored whilst in test room 5 

5 Ability to access food denied, restrained by lead 2 

               Break – in demo rooom 2 

6a Left alone in a room, experimenter out of sight  0.5 

6b Left alone in a room, experimenter in sight 0.5 

               2 minutes then second saliva sample 
              Remove Bioharness 

2 

 TOTAL ~37 mins 

 

Test no. Group 2 (even) – Test order Time (mins) 

 Habituation to experimenter, room and equipment 
               First saliva sample 
               Fitting of Bioharness 

~10 

6a Left alone in a room, experimenter out of sight  0.5 

6b Left alone in a room, experimenter in sight 0.5 

               Break – in demo room 2 

5 Ability to access food denied, restrained by lead 2 

              Break – in demo room 2 

4 Dog ignored whilst in test room 5 

3 Delay in leaving a room when lead clipped on 1 

              Break – outdoors toilet break ~5 

2a Inability to access items   1 

              Permitted to access items   1 

2b Ease of removal of a range of items 1 

             Break – in demo room 2 

1 Downshift high value (1a) to low value (1b) to no treat (1c) 2 

             2 minutes then second saliva sample 
            Remove Bioharness 

2 

 TOTAL ~37 mins 
Appendix E5 - Counterbalanced test order schedules for 'odd' and 'even' groups 
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Information About Your Dog 

1. About your dog 
 

Name: ____________________________ 

 

Age: _________ years _________ months 

 

Breed: __________________________________________________________________ 

 

Sex (please circle):  Male entire   Male neutered 

 

Female entire   Female neutered 

 

Approximate bodyweight (kg): _________ kg 

 

Where did you acquire your dog? Please circle: 

 

Breeder Bred him/her myself  Shelter/rescue 

 

Neighbour/friend/relative Pet store Adopted as a stray 

 

Other (please specify):______________ 

 

 

2. Your dog’s health 

 

Is your dog currently receiving any medication/supplements for any medical problem(s)? 

 

Please circle:    Yes  No 

 

If ‘Yes’ - What medical problem(s)?  

_____________________________________ 

 

                          - What 

medication(s)/supplement(s)?_______________________________ 

 

 

Is your dog currently receiving any medication/supplements for a behaviour/training 

problem? 

 

Please circle:    Yes  No 

 

If ‘Yes’ - What behaviour/training problem(s)?  

______________________________________ 

 

                          - What medication(s)/supplement(s)?______________________________ 

Participant no. _ _ _ 



 

349 
 

3. Your dog’s training history 

 

Have you ever attended puppy training classes with your dog? 

 

Please circle:    Yes  No 

 

If ‘Yes’, were these Life Skills for Puppies based classes? 

 

Please circle:    Yes  No 

 

Have you ever undertaken any frustration tolerance training with your dog? 

 

Please circle:    Yes  No 

 

If ‘Yes’, please briefly summarise what the training consisted of: 

 

 

 

___________________________________________________________________ 

 

 

Have you ever undertaken any self-control training with your dog? 

 

Please circle:    Yes  No 

 

 If ‘Yes’, please briefly summarise what the training consisted of: 

 

 

 

___________________________________________________________________ 

 

Are there situations you deliberately avoid due to your dog’s behaviour? 

Please circle:    Yes  No 

 

 If ‘Yes’, please briefly list those situation(s): 

 

 

___________________________________________________________________ 

 

Next there are 3 validated temperament/personality scales to complete about your dog: 

1. Canine Frustration Questionnaire 

2. Positive and Negative Activation Scale 

3. Dog Impulsivity Assessment Scale 
 

Appendix E6 – Short questionnaire for owners of dogs enrolled in behaviour test study 
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Canine Frustration Questionnaire (CFQ) 

For each of the statements below, please place a cross in the box which most accurately 

describes your level of agreement with how your dog behaves in general in the range of 

situations listed. If the statement applies to your dog in some situations but not others, 

please make a judgement as to how much you agree or disagree. If your dog has be never 

encountered the situation please mark Not applicable (N/A).  
  

Strongly 

agree 

Mainly 

agree 

Partly 

agree, 

partly 

disagree 

Mainly 

disagree 

Strongly 

disagree 

NA 

 

 

1 My dog appears unsettled when there 

are delays in his/her routine (e.g. if 

walked or fed later than usual) 

      

2 My dog does not like being left out 

of activities with other dogs 

      

3 My dog is protective of his/her 

territory (house, garden, car) 

      

4 When on lead my dog will persist in 

lunging/pulling towards something 

he/she would like to chase (e.g. a cat, 

rabbit, bird, toy) 

      

5 My dog finds it easy to relax and 

settle when unable to access 

something he/she wants (R) 

      

6 My dog engages in a repetitive 

behaviour (e.g. tail chasing, pacing, 

circling) when unable to access 

something he/she wants 

      

7 My dog will attempt to escape if I try 

to confine him/her (e.g. in a room, 

crate or kennel) 

      

8 My dog becomes aggressive (i.e. 

growl, snap or bite) if I try to remove 

an item he/she has (e.g.  favourite 

toy or food) 

      

9 My dog appears to cope well when 

denied access to things he/she is 

occasionally allowed (e.g. access to 

the sofa/bed or provision of table 

scraps) (R) 

      

10 I find it easy to interrupt/distract my 

dog from doing things he/she wants 

to do (R) 

      

11 My dog has difficulty in responding 

to cues/commands (e.g. sit, lie down, 

stay) if there is something else he/she 

wants to do or access 
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Strongly 

agree 

Mainly 

agree 

Partly 

agree, 

partly 

disagree 

Mainly 

disagree 

Strongly 

disagree 

NA 

 

 

12 My dog becomes frustrated in a large 

range of situations 

      

13 My dog shows increases in certain 

behaviours (e.g. lip licking, yawning, 

mounting, full body shake off) if 

he/she cannot immediately access 

something they want 

      

14 There are days when my dog seems 

to become more easily frustrated 

than others for no apparent reason 

      

15 When my dog is not kept busy, 

he/she can repeatedly lick, chew or 

nibble their own body parts (e.g. 

paws, flanks/sides) 

      

16 My dog gets upset if shut away from 

visitors (e.g. vocalises or 

scratches/digs at the door) 

      

17 My dog shows continued efforts (e.g. 

lunging, pulling towards) to 

approach a dog/person they wish to 

greet, when being restrained from 

doing so (e.g. when on lead) 

     

 

18 My dog appears to become frustrated 

frequently (e.g. at least once daily) 

      

19 My dog becomes very 

excited/restless (e.g. pacing, 

whining, barking, jumping up) when 

waiting to take part in an enjoyable 

activity 

      

20 My dog appears agitated and 

unsettled when he/she wants 

something another dog has (e.g. a toy 

or food item) 

      

21 My dog appears annoyed/upset if 

given less than he/she was expecting 

(e.g. wants table scrap and gets a pat 

on the head; given less food/a lower 

quality  of food than expecting) 
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 Mean ±Std.Dev 
‘Normal’ 

range 

OQS 0.45 +/-0.12 
0.33 - 

0.57 

 

 

 

 Mean ±Std.Dev 
‘Normal’ 

range 

OQS 0.45 +/-0.12 
0.33 - 

0.57 

 

Blank CFQ Scoring Sheet 

21 item, 5 principal component solution  

Scoring: 5=strongly agree, 4=mainly agree, 3=partly/partly, 2=mainly disagree,  

1=strongly disagree. 

(R) = Reverse the score  

(i.e., 5 becomes 1; 4 becomes 2; 3 stays as 3; 2 becomes 4; 1 becomes 5)  

Overall Questionnaire Score (OQS) 

 

 
Calculation explained: 

(Sum of scores) 
 

DIVIDED BY 
 

[Number of items answered (i.e. not applicable counts as unanswered)  
MULTIPLIED BY 5 (i.e. the maximum possible score for a single item)] 

Item Score 

1  

2  

3  

4  

5 (R)  

6  

7  

8  

9 (R)  

10 (R)  

11  

12  

13  

14  

15  

16  

17  

18  

19  

20  

21  

Total / (number 

of questions 

answered*5) 
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 Mean ±Std.Dev 
‘Normal’ 

range 

PC1 0.38 +/- 0.15 
0.23 - 

0.53 

PC2 0.55 +/-0.18 
0.37 – 

0.73 

PC3 0.52 +/-0.17 
0.35 – 

0.69 

PC4 0.37 +/-0.13 
0.24 – 

0.50 

PC5 0.46 +/-0.16 
0.30 – 

0.62 

 

 

 

Principal components 

 

 
 

 
 

 
 

 

PC1 - General 

frustration 

Score 

6  

12  

13  

14  

18  
Total / (number of 

questions answered*5) 
 

PC2 - Barrier 

frustration/ 

perseverance 

Score 

4  

11  

16  

17  
Total / (number of 

questions answered*5) 
 

PC3 - Unmet 

expectations 

Score 

1  

2  

19  

20  
Total / (number of 

questions answered*5) 
 

PC4- Autonomous 

control 

Score 

3  

7  

8  

15  

21  
Total / (number of 

questions answered*5) 
 

PC5- Frustration 

coping 

Score 

5 (R)  

9 (R)  

10 (R)  
Total / (number of 

questions answered*5) 
 

Appendix E7 - Canine Frustration Questionnaire and scoring sheet 
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Positive and negative activation scale for dogs (PANAS) 

For each of the statements below, please place a cross in the box which most 
accurately describes your level of agreement with how your dog behaves in 
general in this situation. Please consider whether your dog’s behaviour is of similar 
intensity and occurs as frequently as described. For example, if in item 2 you dog 
always becomes a little excited when it is about to go for a walk, you would 
mainly agree with the statement. 
If your dog has never encountered the situation and you are unable to predict the 
behaviour, please use the not applicable option 
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1 Your dog is rarely frightened 
   

 

      

2 
Your dog becomes very excited when it is about to go 
for a walk (e.g. when it sees its lead, or when it hears 
"walkies", etc.)     

 

      

3 
Your dog is easily startled by noises and / or 
movements     

 

      

4 
Your dog is very persistent in its efforts to get you to  
play     

 

      

5 Your dog shows little interest in its surroundings 
    

 

      

6 
Your dog appears nervous and / or jumpy for several 
minutes after it has been startled     

 

      

7 Your dog is easily excited 
    

 

      

8 Your dog has a specific fear or phobia 
    

 

      

9 Your dog tries to escape from the garden 
    

 

      

10 Your dog appears calm in noisy, crowded places 
    

 

      

11 Your dog is full of energy 
    

 

      

12 
Your dog is frightened by noises from the television or 
radio     

 

      

  



 

355 
 

   

A
g

re
e

 s
tr

o
n
g

ly
 

M
a

in
ly

 a
g

re
e
 

P
a

rt
ly

 a
g
re

e
, 
  
 

p
a

rt
ly

 d
is

a
g

re
e

 

M
a

in
ly

 d
is

a
g

re
e
 

D
is

a
g

re
e

 s
tr

o
n

g
ly

 

N
o

t 
a

p
p

lic
a

b
le

 

13 Your dog usually appears relaxed 

    

 

      

14 Your dog is lazy 

    

 

      

15 
Your dog adapts quickly to changes in its environment 
(eg. being cared for by different people, moving house 
or a family member leaving home) 

    

 

      

16 
Your dog appears afraid of the vacuum cleaner or any 
other familiar household appliance 

    

 

      

17 
Your dog requires a great deal of encouragement to 
take part in energetic activities 

    

 

      

18 
Your dog persists in being naughty despite being told 
off for the behaviour 

    

 

      

19 Your dog appears calm in unfamiliar environments 

    

 

      

20 Your dog is very boisterous 

    

 

      

21 
Your dog appears unsettled by changes to its routine 
(e.g. if it is not fed at the usual time, if it is left alone for 
longer than usual) 
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Blank PANAS Scoring Sheet 

 

Weighting calculations: 

Score 5-1 

 

Negative activation:   Positive activation 

R1  R5  

3  11  

6  R14  

8  R17  

R10    

12  4  

R13  9  

R15  18  

16  20  

R19    

21  2  

  7  

    

Total   Total   
 

Strongly agree = 5 

Mainly agree = 4 

Partly agree, partly disagree = 3 

Mainly disagree = 2 

Strongly disagree = 1 

 

If REVERSE scored (”R”): 5 becomes 1, 4 becomes 2, 3 stays the same, 2 becomes 4, 1 

becomes 5) 
 

Scores are calculated by taking the total score for a section (sections are negative 

activation, positive activation, energy and interest, persistence, excitement) and dividing 

this by the total possible score for a section, taking into account questions not answered. 

E.g. for negative activation a total score of 20 would be divided by 55 if all questions were 

answered, giving 0.36. If one of these questions was not answered then the total would be 

divided by 50, giving an answer of 0.4….and so on. 

For persistence the total possible score if all questions are answered is 20, so totals are 

divided by 20. If questions are not answered (”not applicable”) you subtract 5 from the 

divider for each question not answered. So if a dog scored 5 for persistence but only 2 

questions were answered then 5/10 = a score of 0.5. 

Energy & 

interest 

 

Energy & 

interest 

Persistence 

 

Persistence 

Excitement 

 

Excitement 
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Distribution of PANAS scores 
 
Negative activation: 

 

 mean ± Std.Dev ‘Normal’ range 

Overall Questionnaire Score (OQS) 0.48 ± (0.15) 0.48 (0.33 – 0.63) 

 

 

Positive activation: 
 

 mean ± Std.Dev ‘Normal’ range 

Overall Questionnaire Score (OQS) 0.72 ± (0.13) 0.72 (0.59 – 0.85) 

Factor 1 (Energy & interest) 0.85 ± (0.15) 0.85 (0.70 – 1.00) 

Factor 2 (Persistence) 0.55 ± (0.18) 0.55 (0.37 – 0.73) 

Factor 3 (Excitement) 0.79 ± (0.17) 0.79 (0.62 – 0.96) 

 

Appendix E8 - Positive and Negative Activation Scale and scoring sheet 
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Dog Impulsivity Assessment Scale (DIAS) 

 

For each of the statements below please place a cross in the box that most accurately 

describes your level of agreement: The answer should reflect the general personality 

of the dog, so for example if a statement applies to your dog in some situations but not 

others, please make a judgement as to how much you agree 
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1 

My dog shows extreme physical signs when 
excited (e.g. drooling, panting, raising 
hackles, urination, licking lips, widening of 
eyes) 

      

2 

When my dog gets very excited it can lead to 
fixed repetitive behaviour (i.e. an action that is 
repeated in the same way over and over 
again), such as tail chasing or spinning 
around in circles  

      

3 

I would consider my dog to be very impulsive 
(i.e. has sudden, strong urges to act; acts 
without forethought; acts without considering 
effects of actions) 

      

4 
My dog doesn't like to be approached or 
hugged 

      

5 My dog becomes aggressive (e.g. growl, 
snarl, snap, bite) when excited 

      

6 
My dog appears to be 'sorry' after it has done 
something wrong 

      

7 
My dog does not think before it acts (e.g. 
would steal food without first looking to see if 
someone is watching) 

      

8 
My dog can be very persistent (e.g. will 
continue to do something even if it knows it 
will get punished or told off) 

      

9 
My dog may become aggressive (e.g. growl, 
snarl, snap, bite) if frustrated with something 

      

10 
My dog is easy to train 
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11 
My dog is not keen to go into new situations 
 

      

12 
My dog takes a long time to lose interest in 
new things 
 

      

13 
My dog calms down very quickly after being 
excited  
 

      

14 
My dog appears to have a lot of control over 
how it responds 
   

      

15 
My dog is very interested in new things and 
new places 
 

      

16 
My dog reacts very quickly 
 

      

17 

My dog is not very patient (e.g. gets agitated 
waiting for its food, or waiting to go out for a 
walk) 
 

      

18 
My dog seems to get excited for no reason 
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Blank DIAS scoring sheet 

 

Scoring: 5=strongly agree, 4=mainly agree, 3=partly/partly, 2=mainly disagree, 1=strongly 

disagree. 

 

(R) = Reverse the score (i.e., 4 becomes 2; 3 stays as 3; 1 becomes 5) 

 

Overall Questionnaire Score (OQS): 

 

1  

2  

3  

4  

5  

6  

7  

8  

9  

15  

16  

17  

18  

(R) 10  

(R) 11  

(R) 12  

(R) 13  

(R) 14  

Total / 

(number of 

questions 

answered*5) 

 

 
 
Calculation explained: 

(Sum of scores) 
 

DIVIDED BY 
 

[Number of items answered (i.e. don’t know, not applicable counts as unanswered) 
MULTIPLIED BY 5 (i.e. the maximum possible score for a single item)]  



 

361 
 

Factor 1 (Behavioural Regulation) Score: 

 

1  

2  

3  

7  

8  

17  

18  

(R) 13  

(R) 14  

(R) 10  

Total / 

(number of 

questions 

answered*5) 

 

 

 

Factor 2 (Aggression / Response to Novelty) Score: 

 

4  

5  

9  

11  

(R) 15  

Total / 

(number of 

questions 

answered*5) 

 

 

Factor 3 (Responsiveness) Score: 

 

6  

10  

12  

16  

15  

Total / 

(number of 

questions 

answered*5) 
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Distribution of DIAS scores 

 

 Mean ± Std.Dev 

Overall Questionnaire Score (OQS) 0.5169 ± (0.1001) 

Factor 1 (Behavioural Regulation) 0.4713 ± (0.1550) 

Factor 2 (Aggression & Response to Novelty) 0.3662 ± (0.1468) 

Factor 3 (Responsiveness) 0.6990 ± (0.1302) 

 

Appendix E9 - Dog Impulsivity Assessment Scale and scoring sheet 
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Appendix F 
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Appendix F1 – Enzyme-linked immunosorbent assay (ELISA) kit protocol for salivary cortisol analysis 
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Method development for quantitative analysis of neurotransmitters and 

metabolites in dog urine by LC-MS/MS 

Author: Sarir Sarmad 

Method directory: C/Xcalibur/methods/monoamines_MRM_Final 

LC-Conditions: 

Instrument: (Ultimate 3000- Thermo Fisher Scientific, UK) 

Column: Luna 3 µm, C18 (100x 2.1 mm) (Phenomenex, UK)  

Mobile phase A: 30 mM Ammonium acetate+ 0.1% Formic acid (LC-MS grade) in water 

Mobile phase B: ACN (HPLC grade) + 0.1% FA 

Starting flow rate: 0.18 ml/min 

Column temperature: 40°C 

Injection volume: 20 µl 

Sample (tray) temperature: 6°C 

Total run time: 20 mins 

Gradient: 

Time 
(min) 

Flow 
rate 

(ml/min) 
B% 

0 0.18 20 

8 0.12 90 

12 0.12 100 

14 0.12 100 

14.5 0.18 20 

20 0.18 20 
 

UV Setup: 

UV- Vis 

Wave 
length 
(nM) 

Band width 
(nM) 

Reference wave length 
(nM) 

Reference band 
width 

Channel 1 214 10 Off 1 

Channel 2 236 10 Off 1 

Channel 3 260 10 Off 1 

Channel 4 280 10 Off 1 
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MS conditions: 

Instrument: TSQ Endura (triple quadrupole) 

Ion source type: H-ESI (Heated electrospray ionisation) 

Polarity: Positive 

Pos Ion spray voltage: 3.9 KV 

Sheath gas (Arb): 46.7 

Auxillary gas (Arb): 20 

Sweep gas (Arb): 3.7 

Ion transfer tube temperature: 350 

Vaporiser temp: 400 

Cycle time: 0.8 Sec 

Dwell time (mS): 1000 

Q1 Resolution (FWHM): 0.7 

Q3 Resolution (FWHM): 0.7 

CID gas (mTorr): 1.5 

Source fragmentation: 0 
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Transitions and optimised MS parameters for each compound: 

Note- Number of compounds tried as potential internal standard, including Dopamine-d4 

(DA-d4), Caffeic acid, methyl tryptophan (m-TRP) and 3,4-Dihydroxybenzylamine 

hydrobromide (DHBA). All, except DA-d4 showed high variation when went through 

derivatisation. So only DA-d4 used as internal standard. Furthermore, Quinolinic acid and 

picolinic acid were removed from the profile during data analysis as they did not show 

linearity in calibration curve (came as constant values). 

Compound 
Retention 

time 
(min) 

Transitions (parent ion> product 
ion) 

CE (V) 
RF Lens 

(V) 

3HAA 14.73 344.07> 102.31 15.46 110 

NA 13.74 482.15> 105.33 19.61 106 

A 13.92 478.068> 105.04 21.17 184 

DA 14.39 466.18> 105.32 21.38 111 

5HT 13.43 385.15> 264.03 21.38 111 

GABA 3.14 208.2> 105.43 10.25 62 

Glutamate 1.34 274> 124.361 12.12 108 

L-Kyn 11.95 415.16> 294.21 19.4 163 

HVA 11.81 304.22> 105.28 14.55 74 

Dopac 13.19 394.13> 105.34 19.71 105 

TRP 9.12 309.16> 263.16 10.25 97 

5HIAA 11.59 317.96> 273.835 14.65 142 

KA 10.76 294.11>105.486 10.25 90 

3HKyn 11.29 417.18> 399.11 11.52 116 

Creatinine-BZ 12.2 322.3> 77.383 39.43 87 

Cortisol-
underivatised 9.79 363.35> 303.15 19.1 109 

Cortisol-BZ 13.79 467.25> 327.18 10.25 109 

DA-d4 (IS) 14.38 470.11> 104.905 21.88 69 

Picolinic acid 13.94 248.762> 77.097 55 98 

Quinolinic 
acid 13.97 290> 248.63 10.25 75 
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Preparation of standards stock solutions: 

Compound 

Molecu
lar 

weight Preparation/diluent 
Stock Concn. 

(mM) 

Quinolinic acid  
(2,3-pyridine dicarboxylic 

acid) 
167.1  5 mg dissolved in 1 ml EtOH 29.92 

NA  
(noradrenaline/norepinephri

ne) 
169.18 

5 mg dissolved in 1 ml 400 
mM acetic acid 

29.55 

3HAA  
(3-hydroxy anthranilic acid) 

153.14 2 mg dissolved in 1 ml EtOH 13 

Adr  
(adrenaline/epinephrine) 

183.2 
5 mg dissolved in 1 ml 400 

mM acetic acid 
27.3 

DA 
(Dopamine HCl) 

189.64 
5 mg dissolved in 1 ml 400 

mM acetic acid 
26.36 

5HT 
(Serotonin HCl) 

212.68 
5 mg dissolved in 1 ml 400 

mM acetic acid 
23.51 

GABA 103.12 
5 mg dissolved in 1 ml 400 

mM acetic acid 
48.48 

KA 
(Kynurenic acid) 

189.17 
2 mg dissolved in 1 ml 0.1 N 

NaOH 
10.57 

Caffeic acid 180.16  5 mg dissolved in 1 ml EtOH 27.75 

L-Kyn 
(L-kynurenine) 

208.21 
2 mg dissolved in 1 ml 400 

mM HAC 
9.6 

3HKyn 
(3-hydroxy-DL-Kynurenine) 

224.21 
2 mg dissolved in 1 ml 0.1 N 

NaOH 
8.92 

HVA 
(Homovanillic acid) 

182.17 
5 mg dissolved in 1 ml 400 

mM acetic acid 
27.45 

DOPAC 
(3,4-dihydroxy phenyl acetic 

acid) 
168.15 

5 mg dissolved in 1 ml 400 
mM acetic acid 

29.73 

TRP 
(L-tryptophan) 

204.23 
5 mg dissolved in 1 ml 400 

mM acetic acid 
24.48 

Picolinic acid 
123.11

1 
5 mg dissolved in 1 ml 400 

mM acetic acid 
40.61 

Glutamate 147.13 
5 mg dissolved in 1 ml 400 

mM acetic acid 
33.98 

5HIAA  
(5-Hydroxyindoleacetic acid) 

191.18
3 

 5 mg dissolved in 1 ml EtOH 26.15 

Creatinine 113.12 
5 mg dissolved in 1 ml 400 

mM acetic acid 
44.2 

Cortisol 362.46  5 mg dissolved in 1 ml EtOH 13.79 
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Preparation of mixed standards: 

Based on physiological levels of compounds, we have three sets of standards: A, B and C 

A: Glutamate, Creatinine and Kynurenic acid (highest concn. 1000 µM) 

B: GABA, TRP, 3HKYN, L-Kyn, HVA, 5HIAA, Dopac, Pico, Quino (highest concn. 10 µM) 

C: NA, A, Cortisol, DA, 3HAA, 5HT (highest concn. 1 µM) 

Aim is preparation of 2 ml mixed standards. Order should be as follows: 

First prepare 1mM mix for standards group B as follows: 

 

 

Next step is to prepare 1mM mix of group C and then dilute it down to 10 µM mix. 
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Now, the final step is to make final mix as follows: 

 

 

Let us name this final mix as S0. 
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Initial dilution of mix standards: 

Prepare following dilutions, using 20% acetonitrile (ACN) as diluent (D): 

 

S1 500 ul (S0)+ 500 ul D 

S2 500 ul (S1)+ 500 ul D 

S3 400 ul (S2)+ 600 ul D 

S4 500 ul (S3)+ 500 ul D 

S5 500 ul (S4)+ 500 ul D 

S6 400 ul (S5)+ 600 ul D 

S7 200 ul (S6)+ 800 ul D 

S8 500 ul (S7)+ 500 ul D 

S9 500 ul (S8)+ 500 ul D 

S10 500 ul (S9)+ 500 ul D 

S11 400 ul (S10)+ 600 ul D 

S12 200 ul (S11)+ 800 ul D 

S13 500 ul (S12)+ 500 ul D 
 

 

 

Final preparation of standards: 

Transfer 50 ul of each of prepared standards in the order of low to high concentration. 

STD 1 S13 
50 ul+ 20 ul IS+ 20 ul P+ 100 ul TB+ 100 ul 
BZ 

STD 2 S12 " 

STD 3 S11 " 

STD 4 S10 " 

STD 5 S9 " 

STD 6 S8 " 

STD 7 S7 " 

STD 8 S6 " 

STD 9 S5 " 

STD 10 S4 " 

STD 11 S3 " 

STD 12 S2 " 

STD 13 S1 " 

STD 14 S0 " 
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This will provide 3 sets of calibration curves for our three different groups of compounds (A, B & C), as 

follows: 

A: Glutamate, Creatinine and Kynurenic acid (highest concn. 1000 µM) 

STDs Concn. (µM) 

STD 1 0.01 

STD 2 0.02 

STD 3 0.1 

STD 4 0.25 

STD 5 0.5 

STD 6 1 

STD 7 2 

STD 8 10 

STD 9 25 

STD 10 50 

STD 11 100 

STD 12 250 

STD 13 500 

STD 14 1000 
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B: GABA, TRP, 3HKYN, L-Kyn, HVA, 5HIAA, Dopac, Pico, Quino (highest concn. 10 µM) 

STDs Concn. (µM) 

STD 1 0.0001 

STD 2 0.0002 

STD 3 0.001 

STD 4 0.0025 

STD 5 0.005 

STD 6 0.01 

STD 7 0.02 

STD 8 0.1 

STD 9 0.25 

STD 10 0.5 

STD 11 1 

STD 12 2.5 

STD 13 5 

STD 14 10 
 

C: NA, A, Cortisol, DA, 3HAA, 5HT (highest concn. 1 µM) 

STDs Concn. (µM) 

STD 1 0.00001 

STD 2 0.00002 

STD 3 0.0001 

STD 4 0.00025 

STD 5 0.0005 

STD 6 0.001 

STD 7 0.002 

STD 8 0.01 

STD 9 0.025 

STD 10 0.05 

STD 11 0.1 

STD 12 0.25 

STD 13 0.5 

STD 14 1 
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Preparation of internal standards: 

Internal standard DA-d4 was purchased from Sigma as 100 ug and 1 ml of 0.1% Acetic acid in water added. 

It was vortexed and aliquoted in different vials. 

The other internal standard methyl tryptophan (m-TRP) was purchased from Sigma. 10 mg weighed and 

dissolved in 1 ml of ethanol. Then further diluted down as follows: 

 

Then add 20 ul of mixed IS (10 µM) to each sample/standard. 
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Preparation of solvents and solutions: 

100 mM sodium tetra borate decahydrate: 1.52 gr in 40 ml water (Vortex and sonicate for 2 hrs) 

Preservative (P): 0.15% Citric acid + 0.1% Vitamin C (Ascorbic acid): Weigh 60 mg citric acid and 40 mg 

vitamin C and add 40 ml of water. 

2% benzyl chloride in acetonitrile (BZ-Cl): It has to be prepared fresh on the day of analysis. In a fume 

hood, add 20 ml of acetonitrile (HPLC grade) to a clean glass bottle and add 400 µl benzyl chloride and mix 

well. 

Sample preparation and derivatisation: 

1-Thaw urine samples. 

2- Give it a vigorous 30 seconds vortex.  

3- Transfer 200 µl to PVDF filters and centrifuge at 13000 g for 5 minutes. 

Note- This stage onwards should be performed on ice bath. 

4- Dilute urine sample 10 times by water (100 µl urine+ 900 µl water) and vortex well. 

5- Transfer 50 µl of diluted urine to a labelled Eppendorf.  

6- Add 20 µl internal standard mix. 

7- Add 20 µl preservative 

8- Add 100 µl T.B and vortex well. 

9- Add 100 ul 2% BZCl in ACN and vortex well. 

10-Centrifuge at 13000 g for 2 min. 

11- Transfer clear layer to inserted HPLC vials.  

12- Inject 20 µl for LC-MS/MS analysis. 

 

Note- We do not dilute standards 10 times, but standards go through the same derivatisation step. Thus, 

for data analysis a dilution factor of 10 should be considered. 

 

Appendix F2 - Liquid chromatography/mass-spectrometry protocol for extraction and measurement of 
urinary neurotransmitters/metabolites 
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Dog 
No. 

Age 
(months) 

Breed Sex 
Neuter 
status 

Bodyweight 
(kg) 

Saliva 
samples 

Heart rate 
monitor 

Urine 
sample 

1 41 Nova Scotia Duck Tolling Retriever Male Neutered 20 Yes Yes Yes 

2 18 Crossbreed Male Neutered 12 Yes Yes Yes 

3 25 Border Terrier Female Neutered 7 Yes No Yes 

4 163 Border Terrier Female Neutered 9 Yes Yes Yes 

5 163 Border Terrier Male Neutered 8 Yes No Yes 

6 58 Border Terrier Male Neutered 8 Yes No Yes 

7 92 Crossbreed Male Neutered 10 Yes Yes Yes 

8 168 Crossbreed Female Neutered 21 Yes Yes Yes 

9 88 Cavalier King Charles Spaniel Male Neutered 10 Yes Yes Yes 

10 87 Cavalier King Charles Spaniel Male Neutered 12 Yes No Yes 

11 57 Belgian Malinois Female Entire 22 Yes No No 

12 115 Working Cocker Spaniel Female Neutered 10 Yes Yes No 

13 18 Labrador Retriever Female Neutered 24 Yes Yes Yes 

14 65 Labrador Retriever Female Neutered 24 Yes Yes Yes 

15 70 Labrador Retriever Female Neutered 21 Yes Yes Yes 

16 126 Border Collie Female Neutered 12 Yes Yes Yes 

17 54 Border Collie Male 
Chemically 
castrated 

20 Yes Yes Yes 

18 116 Hungarian Vizsla Female Neutered 28 Yes No Yes 

19 36 Labrador Retriever Male Neutered 29 Yes No Yes 

20 114 Labrador Retriever Female Neutered 28 Yes Yes Yes 

21 87 Cocker Spaniel Female Entire 20 Yes Yes Yes 

22 156 English Springer Spaniel Male Entire 24 Yes Yes Yes 

23 12 Shetland Sheepdog Male Entire 10 Yes No Yes 
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24 18 English Springer Spaniel Female Entire 15 No No No 

25 14 Cocker Spaniel Male Entire 14 Yes Yes No 

26 33 Labrador Retriever Female Neutered 40 Yes Yes Yes 

27 47 Lurcher Female Neutered 25 No No Yes 

28 100 Labrador Retriever Male Neutered 38 Yes Yes Yes 

30 21 Golden Retriever Female Entire 25 Yes No no 

31 92 Australian Kelpie Female Neutered 13 No No Yes 

32 132 Labrador Retriever Female Neutered 28 Yes No Yes 

33 46 Crossbreed Male Entire 11 No Yes Yes 

34 142 English Springer Spaniel Male Neutered 19 No No No 

35 123 Labrador Retriever Female Neutered 26 Yes No No 

36 37 Labrador Retriever Male Neutered 30 Yes Yes Yes 

37 20 French Bulldog Male Neutered 9 Yes Yes No 

38 63 Large Munsterlander Male Entire 27 Yes No No 

40 29 Crossbreed Male Entire 28 Yes Yes Yes 

41 77 Crossbreed Female Neutered 19 Yes No No 

42 85 Labrador Retriever Female Neutered 40 Yes Yes Yes 

43 13 Labrador Retriever Male Neutered 35 Yes Yes Yes 

44 35 Border Terrier Female Entire 10 Yes Yes Yes 

45 35 Border Terrier Male Entire 10 Yes Yes Yes 

46 61 Border Terrier Female Entire 9 Yes No Yes 
Appendix F3 - Demographic details (age, breed, sex, neuter status, bodyweight) or those dogs undergoing behavioural testing from Chapter 4, and the associated 
physiological measures (saliva, heart rate measures, urine) obtained from each. (N.B cases 29 and 39 excluded and did not participate in behavioural testing)
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Compound 

SST QC STD 

Mean SD CV (%) Mean SD 
CV 
(%) 

r2 
value 

3HAA 212665.2 6552.0 3.08 265017.8 44405.2 16.76 0.9954 

NA 619251.9 58167.6 9.39 2162319.6 267166.5 12.36 0.9964 

A 3107165.1 39022.5 1.26 36776.4 2556.4 6.95 0.9970 

DA 2161786.0 2265.5 0.10 27509.1 7056.1 25.65 0.9996 

5HT 1282683.5 27792.2 2.17 67331.7 12146.3 18.04 0.9940 

GABA 3486955.9 267327.6 7.67 2279094.2 334596.7 14.68 0.9819 

Glutamate 21024.9 1595.5 7.59 4205435.9 347560.8 8.26 0.9617 

L-Kyn 283307.0 17852.9 6.30 5086.2 586.2 11.53 0.9982 

HVA 2274617.6 107244.1 4.71 467365.2 60857.7 13.02 0.9971 

Dopac 8687983.3 596448.5 6.87 816021.8 56061.5 6.87 0.9828 

TRP 878468.4 45650.1 5.20 660451.3 51603.9 7.81 0.9845 

5HIAA 84888.5 3990.0 4.70 14738.4 2515.4 17.07 0.9895 

KA 19120362.8 413627.3 2.16 5269440.8 370674.5 7.03 0.9952 

3HKyn 631967.3 22570.3 3.57 39918.9 2626.7 6.58 0.9910 

Cortisol 8558.4 1120.9 13.10 2422.3 395.9 16.34 0.9851 

Creatinine 1659251.0 45983.8 2.77 2129231.0 191242.0 8.98 0.9907 

DA-d4 (IS) 10595718.0 56069.5 0.53 2717533.2 278328.3 10.24 NP 

Appendix F4 - Mean, standard deviation and coefficient of variance (CV) for each compound analysed for 
SST (system suitability test) and QC (quality control samples); linear regression r2 value for each compound 
(NP=not performed). 
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Appendix G 
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Appendix G1 - University of Lincoln Animal Behaviour Clinic veterinary referral form 
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400 
 



 

401 
 



 

402 
 



 

403 
 



 

404 
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Appendix G2 - University of Lincoln Animal Behaviour Clinic owner history form 
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Appendix G3 - University of Lincoln Animal Behaviour Clinic owner consent form allowing use of case 
material in teaching / research 
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Presenting problem category 
Case number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 

Unwanted (including aggressive) 

behaviour towards people familiar 

people 

Y N N Y Y Y N Y Y Y Y N Y Y N Y N N Y Y N Y Y Y N N 

Unwanted (including aggressive) 

behaviour towards dogs on walks 
N N Y N N N Y Y Y N N Y N N N N N Y N N Y N Y Y Y N 

Unwanted (including aggressive) 

behaviour towards people on walks 
N N Y N N N Y Y N N N Y N N Y Y N Y N N Y Y N N Y Y 

Unwanted (including aggressive) 

behaviour over items 
N N N N N Y N N N N Y N Y Y Y Y N Y N N N N N N N N 

Unwanted (including aggressive) 

behaviour over handling in the home 

(touch, grooming, equipment being 

placed) 

N N N N N N N Y N N N N Y Y N N N Y Y N N N Y N N N 

Unwanted (including aggressive) 

behaviour around territory of home 

(to people, dogs, noise etc.) 

N Y Y N Y N Y Y N Y N N N N Y N N N N N N N N N N N 

Unwanted (including aggressive) 

behaviour in the veterinary clinic 
N N N N N N N N N N N N N Y N N N N Y N N N Y N N N 

Unwanted (including aggressive) 

behaviour towards dogs in same 

household 

Y N N N N N N N N Y N Y N N N N N Y N N N N N N N N 

Unwanted (including aggressive) 

behaviour towards cats/other 

animals in same household 

N N N N N N N N N N Y N N N N N N N N N N N N N N N 

Noise reactivity/fear Y Y N N N N N Y N Y N N N N N Y Y Y N N Y N N Y N Y 
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Reluctance to walk N N N N N N N N N N N N N N N Y N N N N N N N Y N N 

Eating non-food related items N N N N N N N N N N N N Y N N N N N N N N N N N Y Y 

Other repetitive behaviour with no 

obvious function 
N N N N N N N N N N N N N N Y N Y N Y N N N N N N N 

Separation related behaviour 

problem 
N N N N N N N N N N N N N N N N Y N N N N N N N Y N 

Undesirable behaviour during car 

travel 
N N N N N N N N N N N N N N N N N N N N Y N N N Y N 

Attention seeking behaviour N N N Y N N N N N N N N N Y N N N N N N N N N N N N 

Generally Overactive N N N Y N N N N N N N N N N N N N N N N N N N N N N 

Avoidance of novelty N N N N N N N N N N N Y N N N N N N N N N N N N N N 

Appendix G4 - Categories of presenting problems as reported by owners. Cases 1-19 represent ‘frustration group’; cases 20-26 highlighted in grey represent the ‘non-
frustration group’. ‘Y’ = Yes, category of problem present; ‘N’ = No, category of problem absent. 
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Recommended  

treatment category 

Case number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 

Management- avoid/reduce 

exposure to triggers 
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 

Reinforce calm, relaxed behaviour Y Y Y Y Y N Y Y N N N N Y N Y N Y Y N N N N Y Y Y N 

DS Y Y Y N Y N N Y N N N N Y Y Y Y Y N N Y Y Y N Y Y N 

CC Y Y Y N Y N N Y N N N N Y Y Y Y Y N N Y Y Y N Y Y N 

Increase mental stimulation N N N Y N N N N N N Y N N N Y Y Y N N N N N N N Y N 

Muzzle train N N Y N N Y Y N N N N N N Y Y N N N N N N Y Y Y N N 

Safe haven N N N N N N N N N N Y N N N N N Y N Y Y N N N N N Y 

Nose:hand touch N N N N N N Y N N N Y N N N N N N N N Y N N N N N N 

Secure base N N N N N N N N Y N N Y N N N N N N N N N N N N N N 

Teach recall N N N N N N Y N N N N Y N N N N N N N N N N N N N N 

Weight loss N N N N N N N N N Y Y N N N N N N N N N N N N N N N 

Leave N N N N N Y N N N N Y N N N N N N N N N N N N N N N 

Drop it N N N N N Y N N N N Y N N N N N N N N N N N N N N N 

Ignore attention seeking N N N N N N N N N N N N N N N N Y N N N N N N N N N 

Self control exercises N N N Y N N N N N N N N N N N N N N N N N N N N N N 

Move cue N Y N N N N N N N N N N N N N N N N N N N N N N N N 

Safety signal N N N N N N N N N N N N N N N N Y N N N N N N N N N 

Mat training N N N N N N N N N N N N N N N N N N N N N Y N N N N 

Appendix G5 - Categories of treatment as recommended by clinician. Cases 1-19 represent ‘frustration group’; cases 20-26 highlighted in grey represent the ‘non-frustration 
group’. ‘Y’ = Yes, category of treatment used; ‘N’ = No, category of treatment not used.



 

410 
 

Appendix G6 - Canine frustration questionnaire (CFQ) principal component (PC) scores. First and second PC scores, with change in score calculated between these time 
points. Cases 1-19 represent ‘frustration group’; cases 20-26 highlighted in grey represent the ‘non-frustration group’.                 

Case 
No. 

PC1 
First 

PC2 
First 

PC3 
First 

PC4 
First 

PC5 
First 

PC1 
Second 

PC2 
Second 

PC3 
Second 

PC4 
Second 

PC5 
Second 

PC1 
Change 

PC2 
Change 

PC3 
Change 

P4 
Change 

PC5 
Change 

1 0.84 0.55 0.70 0.40 0.73 0.64 0.40 0.45 0.20 0.47 -0.20 -0.15 -0.25 -0.20 -0.26 

2 0.56 0.65 0.70 0.40 0.73 0.52 0.45 0.55 0.32 0.67 -0.04 -0.20 -0.15 -0.08 -0.06 

3 0.68 1.00 0.75 0.60 0.60 0.48 0.90 0.40 0.52 0.53 -0.20 -0.10 -0.35 -0.08 -0.07 

4 0.84 0.70 0.85 0.45 1.00 0.60 0.75 0.45 0.28 0.80 -0.24 0.05 -0.40 -0.17 -0.20 

5 0.48 0.70 0.50 0.32 0.40 0.52 0.45 0.55 0.44 0.53 0.04 -0.25 0.05 0.12 0.13 

6 0.72 0.75 0.70 0.68 0.67 0.76 0.65 0.40 0.64 0.60 0.04 -0.10 -0.30 -0.04 -0.07 

7 0.48 0.95 0.80 0.70 0.60 0.40 0.70 0.60 0.44 0.67 -0.08 -0.25 -0.20 -0.26 0.07 

8 0.96 0.85 1.00 0.84 0.53 0.44 0.60 0.20 0.44 0.60 -0.52 -0.25 -0.80 -0.40 0.07 

9 0.48 0.85 0.65 0.56 0.53 0.24 0.65 0.30 0.36 0.33 -0.24 -0.20 -0.35 -0.20 -0.20 

10 0.76 0.85 0.65 0.68 0.73 0.72 0.70 0.80 0.52 0.47 -0.04 -0.15 0.15 -0.16 -0.26 

11 0.80 0.95 0.85 0.80 0.60 0.60 1.00 0.75 0.68 0.60 -0.20 0.05 -0.10 -0.12 0.00 

12 0.44 0.65 0.55 0.36 0.53 0.60 0.75 0.55 0.44 0.53 0.16 0.10 0.00 0.08 0.00 

13 0.64 0.70 0.45 0.60 0.73 0.76 0.85 0.55 0.44 0.67 0.12 0.15 0.10 -0.16 -0.06 

14 0.76 0.85 0.70 0.56 0.73 0.32 0.60 0.50 0.36 0.60 -0.44 -0.25 -0.20 -0.20 -0.13 

15 0.53 1.00 0.60 0.45 0.80 0.50 1.00 0.40 0.52 0.60 -0.03 0.00 -0.20 0.07 -0.20 

16 0.60 0.75 0.80 0.88 0.47 0.52 0.80 0.80 0.64 0.53 -0.08 0.05 0.00 -0.24 0.06 

17 0.70 0.85 0.53 0.60 0.80 0.80 0.70 0.90 0.56 0.60 0.10 -0.15 0.37 -0.04 -0.20 

18 0.48 0.80 0.40 0.52 0.60 0.32 0.60 0.25 0.60 0.40 -0.16 -0.20 -0.15 0.08 -0.20 

19 0.40 0.75 0.40 0.40 0.60 0.32 0.60 0.40 0.20 0.40 -0.08 -0.15 0.00 -0.20 -0.20 

20 0.52 0.40 0.45 0.40 0.26 0.56 0.80 0.40 0.28 0.40 0.04 0.40 -0.05 -0.12 0.14 

21 0.56 0.53 0.60 0.40 0.33 0.20 0.45 0.60 0.36 0.40 -0.36 -0.08 0.00 -0.04 0.07 

22 0.20 0.65 0.40 0.36 0.73 0.60 0.75 0.50 1.00 0.60 0.40 0.10 0.10 0.64 -0.13 

23 0.68 0.70 0.73 0.60 0.60 0.56 0.60 0.53 0.40 0.40 -0.12 -0.10 -0.20 -0.20 -0.20 

24 0.65 0.70 0.50 0.44 0.60 0.72 0.60 0.50 0.36 0.46 0.07 -0.10 0.00 -0.08 -0.14 

25 0.52 0.90 0.90 0.48 0.26 0.44 0.75 0.30 0.52 0.40 -0.08 -0.15 -0.60 0.04 0.14 

26 0.48 0.55 0.65 0.52 0.60 0.48 0.35 0.50 0.44 0.73 0.00 -0.20 -0.15 -0.08 0.13 
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Appendix H1 – Copy of the publication on the development of the Canine Frustration Questionnaire 

 

 


