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Abstract 
 

The use of electronic collars in dog training is a controversial topic amongst those 

interested in dog training and welfare. This study set out to inform this debate by 

providing an objective, critical examination of the scientific literature and undertaking 

a detailed investigation into the efficacy and the welfare effects of electronic collars in 

training, compared to alternative training techniques. 

 

Two Critically Appraised Topics (CATs) were constructed, each using a set of pre-

defined criteria, to explore the comparative efficacy and welfare effects of electronic 

collars in dog training. These revealed that the use of electronic collars can be 

successful in training but found no evidence to indicate that they are better than 

alternative training techniques and some evidence that they may be detrimental to 

dog welfare. The critical appraisals highlighted limitations in research methodologies 

especially the lack of randomised controlled studies as evidence. 

 

To gain improved insight into the relative efficacy and effect on welfare of electronic 

collars, enhanced data examination techniques were used on pre-existing training 

videos from the highest quality study identified in the CATS above. Training groups 

were examined comprising: electronic collar use (A); training by the same individuals 

without electronic collars (B); and reward-based training focused techniques (C). These 

were compared for their: response to “come” and “sit” commands; latency to respond 

to these commands; and, several behavioural responses observed during training 

sessions indicative of stress. The results of these video examinations demonstrated 

that the use of electronic collars is a successful training technique. Yet, these devices 

are not superior to the other training techniques examined. However, the use of 

reward-based training leads to significantly fewer behavioural indicators of stress 

relative to the other two scenarios examined. 

 

These results suggest there are increased risks without measurable benefit with the 

use of electronic training collars. Furthermore, the use of electronic collar training and 

the other aversively led training methods even without electronic collars are also a 
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concern and indicate a need for closer examination of a wider range of training 

methods.  
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1. Introduction 

1.1. History of dog training 

All training techniques used to train dogs fall under and are based on some form of 

“operant conditioning”, whereby an animal learns to associate its actions with its 

consequences (Skinner, 1938). Simply, reinforcement is used to increase the likelihood 

of a behaviour, whereas punishment is used to decrease it. The positive and negative 

aspect forms of operant conditioning determine whether a stimulus is given or 

withdrawn respectively. The stimulus that is either delivered or removed can be 

appetitive/pleasant or aversive/unpleasant to the dog. This establishes four aspects of 

operant conditioning (Leiberman, 1999; Skinner, 1938): 

• positive reinforcement (+R) - desired behaviours are rewarded using an appetitive 

stimulus to increase their occurrence (e.g. dog receives a food reward for sitting on 

command); 

• negative reinforcement (-R) - desired behaviours are increased when an unpleasant 

stimulus is removed (e.g. putting pressure on the back-end of the dog to manoeuvre 

them into a sit position, then removing the pressure when the dog sits); 

• negative punishment (-P) - undesired behaviours are decreased when a pleasant 

stimulus is removed (e.g. owner turns away from the dogs as he begins to jump up on 

the owner for attention); 

• positive punishment (+P) - undesired behaviours are decreased with the application 

of an aversive stimulus (e.g. electronic collar stimulus applied when the dog barks). 

Historically, dog training primarily focussed on methods that used aversive stimuli (+P 

and -R; Burch, 2002; Gray, 2018). However, since the 1980s, improved greater concern 

over animal welfare has affected dog training practices, guiding trainers towards 

humane methods, including reward-based techniques (Blackwell and Casey, 2006; 

Burch, 2002). However, several training methods still include techniques that fall 

within +P and -R.  This includes the use of electronic collars as one such technique. 
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Conducting an internet search, Lines et al. (2013) identified approximately 14 brands 

of e-collar available for purchase, comprising 170 models for sale in the UK. The 

number of e-collar reports in the UK is decreasing from almost 6% in 2012 (Blackwell et 

al., 2012) to around 1% in 2019 (PDSA, 2019). These figures while appearing relatively 

low still mean that almost 100,000 dogs in the UK are subject to e-collar use. Electronic 

collar use can take the form of both +P and occasionally -R, raising concerns that their 

use may have possible negative welfare implications to the dogs exposed to them. This 

is the underlying factor driving controversy and e-collar debate. 

1.2. What is an electronic collar? 

The terminology for electronic collars remains un-standardised in the dog training 

community. Several terms and phrases are used to describe an electronic collar, 

including: “e-collar”; “shock collar”; “electric collar”; “electronic training collar”; 

“electric pulse training aids”; “e-stimulus”; etc. Some terminology has the potential to 

spark an emotive response, especially the word “shock” – something that may not 

necessarily represent what is delivered by the devices (Lindsey, 2005). Therefore, to 

preserve objectivity, the terms “electronic collar” and “e-collar” will be used in this 

report, avoiding the use of “shock” where possible. 

Generally-speaking, an electronic collar is a training tool that delivers an electrical 

stimulus, usually to the neck of a subject dog, through two electrodes incorporated 

into the collar. Commercially, there is a variety of electronic collars available for 

purchase. It is important to note that collars tend to fit into one of three collar types 

(CAWC 2012, Polsky 1994): 

• hand-held/remote devices;  

• bark- or noise-activated control collars; and, 

• containment systems/invisible fencing. 

An electronic collar is activated either manually or automatically. Hand-held/remote 

devices are manually activated by the holder of a remote transmitter. When the dog 

performs a behaviour that is deemed undesirable, the owner or trainer can activate 
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the remote transmitter sending a radio signal which triggers the collar to administer a 

stimulus to the dog. Automatically-activated collars are triggered when a specific pre-

requisite condition is met. In the case of bark collars, in-built sensors are sensitive to 

either some of the sounds associated with barking, vibration caused by barking in the 

dog’s neck, or both. Upon detection, an electrical stimulus is delivered to the dog in 

response to the unwanted barking, creating a contingency between the bark and the 

aversive stimulus. This potentially allows the dog to form an association between the 

two, and hopefully therefore reduces the likelihood of barking. Containment 

systems/invisible fencing are used to prevent dogs from crossing a specified boundary 

(e.g. escaping premises). When a dog wearing the collar approaches a property 

boundary, wires/sensors buried underground or small visible posts placed around 

properties send a signal to the collar, activating the collar and sending an electrical 

stimulus to the dog.  

An important feature of these collars is that most of them come with a warning cue as 

part of the device – either a sound/beep or vibration. The warning cue can be 

delivered manually in some of the hand-held devices, automatically in bark collars 

once the dog starts barking, or when the dog is within a certain distance of the 

boundary in containment systems. This warning cue offers the dog the option to stop 

the undesired behaviour before an electrical stimulus is delivered (CAWC 2012; Cooper 

et al., 2014). This gives the dogs an element of control and predictability – something 

that research has demonstrated is a useful facility when forming the association 

between the stimulus and undesirable behaviour, and aids in minimising signs of stress 

(Beerda et al., 1998; Schalke et al., 2007). Furthermore, most hand-held devices often 

include two types of electrical stimuli: “momentary” (“nick”) stimulus which is short 

and in limited duration; and “continuous” stimulus which is prolonged, lasting for up to 

15 seconds when the button is held (Lines et al., 2013). A supplementary feature, 

known as the “cut-out” function, is considered an important aspect of many e-collars, 

limiting the time a continuous stimulus can be administered for, minimising the 

occurrences of inappropriate collar use and unintentional activation. Additionally, 

devices often contain a dial, allowing the user to set a desired electrical stimulus. 
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Lines et al. (2013) undertook an in-depth look at the types of hand-held electronic 

collars used in the UK. Their study revealed significant differences between the models 

examined making comparisons difficult. The frequency, number and duration of pulses 

and electrical energy dissipated varied significantly. Stimulus strength greatly varied 

between e-collar models, meaning that similar strength calibration settings between 

models/brands does not mean they are of the same intensity (i.e. a stimulus setting of 

“3” may not be of the same strength as a “3” on another device). Voltage peaks of the 

devices can be high, especially when resistance between the dog’s skin of and the 

collar are high. Such high voltages are often imparted for a few microseconds and may 

not necessarily be a cause for welfare concern. However, various factors are involved 

in how the dogs may perceive the stimulus. Electrical resistance caused by the dog’s 

skin, tissues, fur length, dirt and moisture of skin can all affect how well the stimulus is 

perceived (Lines et al., 2013; Jacque and Myers, 2007). This phenomenon may affect 

the efficacy of the device and unintentionally strong currents may be experienced, 

with consequent negative impact on the dog’s welfare. The variation between models 

and the influence of confounding factors can produce unreliable, unpredictable and 

undesirable stimuli. In turn, dogs will not encounter constant stimuli when in training 

with these devices – something that will likely affect the efficacy and welfare 

consequences of using the collar. For instance, stimuli may be felt inconsistently or go 

unrecognised affecting how well the dog forms an association between the undesired 

behaviour and the aversive stimulus, thus affecting the efficacy. Furthermore, this 

inconsistency in the stimulus level may result in some stimuli being stronger than 

others, potentially leading to some being too high for the dog, thus affecting the dog’s 

welfare. 

1.3. Electronic collars: the debate 

Unfortunately, the research available on this topic is often limited. Generally, papers 

lack a comparative measure and are small in scale, with limited sample sizes and 

questionable methodologies. Nonetheless, these studies are still cited as evidence, by 

both sides, in the e-collar debate. 
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Remote electronic collars are primarily used as a means of discouraging chasing 

behaviour and improving recall (Blackwell et al., 2012); and give handlers control over 

a dog even at distance (Electronic Collars Manufacturers Association, ECMA, undated). 

Their use successfully extends into other behavioural problems, including suppressing 

predatory behaviour, highly motivating behaviours and those that cannot be treated 

with alternative techniques (Christiansen et al., 2001a; 2001b; DEFRA AW1402A, 2013; 

Salgirli et al., 2012). However, alternative studies claim that other training techniques, 

that do not rely on aversive methods, can be at least equally effective in training and 

resolving behavioural problems (Arnott et al., 2014; Blackwell et al., 2012; Cooper et 

al., 2014).  

As with most aversive training techniques, welfare concerns are raised despite reports 

of success in dog training. Numerous animal welfare charities and groups argue against 

the use of electronic collars due to the potential detrimental effects of the devices. 

These include major animal welfare charities, such as the RSPCA (O’Brien, 2018), Blue 

Cross (Stallard, undated) and Dogs Trust (2018). The aim of using electronic collars to 

associate a negative stimulus with unwanted behaviours may be missed should the 

stimulus be delayed, perhaps leading to the wrong association being formed (Ward 

and MacKellar, 2010). Hypothetically, the dog may associate the stimulus with an 

unrelated object/person/nothing rather than the undesired behaviour/action they just 

performed; something that may lead to additional welfare and behavioural problems 

(CAWC, 2012). Schalke et al. (2007) demonstrated the potential negative welfare 

consequences caused by the mis-timed delivery of a stimulus. Laboratory-bred beagles 

exposed to unpredictable and randomly-delivered stimuli showed significantly higher 

levels of salivary cortisol and an increase in maximum heart rate relative to the dogs 

that were able to form an association between the undesired behaviour and the 

stimulus (appropriately timed stimuli). Matters concerning the effect that the use of 

electronic collars has on dog welfare is also reported upon. Schilder and van der Borg 

(2004) examined the behavioural and postural differences between German 

Shepherds in guard dog training using e-collars compared to Shepherds that had not 

been trained using these devices. During the study, in which the dogs had no e-collar 

stimuli, dogs that had been trained with e-collars showed an increase in lip licking, paw 
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lifting, lower ear position and lower body postures than the control group. Lower body 

postures were also seen in response to an e-collar stimulus in Beerda et al. (1998). 

Cooper et al. (2014) found similarly, in that dogs that were trained using e-collars 

showed significantly more behaviours, including yawning, tense body postures and less 

interaction with their environment. Despite these findings, it is important to consider 

the owners behind the dogs and their welfare. Where e-collars are successful in 

treating behavioural problems, dogs may avoid being unnecessarily euthanised, a 

matter that would be emotionally distressing to the owners (Robertson, 2016). 

Despite the evidence against them, advocates for electronic collars claim positive 

outcomes regarding welfare. The ECMA (undated) state that the implementation of 

standards and codes of practice relating to the use of e-collars ensure that consistent 

instructions for effective training are given to users while the welfare of the animal is 

protected. Evidence has also been presented showing that fewer stress-related 

responses were displayed by dogs trained using e-collars. Salivary cortisol levels were 

highest with quitting signal; compared to pinch collars, e-collar use did not lead to 

extreme lowering of the dog’s body posture (Salgirli et al., 2012).  

Unwarranted barking can be a major issue for dog owners and those within proximity 

to the noise, particularly with persistent barking. If the problem goes unaddressed, 

owners in the UK may be prosecuted under Section 82 of the Environmental Protection 

Act 1990 for “statutory nuisance”, potentially resulting in a fine upwards of £5000 or 

imprisonment. Bark-control collars might offer a potential solution to persistent 

barking problems of various underlying causes, including nuisance barking (Juarbe-Diaz 

and Houpt, 1996) and barking at unfamiliar dogs (Steiss et al., 2007). However, the 

long-term success of the devices has not been investigated. Sound-activated models 

run the risk of accidental activation by the sound of another dog barking or by similar 

external sounds, resulting in inappropriately timed electrical stimuli, potentially raising 

welfare concerns. Technological advancements (CAWC, 2012) and the ECMA’s code of 

practice (2012), may help minimise instances of accidental activation and good quality 

collars should only activate to the sound of the collar-wearing dog, respectively. 
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Unfortunately, hundreds of dogs are hit by vehicles on UK roads annually (Hull, 2018). 

To prevent this, owners may use invisible fencing/containment systems to keep their 

dogs confined to their property, whilst giving the dog an element of freedom (i.e. 

remains untied). Similarly, owners that are unable to have a physical fence on their 

property (common in the US) may select to use containment systems to keep their 

dogs within the boundary. Very little research has been done to examine the 

effectiveness of these containment systems. Starinsky et al. (2017) found that these 

fences were less effective at keeping dogs contained compared to physical fences. 

Furthermore, doubts concerning their efficacy are brought up as systems are 

susceptible to technical faults (CAWC, 2012; Starinsky et al., 2017); and should the 

dog’s motivation to act (escape, chase/seek something outside of the boundary) be 

strong enough, the dog may ignore the stimulus to achieve what they want. Upon 

returning to the property, the dog may receive an electric stimulus should they try to 

re-cross the boundary, potentially forming an undesired association between this 

stimulus and re-entering the property rather than leaving the property – however, no 

research has examined this possibility and is only hypothetical. A further limitation of 

invisible fencing is that other animals/people can enter the property without 

consequence, potentially of concern to the dog who may have no other means of 

escape. Further concerns regarding invisible boundaries are raised when the lack of 

visual/physical marker may leave dogs unable to form an association between marker 

and stimulus (CAWC, 2012). 

Perhaps more importantly, welfare concerns regarding pain and abuse caused by 

electronic collars are also subjects of controversy in the e-collar debate. Poorly fitted 

devices and prolonged wearing of the collar risks causing pressure necrosis of the skin 

(All Experts, undated, cited in Show, 2014). Rightly, this is recognised by the ECMA in 

their codes of practice (ECMA, 2012); they offer guidance on minimising the problem. 

Surprisingly, there are no studies and thus evidence to demonstrate this as a serious 

problem for dogs. 

Chewing and consumption of the device by the dog can also be a problem. Electrical 

and plastic parts may cause harm to the ingestor’s digestive tract (Lysons, 2015). 
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The potential for misuse of the devices may be compounded by insufficient or 

inadequate guidance provided by suppliers of e-collars. In a DEFRA study, examination 

of e-collar instruction manuals were found to poorly report proper explanations for 

safe use of the devices (DEFRA AW1402, 2013). Furthermore, owners reported to not 

fully reading or following instructions and guidance before use and being unclear 

about best-practice and the use of warning cues. This may put some dogs at risk of 

inappropriate collar-use, despite an owner’s good-intentions. As with all aversive 

devices, there is the potential for malicious deployment by annoyed or frustrated 

handlers.   

Research studies are cited selectively by both advocates and opponents of e-collars to 

support their claims, sometimes with insufficient appreciation of how such research 

was conducted or the quality of experimental design. If appropriate legislative 

measures concerning the devices are to be made, better research design and 

comprehension is necessary. 

1.4. Legislation pertaining to electronic collars 

Some of the world’s animal welfare and protection laws are examined here to identify 

any legislation pertaining to the use of electronic collars. This will provide an overview 

of the current situation regarding electronic collar use. Should there be no specific 

legislation on the devices, a deeper look into animal welfare laws may provide an 

insight as to whether their use may fall under laws for regulation. For countries with a 

non-English native language, legislative documents have been translated with Google 

Translate (GT) or pre-translated (PT) documents were used. English translations are 

provided when necessary. It is recognised that translations may suffer mistakes 

(especially non-prominent languages). 

1.4.1. United Kingdom 

Scotland: in October 2018, the Scottish Government issued guidance concerning the 

use of dog training aids, including e-collar use. The guidance recognises that the use of 

aversive techniques may lead to distress, pain and suffering, thus compromising 

animal welfare. This may be regarded as “unnecessary suffering” and such users may 
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be subject to prosecution under the Animal Health and Welfare (Scotland) Act 2006, 

despite device-use/ownership not having any restrictions. This guidance may be 

referenced during such prosecutions under Section 19 and Section 24 of the Act 

(Scottish Government, 2018). 

England: currently, the use of e-collars remains legal in England. In March 2018 DEFRA 

opened a consultation about the use of these devices (DEFRA, 2018a) following 

significant pressure from prominent welfare organisations and individual MPs 

(Thompson, 2019). In light of such pressure and the consultation findings, in August 

2018, the Government issued a response stating that the use of remote and bark-

control electronic collars in England will be banned (DEFRA, 2018b). Use of the hand-

held devices will be considered an offence under the Animal Welfare Act 2006. The use 

of invisible fencing containment systems will not be subject to a ban, but the statutory 

Code of Practice for the Welfare of Dogs, and Code of Practice for the Welfare of Cats, 

will be updated to highlight that training in set-up and use should be provided (DEFRA, 

2018b). Furthermore, it has been stated that the situation will be kept under review. 

Since the release of the consultation findings and the Government’s response, no 

further action has taken place to issue this ban of these electronic collars. 

Wales: all electronic collar types have been banned by the Welsh Assembly under the 

Animal Welfare (Electronic Collars) (Wales) Regulations 2010. An offence may result in 

imprisonment and/or a fine. 

1.4.2. Europe 

Germany (GT): the primary legislation for the protection and welfare of animals is 

known as “Tierschutzgesetz 1998” (“Animal Protection Act 1998”). Under Section 3, No 

11 of the Act it is prohibited to use a device that “restricts the proper behaviour of an 

animal, in particular its movement, or forces it to move due to the direct influence of 

electricity, thereby causing considerable pain, suffering or damage to the animal, 

unless this is permitted by federal or state law”. Despite no specific mention of 

electronic collars, the legislation suggests that the use of these devices is prohibited.  
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Switzerland (GT): the use of devices that produce “electric shocks” are banned under 

Article 76 of The Animal Protection Ordinance 2008 (“Ordonnance sur la protection 

des animaux 2008”). However, it is perhaps possible to seek approval from the 

Département fédéral de l'intérieur (“Federal Department of the Interior”) to use these 

devices for therapeutic purposes following a process of training and examination. 

Austria (GT): the “Bundesgesetz über den Schutz der Tiere 2004” (“Federal Act on the 

Protection of Animals 2004”) is the federal legislation protecting the welfare of animals 

in Austria. Under Chapter 1, Section 5 of the Act it is made clear that the training of 

animals using devices that utilise electricity is prohibited. One may consider electronic 

collars of all types to fall under this category. 

Norway (GT): Under the “Regulations on the use of electricity in dog training” 

(“Forskrift om bruk av strøm ved hundetrening”), equipment that employs the use of 

an electrical current is prohibited. However, exceptions are made for aversion training 

to prevent dogs from harming grazing animals, domestic reindeer and clover game. 

Such aversion training is required to be conducted by professional trainers only. This 

indicates that the use of electronic collars is banned, with the one exception.  

Russia (PT): compared to some countries in Europe, the animal welfare laws within 

Russia can be considered rather lacking. Specifically, the Penal Code lacks details and 

definitions surrounding animal cruelty, which appears to focus on death and injury 

alone. (Criminal Code of The Russian Federation 1996). The mental abuse that can 

afflict animals goes completely unrecognised. Given this, it is likely electronic device 

use remains unregulated. 

Netherlands (GT): The main legislation pertaining to animals is “Wet Dieren 2011” 

(Animals Act 2011). Currently, it is prohibited to “cause pain or injury to an animal, or 

to prejudice the health or well-being of the animal, without a reasonable goal or with 

exceeding what is permissible for achieving such goal”. In September 2019, the 

Minister of Agriculture, Nature and Food Quality produced a letter to Parliament 

concerning a list of 27 scientific articles that would be used to partly support the 

decision to prohibit the use of electrical devices (Schouten, 2019; De Rijksoverheid 
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2019). As it stands, the ban on e-collar use is set to be enforced in summer 2020 

(Pieters, 2019). 

Sweden (GT): The “Animal Welfare Ordinance SFS 2019:66” (Djurskyddsförordning SFS 

2019:66) states that the use of devices that deliver an electrical stimulus to animals are 

forbidden under Section 16. There a no specific exceptions made for e-collars meaning 

use is prohibited. 

Belgium (GT): In Wallonia, the animal welfare council issued advice regarding the use 

of electronic collars. While devices are not banned, their use appears to be 

discouraged on both animal welfare and effectiveness grounds (Conseil Wallon Du 

Bien-Être Des Animaux, 2017).   

1.4.3. Americas 

United States: the “Animal Welfare Act and Animal Welfare Regulations” are the most 

prominent legal documents concerning the welfare of animals, dogs included (USDA, 

2017). Content within these statutes primarily address the welfare of animals being 

sold, transported or involved in biomedical research with humane treatment. At the 

Federal level, the Animal Welfare Act of the US lacks information on the treatment of 

pet animals by person(s) (Favre, 2002). Hence, the US has no legislation regarding the 

sale or use of electronic collars, such that all aspects of electronic collar use remains 

unregulated. However, it may be possible that individual States have supplementary 

requirements concerning animal welfare.  

Canada (PT): at the federal level, Sections 444-447 of the “Criminal Code of Canada 

1985” it is a criminal offence to wilfully permit or cause “unnecessary pain, suffering or 

injury to an animal”. Furthermore, the wilful neglect of domestic and captive animals is 

prohibited. The legislation makes no reference to the training of animals. Nevertheless, 

a bill considering a prohibition of e-collar use was reviewed, but not made into law 

(House of Commons Canada, 2014). Interestingly, the “Ministere de l'Agriculture, des 

Pecheries et de l'Alimentation du Quebec” (MAPAQ; Ministry of Agriculture, Fisheries 

and Food of Quebec) is the only Canadian Province to issue recommendations about 

the use of electronic collars in dogs and cats (MAPAQ, 2013). The guidance states that 
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any collar “must not obstruct his breathing or cause him pain or injury”. No other 

Canadian province or territory has issued any form of information regarding the use of 

electronic collars. 

Brazil (GT): The Constitution makes a reference concerning animal cruelty in that 

“fauna” should be protected (Brazilian NR, 2020). Moreover, it is prohibited to subject 

animals to cruelty. Details and definitions are lacking on what constitutes “cruelty” and 

there are no mentions on the use of e-collars or electrical currents, suggesting e-collar 

use may be unregulated in the region. 

1.4.4. Oceania 

Australia: there is little animal welfare legislation at the federal level. The majority of 

animal welfare legislation is set at State and Territory level. Regarding the specific use 

of electronic collars, legislation varies between the regions. 

In Western Australia, equipment that delivers an electric shock is considered an 

“inhumane device” and its use is considered an offence. Confusingly, the use of 

electronic collars is permitted; hand-held, bark-collars and containment systems are 

permitted when training dogs. However, their use must be in accordance with 

accepted methods of use, or best practice (Western Australia Animal Welfare 

(General) Regulations 2003). 

In Victoria, the use of electronic collars is acceptable for use on dogs and cats. 

However, their use is subject to strict regulation; electronic collars must be an 

authorised device. Dogs must fall into specific categories before devices can be used, 

such as aged over 6 months and a vet has examined whether the device is suitable for 

the animal, etc. Specifically, collars are to be used only by veterinarians or qualified 

trainers, or by an individual acting under the supervision of such a person. 

Furthermore, collar use must be regularly monitored and reviewed (Prevention of 

Cruelty to Animals Regulations 2008, S.R. No. 162/2008).  

The Australian Capital Territory legislation is unclear regarding the use of electronic 

collars. No e-collar type is mentioned on the prescribed electronic devices list in 

Schedule 1 of the Animal Welfare Regulations 2001 No 26, suggesting their use is not 
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permitted within the territory. Additionally, administering an electric shock to an 

animal is banned according to Section 13 of the Animal Welfare Act 1992. 

In New South Wales, under Section 16 of the Prevention of Cruelty to Animals Act 

1979, only prescribed electrical devices may be used on prescribed species. Electronic 

collars are not mentioned on the approved list of electrical devices (New South Wales 

Prevention of Cruelty to Animals (General) Regulation 1996), suggesting their use is 

not acceptable in the state.  

In Queensland, there is no clear indication as to whether electronic collars are legal to 

use on dogs. Subsection 2 of Section 18 of the Animal Care and Protection Act 2001, 

states that “Without limiting subsection (1) a person is taken to be cruel to an animal if 

the person does any of the following to the animal— (e) uses on the animal an 

electrical device prescribed under a regulation”. This implies that some electrical 

devices may be used on animals, but whether this includes electronic collars is not 

clear in associated regulations. According to the RSPCA of Australia, the use of 

electronic collars is permitted in the state (RSPCA Australia, 2015). 

Citizens within the Northern Territory are permitted under Schedule 1 of the Animal 

Welfare Regulations to use invisible fences and bark-control collars only. 

Section 15 of Animal Welfare Act 1985 of South Australia clearly states that the use of 

an electrical device for controlling or confining an animal is prohibited. Furthermore, 

the Regulations under this Act make the point that placing a collar that delivers an 

electric shock is an offence (South Australia Animal Welfare Regulations 2012). The 

only exception to this, is in the circumstances of research following approval by a 

relevant animal ethics committee.  

Within the state of Tasmania, the use of e-collars, according to the Animal Welfare Act 

1993, appears to be banned as it states that exposing or applying an electronic device 

to an animal during or training for sport or public performances is an offence. While 

the Act does not specifically say electronic collars, they may be considered an 

electronic device. Conversely, according to the Australian RSPCA their use is permitted 

so long as “there is no pain to the animal” (RSPCA Australia, 2015). However, after 
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examination of the Act, there appears to be no mention of the quote suggesting the 

Act has been recently updated banning the use of the devices.  

New Zealand: there is no mention of the use of electronic collars under the Animal 

Welfare Act 1999. The use of such devices is likely an option for owners and trainers to 

use on their dogs during training without repercussion.   

1.4.5. Asia 

China: does not have specific animal welfare laws that apply to the nation, through the 

World Animal Protection Organisation, China does have some legislation concerning 

animal welfare applying in specific circumstances (e.g. zoos and research; World 

Animal Protection, undated). Therefore, the reasonable inference to make is that 

electronic collar use is permitted.  

India (GT): the law concerning animal welfare in India does not provide information on 

the use of electronic collars or electrical currents. The Prevention of Cruelty to Animals 

Act 1960 considered cruelty as subjecting an animal to unnecessary pain or suffering, 

which is the closest matter that may relate to electronic collars. Again, the use of 

electronic collars is likely a legal undertaking within the country. 

1.4.6. Africa 

South Africa (GT): deliberate acts of unnecessary suffering, ill-treating and terrifying 

are the most relevant aspects of the Animal Protection Act 1962 that may apply to the 

use of electronic collars. However, the Act makes no specific mention of the devices or 

the use of an electrical current on animals. Hence, the use of electronic collars is likely 

not subject to regulation or prohibition.  

1.4.7. Legislative summary 

Examining the legislation for animal welfare and the use of electronic collars in specific 

regions of the world, there is perhaps a loose correlation between the strong animal 

protection provisions and control measures concerning electronic collars. It appears 

that countries with higher levels of protection towards animals have also recognised 

potential harm that may befall a dog when subject to e-collar use, both physically and 
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mentally. Thus, these governments have made specific measures regarding their use, 

though these are often poorly defined. In developing countries, even economically 

advanced countries such as China, legislation concerning e-collars is not yet mature. 

Furthermore, the legislation concerning the use of electronic devices appears to be as 

divided as the opinions of the public on such a topic. Hence, this demonstrates the 

need for a more objective examination of the evidence pertaining to electronic collars.  

1.5. Project and critical appraisal introduction  

Two critically appraised topics have been developed to investigate and provide an 

objective examination of the scientific stance on the efficacy and welfare of electronic 

collars following pre-defined criteria. 
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2. Critically Appraised Topics 

2.1. Clinical scenario 

A significant proportion of pet dogs exhibit problem behaviours that may continue for 

years to the dismay of their owners (PDSA, 2019). Distressed owners consequently 

seek simple, affordable solutions, perhaps by internet searching, and find training 

methods that promise to solve their problems (Guaranteed Dog Training, 2014). 

Qualified trainers or medication are expensive options (Landsberg, 2019) so owners 

may place their faith in quick-fix solutions. The use of electronic collars for dog training 

is a controversial topic, with opposing arguments from both supporters and those 

critical of the devices. Claims are made about the use of e-collars, from various 

sources. Much of the controversy concerns two primary aspects of their use: their 

efficacy and welfare implications. Consumers may be unaware of such controversy, the 

potential effects on their dog’s welfare of using e-collars for training, or indeed that 

other training methods may be available. Some research papers have reviewed the use 

of aversive training techniques and have given recommendations regarding their use 

(Fernandes et al., 2017; Ziv, 2017), yet such reviews are rarely analysed in accordance 

with normal critical appraisal guidelines (Centre for Evidence-Based Medicine, CEBM, 

undated) or focussed on only electronic collars. The aim of the following Critically 

Appraised Topics (CATs) is to assess and evaluate the evidence concerning the use of 

electronic collars in dog training, specifically, the efficacy, and the effect the devices 

have on the welfare of the dogs, compared to alternative training techniques that may 

be used in dog training. 

2.2. Introduction 

Behaviour problems in domestic dogs are an issue that many owners face (Lindell, 

2002; Fatjó et al., 2006; Rafiei et al., 2011; Col et al., 2016). Despite the use of e-collars 

being relatively low in the UK (PAWS, 2019), their use remains controversial. E-collars 

are primarily used as a form of +P or -R, in terms of operant conditioning. It is this 

aspect of the training that sparks welfare concerns, as such forms of conditioning have 

the potential to lead to stress. 
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Dogs are capable of learning through associative learning – both classical and operant 

conditioning. Advocates claim the devices are an efficacious solution where all others 

have failed, or to help prevent euthanasia in treatable dog behaviour problems (ECMA, 

2015). Opponents claim that there are more effective, humane training techniques 

available (e.g. Dogs Trust, 2018). 

Governments may be increasingly under pressure to address animal welfare concerns 

– and so are beginning to examine e-collar use in terms of these arguments. For 

example, in 2018, governments in Scotland and England began to address the use of 

the various types of electronic collars, following the ban on the devices in Wales in 

2010. Research commissioned by the UK government (DEFRA AW1402, 2013; DEFRA 

AW1402a, 2013) led to some action and promises of change. It is arguable though that 

greater confidence in the outcome of such research and subsequent decision-making, 

would have been facilitated had the total evidence available to date been examined 

using CAT techniques. By producing a CAT on the efficacy and welfare effects of the 

various device types, policy makers may have a clearer synthesis of what the scientific 

community says regarding the use of the e-collars as a dog training tool.  

2.3. Clinical questions  

The first appraisal, known as the Efficacy CAT asks: how does the evidence of efficacy 

of electronic collars for training dogs compare to the evidence of efficacy for alternative 

training techniques for the same tasks? 

The second appraisal, or Welfare CAT asks: what is known scientifically about the 

effect on welfare of training dogs with electronic collars compared to alternative 

training techniques? 

2.4. Methodology 

2.4.1. Search strategy 

Four different electronic databases were included in the search strategy for each 

Critically Appraised Topic. Web of Science, Google Scholar, Scopus and Open Access 
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Theses and Dissertations (OATD) were the chosen, reflecting their broad nature and 

return of related research papers. Databases were searched during December 2018. 

The search strategy was tailored to suit each of the databases’ requirements, whilst 

maintaining common search string elements. Key search terms were joined using 

Boolean operators that functioned on the database. Relevant references were copied 

into Microsoft Excel, compiling a master database of papers for each CAT on separate 

spreadsheets. Duplicates, identified using author, title and date, were removed after 

all databases were searched.  

The search strings for each database are presented for each CAT. 

Efficacy CAT: 

Web of Science Core Collection 

(dog* OR cani* OR pet*) AND (Electr* collar OR e-collar OR e collar OR shock collar OR 

train* collar OR remote collar OR bark* collar OR antibark* collar OR containment 

system OR train*) AND (avers* OR reward-based train* OR reward based train* OR 

humane OR punish* OR reinforc* OR train*) AND (effic* OR effect*) 

Google Scholar 

(dog OR canis OR canine) AND (electronic OR electric OR shock OR training) AND collar 

AND (efficacy OR efficacious OR effective OR effectivity) 

Scopus 

TITLE-ABS-KEY(dog* OR cani* OR pet*) AND (Electr* collar OR e-collar OR e collar OR 

shock collar OR train* collar OR remote collar OR bark* collar OR antibark* collar OR 

containment system OR train*) AND (avers* OR reward-based train* OR reward based 

train* OR humane OR punish* OR reinforc* OR train*) AND (effic* OR effect*) 

OATD 

(dog* OR cani* OR pet*) AND (Electr* collar OR e-collar OR e collar OR shock collar OR 

train* collar OR remote collar OR bark* collar OR antibark* collar OR containment 



19 

 

system OR train*) AND (avers* OR reward-based train* OR reward based train* OR 

humane OR punish* OR reinforc* OR train*) AND (effic* OR effect*) 

Welfare CAT: 

Web of Science Core Collection 

((dog* OR cani* OR pet*) AND (Electr* collar OR e-collar OR e collar OR shock collar OR 

train* collar OR remote collar OR bark* collar OR antibark* collar OR containment 

system OR train*) AND (avers* OR reward-based train* OR reward based train* OR 

humane OR punish* OR reinforc* OR train*) AND (welfare OR stress OR stress 

behavio* OR stress-related behavio* OR behavio* OR affective state OR psychological 

state OR physiolog*))   

Google Scholar 

(dog OR canis OR canine) AND (electronic OR electric OR shock OR training) AND collar 

AND (welfare OR behaviour OR behavior OR physiology OR physiological)   

Scopus 

TITLE-ABS-KEY(dog* OR cani* OR pet*) AND (Electr* collar OR e-collar OR e collar OR 

shock collar OR train* collar OR remote collar OR bark* collar OR antibark* collar OR 

containment system OR train*) AND (avers* OR reward-based train* OR reward based 

train* OR humane OR punish* OR reinforc* OR train*) AND (welfare OR stress OR 

stress behavio* OR stress-related behavio* OR behavio* OR affective state OR 

psychological state OR physiolog*)   

OATD 

(dog* OR cani* OR pet*) AND (Electr* collar OR e-collar OR e collar OR shock collar OR 

train* collar OR remote collar OR bark* collar OR antibark* collar OR containment 

system OR train*) AND (avers* OR reward-based train* OR reward based train* OR 

humane OR punish* OR reinforc* OR train*) AND (welfare OR stress OR stress 

behavio* OR stress-related behavio* OR behavio* OR affective state OR psychological 

state OR physiolog*)   
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2.4.2. Inclusion and exclusion criteria 

For papers to be included in their respective CAT, they must meet the requirements of 

the inclusion criteria. These are as follows. 

• Written in English, or in a translatable form for non-English documents. 

• Published during any year. 

• Peer-reviewed study, or grey literature. 

• Species used must be domestic dogs (Canis lupus familiaris) only (any background of 

dog is acceptable, e.g. pet, laboratory, police, etc.). 

• Compares the use of electronic collars of any type within a single study to a different 

training technique with an outcome for Efficacy or Welfare using any methods to 

obtain such data. Efficacy comparisons must be for the same training task. 

To be excluded from the CATs, relevant results would: not have met the criteria above; 

not have answered the question of the CAT; or be a device patent.  

2.4.3. Screening process 

The screening process for results in the two CATs was completed by the primary 

author who independently decided which results did not fit the inclusion criteria and 

were excluded, the remainder continued though the screening process until all four 

stages had concluded. 

Four phases were followed in order to determine the relevance of results to their 

respective CAT.  Phase one involved examining the title of documents that appeared 

during the initial database search. Potential CAT-relevant titles were recorded, and 

non-relevant results were excluded. After 100 consecutive results of non-relevant titles 

had been reached, the process moved onto phase two. 

Phase two progressed through the relevant title results obtained from phase one, 

screening the abstracts for relevancy. Abstracts that were considered irrelevant to the 

CAT were excluded, and relevant abstracts were retained. This continued until the list 
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of title-relevant results had been exhausted, and the relevant results were taken to 

phase three. 

In phase three, abstract-relevant results had their reference section screened. This was 

to retrieve any new results that had not been identified during the initial database 

search of phase one. All reference titles were read and screened for relevancy using 

the title (like phase one) and abstract (like phase two), until the results’ reference 

section had been exhausted. Newly identified results from these reference sections 

were recorded and added to the list of relevant results and were subject to phases one 

through three themselves, until no new results were yielded. 

For phase four, the full text of each remaining publication was screened for relevancy. 

Results were marked as relevant based on whether the full-text met the inclusion 

criteria; non-relevant texts were excluded. 

Having completed the four screening phases, the surviving publications were compiled 

into their respective CAT list. 

2.4.4. Critical appraisal  

Results that were deemed relevant at the end of the four-stage screening process 

were included in their respective CAT and critically appraised. Each paper was 

independently appraised by the main author using tools of critical appraisal developed 

by the CEBM (CEBM, undated). Study designs are ranked based on where they lie in 

the hierarchical levels of evidence as well as the quality of the study design and 

execution (CEBM, 2011). Each result was also appraised by an external individual, 

within the field of animal behaviour and welfare to minimise potential personal biases 

associated with the primary author. Critical appraisals of the main author and external 

appraisers were collated by the main author. Disagreements and consistent 

interpretation of the evidence and comments were agreed upon during a group 

meeting with the reviewer. A second reviewer then evaluated these comments further 

to establish agreement with their own reading of the literature.  



22 

 

2.5. Results – efficacy CAT 

2.5.1. Screening results 

Database searching identified 79,494 results when all database result returns were 

combined. After the screening process, seven results were considered relevant to the 

Efficacy CAT, satisfying the inclusion criteria (Figure 2.1). Critical appraisal of the 

relevant papers is presented in Table 2.1. 

 

Figure 2.1: Outcome of database searches and screening processes of generated 
results to identify relevant papers to the Efficacy CAT. 

 

Phase 1: 90 title-relevant results identified. 68 following the removal of duplicates. 

Phase 2: 40 abstract-relevant results identified from title-relevant list. 

Phase 3: 39 new title-relevant results identified from references of abstract-relevant 
list. 13 abstract-relevant additional results identified. 

Phase 4: 53 abstract-relevant results screened for full-text relevancy. 7 results fully 
relevant for critical appraisal. 
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Table 2.1: Critical appraisal summary of the seven papers that met the inclusion criteria of comparing the efficacy of electronic collars to 
alternative training techniques in dog training for the same task. 

Paper 
reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

Study design 
(CEBM 
hierarchy 
Rank) 

Cross over design 
(Level 4) 

Randomised 
control trial (Level 
3) 

Cross sectional 
survey (Level 4) 

 Cross-over design 
(Level 4) 

Cross sectional 
survey (Level 4) 

Longitudinal 
experimental 
study (Level 3) 

Cross sectional 
survey (Level 4) 

Stated study 
hypotheses/
aims 

• Compare the 

effectiveness of 
citronella bark 
collars and 
electronic bark 
collar to deter 
unwanted 
barking. 

• Determine the 

effectiveness of 
electronic bark 
collar and lemon-
spray bark-
control collars for 
the control of 
barking. 

• Indicate the 

relative owner-
reported success 
of e-collar 
training to other 
various training 
methods for 
recall/chase 
related problems. 

• Examine the 

“learning effect” 
of electronic 
training collars 
compared to 
pinch collars and 
a quitting signal in 
maintaining a 
“heel” position 
and not reacting 
to provocation. 

• Examine canine 

management and 
training practices 
on Australian 
farms and the 
characteristics of 
the farmers who 
handle and breed 
the working dogs. 
These variables 
will be analysed 
to investigate 
potential risk 
factors in the 
failing of herding 
dogs. 

• Investigate the 

efficacy of 
training with e-
collars compared 
to other training 
methods. 

• Determine the 

escape rates of 
dogs confined to 
their owner’s 
property by 
means of various 
types of 
containment. 

Subjects 
including 
recruitment 
strategy 

• Owners and 

dogs recruited 
through local 
newspapers and 
radio news 
releases. 

• 24, reduced to 

21 mixed breed 
dogs (15 
appeared to be 
Labrador 
Retriever mixes) 
from kennels at a 

• 14566 

questionnaires 
distributed 
unevenly across 
the UK led to 
3897 dog owners 
answering 
questions based 

• 42 police dogs - 

all Belgian 
Malinois. 

• Aged 3-10 years 

old. 

• 33 males, 9 

females. 

• The 

questionnaire 
was subject to 
prior testing and 
feedback 
evaluation by 
Kelpie Council  

• Sample size 

based on 
estimate derived 
from previous 
between-subject 
design studies 
examining the e-
collar effects; 

• 974 owners 

answering 
questions based 
on 1053 dogs of 
various breeds 
representing 8 
breed groups 
recognised by the 
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Paper 
reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

• Owners had to 

answer an 11-
page 
questionnaire 
that was used to 
determine dogs 
eligible for the 
study. 

• 8 dogs of 

various breeds 
completed the 
study (9 started). 

• Dogs with signs 

of aggression 
towards owners 
or strangers; or 
with multiple 
behaviour 
problems were 
excluded. 

• Two of the 

cases were not 
diagnosed as 
nuisance barking, 
but as mild 
separation 
anxiety and 
moderate 
attention seeking. 

single no-kill 
shelter. 

• 11 males (2 

neutered, 9 
intact); 10 
females (intact). 

• All dogs 

screened and 
considered 
healthy prior to 
the study. 

• Body weight of 

dogs ranged from 
15.5kg to 35.6kg. 

• Aged 10-24 

months. 

• Duration of 

housing in 
kennels ranged 
between 1 to 15 
months. 

• Dogs were kept 

on the same 
commercial dog 
food and feeding 
schedule over the 
course of the 
study. 

on their youngest 
dog. 

• Owners were 

recruited using 
convenience 
sampling from 
May 2007 to 
August 2009 – 
areas of 
recruitment 
involved dog 
owners on walks; 
attending 
agricultural 
shows; dog-
related events; 
vet surgeries and 
pet shops across 
the UK.  

• All cases from 

England  

• Dogs were 49% 

male and 50% 
female; remaining 
unknown. 

• Neuter status 

was split 49% 
intact and 49% 
entire; remaining 
unknown. 

• From 2 

different police 
departments in 
Germany. 

• 7 dogs with no 

previous 
experience with 
e-collars prior to 
the study were 
subject to an 
adaption phase 
lasting 6 weeks - 
these dogs wore 
an e-collar during 
their normal daily 
routine. 

• Dogs with 

previous e-collar 
experience wore 
an e-collar for 
only a week 
under the same 
procedure. 
 

• Questionnaire 

link available 
during the period 
of 10th March 
2013 to 10th June 
2013 and was 
available as an 
online or hard-
copy with pre-
paid envelope (by 
request only). 

• Online 

questionnaire link 
was published on 
various websites  

• Further 

recruitment 
methods 
involved: 
- Advertisement 
through various 
rural newspapers 
and magazines; 
national TV, at 
trials and through 
dog sales sites 

• 812 participants 

took part in the 
survey, reported 
details on 4207 
dogs. 

adding 40% more 
dogs to increase 
sensitivity given 
anticipated 
smaller effect 
size. Estimated 
required sample 
size was 21 dogs 
per group. 

• Dogs older than 

6 months old, 
with no prior e-
collar experience, 
and with livestock 
worrying or recall 
problems. 

• 63 pet dogs (34, 

female, 29 male) 
non-randomly 
divided into 3 
groups. 

• Average age of 

46 months. 

• No toy or utility 

breed 
representation 
(UK Kennel Club 
definitions). 

• No significant 

difference 

American Kennel 
Club as well as a 
group for mixed-
breed dogs. 

• Dogs had to be 

at least 6 months 
old and housed in 
their current 
home for at least 
3 months. 

• 504 neutered 

males, 51 intact 
males, 464 
spayed females, 
34 intact females. 

• Owners were 

recruited by 
volunteer 
veterinary 
students using a 
pre-established 
script, recruiting 
in 8 pet stores 
during June or 
July 2013.  

• Owners/dogs 

excluded from 
survey if their 
dogs did not meet 
the age and 
housing 
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Paper 
reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

• Some 

representation of 
all breed groups 
according to UK 
Kennel Club 
categories. 

• 1806 were 

currently 
working, 864 
recently 
dismissed and 
1357 recently 
retired. 

between groups 
based on sex, age 
or breed 
prevalence. 

• Owners could 

express 
preference 
for/against e-
collar training and 
were able to 
swap with a 
matched dog 
(occurred with 2 
pairs/4 dogs). 

requirement or 
did not have any 
way of confining 
their dog to the 
property. 

Treatment 
and control 
groups 

• Two collar 

types: electronic 
bark collar 
(activated upon 
vibration in the 
dog’s ventral 
cervical area, or 
neck) and 
citronella bark 
collar (activated 
upon the sound 
of the dog 
barking). 

• Dogs were 

randomly 
assigned to wear 
one of the collars 

• Dogs all tested 

to ensure they 
barked at an 
unfamiliar dog. 

• Dogs were 

randomly 
assigned to one 
of three groups 
by choosing a 
card from a hat: 
- Electronic bark 
collar (n=6): 
Deluxe Bark Collar 
Model DBC100 
electrical 
stimulation collar. 
Used both 

• Owners report 

from a list of 
certain training 
techniques (e.g. 
food rewards, 
praise, various e-
collar type use, 
etc.). 

• Treatment 

group regarded as 
those that had 
reported e-collar 
use for recall 
problems/chasing 
behaviour and 
barking-related 
problem.  

• Treatment 

methods: 
- E-collar (Dogtra 
600 MCP/2) – 
stimulus to act as 
a correction for a 
mistake (positive 
punishment); 
- Pinch collar 
(Klickstachelhalsu
ng pinch collar) – 
Use of collar 
correction upon 
the occurrence of 
a mistake 
(positive 
punishment); 

• Owners that 

used electronic 
collars in the 
training for a 
successful 
herding dog. 

• Owners that 

used training 
techniques that 
didn’t involve the 
use of electronic 
collars – deemed 
“positive 
reinforcement 
training” by the 
authors (involved 
various 

• Two ECMA 

professional 
trainers (both 
Groups A and B) 
and two APDT 
professional 
trainers (Group 
C).  

• Group A (n=21) 

– ECMA trainers, 
using active e-
collars during 
training; working 
stimulus level 
determined on 
day 1. 

• Owners were 

asked about the 
type and 
characteristics of 
the containment 
system on their 
property. 

• Groups 

involved various 
types of 
containment 
systems: 
- Electronic fence 
(including those 
with e-collar); 
- Physical fence; 
- Privacy fence; 
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Paper 
reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

first for two 
weeks before a 
week without 
anti-bark collar 
use. The 
alternative collar 
was then worn by 
dogs for two 
weeks until the 
study concluded. 

vibration and 
sound detection 
of a bark to 
activate the 
collar. Around 
152ms occurred 
before deploying 
the stimulus. 
- Lemon-spray 
bark collar (n=8): 
Model SBC100 
Spray bark-
control collar 
containing lemon 
spray, no 
citronella. 
Activated by 
vibration only. 
67ms before 
collar activation 
following 
vibration 
detection. 
- Control (n=7): 
Half of the dogs 
wore a turned off 
bark collar; the 
other half wore 
an empty, turned 
off lemon-spray 
collar. 

• Comparison 

population were 
owners that 
reported use of 
other training 
techniques for 
the same 
problem 
behaviours 
mentioned above 
– training 
techniques 
combined into 
separate 
comparison 
groups involving 
other aversive 
techniques 
(positive 
punishment and 
negative 
reinforcement) 
and more reward-
based techniques 
(positive 
reinforcement 
and negative 
punishment). 

- Quitting signal - 
withdrawing a 
reward upon 
command when 
the dog performs 
a mistake. This 
treatment was 
used to create 
feelings of 
frustration in the 
dog and was 
trained into the 
dogs prior to the 
main experiment 
(negative 
punishment). 

• Order effects 

controlled for via 
subgroups; each 
with a different 
order for testing 
the training 
method. 

techniques, 
including those 
not generally 
considered 
positive 
reinforcement). 

• Group B (n=21) 

– Same ECMA 
trainers, no e-
collar use; 
dummy collar 
worn by dogs. 

• Group C (n=21) 

– APDT trainers, 
no e-collar use; 
reward-based 
training only; 
dummy collar 
worn. 

• Dogs selected 

for Group C were 
trained later and 
matched with 
dogs already in 
Group A for 
referral reason 
and problem 
severity. 

• Design 

justification for 
the use of three 
groups by the 
authors – A vs B 
and A vs C likely 
due to effects of 
an e-collar in 
training; A vs C 

- Tether system. 
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Paper 
reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

and B vs C likely 
reflect trainer or 
environmental 
effects; 
differences 
between A and C 
potentially reflect 
best practice 
with/without e-
collars. 

Study 
environment 
and training 

• Owners were 

provided with 
instructions on 
how to fit and 
operate the two 
collars only – no 
extra behaviour 
modification 
suggestions were 
given. 

• Dogs wore the 

collars when the 
problem barking 
was most likely to 
occur if owners 
were reluctant to 
allow their dog to 
wear them 24 
hours/day. 

• Owners were 

not informed that 

• All dogs were 

individually 
housed in the 
shelter (indoor 
kennel with 
concrete floor; 
side walls with 
lower half 
concrete and top 
half wire mesh; 
wire mesh doors).  

• Individual runs 

comprised of two 
sections (each 
~1.2 metres by 
2.4 metres) 
separated by a 
guillotine door. 
One section of 
the run faced a 
concrete wall 

• Training was 

determined from 
owner self-report 
to items relating 
to certain training 
techniques. 

• How the 

training 
techniques were 
used by owners 
was not asked by 
the authors. 

• Experimental 

tests occurred on 
open air training 
grounds that are 
also used for 
routine police 
training for the 
dogs. 

• Each dog was 

tested in the 
same place where 
it started for the 
entire 
experiment. 

• Two test 

instructors were 
present during 
the experiment to 
act as observers 
and control the 
test sessions. 

• Training 

determined from 
what 
devices/tools 
owners self-
reported using to 
train successful 
herding dogs. 
Details of how 
any devices used 
was not recorded. 

• 2 groups (A and 

B) trained at farm 
location during 
Autumn-Winter 
2010 – moved to 
a yard on the 
same farm during 
unsuitable 
weather 
conditions. 

• 1 Group, C, 

trained in Spring 
2010 – set up to 
replicate 
conditions 
experienced by 
dogs in A and B.  

• Small flock of 

sheep and poultry 
penned in all 
training annexes.  

• Training within 

the dog’s own 
home 
environment. 

• Training of dogs 

to the electronic 
fence was 
reported, which 
varied between 
owners (e.g. 
trainers 
employed by the 
fencing company, 
external trainer, 
no training, 
instructions only, 
no training or 
unspecified 
methods). 
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Paper 
reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

advice would be 
given about other 
behaviour 
modification 
techniques 
should both 
collars fail at the 
end of the study. 

towards the 
interior of the 
building. The 
section on the 
other side of the 
guillotine door 
faced a concrete 
walkway with 
windows 
overlooking a 
yard (dogs were 
moved to this 
area of the run 
for the recording 
sessions).  

• Two dogs were 

simultaneously 
studied, with 
around 10 empty 
runs and a 
hallway between 
each pair of dogs 
(approximately 
14-metres), 
meaning test 
dogs were not in 
view of each 
other.  

• Only those 

involved in the 
study were 

• Two 

professional dog 
trainers, also 
experienced 
canine officers, 
acted as decoys 
to provoke the 
dogs to make a 
mistake – each 
decoy provoked 
one group for the 
whole 
experiment. 

• Decoys also 

held the e-collar 
receivers and 
delivered the 
stimulus 
whenever the dog 
made a mistake. 

• The same decoy 

was used for each 
dog to control for 
variation in 
provocation style 
and the decoy 
themselves. 

• The appropriate 

stimulus level for 
the e-collar was 
determined for 

• Training 

sessions lasted 
approximately 15 
minutes – each 
dog receiving two 
per day (morning 
and afternoon).  

• Training 

occurred over 5 
consecutive days 
(1 dog from A and 
1 from B had 4 
days); owners 
conducted 
training on the 
final day. 

• Collar type 

(Group A) was 
determined by 
the trainers 
(Sportdog SD-
1825E for 11 dogs 
and Dogtra 1210 
NCP for 10). 

• Trainers used 

vibration warning 
cues to maintain 
video observer 
blindness to data 
coding.  
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Paper 
reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

granted access to 
the area during 
testing to 
minimise 
distractions. 

• Every dog was 

housed in their 
run for a 
minimum of 7 
days prior to start 
of study. 

• Tests were 

performed 
between 11am 
and 4pm.  

• Ambient 

temperature and 
humidity were 
recorded at the 
start and end of 
each session – 
temperature 
ranged from 23 to 
33°C; humidity 
ranged from 57% 
to 97%. 

• Week -1 

(Screening): dogs 
medically 
screened for good 
health. Dogs were 

each dog by two 
professional dog 
trainers prior to 
the experiment. 

• Experiment run 

on separate days, 
with a week in 
between each 
test. Each day of 
testing had a 
different training 
method tested. 

• During the 

entire 
experiment, each 
dog wore 3 collars 
around their neck 
– electronic, 
pinch and normal 
to standardise the 
training methods. 

• 80 seconds of 

obedience and 40 
seconds of free 
play with handler 
preceded each of 
the main tests. 
These sessions 
were included to 
bring the dogs to 
a certain arousal 

• Training 

regimes 
determined by 
the trainers 
themselves but 
followed their 
own perceived 
“good-practice”. 

• Group A dogs 

also exposed to 
positive 
reinforcement in 
addition to e-
collar training. 
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reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

also exposed to 
an unfamiliar dog 
to ensure that 
they barked. 

• Week 0 

(Acclimation 
Baseline): dogs 
wore inactivated 
collars for three 
consecutive days 
for 30 minutes 
per day. 

• Weeks 1-2: 

Dogs in the two 
treatment groups 
wore activated 
collars for three 
consecutive days 
for 30 minutes 
per day turned on 
at “low” intensity 
settings; control 
dogs wore 
inactivated 
collars. 

• An unfamiliar 

dog acted as the 
bark stimulus by 
waking in on 
leash in front of 

level and avoid 
misevaluation of 
extra stress due 
of frustration 
respectively. 

• Dogs were 

brought in on 
leash to the 
training area and 
put into a “heel” 
position once the 
two sessions 
were completed. 
Dogs were kept 
on the 5-metre 
leash during the 
experiment. 

• The decoy 

person then 
entered the 
testing area and 
stopped when 
they were 
situated 
approximately 3 
metres from the 
dog and handler. 
The handler then 
re-gave the heel 
command and 
began walking by 
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the test dog run 
for 30 seconds. 

• 3 unfamiliar 

dogs presented in 
total to the 
subjects at 5, 15 
and 25 minutes of 
the 30-minute 
session. 

• Unfamiliar dogs 

were preselected 
based on their 
ability to not bark 
during testing and 
were housed in a 
different part of 
the shelter. 

• Two observers 

watched two 
dogs 
simultaneously in 
individual runs, 
10 runs apart 
from each other 
(14 metres). 
Observers 
remined quiet, 
around 1.2 
metres in front of 
the run, with full 
view of the dog.  

the decoy, where 
the decoy 
attempts to 
provoke the dog. 

• If the dog made 

a mistake, the 
intervention 
method was 
administered. 

• If the dog 

stopped the 
undesired 
behaviour 
(mistake) after 
the delivery of 
the intervention, 
the same test 
procedure was 
repeated an hour 
later to test for a 
learning effect. 

• For the 

repetition test, 
dogs were subject 
to the same 
provocation by 
the decoy that led 
to the initial 
mistake – if the 
dog did not 
repeat the 
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• Dogs paired 

based on their 
kennel location, 
approximately 
equal distances 
maintained 
between each 
test pair. 

• Third person 

presented the 
bark stimulus. 

• Camcorder 

positioned at a 
fixed distance 
behind the 
observer, 
recording the full 
sessions. 

• After the 30-

minute session, 
personnel 
entered the run 
to turn off the 
activated collars 
and take blood 
samples from the 
dog on the 
appropriate days. 

mistake, testing 
was stopped; if 
the mistake 
occurred again 
the test was again 
repeated with the 
same procedure 
as the first 
repetition test for 
a final time. 

• If after the 

second repetition 
test the dog failed 
to stop the 
undesired 
behaviour after 
the first 
correction, the 
testing stopped. 



33 

 

Paper 
reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

Measures of 
efficacy 

• Evaluation form 

filled in at the end 
of each two-week 
period of collar 
use to rate the 
effectiveness of 
the collar. 

• Owner report 

of changes in bark 
frequency, 
intensity and 
duration. 

• Time spent 

barking during 
the 30 minutes. 

• Number of 

collar corrections. 

• Owner-

reported success 
based on 
questionnaire 
items. 

• Questions 

related to efficacy 
– “For what 
behaviours did 
you use this 
technique for?”; 
“was it 
successful?”. 

• Testing for a 

“learning effect” 
based on the 
need for 
repetition test(s) 
following a 
correction. 

• Reasons and 

destination of up 
to three dogs per 
respondent 
behind the 
dismissal (failure) 
or retirement of 
the dog from 
herding. 
Percentage of 
dogs acquired or 
retained for work 
that become 
successful 
working dogs 
reported as 
“success rate” 

• Training 

methods and 
equipment used 
with a herding 
dog to train them 
successfully.  

• Amount of time 

is spent with the 
dog during an 
average training 
session 

• Number of 

training sessions 

• Owner report 

following one 
week of training, 
concerning: 
improvement in 
their dog’s 
behaviour; 
whether they 
continued using 
the training 
techniques they 
had learned; and, 
their confidence 
in applying the 
techniques. 

• Owner report 

on whether the 
dog had escaped 
the property. 
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given each 
month. 

Data  • Rating scale for 

changes to 
barking recorded 
as “much 
greater”, 
“greater”, “about 
the same”, “less”, 
and “much less” 
relative to barking 
before the use of 
the collar. 

• Efficacy of the 

collars 
determined as 
satisfactory if 
owners reported 
bark frequency as 
being “less” or 
“much less” than 
before collar use. 

• Observers 

recorded the time 
spent barking 
using a 
stopwatch, and 
number of collar 
corrections. 

• These were 

verified using 
video recordings 
later-on. 
  

• Questionnaires 

circulated with 
pre-paid return 
envelopes to 
maximise return 
rates. 

• Occurrence of 

the same mistake 
in the repetition 
test  

• On-line survey. 

• Option to use a 

hard-copy version 
of the survey 
upon request. 

• Owner 

response in 
relation to 
perceived 
“improvement”, 
“confidence” and 
“continue use of 
techniques” 
 post 
intervention. 
Responses 
recorded using a 
5-point scale from 
very confident to 
not confident, or 
very satisfied to 
dissatisfied. 
 

• Owners who 

agreed to fill in 
the survey were 
asked to fill in the 
4-pages of 
questions based 
on the topics 
above (not 
online). 

Statistical 
analysis 

• Descriptive 

summary of 
results only. 

• Repeated 

measure GLM 
with treatments 
and time as main 
effects. 
 

• Categories 

made mutually 
exclusive by 
removing cases 
where multiple 
techniques were 
used for the same 
problem 
behaviour.  

• Kruskal-Wallis 

tests to compare 
learning effects 
between groups. 

• Paired-sample 

t-tests to test 
learning effects 
between training 
methods. 

• Success variable 

was collapsed to 
a binary outcome 
as below average 
(<80%) and above 
average success 
(≥80%) in order to 
achieve adequate 
sample sizes. 

• Repeated-study 

GLM with dogs 
nested within 
groups used as 
between-subject 
variables, or 
where data didn’t 
meet parametric 
requirements, 

• Individual dogs 

were considered 
as the unit of 
measurement, 
with each dog in 
multidog 
households 
considered 
separately. 
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• Cross 

tabulation and 
chi-squared used 
to compare 
owner reported 
success of 
specified training 
techniques and 
training type used 
for recall training. 

• Logistic 

regression used 
to compare 
success rate with 
variables relating 
to owner 
demographics, 
previous training 
experience and 
the training 
methods used. 

• Logistic 

regression was 
used to compare 
reported success 
rate with 
variables linked to 
the dogs’ sex, 
age, breed, origin, 
housing and 
initial training 
level when 
obtained. 

• Both used 

stepwise 
backward 
elimination.  

• Variables 

dropped from the 
model were 
analysed for 

sample period 
effects analysed 
using Friedman 
ANOVA. 
• Chi-Squared 
tests applied to 
responses 
regarding 
confidence in 
applying the 
techniques. 

• Chi-squared 

used to test for 
associations 
between fence 
type and whether 
the dog had 
escaped the 
property. 

• Same statistical 

test for 
association 
between the 
training type used 
to train dogs to 
electronic fence 
and whether the 
dog had escaped. 

• Fisher exact 

test used in 
comparisons 
where the 
expected value of 
any cell was less 
than 5. 
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associations with 
success rates 
using chi-squared 
tests. 

Key results 
as reported 

• For citronella 

bark collars 7/9 
owners reported 
a reduction in all 
three barking 
measures. 

• In 1 dog, 

intensity of 
barking remained 
the same, despite 
frequency and 
duration being 
marked as much 
less than before 
use. 

• 8/9 owners 

reported 
satisfaction with 
the citronella 
spray collar. 

• For electronic 

collars, 2/8 
owners recorded 
a decrease in all 
three measures. 

• For dogs in the 

electronic bark 
collar group, 
barking time was 
significantly 
reduced from a 
mean of 16 
seconds (wk1 d1) 
to a mean of 1.8 
seconds (wk1 d2) 
on the second 
day of wearing an 
activated collar 
during the 30-
minute sessions. 
Barking was at 
102.4 seconds 
during the 
acclimation 
phase. 

• For dogs in the 

lemon-spray 
collar group, 
barking time 
significantly 
decreased from a 
mean of 12.8 

• Owners training 

with e-collars 
reported 
significantly less 
success in training 
relative to those 
training using 
more reward-
based techniques 
for recall and 
chase behaviour 
problems. 

• Breed type did 

not vary 
significantly 
between groups 

• Age did not 

differ between 
groups. 

• With e-collar 

39/42 dogs 
stopped 
undesired 
behaviour; with 
quitting signal 
3/42 dogs 
stopped 
undesired 
behaviour; with 
pinch collar 32/42 
dogs stopped 
undesired 
behaviour   

• Significant 

difference 
between the 
quitting signal 
and e-collar. 

• No significant 

difference in 
learning effect 
between e-collar 
and pinch collar. 

• No significant 

difference found 
between 

• 7% (53) of 

respondents, 
reported using 
electronic collars 
Those using e-
collars reported 
significantly more 
often success 
rates below 
average 
compared to 
those that do not 
use electronic 
collars (759 
respondents). 

• “Positive 

reinforcement 
training” of dogs 
was significantly 
associated with 
increased 
probability of 
reporting 
average/greater 
success rates. 

• The number of 

commands given 
in Groups A and B 
were not 
significantly 
different; but 
both were 
significantly 
different from 
Group C (roughly 
half the number 
of commands 
given). 

• Owners 

reported they 
were generally 
satisfied with the 
training 
programme their 
dogs received; all 
groups reported 
improvement in 
general behaviour 
for the specified 
problem – no 
significant 

• 279/1053 dogs 

had escaped from 
their respective 
properties. 

• Dogs contained 

with electronic 
fences were 
significantly more 
likely to have 
escaped (66/150 
dogs, 44%) 
compared to dogs 
confined by see-
through fence 
(153/658 dogs, 
23.3%), privacy 
fence (38/163 
dogs, 23.3%) or 
tether system 
(22/82 dogs, 
26.8%).  

• How dogs were 

accustomed to 
the electronic 
fence was not 
significantly 
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• 4/8 owners 

reported no 
change in barking 
measures. 

• 2/8 owners had 

dogs with 
reduced 
frequency in 
barking, with 
some or no 
change in 
duration, but at 
the same 
intensity. 

• 4/8 owners 

reported 
satisfaction with 
the electronic 
collar. 

seconds (wk1 d1) 
to a mean of 0.9 
seconds (wk1 d2) 
on the second 
day of wearing an 
activated collar 
during the 30-
minute sessions. 
Barking duration 
was as at 65.4 
seconds during 
the acclimation 
period. 

• Wk1 d3 barking 

times were not 
significantly 
different to 
controls. 

• No significant 

difference 
between the two 
collar groups on 
barking time 
reduction. 

• Collar 

corrections were 
reduced in both 
groups. 

• Number of 

electronic bark 
collar corrections 

subgroups in 
learning effect. 

differences 
between groups. 

• All groups 

received positive 
levels of 
satisfaction 
regarding training 
advice and would 
continue to use 
said advice – no 
significant 
differences 
between groups. 

• Significant 

difference in 
confidence of 
applying 
techniques, 
between Groups 
A and C (Group C 
being the most 
confident); and 
significant 
between Groups 
A and B-C 
combined 
(combined B-C 
group being most 
confident). 
Suggests that 
owners of dogs 

associated with 
escape behaviour. 
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reduced from a 
mean of 4 (wk1 
d1) to 0 (wk1 d3). 

• Number of 

lemon-spray 
collar corrections 
reduced from a 
mean of 2 (wk1 
d1) to 0 (wk1 d3). 

trained with e-
collars are the 
least confident in 
applying training 
techniques.  

• Owners 

applying e-collar 
training (Group A) 
are less confident 
in applying the 
training 
techniques shown 
than those 
trained without 
an e-collar (Group 
C).  

Author 
conclusions 
drawn 

• Punishment 

should be applied 
in timely and 
consistent 
manner. 

• Pain threshold 

of dog may lead 
to collar stimulus 
being ignored. 

• Citronella spray 

collar had issue of 
activating upon 
the sound of 
external noises. 

• Both electronic 

bark collar and 
lemon spray 
collar significantly 
reduced barking, 
but the two were 
not significantly 
different from 
each other.  
 

• Owners using 

reward-based 
training 
techniques for 
recall and chase 
related problems 
were more 
successful than 
those using e-
collars. 

• Both e-collar 

and pinch collars 
are effective 
training aids to 
stop unwanted 
behaviours. 
  

• The authors do 

not attempt to 
imply causation 
between any of 
the variables 
examined. 

• Use of methods 

that were in the 
group “positive 
reinforcement 
training” during 
training was 
significantly 
associated with 
average/greater 

• The use of e-

collars in training 
is no more 
effective than the 
use of reward-
based training to 
improve recall 
and controlling 
chase behaviours. 

• Stimuli from 

electronic fences 
may not be 
sufficient to 
prevent escape 
under 
circumstances 
where the 
incentive to 
escape is high. 
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• Citronella spray 

collars may act as 
an alternative 
device to deter 
undesired barking 
that is at least as 
good, or better 
than electronic 
bark collars. 

success rates 
relative to those 
that used e-
collars during 
training, who 
were significantly 
associated with 
below average 
success rates. 

• Authors state 

that they cannot 
corroborate that 
e-collar use 
results in the 
failure of training 
herding dogs. 
However, the 
results suggest 
that e-collars do 
not provide a 
resolution to the 
performance 
problems. 

General 
limitations 
and critical 
appraisal 

• Small sample 

size. 

• No examination 

of whether dog 
characteristics act 
as confounding 
variables. 

• Small sample 

size. 

• Dog 

characteristics 
unexamined as 
confounding 
factors. 

• Convenience 

sampling with 
associated issues 
of systematic 
error. 

• Collar models 

used not 
recorded.  

• Dog and 

handler recruiting 
methods not 
reported. 
Potential 
sampling biases.   

• Only Belgian 

Malinois used, 

• Preliminary 

questionnaire 
testing, and 
comprehension 
evaluation 
increases quality 
of the survey  

• Subject 

recruitment 
methods not 
reported, but 
problem context 
of ecological 
relevance.  

• Sample 

recruitment 
conducted in one 
region, increases 
risk of regional 
effects and 
unrepresented 
demographics. 



40 

 

Paper 
reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

• Multiple 

reasons for 
barking treated in 
the study. 

• Unknown 

severity and 
duration of 
barking problems. 

• Specific details 

of questions 
asked of owners 
not provided so 
the quality and 
comprehensibility 
of the questions 
cannot be 
determined. 

• Impact of 

owner success 
perception 
unknown.  

• Collars not 

worn consistently 
between dogs in 
the study. Not all 
barks may result 
in consequence 
for all dogs – 
estimates of 
efficacy may be 

• Exclusion of 

breeds with 
perceived high 
pain thresholds 
and aggressive 
tendencies may 
mean results will 
not apply to these 
breed-types.  

• Only one 

shelter used as a 
base for subject 
dogs 

 • Limited to 

shelter 
environments.  

• Barking towards 

unfamiliar dogs 
tested only.  

• Underlying 

cause of barking 
at unfamiliar dogs 
unaddressed and 
many different 
causes.   

• Intensity and 

duration of the 
barking problem 
unknown. 

• Unknown 

severity of 
recall/chase 
problem within 
the dogs.  
□ Surveys reveal 
associations not 
causal relations, 
possible 
confounds 
between methods 
used and nature 
of the problem, 
or type of owner 
and their training 
ability.  Some 
conclusions based 
on relatively 
simple univariate 
analyses which 
may result in type 
1 error. 

• Unknown how 

the owners used 
the techniques 
and unlikely 
“best-practice” 
methods used 
consistently. 

• Sample 

responses limited 

which allows 
standardisation, 
but 
generalisability of 
results reduced.  

• Background of 

e-collar use 
variable between 
dogs, with an 
attempt to 
control for this 
through 
habituation 
phase.  

• The use of an 

indoor training 
area provides 
good control over 
the environment 
against factors 
that may 
potentially 
influence the 
results.  

• No criteria 

reported to 
determine 
success in 
teaching dogs the 
quitting signal. 

• The distribution 

of farmers across 
Australia is not 
mentioned so 
there may be a 
systematic error 
of regional 
clustering and so 
sample may not 
be randomly 
selected.  

• Relatively small 

sample of e-collar 
users (53) to no e-
collar use in 
training (759), 
increases risk of 
sampling bias. 

• Unknown if 

owners that used 
e-collars used 
them solely or in 
combination with 
other techniques.  

• “Positive 

reinforcement 
training” not 
specifically 
defined to 
specific 

• There were no 

representatives of 
the toy or utility 
breeds in the 
study.  

• The dogs were 

not randomly 
allocated to a 
group but rather 
were matched 
with other dogs 
with similar 
behavioural 
problems and 
owner-rated 
severity. Owners 
were given the 
option to switch 
groups if they had 
concerns, this 
affected two pairs 
of dogs 

• Trainers were 

nominated for 
participation in 
the study by their 
respective 
organisations and 
so limit 
generalisability of 
results, but the 

• Limited 

methods of 
sample 
recruitment could 
result in sample 
bias. 

• The authors did 

not test for an 
effect of breed, 
sex, neuter status 
or age on escape 
behaviour. 

• Associations do 

not demonstrate 
causality. 
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underestimated. 

• Majority of 

owners expressed 
preference 
towards citronella 
spray collars as 
there is a visual 
means of seeing 
the collar 
working. Visual 
aid perhaps acts 
an influence in 
rating the efficacy 
of the spray collar 

• No statistical 

analysis 
conducted; only 
descriptive data 
provided.  

• This study was 

undertaken in 
1995 and so may 
contain 
equipment not 
representative of 
the equipment 
used in more 
modern devices.  

• Limited 

generalisability 
due to limited 

• Lack of details 

concerning 
unfamiliar dogs 
used as barking 
stimuli.  

• Inter-observer 

reliability testing 
not reported by 
authors. Can be 
assumed that 
data recording 
differed between 
observers and 
those revisited.  

• Different 

sensors in the 
two types of 
collars, thus 
difference in 
performance 
might relate to 
difference in 
ability to detect 
barking rather 
than stimulus 
given.  

• No electronic 

stimulus intensity 
testing within the 
e-collar group, so 
stimulus may be 

to certain areas, 
limiting 
generalisation 
ability to 
elsewhere. 

• Study funding 

supplied by 
animal welfare 
charities publicly 
known for their 
stance against e-
collar use.  
 

• Decoys 

delivered the e-
collar stimulus 
but not for the 
other 
interventions, this 
could potentially 
increase 
contingency 
between 
behaviour and 
aversive stimulus 
which might 
explain the higher 
levels of efficacy 
seen with this 
tool. 

• Provocations 

for undesired 
behaviour 
repeated till 
learning achieved. 
This could limit 
the extent to 
which is 
generalised, and 
such 
homogeneity 
reduces 
ecological validity 
and potentially 

techniques for 
comparison.  

• The authors 

note concern 
over some 
responses 
reflecting a 
“socially desirable 
response”  

• Simple 

univariate 
analysis increases 
risk of type 1 
statistical error. 

• Associations do 

not demonstrate 
causality.  

authors recognise 
that the use of 
best practice with 
these devices 
may not fully 
represent how 
the devices are 
used by the 
general 
population. Using 
best practice (as a 
result of 
organisational 
choice of trainers) 
might 
underestimate 
the true 
representation of 
e-collar practice 
in wider use. 

• The time 

difference 
between the 
training sessions 
of Groups A and 
B, and Group C 
could influence 
results. Weather 
and temperature 
differences could 
be important. 
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recruitment 
methods.  

suboptimal. 
Efficacy results 
may be under- or 
over-estimated. 
□ Limited 
generalisability 
due to single 
shelter as base. 

• Study was 

funded by Radio 
Systems 
Corporation. This 
company has links 
with various types 
of e-collar and 
spray-collars.  

gives an over-
estimate of 
efficacy  

• Handlers and 

decoys were 
continuously 
observed 
throughout 
training session. 
This opens the 
potential for the 
“Hawthorne 
effect” to occur 
(Spencer and 
Mahtani, 2017). 
This effect may 
be exacerbated if 
the trainers 
understand what 
the study 
objectives are – 
i.e. change their 
training style to 
influence a 
particular 
outcome relevant 
to the study. 
 

• Only vibration 

pre-warning cues 
were used by 
trainers to ensure 
video observers 
remained blind to 
the treatment 
groups. 

• Trainers were 

permitted to use 
their e-collar of 
choice. 

• A higher 

number of 
commands were 
given in Groups A 
and B relative to 
Group C, this 
could confound 
training method 
efficacy. 

• Trainers were 

continuously 
observed 
throughout 
training session. 
This opens the 
potential for the 
“Hawthorne 
effect” to occur 
(Spencer and 
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Mahtani, 2017). 
This effect may 
be exacerbated if 
the trainers 
understand what 
the study 
objectives are – 
i.e. change their 
training style to 
influence a 
particular 
outcome relevant 
to the study. 

• Owner rated 

outcome 
measures are 
subjective and 
may vary 
between subjects, 
reduced ability to 
determine an 
effect.  

• Compared to a 

Bonferroni 
correction, the 
false discovery 
rate is less 
conservative.  

Specific 
efficacy-
related 

• The authors 
state that the use 
of citronella 

• The authors 
conclude that 
both lemon-spray 

• The authors 
conclude that the 
use of reward-

• The authors, 
examining heel 
maintenance, 

• The authors 
conclude that the 
use of electronic 

• The authors 
concluded that 
training with 

• The authors 
conclude that the 
use of electronic 
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reference 

Juarbe-Diaz and 
Houpt (1996) 

Steiss et al. 
(2007) 

Blackwell et al. 
(2012) 

Salgirli et al. 
(2012) 

Arnott et al. 
(2014) 

Cooper et al. 
(2014) 

Starinsky et al. 
(2017) 

limitations, 
critical 
appraisal 
and reviewer 
conclusions 

collars is an 
effective means 
of deterring 
unwarranted 
barking, bark 
collars also 
effective but less 
so. 
• However, 
conclusions are 
questionable due 
to limited data 
and poorly 
controlled 
experimental 
conditions. 
• While this study 
used a 
questionnaire to 
determine the 
efficacy of the 
training 
techniques, the 
responses were 
directly 
associated with 
the experimental 
training. Owner 
responses may 
likely reflect more 
accurate 

and electronic 
bark collars are 
effective means 
of reducing 
barking, but the 
latter is no more 
effective than the 
former. 
• This study uses 
more sound 
experimental 
methodology 
than other 
studies in the 
CAT, though it 
does still have 
limitations 
(details missing, 
barking context 
restricted). 
• Despite 
encouraging 
efficacy findings, 
the study’s 
limitations 
suggest that 
conclusions 
should be drawn 
only with caution. 
 
 

based training is 
more efficacious 
than electronic 
collars in the 
context of 
training to resolve 
recall/chase 
problems. 
• The study’s 
conclusions are 
only based on an 
observed 
correlation 
deriving from the 
results of a 
subjective survey 
which was 
regionally-
restricted; this 
correlation has 
not been tested 
in an 
experimental 
setting, so claims 
of causation is 
not possible.  
• Several 
uncontrolled 
variables are 
likely to have 
confounded the 

concluded that 
electronic collars 
are similar in 
efficacy to pinch 
collars, but 
superior to a 
quitting signal. 
• The study was 
conducted via a 
simple 
experimental 
design which 
examined the 
comparative 
efficacy of 
training methods. 
The numbers of 
dogs used affords 
some credibility 
of scale, but 
frustratingly, no 
statistical analysis 
was deployed to 
give supporting 
authority to the 
findings. Without 
such authority, 
the study’s 
numerous design 
flaws 
(methodology 

collars is a less-
effective means 
of training 
herding dogs 
successfully 
compared to 
alternative 
training 
techniques.  
• The small 
number of 
respondents for 
electronic collar 
use (compared to 
alternative 
method 
responses), 
undermines the 
study’s 
conclusions 
significantly. 
Larger numbers 
of respondents 
would have given 
much greater 
confidence and 
would form a 
basis from which 
supportive 
statistical analysis 
might be derived. 

electronic collars 
has no more 
efficacy than 
reward-based 
training 
techniques when 
trying to improve 
recall and control 
chase-related 
problems. They 
further 
recognised that 
the use of 
professional 
trainers may not 
reflect use by the 
general public. 
The latter finding 
slightly 
undermines the 
former. 
• While this study 
used a 
questionnaire to 
determine the 
efficacy of the 
training 
techniques, the 
responses were 
directly 
associated with 

fencing is a less-
effective means 
of containing 
dogs within a 
boundary when 
compared to 
alternative 
fencing types.  
• The study’s 
conclusions are 
only based on an 
observed 
correlation 
deriving from the 
results of a 
subjective survey 
which was 
regionally-
restricted; this 
correlation has 
not been tested 
in an 
experimental 
setting, so claims 
of causation is 
not possible.  
• Several 
uncontrolled 
variables are 
likely to have 
confounded the 
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(2014) 
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observations, as 
they are less 
reliant on 
memory. Poor 
study design 
however, limits 
this. 
• Conclusions 
descriptive and 
subjective rather 
than quantitative 
and unsupported 
by statistical 
analysis which 
might provide 
confidence. 
• Devices used 
appear to be 
unavailable for 
purchase. It is 
therefore 
questionable 
whether 
experimental 
outcomes would 
be the same with 
modern devices. 
Nevertheless, 
devices may have 
been developed 
to suit modern 

findings; the 
extent to which 
this has occurred 
is difficult to 
quantify or 
comprehend. 
 
 

details missing or 
poor design) 
undermine the 
conclusions. For 
these reasons, 
despite 
encouraging 
efficacy findings 
for the use of 
electronic collars, 
concluding 
remarks on 
efficacy can only 
be read with 
caution.  
 
 

• The survey was 
designed to 
capture and 
account for 
external variables 
(described 
previously), but 
so easily could 
have done better. 
In particular, it is 
frustrating that 
no consideration 
was made when 
receiving 
responses from 
owners with 
several dogs, 
where 
subjectivity and 
training 
environment 
could skew the 
responses. 
• The grouping of 
all kinds of 
“alternative 
training 
techniques” to 
compare with 
electronic collar 
training is 

the experimental 
training. Hence, 
owner responses 
are more likely to 
reflect their 
observations 
accurately, as 
they less reliant 
on memory. 
Future research 
work across the 
field would 
benefit from this 
technique, or the 
use of 
independent 
observers. 
• The 
experimental 
details of the 
study do present 
with some 
limitations in 
design, and there 
are some 
unreported 
details (described 
previously). 
However, these 
limitations are 
minor and likely 

findings; the 
extent to which 
this has occurred 
is difficult to 
quantify or 
comprehend. 
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product 
standards. 

understandable 
as it is challenging 
to obtain 
thousands of 
survey responses 
that would be 
needed to 
compare 
alternative 
techniques 
individually. This 
is a serious flaw. 
Some alternative 
techniques may 
have been more 
efficacious than 
electronic collars, 
others less 
efficacious. The 
aggregation of 
the data serves 
only to form 
some form of net 
mode average, 
which is arguably 
of little value. 
This could have 
been resolved in 
the survey by 
improved 
categorisation of 

do not 
compromise the 
conclusions 
made. 
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(2014) 
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“training method 
used”, and the 
pursuit of more 
responses. 

Reviewer 
conclusions 

• Overall, the 
study has very 
limited validity, 
though it is 
arguable that the 
authors have 
identified an area 
of study worth 
pursuing in which 
there are larger 
sample sizes, 
better controlled 
conditions and 
statistical 
support. Yet 
based on these 
findings both bark 
and citronella 
collar reduce 
instances of 
barking at an 
anecdotal level. 

• Overall, the 
study is a semi-
valid attempt to 
determine bark-
control with 
different collars, 
and has some 
usefulness, but 
only in limited 
context. The 
experimental 
design is largely 
sound, identifying 
the efficacious 
nature of both 
bark and lemon-
spray collars in 
deterring barking 
at unfamiliar 
dogs. However, 
improvements 
need to be made 
in reporting 
methodological 
details and 
assessing 
whether such 

• Overall, the 
study is a semi-
valid attempt at 
comparing the 
training success 
of electronic 
collars to reward-
based training. 
The study’s flaws 
limited the extent 
to which the 
conclusions can 
be regarded as a 
sound. 
Nevertheless, the 
study offers an 
insight into the 
public perception 
of training 
success and 
provides a basis 
for more 
experimental 
work to examine 
under better-
controlled 
conditions. 

• Overall, the 
study has limited 
validity given the 
various 
limitations in 
design described 
previously. It 
seems likely that 
the conclusions 
present an over-
estimation of 
efficacy regarding 
electronic collar 
use in training to 
heel. 
Nonetheless, the 
scale of the study 
suggests some 
credibility that 
could be better 
supported with 
careful design of 
experimental 
methodology to 
facilitate 
confirmatory 

• Overall, the 
study is a semi-
valid attempt an 
efficacy 
comparison of 
training with 
electronic collars 
versus other 
methods. 
Attempts to 
maximise return 
rates and 
enhance the 
clarity of the 
questionnaire 
does help 
increase 
confidence in the 
study’s validity. 
Conversely, the 
limitations arising 
from survey use 
and poorly 
defined training 
alternatives limits 
the validity of the 
attempts at 

• Overall, the 
study stands as a 
valid body of 
evidence despite 
the limitations in 
experimental 
design. Not all 
environmental 
factors were 
controlled for 
within the study, 
but such potential 
influencers may 
reflect real-life 
scenarios to some 
extent. 
Knowledge of the 
extent of the 
influence these 
factors have on 
the results would 
be useful. It may 
have been useful 
to record such 
data and explore 
it. Nevertheless, 
the conclusions 

• Overall, the 
study has very 
limited validity 
given the 
inherent flaws 
(described 
previously). No 
prior 
questionnaire 
testing was 
undertaken, such 
that the chances 
of the final survey 
capturing 
accurate data are 
compromised. As 
such, the 
responses given 
may not entirely 
reflect reality. 
Hence, 
conclusions 
drawn from this 
study must be 
taken with 
caution and 
should not be 
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efficacious 
findings exist in 
reducing 
alternative forms 
of barking. This 
would improve 
the study’s 
validity. 

Hence, firm 
conclusions 
cannot be made 
regarding the 
efficacy of 
electronic collars 
against reward-
based training in 
resolving 
recall/chase-
related problems. 

statistical 
analysis. 

qualifying 
perceptions of 
herding dog 
success. The 
associative nature 
of the design 
means firm 
conclusions 
comparing the 
efficacy of 
electronic collars 
to alternative 
training 
techniques 
cannot be made. 
However, the 
study highlights 
further that 
comparisons of 
efficacy with pre-
defined 
alternative 
techniques is 
worth pursuing. 

drawn by the 
authors appear to 
be fair and do 
reflect the 
findings 
presented within 
the study. 

relied on as a 
quality body of 
evidence 
regarding 
containments 
systems. In short, 
the study should 
be regarded as no 
more than an 
indicator of what 
future 
experimental 
research should 
focus on 
(comparing 
containment 
systems with 
several 
alternative fence 
types). No firm 
conclusions can 
be drawn 
regarding the 
comparative 
efficacy of 
electronic 
containment 
systems due to 
the associative 
nature of the 
study design. 
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2.5.2. Evidence summary and discussion 

Studies within the scope of the CAT were ranked at low levels using a recognised 

ranking standard (CEBM, 2011). Furthermore, critical appraisal of the literature 

regarding the efficacy of electronic collars relative to alternative training techniques 

shows that the range of studies available for each type of e-collar is very limited – two 

examining the efficacy of bark-control collars (Juarbe-Diaz and Houpt, 1996; Steiss et 

al., 2007); four on hand-held/remote collars (Blackwell et al., 2012; Salgirli et al., 2012; 

Arnott et al., 2014; Cooper et al., 2014) and one regarding containment systems 

(Starinsky et al., 2017). Overall the quality of evidence available to answer the Efficacy 

CAT question is poor, but the effects reported are consistent. However, they do not 

lend themselves to a meta-analysis. 

Overlooking the studies’ limitations, the papers suggest that training with electronic 

collars is beneficial in training yet is no better than the given alternative training 

techniques. Given the lack of studies examining the full range of all e-collar types, 

conclusions can only be limited to scenarios involved in the CAT papers examined.  

Each of the studies examined within the scope of the CAT had major limitations. All 

failed to fully examine and control for various factors, including breed, sex, age, etc. 

Furthermore, the recruitment of owners and dogs differed greatly between studies. 

For instance, Arnott et al. (2014) and Blackwell et al. (2012) used various methods to 

recruit to dog owners; a superior position to Juarbe-Diaz and Houpt (1996) and 

Starinsky et al. (2017) who recruited participants from local areas only, and by limited 

means. Moreover, some studies failed to report how participants were recruited 

(Cooper et al., 2014; Salgirli et al., 2012) leaving open the possibility that there may be 

unknown biases within the selection process, potentially undermining the 

representability of the subjects and owners involved. The influence of these regional 

effects and missing demographics are potentially an influence on the data for all 

studies. 

The sample populations involved in the studies varied greatly. Studies using surveys 

are likely to have a larger sample size than those using subject dogs. For questionnaire-

based reports of efficacy, sample sizes ranged from 1053 to 4807 dogs; and for 
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experimental testing from 8 to 63 dogs. Only Cooper et al. (2014) undertook methods 

to determine an ideal sample size that would represent their target population, 

reducing the risk of missing effects. The undertaking of sample size calculation 

improves the likelihood of a sample being representative of respective target 

populations and being reasonable in size for study. The effect sizes of group 

comparisons were not examined in any paper. 

The characterisation of subject groups within the studies was generally inconsistent. 

Best efforts were made to control for this in Cooper et al. (2014). Most of the studies 

failed to mention specific details in their methodology regarding group consistency. 

For instance: inconsistent collar wearing (Juarbe-Diaz and Houpt, 1996); unknown 

order and use of stimulus dogs (Steiss et al., 2007); mix of handler and professional 

trainers using training techniques (Salgirli et al., 2012); and, unknown break time 

between daily training sessions (Cooper et al., 2014). For studies that relied on surveys 

(Blackwell et al., 2012; Arnott et al., 2014; Starinsky et al., 2017), the extent of group 

inconsistency is undeterminable as groups’ environmental circumstances are unknown 

and may be unequally distributed across groups. Furthermore, respondents’ answers 

are derived from recollections which may be unreliable. Additionally, one cannot 

reliably determine whether additional training techniques were used alongside the 

training techniques compared in these studies – something that may compromise or 

enhance the efficacy of the techniques used by owners.  

The use of a survey to examine the comparative efficacy of electronic collars to 

alternative training methods highlights areas that should be addressed using 

experimental procedures. The data arising from these studies (Blackwell et al., 2012; 

Arnott et al., 2014; Starinsky et al., 2017) can only be regarded as indirect evidence 

due to the associative nature of the design. Furthermore, socially desirable responses 

may be reflected within the responses, decreasing the honesty of the results. A likely 

occurrence in such a debated topic. Such data also suffers subjectivity. Lack of clarity in 

the questions (when untested) can lead to misreporting. The retrospective nature of 

responses can render results less credible when comparing with more modern 

devices/techniques (when surveys aren’t linked with experimental tests). Changes in 

problem behaviour are better observed by several independent observers, and can be 
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assigned values, facilitating subsequent statistical testing that can afford more 

confidence to findings. Hence, no conclusions can be drawn from these studies, only 

direct evidence from experimental design can conclusions be drawn. 

Using the direct evidence, the efficacy of electronic collars has been found to be an 

effective training tool. However, compared to alternative training techniques, the use 

of electronic collars is no more successful. The use of the term “electronic collar” 

broadly may blur considerations of the relative effectiveness of e-collar types, 

suggesting that all e-collar types in all situations have the potential to be efficacious 

training tools. Due to the lack of studies examining all electronic collar types, 

conclusions are limited to those in the scope of the CAT. 

Examining the direct evidence for e-collar efficacy compared to alternative training 

techniques demonstrates that the use of these devices presents successful training 

outcomes for the following behavioural issues/tasks: 

• bark-control collars are an effective training tool that can discourage nuisance, 

separation anxiety, attention seeking related barking problems (Juarbe-Diaz and 

Houpt, 1996) and barking towards unfamiliar dogs (Steiss et al., 2007). However, these 

devices are just as successful at deterring these barking problems as citronella spray 

and lemon-spray collars respectively. In light of the study limitations presented within 

these studies, such conclusions may not be truly valid. The use of larger sample sizes, 

added statistical confidence, further examination of additional barking problems with 

the aforementioned improvements (e.g. towards unfamiliar people, in response to 

doorbells/knocking, etc.) would improve the studies’ validity as such limitations may 

have a profound impact on the findings. Further examination of the effectiveness of 

bark-control collars relative to other training techniques is needed. Such studies need 

to be examined under more controlled as well as more real world conditions (e.g. 

within home environments over shelters, pet dogs rather than shelter dogs, etc.), 

including examination on treating the various types of barking problems and 

comparing the efficacy to other training regimes that fall within the additional 

quadrants of operant conditioning (+R, -R and -P). This would help provide more 
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confident conclusions regarding the efficacy of bark-control collars relative to 

alternative training techniques outside of these specific contexts. 

• Hand-held electronic collars have been identified as effective training tools. 

Specifically, at resolving recall issues (Cooper et al., 2014). Relative to alternative 

training techniques, these devices are no better than reward-based training techniques 

at treating the same problem (Cooper et al., 2014). Additionally, the use of hand-held 

devices may be an effective means at training dogs to maintain a heel position (Salgirli 

et al., 2012). Devices in this case are just as effective as pinch collars. No remarks on 

comparative efficacy can be made regarding a quitting signal due to the presented 

limitations with the treatment of this training technique (e.g. no predetermined 

criteria for learning). The efficacy conclusions arising from Cooper et al. (2014) was 

more valid than those within Salgirli et al. (2012). The experimental design within 

Cooper et al. (2014) is more sound than that of Salgirli et al. (2012), improving the 

quality and confidence within the former study. Similarly, the identified limitations are 

less likely to have a meaningful effect on the outcomes compared to those within 

Salgirli et al. (2012). The estimations of e-collar efficacy within Salgirli et al. (2012) are 

likely an overestimation as professional trainers were used for these techniques only. 

Similarly, comparisons with pinch collars need more research, accounting for 

confounding factors and backed by appropriate statistical analysis is needed to make 

definitive and confident conclusions. 

• Unfortunately, no conclusions can be made regarding the comparative efficacy of 

containment systems as no direct experimental studies have examined such a 

comparison.  

It is important to recognise the additional factors can complicate the comparison 

between studies: e-collar type, reason for treatment and comparison training 

techniques. Given there are so few studies, any conclusions drawn regarding efficacy 

should not be made outside of these contexts. Finally, no studies assessed the long-

term efficacy of e-collars or alternative training techniques; any efficacious findings 

may not persist over long-periods of time. 
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2.6. Concluding remarks and recommendations – efficacy CAT 

The evidence available examining the comparative efficacy of electronic collars to 

alternative training techniques is poor. Where direct evidence is available, there is a 

consistency in that the use of electronic collars is similar in efficacy to the mentioned 

alternative training techniques in each respective situation. While there is credibility 

and merit in this statement, there is insufficient evidence for this claim to be definitive 

and applicable to additional or similarly contextual behavioural problems. 

Furthermore, the lack of efficacious differences may also reflect small sample sizes. 

Importantly, one must be cognisant of external factors that may have influenced the 

findings of the studies and their methodological limitations as assessed in Table 2.1.  

In response to the assigned CAT question, “how does the evidence of efficacy of 

electronic collars for training dogs compare to the evidence of efficacy for alternative 

training techniques for the same tasks?”, the efficacy evidence available is poor for all 

cases yet the use of electronic collars has not been found to be superior nor worse 

than alternative training techniques for the identified contexts.  

Drawing upon the findings within the CAT then, the following recommendations 

regarding the use of such devices should be taken into consideration: 

• e-collars have not been shown to offer superiority in training; 

• if e-collars are to be used, users must ensure devices are of high-quality and adhere 

to modern standards (e.g. those set by the ECMA); 

• those looking to resolve issues in training should seek professional trainers for 

guidance.  

2.7. Results – Welfare CAT 

2.7.1. Screening results  

94,179 results were generated from the database search combined. Following the 

screening phases, 3 results fit the inclusion criteria and were regarded as relevant to 
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the Welfare CAT (Figure 2.2). Critical Appraisal of the relevant papers can be seen in 

Table 2.2. 

 

Figure 2.2: Outcome of database searches and screening processes of generated 
results to identify relevant papers to the Welfare CAT. 

Phase 1: 123 title-relevant results identified. 93 following the removal of duplicates. 

Phase 2: 42 abstract-relevant results identified from title-relevant list. 

Phase 3: 42 new title-relevant results identified from references of abstract-relevant 
list. 10 additional results identified. 

Phase 4: 52 abstract-relevant results screened for full-text relevancy. 3 results fully 
relevant for critical appraisal. 
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Table 2.2: Critical appraisal summary of the three papers that met the inclusion criteria of comparing the effect on welfare that the use of 
electronic collars has in dog training relative to the use of alternative training techniques. 

Paper 
reference 

Steiss et al. (2007) Salgirli et al. (2012) Cooper et al. (2014) 

Study design 
(CEBM 
hierarchy 
Rank) 

Randomised control trial (Level 3) Cross-over design (Level 4) Longitudinal experimental study (Level 3) 

Stated study 
hypotheses/
aims 

• Measure plasma cortisol and 

Adrenocorticotropic Hormone (ACTH) levels as 
indicators of physiological stress when wearing 
electronic- and lemon-spray bark collars in 
healthy adult dogs. 

• No aim stated regarding activity data. 

• Determine whether acute stress arises from 

various training methods. 

• Examine whether stress caused by the use of 

a quitting signal, pinch collar is comparable to 
stress caused by e-collars. 

• Investigate the immediate effects of e-

collar exposure using experienced e-collar 
trainers to a similar population of dogs 
trained by those who oppose their use. 

• Determine whether the welfare of dogs 

trained with e-collars is compromised. 

Subjects 
including 
recruitment 
strategy 

• 24, reduced to 21 mixed breed dogs (15 

appeared to be Labrador Retriever mixes). 

• All kennels at a single no-kill shelter. 

• 11 males (2 neutered, 11 intact); 10 females 

(intact). 

• All dogs screened and considered healthy 

prior to the study. 

• Body weight of dogs ranged from 15.5kg to 

35.6kg. 

• Aged 10-24 months. 

• Duration of housing in kennels ranged 

between 1 to 15 months. 

• Dogs were kept on the same commercial dog 

food and feeding schedule over the course of 
the study. 

• 42 police dogs - all Belgian Malinois. 

• Aged 3-10 years old. 

• 33 males, 9 females. 

• From 2 different police departments in 

Germany. 

• 7 dogs with no previous experience with e-

collars prior to the study were subject to an 
adaption phase lasting 6 weeks - these dogs 
wore an e-collar during their normal daily 
routine. 

• Dogs with previous e-collar experience wore 

an e-collar for only a week under the same 
procedure. 

• Sample size based on estimated derived 

from previous between-subject design 
studies examining the e-collar effects; 
adding 40% to increase sensitivity given 
anticipated smaller effect size: estimated 
required sample size 21 dogs per group. 

• Dogs older than 6 months old with no 

prior e-collar experience with livestock 
worrying or recall problems. 

• 63 pet dogs (34, female, 29 male) non-

randomly divided into 3 groups. 

• Average age 46 months. 

• No toy or utility breed representation (UK 

Kennel Club definitions). 

• No significant difference between groups 

based on sex, age or breed prevalence. 
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Paper 
reference 

Steiss et al. (2007) Salgirli et al. (2012) Cooper et al. (2014) 

• Owners could express preference 

for/against e-collar training and were able 
to swap with a matched dog (occurred with 
2 pairs/4 dogs). 

Treatment 
and control 
groups 

• Dogs all tested to ensure they barked at an 

unfamiliar dog. 

• Dogs were randomly assigned to one of three 

groups by choosing a card from a hat: 
- Electronic bark collar (n=6): Deluxe Bark Collar 
Model DBC100 electrical stimulation collar. 
Used both vibration and sound detection of a 
bark to activate the collar. Around 152ms 
occurred before deploying the stimulus. 
- Lemon-spray bark collar (n=8): Model SBC100 
Spray bark control collar containing lemon 
spray, no citronella. Activated by vibration only. 
67ms before collar activation following 
vibration detection. 
- Control (n=7): Half of the dogs wore an turned 
off bark collar; the other half wore an empty, 
turned off lemon-spray collar. 

• Treatment methods: 

- E-collar (Dogtra 600 MCP/2) – stimulus to act 
as a correction for a mistake (positive 
punishment); 
- Pinch collar (Klickstachelhalsung pinch collar) 
– Use of collar correction upon the occurrence 
of a mistake (positive punishment); 
- Quitting signal - withdrawing a reward upon 
command when the dog performs a mistake. 
This treatment was used to create feelings of 
frustration in the dog and was trained into the 
dogs prior to the main experiment (negative 
punishment). 

• Order effects controlled for via subgroups; 

each with a different order of testing the 
training method – randomised cross-over 
design. 

• Two ECMA professional trainers (both 

Groups A and B) and two APDT professional 
trainers (Group C).  

• Group A (n=21) – ECMA trainers, using 

active e-collars during training; working 
stimulus level determined on day 1. 

• Group B (n=21) – Same ECMA trainers, no 

e-collar use; dummy collar worn. 

• Group C (n=21) – APDT trainers, no e-

collar use; reward-based training only; 
dummy collar worn. 

• Dogs selected for Group C were trained 

later and matched with dogs already in 
Group A for referral reason and problem 
severity. 

• Design justifications for the use of three 

groups by the authors – A vs B and C likely 
due to effects of an e-collar in training; A 
and B vs C likely reflect trainer or 
environmental effects; differences between 
A and C potentially reflect best practice 
with/without e-collars. 

Study 
environment 
and training 

• All dogs were individually housed in the 

shelter (indoor kennel with concrete floor; side 
walls with lower half concrete and top half wire 
mesh; wire mesh doors).  

• Experimental tests occurred on open air 

training grounds that are also used for routine 
police training for the dogs. 

• 2 groups (A and B) trained at farm location 

during Autumn-Winter 2010 – moved to a 
yard on the same farm during unsuitable 
weather conditions. 
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• Individual runs comprised of two sections 

(each ~1.2 metres by 2.4 metres) separated by 
a guillotine door. One section of the run faced a 
concrete wall towards the interior of the 
building. The section on the other side of the 
guillotine door faced a concrete walkway with 
windows overlooking a yard (dogs were moved 
to this area of the run for the recording 
sessions).  

• Two dogs were simultaneously studied, with 

around 10 empty runs and a hallway between 
each pair of dogs (approximately 14-metres), 
meaning test dogs were not in view of each 
other.  

• Only those involved in the study were 

granted access to the area during testing to 
minimise distractions. 

• Every dog was housed in their run for a 

minimum of 7 days prior to start of study. 

• Tests were performed between 11am and 

4pm.  

• Ambient temperature and humidity were 

recorded at the start and end of each session – 
temperature ranged from 23 to 33°C; humidity 
ranged from 57% to 97%. 
 

• Week -1 (Screening): dogs medically screened 

for good health. Dogs were also exposed to an 
unfamiliar dog to ensure that they barked. 

• Each dog was tested in the same place where 

it started for the entire experiment. 

• Two test instructors were present during the 

experiment to act as observers and control the 
test sessions. 

• Two professional dog trainers, also 

experienced canine officers, acted as decoys to 
provoke the dogs to make a mistake – each 
decoy provoked one group for the whole 
experiment. 

• Decoys also held the e-collar receivers and 

delivered the stimulus whenever the dog made 
a mistake. 

• The same decoy was used for each dog to 

control for variation in provocation style and 
the decoy themselves. 

• The appropriate stimulus level for the e-

collar was determined for each dog by two 
professional dog trainers prior to the 
experiment. 

• Experiment run on separate days, with a 

week in between each test. Each day of testing 
had a different training method tested. 

• During the entire experiment, each dog wore 

3 collars around their neck – electronic, pinch 
and normal to standardise the training 
methods. 

• 80 seconds of obedience and 40 seconds of 

free play with handler preceded each of the 
main tests. These sessions were included to 

• 1 Group, C, trained in Spring 2010 – set up 

to replicate conditions experienced by dogs 
in A and B.  

• Small flock of sheep and poultry penned in 

all training annexes.  

• Training sessions lasted approximately 15 

minutes – each dog receiving two per day 
(morning and afternoon).  

• Training occurred over 5 consecutive days 

(1 dog from A and 1 from B had 4 days); 
owners conducted training on the final day. 

• Collar type (Group A) was determined by 

the trainers (Sportdog SD-1825E for 11 dogs 
and Dogtra 1210 NCP for 10). 

• Trainers used vibration warning cues to 

maintain video observer blindness to data 
coding.  

• Training regimes determined by the 

trainers themselves but followed their own 
perceived “good-practice”. 

• Group A dogs also exposed to positive 

reinforcement in addition to e-collar 
training. 
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• Week 0 (Acclimation Baseline): dogs wore 

inactivated collars for three consecutive days 
for 30 minutes per day. 

• Weeks 1-2: Dogs in the two treatment groups 

wore activated collars for three consecutive 
days for 30 minutes per day turned on at “low” 
intensity settings; control dogs wore 
inactivated collars. 
 

• An unfamiliar dog acted as the bark stimulus 

by waking in on leash in front of the test dog 
run for 30 seconds. 

• 3 unfamiliar dogs presented in total to the 

subjects at 5, 15 and 25 minutes of the 30-
minute session. 

• Unfamiliar dogs were preselected based on 

their ability to not bark during testing and were 
housed in a different part of the shelter. 
 

• Two observers watched two dogs 

simultaneously in individual runs, 10 runs apart 
from each other (14 metres). Observers 
remained quiet, around 1.2 metres in front of 
the run, with full view of the dog.  

• Dogs paired based on their kennel location, 

approximately equal distances maintained 
between each test pair. 

• Third person presented the bark stimulus. 

bring the dogs to a certain arousal level and 
avoid misevaluation of extra stress due of 
frustration respectively. 

• Dogs were brought in on leash to the training 

area and put into a “heel” position once the 
two sessions were completed. Dogs were kept 
on the 5-metre leash during the experiment. 

• The decoy person then entered the testing 

area and stopped when they were situated 
approximately 3 metres from the dog and 
handler. The handler then re-gave the heel 
command and began walking by the decoy, 
where the decoy attempts to provoke the dog. 

• If the dog made a mistake, the intervention 

method was administered. 

• If the dog stopped the undesired behaviour 

(mistake) after the delivery of the intervention, 
the same test procedure was repeated an hour 
later to test for a learning effect. 

• For the repetition test, dogs were subject to 

the same provocation by the decoy that led to 
the initial mistake – if the dog did not repeat 
the mistake, testing was stopped; if the 
mistake occurred again the test was again 
repeated with the same procedure as the first 
repetition test for a final time. 

• If after the second repetition test the dog 

failed to stop the undesired behaviour after the 
first correction, the testing stopped. 
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• Camcorder positioned at a fixed distance 

behind the observer, recording the full 
sessions. 

• After the 30-minute session, personnel 

entered the run to turn off the activated collars 
and take blood samples from the dog on the 
appropriate days. 

Measures of 
welfare 

• Plasma cortisol. 

• ACTH. 

• Activity Indicator (left front paw crossing a 

grid line). 

• Salivary cortisol. 

• Behavioural observations. 

• Salivary cortisol. 

• Urinary cortisol:creatinine ratio. 

• Behavioural responses. 

Data 
collection  

• Plasma cortisol measured at various times: 

- Week -1; 
- Week 0, day 3; 
- Week 1, days 1 and 3; 
- Week 2, day 2. 

• ACTH measured on: 

- Week 0, day 3; 
- Week 1, day 1. 
 

• Samples taken within 4 minutes of the door 

to run being opened, and again at the end of 
the 30-minute test sessions. 

• Blood samples taken from the cephalic vein 

into a 6ml syringe and divided into two 3ml 
EDTA vacutainer tubes before storing on ice for 
transport. 

• Several hours later, tubes were centrifuged at 

4000rpm for 10 minutes; plasma aliquots were 

• Saliva samples obtained from the dogs’ 

mouth using cotton buds by the dog’s own 
handler.   

• Citric acid placed in the dog’s mouth to 

stimulate saliva production. 

• Samples measured: 

- Resting: Two samples taken with an hour 
interval in home environment. 
- Basal: Taken within the training area 
approximately 3 metre from the decoy (no 
provocation). No correction given to the dogs if 
they made a mistake. Samples taken at 5, 10 
and 15 minutes after leaving the training area. 
- Experimental: Saliva samples taken 5, 10 and 
15 minutes after receiving a correction from 
the relevant training method.  

• ELISA kits were used to measure the levels of 

cortisol in the saliva samples. 
 

• No mentions of how or when saliva 

samples were obtained from the dogs. One 
can only assume that the procedure used is 
the same as that used in the preliminary 
section of the study – outlined below: 

• Saliva samples collected at 4 periods for 

assay: 
- Sample 0 - at first arrival to the training 
location. 
- Sample 1 - 15 mins after collar is fitted. 
Dogs allowed to engage in moderate 
exercise – no stimulation. 
- Sample 2 - 15 minutes after final exposure 
to stimulus. 
- Sample 3 - Approximately 40 mins after 
training. 

• Large cotton bud placed around the back 

of the dog’s mouth to extract the saliva 
before being stored on ice immediately.  
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frozen at -28°C. All samples were assayed 
within 4 days. 

• Week 0 samples considered more accurate 

indicators of baseline levels than those 
collected at Week -1 due to the stress of 
handling and restraint during the physical exam 
prior to blood being drawn and are the 
exception to the protocol. 

• Cortisol and ACTH concentrations assayed in 

duplicate using commercial radio-immunoassay 
kits using previously reported methods. 
 

• Activity data measured at: 

- Week 0, day 3; 
- Week 1, days 1 and 3; 
- Week 2, day 3. 
 

• Counting the number of times the left front 

paw of the dogs crossed one of the grid lines 
painted on the floor acted as an indicator of 
activity. 

• Left front paw was chosen arbitrarily for 

counting ease and consistency in 
measurement. 

• Criteria for crossing the line was set as the 

whole paw to cross the line. 

• Activity data was determined by reviewing 

the video tapes later by the evaluators. 

• Whole experiment filmed using a video 

camera and transferred to DVD which were 
watched later. 

• Direct behavioural reactions after the 

delivery of the training method correction 
were evaluated using an ethogram. 

• One-zero sampling was used to analyse the 

direct behavioural observations upon delivery 
of the correction. 

• Samples then stored at -40°C before 

analysis. 

• Samples were assayed by the Food and 

Environment Agency (FEDA) using standard 
protocols. 
 

• No mention about how or when urinary 

samples were collected or analysed within 
the study methodology.  
 

• Ethogram of behaviours determined 

following a preliminary study. 

• Video recordings of training session 

recorded for the full training session. 

• Video analysis conducted by 4 treatment- 

and objective-blind observers. 

• Observers were trained for familiarity 

with the ethogram and data collection 
protocols – allowed assessment of inter-
observer reliability. 

• Training videos allocated so each observer 

had similar numbers of dogs from each 
group. 

• Behavioural data extracted using 

Microsoft Excel based check-spreadsheets. 

• Observation 1 – instantaneous scan 

sample technique where videos are sampled 
once per minute; dog’s posture, overall 
behavioural state, distance to owner and 
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trainer, tail carriage and movement, panting 
and unknown recorded. 

• Observation 2 – continuous sampling of 

the frequencies of key behavioural events 
(oral activities and vocalisations). 

• Time out of view was also recorded. 

Statistical 
analysis 

• Repeated measure General Linear Model 

(GLM) with treatments and time as main 
effects. 

• Paired-sample t-tests used to analyse salivary 

cortisol concentrations. 

• Frequency analyses used for the detection of 

behavioural effects of training methods. 

• Salivary cortisol analysed using repeated 

measure ANOVA on log-transformed data – 
post hoc Tukey for further analysis 
(mentioned in preliminary section only – no 
clear description as to what specific 
statistical tests was used on salivary cortisol 
data.). 

• Rare behaviours (seen in <10% dogs) and 

distance from owner/trainer excluded from 
analysis – could not be reliably assessed.  

• Urine samples averaged for each 

individual dog – analysed using One-way 
ANOVA/Kruskal Wallis. Followed by post-
hoc Tukey tests/pair-wise Mann-Whitney. 

• Repeated-study GLM with dogs nested 

within groups used as between-subject 
variables, or where data didn’t meet 
parametric requirements, sample period 
effects analysed using Friedman ANOVA. 

• False discovery rate correction applied to 

accommodate multiple testing in 
behavioural measures. 

• ANCOVA/Spearman’s Rank analysis 

between collar settings and behavioural 
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responses (controlled for collar 
brand/trainer). 

Key results • For plasma cortisol, initial mean cortisol of all 

21 dogs was at 83.6nmol/l.  

• Mean plasma cortisol levels remained in the 

reference range (10-160nmol/l) throughout the 
full study for all groups.  

• Mean plasma cortisol levels increased by 

169% from the acclimation baseline (Week 0) 
on the first day of wearing an activated collar 
for both groups (Week 1, day 1), but these 
increases were not statistically significant.  

• There was no significant difference between 

the three groups for plasma cortisol levels. 

• Significant overall time effect for the 

following comparisons for each group: 
- Week 1, day 1 vs. Week 1, day 3 (levels 
significantly decreased). 
- Week 1, day 1 vs. Week 2, day 3 (levels 
significantly decreased). 
 

• No significant difference between groups for 

plasma ACTH levels.  

• Plasma ACTH levels remained within the 

reference range (10-80pg/ml). 

• No statistical analysis of time effects is 

presented for any of the groups. 
 

• No significant difference between e-collar or 

lemon-spray collar groups for activity. 

• Maximum cortisol values were observed in 

17 dogs, 15 dogs and 10 dogs after the delivery 
of the quitting signal, pinch collar and 
electronic collar respectively.  

• For a better comparison, Relative 

(Experimental - Resting) cortisol values were 
compared with relative Basal values.  

• Relative cortisol values were significantly 

lower than relative Basal values for e-collar and 
pinch collars.  

• No significant difference was found between 

Relative and relative Basal cortisol values 
following the quitting signal. 

• No significant difference was identified 

between the Relative e-collar cortisol values 
and both pinch collar and quitting signal 
Relative cortisol values. 

• Highest cortisol concentrations were seen as 

a result of the quitting signal.  

• No significant difference between subgroups 

for Relative cortisol concentrations. 
 

• No significant difference found between 

subgroups in behavioural reactions. 

• No significant difference between e-collar 

and pinch collar for “maximum backwards ear 
position” or for “tail reaction (lowering)”.  

• No significant differences in sampling 

period of salivary cortisol. 

• No evidence of interaction between group 

and sampling period. 

• Group C did have significantly higher 

levels of salivary cortisol than B during the 
study. No significant differences found 
between other group comparisons. These 
differences continued in both pre-training 
(days 1 and 5) and post-training samples 
(days 1-5). 

• Subtracted difference between average 

pre-training samples from average post-
training samples revealed no differences 
and no group effect. 
 

• No significant difference in urinary 

cortisol:creatinine ratio between groups 
before or after training.  

• No concentration ratio changes over the 5 

days for all groups. 
 

• No significant effect of collar settings on 

physiological levels for Group A. 
 

• No significant day effects on panting, dog 

activity, behavioural state or tail carriage 
over the five days. 
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• No significant difference between e-collar 

and control group for activity. 

• Significant difference between lemon-spray 

collar group and control group for activity, with 
the lemon-spray collar group being less active 
than the control group. 

• No significant difference between the time 

periods for each of the groups. 

• Administration of the pinch- and e-collar led 

to lowering of body posture in the dogs, but 
extreme lowering of body posture was 
observed in 4.8% of dogs exposed to pinch 
collar corrections only. 

• Significantly more vocalisations were 

observed as a response to e-collars relative to 
pinch collars. 

• Behavioural reactions from the quitting 

signal was measured in the 4 dogs that had 
initially learnt the quitting signal.  

• 2 dogs exhibited “backwards ear position”, 1 

dog demonstrated “extreme lowering of body 
posture” and another single dog was observed 
crouching following the quitting signal. 

• Groups A and B dogs spent significantly 

more time walking than C who spent 
significantly more time standing during 
training. 

• Significant differences in sitting behaviour 

– most common in Group A and least in 
Group C. 

• No significant difference seen in tail 

carriage or movement between groups. 

• Panting not significantly different despite 

it being twice as common in Group A than 
both Groups B and C. Over 50% of the 
panting in Group A dogs was from 4 of the 
21 dogs. 

• No significant differences in the 

percentage of scans showing behavioural 
states of ambiguous, excited and relaxed 
between groups. 

• Dogs in Group A spent significantly more 

time tense than those in Group C; no other 
group comparisons were significant. 

• Lip-licking rate similar between groups. 

When separated into food-associated lip-
licking and food-absent lip-licks, food 
related lip-licking was seen significantly 
more in Group C than Groups A and B. No 
significant difference in food-absent lip-
licking. 
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• Yawing more commonly seen in Group A 

dogs than in Group C – no significant 
difference. 

• Sudden movements away from trainer 

(rapid head or body movements) least 
common in Group C, but not significant. 

• Yelping, while rare, occurred 5x more in 

Group A than both B and C, but this was not 
significantly different. 

• Positive correlation found between the 

collar settings of Group A and yelping and 
other vocalisations. 

• Significantly less environmental 

interaction (sniffing) occurred in Groups A 
and B (half the rate) than Group C. 

Author 
conclusions 
drawn 

• Mean plasma cortisol and ACTH levels 

remained within the reference range for all 
groups within the study. 

• Both plasma cortisol and ACTH levels did not 

differ significantly between groups. 

• Activity levels did not significantly change 

over time. 

• Findings of the study may add to the 

information on the debate regarding the use of 
bark collars in terms of welfare and whether 
they are a humane training tool. 

• E-collar training resulted in the least 

evidence of stress relative to both pinch collars 
and the quitting signal. 

• There is the potential for owners/handlers of 

the dog to give out subtle signs of incoming 
corrections, potentially affecting the measures 
of welfare. 

• Dogs exposed to the use of e-collars 

frequently displayed more behavioural signs 
of stress than dogs trained using reward-
based techniques alone. 

• Other behaviours seen more in Group A 

included panting and yelping. Authors are 
cautious about drawing conclusions from 
these behaviours as they may also be a 
product of thermoregulation or collar 
intensity, respectively. 

• No significant differences in cortisol levels. 

Suggestions concerning the cortisol findings 
posed:  
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- upon entering training, no treatment 
group led to an increased cortisol response 
that indicate stress or arousal;  
- any differences in cortisol levels are 
potentially linked to differences in arousal, 
perhaps due to the time of year, rather than 
training differences. 

• The use of e-collars in training gives rise to 

immediate behavioural signs of distress, 
especially when used at high settings. 

• Best practice may not reflect the e-collar 

training experience by all dogs; but, may 
alleviate some of the physiological and 
behavioural indicators of poor welfare as 
evidenced by the preliminary study. Despite 
this, there are still some behavioural signs 
consistent with negative experiences when 
e-collars are used, even if no physiological 
changes were observed. 

General 

limitations 

and critical 

appraisal 

• Small sample size. 

• Dog characteristics unexamined as 

confounding factors. 

• Exclusion of breeds with perceived high pain 

thresholds and aggressive tendencies may 
mean results will not apply to these breed-
types.  

• Only one shelter used as a base for subject 

dogs 

• Limited to shelter environments.  

• Barking towards unfamiliar dogs tested only.  

• Dog and handler recruiting methods not 

reported. Potential sampling biases.   

• Only Belgian Malinois used, which allows 

standardisation, but generalisability of results 
reduced.  

• Background of e-collar use variable between 

dogs, with an attempt to control for this 
through habituation phase.  

• The use of an indoor training area provides 

good control over the environment against 

• Subject recruitment methods not 

reported, but problem context of ecological 
relevance.  

• There were no representatives of the toy 

or utility breeds in the study.  

• The dogs were not randomly allocated to 

a group but rather were matched with other 
dogs with similar behavioural problems and 
owner-rated severity. Owners were given 
the option to switch groups if they had 
concerns, this affected two pairs of dogs 
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• Underlying cause of barking at unfamiliar 

dogs unaddressed and many different causes.   
□ Intensity and duration of the barking problem 
unknown. 

• Lack of details concerning unfamiliar dogs 

used as barking stimuli.  

• Inter-observer reliability testing not reported 

by authors. Can be assumed that data 
recording differed between observers and 
those revisited.  

• Different sensors in the two types of collars, 

thus difference in performance might relate to 
difference in ability to detect barking rather 
than stimulus given.  

• No electronic stimulus intensity testing within 

the e-collar group, so stimulus may be 
suboptimal or too high. 

• Invasive physiological measures and 

unknown sampling time. Potential confounding 
variables represented in final assays.  

• Potential inconsistent treatment of samples. 

Older samples may be at risk of degradation. 

• Changes to physiological measures may have 

been influenced by arousal from other, external 
stimuli, rather than the use of the treatments 
alone. 

• The use of activity data adds little to 

determining the emotional valence of the 
training situations. The use of specific 
behaviours and body language associated with 

factors that may potentially influence the 
results.  

• No criteria reported to determine success in 

teaching dogs the quitting signal. 

• Decoys delivered the e-collar stimulus but 

not for the other interventions, this could be 
masking potential effects on welfare measures. 

• Highly intensive provocation styles may be 

more arousing to dogs of a certain group, 
potentially resulting in changes within 
physiological measures. 

• Potential for inconsistent handling and 

sampling techniques that may affect the quality 
of the samples.  

• Unknown sampling times. Potential 

confounding variables represented in final 
assays. 

• Resting saliva samples were taken in a home 

environment. Any discrepancies may result in 
unintentional manipulation of a dog’s resting 
level (e.g. arousal, exercise), potentially 
confounding the results. 

• Prior play sessions may result in changes in 

cortisol levels due to arousal caused by these 
sessions; or, included in stress-cortisol 
measurements after the experimental test.  

• Statistical analysis using parametric test with 

cortisol data of unknown normality.  

• Trainers were nominated for participation 

in the study by their respective 
organisations and so limit generalisability of 
results, but the authors recognise that the 
use of best practice with these devices may 
not fully represent how the devices are used 
by the general population. Using best 
practice (as a result of organisational choice 
of trainers) might underestimate the true 
representation of e-collar practice in wider 
use. 

• The time difference between the training 

sessions of Groups A and B, and Group C 
could influence results. Weather and 
temperature differences could be 
important. 

• Time between each 15-minute training 

session unreported. Variation in time 
differences may act as a confounding 
variable if uncontrolled for. Residual welfare 
effects from previous sessions may be 
carried over into the following session if 
dogs had short breaks. 

• Only vibration pre-warning cues were 

used by trainers to ensure video observers 
remained blind to the treatment groups. 

• Trainers were permitted to use their e-

collar of choice. 



67 

 

Paper 
reference 

Steiss et al. (2007) Salgirli et al. (2012) Cooper et al. (2014) 

stress in dogs would be a more appropriate 
method of adding to the study. 

• No testing as to when or if a dog is 

comfortable/habituated to the shelter 
environment. Welfare measures may not be 
solely due to training collars. 

• Limited generalisability due to single shelter 

as base. 

• Study was funded by Radio Systems 

Corporation. This company has links with 
various types of e-collar and spray-collars. 

• There are no mentions of how many 

observers took part in the analysis of 
behavioural responses. 

• No attempt at either intra- or inter-reliability 

or ethogram training, potentially leading to 
inaccuracies in behavioural coding and 
inconsistencies over time. 

• One-zero sampling only marks the 

occurrence of selected behaviours but doesn’t 
determine the frequency of these behaviours 
or the duration. 

• Frequency analyses were implemented for 

analysis for behavioural data. Yet the authors 
do not go into specific details about particular 
statistical tests, meaning the p-values offer no 
insight without full understanding of the tests 
performed. 

• No testing for a significant difference was 

reported for lowering of body posture between 
e-collar and pinch collars. Unknown confidence 
of the differences between interventions. 

• Subtle cues may be observed by dogs 

regarding an upcoming correction. Behavioural 
observations may reflect this rather than being 
the result of the correction. Noted by the 
authors 

• Handlers and decoys were continuously 

observed throughout training session. This 
opens the potential for the “Hawthorne effect” 
to occur (Spencer and Mahtani, 2017). This 

• Salivary and urinary cortisol 

measurements are a non-invasive 
technique. 

• Unknown sampling times. Potential 

confounding variables represented in final 
assays. 

• Potential inconsistent treatment of saliva 

samples. Older samples may be at risk of 
degradation. 

• No full detail regarding the collection of 

salivary cortisol within the methodology of 
the experimental study. One can only 
assume that the same techniques applied in 
the preliminary were carried over to the 
experimental study. This lack of detail 
reduces the reproducibility of the study. 

• Authors are cautious about drawing 

conclusions concerning cortisol measures as 
changes may be the result of arousal or 
physical activity rather than distress. 

• No mention is made regarding when or 

how urinary cortisol:creatinine ratios were 
collected or extracted; it is unknown how 
samples were treated and tested; and 
whether this would influence the levels of 
analyte, potentially compromising results 
and conclusions as biases may be present. 

• Behavioural analysis was conducted by 

four experienced observers (with inter-
observer reliability) that remained blind to 
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effect may be exacerbated if the trainers 
understand what the study objectives are – i.e. 
change their training style to influence a 
particular outcome relevant to the study. 

the treatment groups and study objectives, 
thus reducing any personal biases towards 
particular treatments, adding to the 
confidence within the results. 

• Behaviour frequencies were converted 

into rate-data, which more accurately 
represents the true training time of the dogs 
and groups, thus allowing for a more 
appropriate comparison. 

• Trainers were continuously observed 

throughout training session. This opens the 
potential for the “Hawthorne effect” to 
occur (Spencer and Mahtani, 2017). This 
effect may be exacerbated if the trainers 
understand what the study objectives are – 
i.e. change their training style to influence a 
particular outcome relevant to the study. 

• Compared to a Bonferroni correction, the 

false discovery rate is less conservative.  

Specific 
welfare-
related 
limitations, 
critical 
appraisal 

• The authors concluded that the use of both 

bark and lemon-spray collars does not 
significantly increase the levels of plasma 
cortisol. The levels of plasma cortisol and ACTH 
remain within the reference range and did not 
differ significantly between the collar types. 

• Further, activity levels did not differ 

significantly between bark collar and lemon-
spray collar. Activity levels did not change 
significantly over time. 

• The authors concluded that the use of 

electronic collar training led to the least 
evidence of stress relative to pinch collar use 
and a quitting signal.  

• The study was conducted using a simple 

experimental design. However, several 
identified limitations associated with the 
undertaking of physiological measures (e.g. 
inconsistent sampling and risk of arousal) 
undermine what were encouraging 
conclusions.  

• The authors concluded that training with 

electronic collars gives rise to immediate 
and more frequent signs of behavioural 
distress relative to reward-based training 
only. No training regime led to a significant 
increase in cortisol; and any changes in this 
may be the result of arousal or time of year 
rather than training techniques. They 
further recognised that the use of 
professional trainers may not reflect use by 
the general public. The latter finding slightly 
undermines the former. 
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Paper 
reference 

Steiss et al. (2007) Salgirli et al. (2012) Cooper et al. (2014) 

• The choices of physiological measures were 

used to identify changes and differences based 
on training interventions; however, the invasive 
nature and the limitations identified within the 
study suggest conclusions should be drawn 
with caution.  

• Activity measures offer very little insight into 

the comparative effect on welfare that the use 
of bark or lemon-spray collars have. 
 
 

• Poor treatment of the behavioural data (e.g. 

no inter-/intra-reliability testing and missing 
statistical analysis) means confidence in the 
results is weakened.  
 
 

• This study undertook a detailed and 

ultimately useful examination of the effects 
on welfare as a result of training techniques.  

• However, some details regarding the 

treatment and collection of physiological 
methods were not reported, compromising 
the conclusions.  

• Behavioural analysis was clearly reported 

and conducted by independent observers 
with inter-observer reliability testing, 
indicating the behavioural conclusions have 
a convincing degree of validity. Thus, 
providing a deeper insight into behavioural 
welfare outcomes. 

Reviewer 
conclusions 

• Overall, the study is limited in validity. The 

attempts at identifying whether the use of bark 
collars has an effect on welfare relative to 
lemon-spray collars are poor. Improved 
detailing of the methodology, acknowledging 
and addressing confounding variables, 
providing a more detailed look into behavioural 
changes alongside activity levels, would be a 
more valid approach at determining the 
relative effect on welfare of the two training 
techniques. 

• Overall, the study has limited validity given 

the study design and execution limitations. 
While there is a suggestion of something useful 
in the conclusions of this study, one cannot say 
this with certainty. Additions of more 
behavioural responses would be invaluable in a 
study like this. Furthermore, improvements in 
the reporting of important details, better 
design and treatment of sample data would 
improve the study’s validity and increase the 
confidence in the conclusions comparing e-
collars to pinch collars and a quitting signal. 

• Overall, the study is largely valid despite 

the presented limitations. The conclusions 
concerning physiological responses to the 
training techniques are less valid than those 
regarding behavioural response. Hence, the 
conclusions pertaining to behavioural 
responses appear to reflect the findings 
within the study, highlighting that the use of 
e-collars potentially leads to behavioural 
signs of stress. However, those relating to 
physiological measures should be taken with 
more caution due to the several 
confounding factors, lack of reporting 
details and alternative explanations to 
changes. 
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2.7.2. Evidence summary and discussion 

The evidence presented within the scope of the CAT does not exceed level 3 using 

recognised ranking standards (CEBM, 2011). Very few research papers satisfied the 

parameters of this CAT. Consequently, there is very little evidence regarding the 

comparative effect training methods have on welfare. The lack of papers in this area 

indicates that more investigation into the effect that e-collars has on welfare relative 

to other training methods is needed. The range of electronic collars examined for their 

effect on welfare is very limited: one examining bark-control collars (Steiss et al., 

2007), and two exploring hand-held devices (Cooper et al., 2014; Salgirli et al., 2012). 

The overall quality of evidence is low across the papers, but the reported findings for 

both physiological measures and behavioural measures are generally consistent. The 

studies are not suited to a meta-analysis.  

Overlooking the studies’ limitations, the papers do share some level of agreement 

regarding the effects on welfare that e-collars have in training. Training with electronic 

collars does not yield significant changes to cortisol and ACTH levels (Steiss et al., 2007; 

Salgirli et al., 2012; Cooper et al., 2014). However, behavioural indicators of stress are 

observed following e-collar use, suggesting their use may be detrimental to dogs’ 

welfare. Yet, the scale of this effect varies depending on the comparative training 

technique: decreased welfare compared to reward-based techniques (Cooper et al., 

2014); similar negative effects to welfare compared to pinch collars and least 

detrimental compared to the removal of a reward (Salgirli et al., 2012). Given that only 

a limited selection of the available range of e-collars has been studied, conclusions can 

only be limited to scenarios involved in the CAT papers examined. 

All studies involved in this CAT have limitations in their experimental design. As 

previously explained for the Efficacy CAT and within Table 2.2, various external factors 

and inconsistent treatment between groups are likely to have influenced the results of 

the respective studies.  

For experimental procedures that use pets as subjects, representative sample 

populations can be difficult to obtain. Nonetheless, sample sizes in the studies ranged 

from 21 to 63 dogs per treatment. Neither Steiss et al. (2007) nor Salgirli et al. (2012) 
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conducted sample size testing, potentially producing samples too small to observe any 

real or reliable effect; or perhaps unrepresentative of target populations. Furthermore, 

no study examined effect sizes in their respective results. 

Generally-speaking, all the studies suffered limitations in the processing of 

physiological samples (detailed in Table 2.2). None of the studies sufficiently report the 

condition, collection or treatment of physiological samples. This suggests that there is 

the possibility that samples were processed inconsistently, reducing the accuracy and 

credibility of the results.  

A common reason for physiological measures to change is arousal. Only Cooper et al. 

(2014) explored this possibility in their discussion. This is a matter that may have 

influenced all physiological measures across the studies. Often, additional measures 

are taken to determine the valence behind the changes. Salgirli et al. (2012) recorded 

reasonable, additional behavioural measures. Cooper et al. (2014) undertook a more 

sound and in-depth approach, with the inclusion of several more behavioural 

measures, independent observers and inter-observer reliability testing. Steiss et al. 

(2007) reviewed the video tapes of barking and activity levels, yet there was no clear 

indication whether there were any discrepancies between observers, nor indications 

as to how they might be rectified. Using behavioural assessment in parallel with 

physiological measures should provide a more reliable and valid approach at 

examining the underlying emotional valance of the situation, leading to clearer 

comparative welfare findings. 

In summary, based on the direct evidence available, it can be said that the use of 

electronic collars may lead to negative signs of stress, and reduced welfare. When 

compared to alternative training techniques the relative effect on welfare differs. Due 

to the lack of studies examining all electronic collar types, conclusions are limited to 

those in the scope of the CAT. 

Examining the direct evidence, the effects that the use of electronic collars has on 

welfare compared to alternative training techniques presents differing levels of effect 

for the following welfare measures: 
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• the use of bark-control collars and lemon-spray collars have no significant effects on 

plasma cortisol or ACTH levels when training to discourage barking at unfamiliar dogs 

(Steiss et al., 2007). However, the use of invasive techniques and lack of full 

understanding of treatment handling and processing limits the validity of this 

comparison as such factors may influence the findings meaningfully. It is important 

that further research investigates the comparative effects on welfare that bark-control 

collars have under sound experimental conditions by accounting for the mentioned 

limitations before firm conclusions regarding the physiological effects can be made for 

this collar type. 

• Regarding hand-held devices, the effects on physiological measures (salivary and 

urinary cortisol) also show no significant changes when training to heel (Salgirli et al., 

2012) or resolving recall issues (Cooper et al., 2014). When compared to pinch collars 

and reward-based training respectively, no differences were found between training 

techniques regarding changes to these measures. The use of less invasive procedures 

minimises the risk of handling effects, improving the confidence in the conclusions. 

However, both studies suffered limitations in design, treatment and reporting of 

methodological details regarding these measures casting doubt on the quality and 

confidence in the conclusions. Such studies need to be examined under more 

controlled conditions, with consistent treatment of samples and full reporting of the 

methodology taken. This would help provide more confident conclusions regarding the 

physiological effects on welfare relative to alternative training techniques. 

• Conversely, immediate behavioural signs of stress were present in the two studies 

that examined them. The comparative training style invoked appears to have differing 

effects on behavioural indicators. Significantly fewer negative behavioural responses 

were observed in response to reward-based training compared to electronic collars 

during recall training (Cooper et al., 2014). Yet, observed negative behavioural 

responses were not significantly different following aversive-led training with pinch 

collars when training to maintain a heel position (Salgirili et al., 2012). As previously 

mentioned, no conclusions can be drawn comparing the effects on welfare with the 

quitting signal due to the several flaws associated with this group (Salgirli et al., 2012). 

The behavioural conclusions arising from Cooper et al. (2014) are more valid than 
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those within Salgirli et al. (2012). The experimental design within Cooper et al. (2014) 

was more sound than that of Salgirli et al. (2012), improving the quality and confidence 

within the former study. Similarly, the identified limitations associated with 

behavioural measures are less likely to have a meaningful effect on the outcomes 

compared to those within Salgirli et al. (2012). Nevertheless, comparisons with both 

training techniques require more research, with data backed by appropriate statistical 

analysis to make firm conclusions. 

Long-term effects on behavioural and physiological measures of stress were not 

analysed in any of the papers. Such data would help make firmer judgements as to 

whether it is ethically appropriate to use electronic collars, particularly under severe 

circumstances requiring treatment of problem behaviours. For instance, if negative 

welfare implications do not carry on through the dog’s long-term life, could it be 

argued that using an e-collar to treat an aggressive dog that may otherwise be 

euthanised is ethical? Surprisingly, only one study (outside the scope of this CAT) has 

investigated to any extent the long-term effect of electronic collars on dog welfare; 

dogs with prior e-collar experience demonstrated behavioural signs of stress and were 

often less engaged than dogs with prior experience (Schilder and van der Borg, 2004). 

Determining information such as this during training-related studies would be a 

desirable research aim. 

As each of the studies arose from different behavioural problems, direct comparability 

between studies was compromised. Furthermore, Steiss et al. (2007) was the only 

study investigating bark-control collars, while the other studies examined hand-held 

devices compounding the problem. Loosely, conclusions regarding phycological effects 

on welfare would need more scrutinised research recorded alongside additional 

behavioural measures to confirm whether there is truly no difference between training 

groups. Likewise, behavioural responses alone require more research to make clear 

conclusions concerning welfare implications as only two papers fit the scope of the 

CAT. However, based on the evidence and CAT proceedings, the use of electronic 

collars may give rise to more immediate behavioural signs of distress compared to 

reward-based training, and similar signs of stress compared to pinch collars. 
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2.8. Concluding remarks and recommendations – welfare CAT 

In conclusion, the evidence available to directly compare the effect of electronic collars 

with alternative training techniques is limited. Where direct evidence is available, the 

use of electronic collars did not elevate physiological measures of stress compared to 

the mentioned alternative training techniques. While there is credibility and merit in 

this statement, there is insufficient evidence for this claim to be definitive and 

applicable to additional or behavioural problems in similar contexts. Conversely, the 

use of electronic collars on dogs in training appears likely to compromise their welfare 

behaviourally. The degree of compromise depends on the training technique e-collar 

use is compared to. Reward-based training being significantly less stressful than e-

collar training, and pinch collar training being just as stressful. Crucially, one must be 

mindful of the external factors and methodological limitations that may have 

influenced the findings of the above studies assessed in Table 2.2.  

 In response to the assigned CAT question, “what is known scientifically about the 

effect on welfare of training dogs with electronic collars compared to alternative 

training techniques?”, the evidence available is mostly poor for all cases. The use of 

electronic collars has been found to engender behavioural signs of distress for the 

identified contexts. With the training being more behaviourally stressful than reward-

based training. 

Drawing upon these findings within the CAT then, the following recommendations 

regarding the use of such devices should be taken into consideration: 

• reward based training techniques should be used as first resort method of training 

dogs, being the least stressful option; 

• if e-collars are to be used, users must ensure that devices are of high-quality and 

adhere to modern standards (e.g. those set by the ECMA); 

• those looking to resolve issues in training should seek professional trainers for 

guidance; 
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• the behaviour of dogs undergoing e-collar training should be continually monitored 

for signs of stress; owners and trainers should be trained to respond appropriately to 

such signs, and act accordingly, including giving serious consideration to halting e-

collar training and replacing with alternative means. 

2.9. Summary of Critically Appraised Topics 

Scientific literature regarding the use of electronic collars during training is scarce. The 

quality of evidence arising from the papers that do fit the CATs’ criteria are 

undermined by this lack of information, and by limitations in experimental design and 

comparability, and thus the critical analysis outcomes are unavoidably disappointing. 

The findings of the papers in the CATs do provide useful insights, but these must be 

confirmed by further research. 

There is an opportunity to augment the currently best available evidence of these CAT 

studies. A re-examination of the training videos initially collected by Cooper et al. 

(2014), using quantitative measures and a detailed re-assessment of behavioural 

elements, should provide a clearer understanding of the efficacy and effect on welfare 

that the use of electronic collars has in training relative to reward-based training - the 

aim for this portion of the study. This undertaking follows in Chapter 3. 
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3. Materials and methods – training videos  

Training sessions with dogs were arranged with 2 groups of trainers, these being the 

Electronic Collar Manufacturers Association (ECMA) trainers who used electronic 

training aids as part of their training practices and the Association of Pet Dog Trainers 

(APDT) members who did not. All dogs had been referred for problem behaviours 

associated with poor recall. The dogs were divided into three comparison groups, each 

undergoing different training regimes, some with active e-collars. The videos were 

later examined in close observation to identify indications of training efficacy and dog 

welfare effects. The data collected was compiled and analysed statistically, comparing 

the groups to determine which training techniques were most effective; and, their 

effect on the dogs’ welfare. Examination of the training videos differs to the original 

study conducted by Cooper et al. (2014) as new, unexamined data can be extracted. 

Efficacy analysis is conducted using a quantitative approach, by analysing the direct 

responses dogs give to commands. Furthermore, several new behavioural responses, 

not previously examined within the original study or within a training context, are 

recorded. Thus, offering new insights into the effects of training on dog welfare. More 

details follow. 

3.1. Background to training videos 

The aforementioned training session videos were obtained in an original study 

conducted by Cooper et al. (2014) with video files formatted as MPEG files. Ethical 

approval was sought and granted by the University of Lincoln Research Ethics 

Committee. At the time of the original study in 2010, Home Office Inspectorate with 

expertise in companion animal research were consulted. Consultations with the Home 

Office Inspectorate indicated that as e-collar use was legal in England and Scotland, 

dogs were being referred for behaviours commonly associated with e-collar use in the 

UK and as the training was being conducted by experienced trainers using normal 

training programmes then the work did not constitute a procedure and consequently 

Home Office approval was not required for the study. Owners and trainers that 

participated in the study gave their consent for the use of their dogs and video 

recordings in the study. Two training sessions were recorded daily (morning and 
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afternoon sessions) for each dog, for up to five consecutive days. Data analysed in this 

study is taken from both training sessions on the first, third and fifth day of training for 

each dog where available. 

3.2. Training groups 

All dogs involved in the study had behavioural problems, primarily recall/chase-related 

problems. Their owners had been recommended to seek professional training to 

resolve those problems. The 63 dogs involved in the study were classed as adults 

(older than 6 months) and had no prior experience with electronic collars. Dogs in 

groups A and B were trained in autumn 2010 and were randomly allocated to a 

training protocol. Dogs in group C were trained in spring 2011, meaning these dogs 

could be recruited to match the dogs previously trained in group A on the basis of 

referred behavioural problem and owner’s assessment of severity. The groups’ 

characters are described as follows: 

• group A – “e-collar group” (n=21): experimental training group where dogs were 

trained using active electronic collars by one of two ECMA approved and experienced 

e-collar trainers (best-practice used by trainers when using the collar); 

• group B – “excluded e-collar group” (n=21): control group one where dogs were 

trained by the same trainers that worked with the dogs in group A, but e-collars were 

deactivated and not used by the trainers; 

• group C – “reward-based training group” (n=21): control group two where dogs were 

trained by one of two APDT members with similar experience to the ECMA nominated 

trainers. Trainers used reward-based training methods only, e-collars were deactivated 

and not used by the trainers. 

All dogs in the study wore an e-collar during training sessions in order to preserve blind 

video observation. Dogs in groups B and C wore a de-activated or “dummy” collars, 

whilst collars worn by dogs in group A were active and useable by the trainers. 

Furthermore, each trainer had access to food rewards and could use them whenever 

the trainer deemed appropriate.  
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Trainers for groups A and B were members of, and nominated by, the ECMA to take 

part in the study. Trainers followed the Association’s guidelines regarding the use of 

the e-collars, which is considered “best-practice” (example guidelines, Chamberlain 

and Grantham, 2011). Alternative trainers that worked with the dogs in group C were 

selected by, and were members of, the APDT. APDT trainers were also following 

guidelines set by their association regarding the training of dogs, in that trainers are to 

use only reward-based techniques when training dogs (example codes of practice, 

APDT, undated).  

3.3. Training sessions  

Training sessions for each dog lasted approximately 15 minutes, in morning and 

afternoon sessions, giving each dog around 30 minutes of training per day (average). 

The average visible training time (visible training time equals total video time minus 

the time the dog is out of view of the camera) was calculated as approximately 28.5 

minutes of training per day (Mean ± Standard Error: 28.5 ± 0.327). Each of these 

training sessions were recorded for behavioural and efficacy-related data. The 

behavioural elements observed by Cooper et al. (2014) have been examined more 

closely in this study, scrutinising in detail the behavioural responses and body postures 

of the dogs during training. Moreover, this study takes a new direction by examining 

the comparative efficacy of the use of electronic collars relative to reward-based 

training using the direct responses given by the dogs to the commands given. In this 

study, the first, third and fifth day of training were chosen for analysis. This would give 

an assessment of the initial responses to training and changes in responses over these 

days can be recorded. Most dogs received five days of training over five successive 

weekdays (Monday to Friday). Three dogs in group B only received four days of 

training meaning only two of the three days of data were available for collection for 

these dogs. 

3.4. Ethogram 

A behavioural ethogram was constructed prior to video watching. Behavioural 

elements were selected based on: those examined in similar e-collar studies (including 

Cooper et al., 2014; see Appendix Table 8.1); and, those behaviours that have not been 



79 

 

previously analysed within a training context but may be seen in response negative 

circumstances (e.g. grooming behaviour, flight responses and body orientation). 

Additional information regarding two behavioural elements (paw lifts and oral 

behaviours) was examined to determine the underlying context of the behaviours 

(Appendix Table 8.2). The presence of food was recorded upon the occurrence of 

either a paw lift or an oral behaviour. Moreover, the laterality of oral behaviours was 

noted to investigate whether certain directionalities were observed more/less in 

particular training groups. Food presence and laterality are regarded as “sub-

behavioural options”. For efficacy-related data, “come” and “sit” commands were 

recorded. Following the examination of the commands given to dogs on the second 

day of training (China, 2018), come and sit commands could be clearly identified and 

obtained from the videos, across all groups, and could not be confused with other 

commands (details of what constitutes a come and sit command can be seen in 

Appendix Table 8.3). Similarly, these commands occurred across the three training 

groups in similar numbers allowing for a better examination of efficacy. Furthermore, 

problems with recall and “come” commands were the main reason the dogs were 

referred into the original study. 

Behavioural and sub-behavioural elements were recorded as frequencies. Body 

posture, orientation, ear and tail position were continuously recorded throughout the 

videos allowing for time spent in such positions to be identified. Come and sit 

commands were recorded as frequencies on first delivery or when repeated by the 

trainer; along with whether the command was a verbal, hand signal or lead signal. 

Furthermore, the manner of dog response to the commands was recorded as a 

frequency for either: “obeys after first command”; “obeys after repeated commands”; 

or “disobey”. Command responses and their description are identified in Appendix 

Table 8.4. 

3.5. Data extraction and treatment 

To record data, a configuration file was developed for use on Solomon Coder software 

(version: beta 17.03.22). Solomon Coder is a free software tool for encoding observed 

animal behaviours that can be downloaded onto most Windows devices. Videos can be 
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watched and coded simultaneously, allowing for coding options to be recorded with a 

time-stamp of their occurrence. The configuration file contains all behavioural 

elements, sub-behavioural options and efficacy-related options noted in their 

respective ethograms (Appendix Table 1, 2 and 4). Various aspects of Solomon coder 

facilitate additional data extraction. For example, using the start-time of a command 

and the time of command response, data extraction for latency in correctly responding 

to commands is achievable. Training videos were viewed randomly and blind, such that 

the viewer could not associate dogs with their respective group. Data were coded for 

each training video using the configuration file, thus producing a coding file for each 

dog and their respective training session. Following collection, raw data was extracted 

from the Solomon Coder coding files into a Microsoft Excel spreadsheet, separating 

each dog into their allocated training group. Daily training (morning and afternoon 

sessions) was aggregated into one data set for each dog, leaving each dog with three 

days-worth of data (i.e. days 1, 3 and 5). Previous work (Cooper et al., 2014) had 

indicated no consistent differences in dogs’ behaviour between morning and 

afternoon sessions, so data from the morning and afternoon sessions were pooled to 

reduce replication, such that both sessions to be treated as one whole training session 

for each day. 

After data extraction and pooling, the raw data for each dog was converted to account 

for the small variation in video length between the dogs. Where appropriate, 

behavioural elements were expressed as number of occurrences observed per unit 

time visible in video. This minimises the effects of training time differences between 

dogs as a confounding factor in the frequency of behavioural responses. For similar 

reasons, body posture, orientation, ear and tail position were expressed as a 

proportion of the total visible training time (aggregate time exhibiting the element 

divided by total visible time on video). Sub-behavioural options and command 

response data were expressed as a proportion of their respective totals of occurrences 

of the superior classification, for each dog across the three days of training.  
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3.6. Statistical analysis 

Statistical analysis of the data was conducted using Minitab 17.0. Treated data sets 

were subjected to the Anderson-Darling normality test to determine if they were 

normally distributed. Should the normality test show a value of P<0.05 then it can be 

said that the data significantly departs from normality; or, where P>0.05, the data can 

be considered normally distributed. This process facilitates the selection of appropriate 

tests for further statistical analysis. 

In instances where the data departed from normality, common transformations (log10, 

ln, square root, arcsine) were conducted to determine whether the data could fit 

within normal distribution parameters. As a consequence, latency data was 

transformed via a log10 to normality. This data still underwent the same statistical tests 

as non-normal data due to the unbalanced nature of the training groups. 

As there are no non-parametric alternatives to a nested ANOVA and the data within 

the groups are unbalanced, all data sets underwent a General Linear Model (GLM) test. 

The use of a GLM was chosen as it is robust enough to detect differences between 

training groups and conclude differences in the populations. Homogeneity in variances 

is assumed. To do this, training groups (A, B and C) and days (1, 3 and 5) were treated 

as fixed factors; individual dog IDs were marked as a random factor. This random 

factor was nested within the training groups for the GLM analysis. Following the GLM, 

post-hoc analyses were conducted on significant data (α≤0.05). Due to the association 

of a random factor with the training groups (i.e. Dog ID is nested within groups), then a 

subsequent post-hoc Tukey test will not run for training group comparisons. Multiple 

Mann-Whitney U (MWU) tests were therefore used to determine specifically if 

differences exist between the three training groups as the data was initially considered 

non-normal. In the event that a training group contains a zero count for a behavioural 

element, the Mann-Whitney U test will not function. To overcome this, a 1-Sample 

Sign test was used to compare the groups that contained non-zero values (behavioural 

elements observed), to establish whether these group differed significantly from 

groups with only zero values. A 1-Sample Sign test had to be conducted on two sets of 
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data, “flee” and “interact” in the flight behaviours category, as these behaviours were 

not observed in Group C. 

As three days of training were observed for efficacy-related and behavioural data, 

significant differences between the observation days can be identified using the post 

hoc Tukey test associated with the GLM. This will reflect any changes in the dogs’ 

responses over the three training days recorded. Significant differences between 

observation days can be analysed further with an additional GLM to examine which of 

the three training groups show significant changes over time. Like the initial GLM, day 

is marked as a fixed factor, and individual dog IDs is treated as a random factor. 

Training group was not included in this GLM as each group is analysed individually. This 

additional GLM is conducted on select categories that may offer an insight into either 

efficacy or welfare as a standalone measure (e.g. latency, body posture). 

Using the statistical findings from the data, inferences can be made regarding the 

efficacy and welfare implications of the dog training techniques. Significant findings 

will demonstrate whether training groups differ; and, whether these findings change 

over time.  
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4. Results – training videos 

The observations made in this study amounted to approximately 8000 recorded data 

points, held in Microsoft Excel and derived from Solomon Coder. This data has not 

been presented in this section but is held on record. Only the calculations and 

statistical analysis results generated from this data set are presented following. 

Summary tables of statistical differences of all efficacy and welfare measures for the 

group comparisons, as well as the training day comparisons, can be found at the end of 

this chapter (Tables 4.22-4.25). 

4.1. Efficacy-related data 

4.1.1. Command responses 

In this section, group differences for command responses are reported, in combined 

(responses to both come and sit commands aggregated) and discrete (responses to 

come and sit commands analysed initially) forms (Table 4.1, Figures 4.1-4.3). Hedge’s g 

calculation for effect size has been conducted on training group difference results that 

approached significance (P≤0.1) following GLM.  

Group differences – combined sit and come commands 

Expressed as mean average, the total number of initial come and sit commands 

differed between groups. Group B had the highest average number of total commands 

per training session (mean of 25), followed by group A (19) then group C (15). This is 

consistent with previous analysis of this data (Cooper et al., 2014). Trainers in Group B 

gave around 1.5 times more first commands than group C during training sessions.   
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Table 4.1: the mean number of commands (first and repeated commands) for “come 

commands only” and “sit commands only” for each of the three training groups. 

Command Given Mean Number of Commands Given 

Group A Group B Group C 

Come and Sit Combined 19 25 15 

Come Only 15 19 23 

Sit Only 25 31 7 

 

Group differences – come commands only 

When considering the come command singly, as an individual category, the proportion 

of come command responses varied between groups (Figure 4.1). Table 4.1 shows 

highest mean average number of first come commands delivered across training 

sessions was for group C (23) at around 1.5 times as many as group A (15). The mean 

average number of come commands in group B (19) was lower than C (23) but higher 

than A (15). 

The category “obeys after first come command” gained the highest number of 

responses of all proportions of the three categories (Figure 4.1). In this category, group 

C had mean proportion of around 15% higher than both groups A and B. Based on the 

box plots, the data within group C is much more compact than either group A and B; 

ranging from a proportion of almost 0.6 to 1 compared to around 0.15 to 1 in groups A 

and B (Figure 4.1). Comparing the spread of groups A and B, there appears to be very 

little difference between them. Statistically GLM indicates a difference within the three 

groups (P=0.015; Table 4.2); so, following subsequent MWU tests, group C was found 

to be significantly different from the other two groups (vs A: P=0.0076; vs B:  P=0.0053; 

Table 4.2) – note that the inclusion of calculated outliers was not enough to influence a 

non-significant result. Groups A and B were not statistically different (P=0.9548; Table 

4.2). A coefficient of determination (R2) value of just over 50% was determined from 

the GLM. Thus, around half of the observed variation within the “obeys after first 

command” category for come commands only can be explained by the model. This 
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indicates that the approximately half of the variability in this dataset is predictable by 

the training techniques employed in the training groups (R2=51.36%; Table 4.2). 

The category “obeys after first come command” gained the highest number of 

responses of all proportions of the three categories (Figure 4.1). In this category, group 

C had mean proportion of around 15% higher than both groups A and B. Based on the 

box plots, the data within group C is much more compact than either group A and B; 

ranging from a proportion of almost 0.6 to 1 compared to around 0.15 to 1 in groups A 

and B (Figure 4.1). Comparing the spread of groups A and B, there appears to be very 

little difference between them. Statistically GLM indicates a difference within the three 

groups (P=0.015; Table 4.2); so, following subsequent MWU tests, group C was found 

to be significantly different from the other two groups (vs A: P=0.0076; vs B:  P=0.0053; 

Table 4.2) – note that the inclusion of calculated outliers was not enough to influence a 

non-significant result. Groups A and B were not statistically different (P=0.9548; Table 

4.2). A coefficient of determination (R2) value of just over 50% was determined from 

the GLM. Thus, around half of the observed variation within the “obeys after first 

command” category for come commands only can be explained by the model. This 

indicates that the approximately half of the variability in this dataset is predictable by 

the training techniques employed in the training groups (R2=51.36%; Table 4.2).
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Table 4.2: the means ±standard error and statistical output of a General Linear Model for the proportion of command responses for: come commands only and sit 

commands only. Post hoc analysis completed using multiple Mann-Whitney U Tests where appropriate to determine where significance lies between training groups. 

Significant differences between groups are bolded. Group A=aversive training using e-collars; B=aversive training without e-collars; C=reward-based training only. 

Command Response 
Type 

Mean (±Standard Error) Proportion of Command 
Responses 

Group GLM Post Hoc Mann-Whitney U Test (Hedge’s g effect size output, 
g) 

R2 Value 
(%) 

Group A Group B Group C A vs B A vs C B vs C 

Come Commands Only 

Obeys after 1st 
Command 

0.7098 
(±0.0319) 

0.7245  
(±0.0274) 

0.8252 
(±0.0228) 

F=4.46 
DF=2 
P=0.015 

W=3440 
NA=58 
NB=60 
P=0.9548 

W=2978.5 
NA=58 
NC=61 
P=0.0076 

W=3122.5 
NB=60 
NC=61 
P=0.0053 

51.36 

Obeys after 
Repeated Command 

0.2632 
(±0.0280) 

0.2436  
(±0.0241)  

0.1536 
(±0.0219) 

F=4.33 
DF=2 
P=0.017 

W=3519.5 
NA=58 
NB=60 
P=0.7138 

W=4046.5 
NA=58 
NC=61 
P=0.0026 

W=4237 
NB=60 
NC=61 
P=0.0027 

51.73 

Disobey 0.0270  
(±0.0100)  

0.0318  
(±0.0076)  

0.0212 
(±0.0072) 

F=0.66 
DF=2 
P=0.518 

N/A N/A N/A 44.50 

Sit Commands Only 

Obeys after 1st 
Command 

0.7678  
(±0.0278)  

0.7273  
(±0.0266)  

0.8351 
(±0.0320) 

F=3.49 
DF=2 
P=0.036 

W=4236.5 
NA=63 
NB=59 
P=0.0638 

W=3094 
NA=63 
NC=45 
P=0.0327 

W=2555.5 
NB=59 
NC=45 
P=0.0004 

62.46 

Obeys after 
Repeated Command 

0.1886 
(±0.0203) 

0.2189  
(±0.0209) 

0.1056 
(±0.0210) 

F=6.69 
DF=2 
P=0.002 

W=3546 
NA=63 
NB=59 
P=0.0925 

W=3939 
NA=63 
NC=45 
P=0.0014 

W=3759 
NB=59 
NC=45 
P<0.001 

57.16 

Disobey 0.0437 
(±0.0182) 

0.0538 
(±0.0184)  

0.0366 
(±0.0127) 

F=0.36 
DF=2 
P=0.700 

N/A N/A N/A 42.15 
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Figure 4.1: Box plots showing the proportion of “obeys after first command”, “obeys 

after repeated commands” and “disobeys” (command response type) for each of the 

three training groups regarding come commands only. For each of the three groups – 

blue=Group A; orange=Group B; Grey=Group C. Dots represent individual data points 

that have being calculated as outliers. 

 

The proportion of “disobeys” in response to come commands presents a visually 

similar outcome across groups A and C (Figure 4.1), suggesting the group if potentially 

significantly different. The proportion of disobeys is mostly zeroes for groups A and C, 

however, several data point outliers (calculated as previously described) were seen to 

be unexpectedly higher than the remaining points. Additionally, the mean proportion 

of disobeys to come commands is highest in group B, compared to the groups A and C 

with similar mean values (Table 4.2). Despite such presentations, GLM indicates no 

significant difference between the groups (P=0.518; Table 4.2). A coefficient of 

determination (R2) value of under 50% was determined from the GLM. Consequently, 

under half of the observed variation within the “disobey” to come commands category 

can be explained by the model. This indicates that the under half of the variability in 

this dataset is predictable by the training techniques employed in the training groups 

(R2=44.50%; Table 4.2). 

Obeys after first Command Obeys after Repeated Commands Disobey 
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Summarising command responses to come commands only indicates that group C 

differs significantly from groups A and B when responding correctly to commands 

(significantly higher proportion of first command obeys and lower repeated command 

obeys). However, the proportion of disobeys to come commands does not differ 

between training groups. 

Group differences – sit commands only 

Like come commands, responses to sit commands were analysed as an individual 

category (Figure 4.2).  

Group C had the lowest mean average number of first sit commands given per training 

session (7), roughly a quarter of those given to groups A (25) and B (31). For “obeys 

after first sit command”, group C had the highest mean value (Table 4.2). Furthermore, 

the upper quartile proportion of group C is 1, so there is no upper whisker for the data 

(Figure 4.2). The range of data for groups A and B are relatively similar to each other. If 

calculated outliers are included, all groups have a data point at zero for one of the 

dogs; although, both groups A and C have additional data points that may be 

considered as unusually small compared to the data as a whole. Visually, there is a 

suggestion of group C differing from A and B. Comparing groups statistically (GLM: 

P=0.036 and MWU tests; Table 4.2), C was significantly different from A (P=0.0327; 

Table 4.2) and B (P=0.0004; Table 4.2), which were not different from each other 

(P=0.0638; Table 4.2). A coefficient of determination (R2) value of over 60% was 

determined from the GLM. Hence, around 60% of the observed variation within the 

“obeys after first sit command” category can be explained by the model. This indicates 

that the over half of the variability in this dataset is predictable by the training 

techniques employed in the training groups (R2=62.46%; Table 4.2).  
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Figure 4.2: box plots showing the proportion of “obeys after first command”, “obeys 

after repeated commands” and “disobeys” (command response type) for each of the 

three training groups regarding sit commands only. For each of the three groups – 

blue=Group A; orange=Group B; Grey=Group C. Dots represent individual data points 

that have being calculated as outliers. 

 

Regarding “obeys after repeated sit commands” (Figure 4.2, Table 4.2), group C shows 

only the upper end of the box plot, meaning data below the median consists of zeroes 

(i.e. over half of the data points in group C of the repeated command responses to sit 

were zero). Group B has an IQR and overall range that is larger than either group A or 

C. Only groups A and B displayed data that calculate as outliers. There appear to be 

differences between groups, but these are not clear from visual representations. Using 

GLM (P=0.002; Table 4.2) and MWU tests, groups A and B were both found to be 

significantly different from group C (P=0.0014 and P<0.001 respectively; Table 4.2). 

However, groups A and B were not significantly different from each other regarding 

obeys after repeated sit commands (P=0.0925; Table 4.2). A coefficient of 

determination (R2) value of almost 60% was determined from the GLM. Hence, over 

half of the observed variation within the “obeys after repeated sit commands” 

category can be explained by the model. This indicates that the approximately half of 

Obeys after first Command Obeys after Repeated Commands Disobey 
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the variability in this dataset is predictable by the training techniques employed in the 

training groups (R2=57.16%; Table 4.2). 

For “disobeys to sit commands”, the majority of data points in the groups were zeroes 

(Figure 4.2). However, the mean proportion of disobeys to sit commands showed 

group C to have the lowest mean value, followed by group A and then B with the 

highest mean (Table 4.2). Only groups A and B had a data point that reached a 

proportion of 1, and these were the highest values amongst several outliers (Figure 

4.2). Eight of the data points in group C were calculated as outliers but these would not 

have influenced the box plot. Visually, the group plots appear similar. Statistically 

(GLM), the groups were found to be not significantly different (P=0.700; Table 4.2). A 

coefficient of determination (R2) value of under 50% was revealed from the GLM. 

Meaning, around half of the observed variation within the “disobeys to sit commands” 

category can be explained by the model. This indicates that the under half of the 

variability in this dataset is predictable by the training techniques employed in the 

training groups (R2=42.15%; Table 4.2).  

Overall, the command responses to sit commands only indicate that again group C 

differs significantly from both groups A and B. Both obeys after first- and repeated 

commands of group C were statistically different to groups A and B (higher proportion 

and lower proportion respectively). Yet, disobeys to sit commands were not 

significantly different between any group comparison. 

Effect of training day - come commands only 

For come commands only, the median and mean proportions of “obeys after first 

commands” are fairly indistinguishable (Figure 4.3, Table 4.3). Day 1 however, had the 

largest median proportion, which dips to its lowest point on day 3, slightly increasing 

again on day 5, but not to the peak of day 1. Visually, the IQR of day 1 is wider than 

that of either day 3 and 5. Given the similarity between the visual depictions of the 

proportions, it is hard to determine whether these differences are significant. Using 

the mean values, there is a general increase in this proportion over time, with the 

largest increase from day 3 to 5 (Table 4.3). Statistical analysis was conducted. The 
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GLM did not find any significant differences between the three days of observation 

(P=0.475; Table 4.3).
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Table 4.3: the means ±standard error and statistical output using a General Linear Model for the proportion of command responses for 

combined come and sit commands, come commands only and sit commands only on each of the three days of observation. Post hoc Tukey 

further analyses where the significant differences lie between days when necessary. Significant results are bolded. 

Command 
Response 

Type 

Mean (±Standard Error) Proportion of Command 
Responses 

Day 
GLM 

Post Hoc Tukey  

Day 1 Day 3 Day 5 1 vs 3 1 vs 5 3 vs 5 

Come Commands Only 

Obeys after 1st 
Command 

0.7421  
(±0.0303) 

0.7481  
(±0.0275)
  

0.7736 
(±0.0265) 

F=0.75 
DF=2 
P=0.475 

N/A N/A N/A 

Obeys after 
Repeated 
Command 

0.2342 
(±0.0269) 

0.2193  
(±0.0237) 

0.2030 
(±0.0256) 

F=0.800 
DF=2 
P=0.453 

N/A N/A N/A 

Disobey 0.0238  
(±0.0069) 

0.0324  
(±0.0099) 

0.0234 
(±0.0078) 

F=0.63 
DF=2 
P=0.536 

N/A N/A N/A 

Sit Commands Only 

Obeys after 1st 
Command 

0.8087  
(±0.0287)
  

0.7747  
(±0.0208)
  

0.7231 
(±0.0375) 

F=3.68 
DF=2 
P=0.029 

Insignificant Significant Insignificant 

Obeys after 
Repeated 
Command 

0.1678 
(±0.0267)
  

0.1835  
(±0.0170)
  

0.1887 
(±0.0246) 

F=0.41 
DF=2 
P=0.664 

N/A N/A N/A 

Disobey 0.0234  
(±0.0074) 

0.0418  
(±0.0117) 

0.0696 
(±0.0266) 

F=1.97 
DF=2 
P=0.144 

N/A N/A N/A 
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For come commands only, the median and mean proportions of “obeys after first 

commands” are fairly indistinguishable (Figure 4.3, Table 4.3). Day 1 however, had the 

largest median proportion, which dips to its lowest point on day 3, slightly increasing 

again on day 5, but not to the peak of day 1. Visually, the IQR of day 1 is wider than 

that of either day 3 and 5. Given the similarity between the visual depictions of the 

proportions, it is hard to determine whether these differences are significant. Using 

the mean values, there is a general increase in this proportion over time, with the 

largest increase from day 3 to 5 (Table 4.3). Statistical analysis was conducted. The 

GLM did not find any significant differences between the three days of observation 

(P=0.475; Table 4.3). 

The pattern of the data for “obeys after repeated come commands” is reversed, in that 

day 3 has the highest median response proportion, followed by day 5 and day 1 (Figure 

4.3). The quartiles are similar across the days. Mean values however, show a much 

steadier decline in proportion compared to obey after first come command (Table 4.3). 

Statistically, no significant differences were found following GLM (P=0.453; Table 4.3). 

For the median proportion of “disobeys” to come commands, all three days remained 

at zero (Figure 4.3). All days had values that were calculated as outliers in the data. 

Interestingly, the mean proportion of disobeys to come commands shows an increase 

on day 3, then a decrease in value on day 5 (a very similar value to that of day 1, Table 

4.3). It is likely that there is no significant difference between observation days. This 

was revealed following GLM which found no significant differences across days 

(P=0.536; Table 4.3).  

Overall, no significant differences were observed between observation days for any 

command response to come commands only. 
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Figure 4.3: box plots to show the change in the proportion of “obeys after first 

command”, “obeys after repeated commands” and “disobeys” (command response 

type) for come commands only over three days of observation (1, 3 and 5). The three 

days are coded as follows: purple=day 1; green=day 3; red=day 5. Dots represent 

individual data points that have being calculated as outliers. 

 

Effect of training day - sit commands only 

Regarding the median and mean proportions of “obeys after first sit command”, the 

largest values are again seen on day 1 with a slight decline to day 5 (Figure 4.4, Table 

4.3). Day 3 has a much narrower range than either day 1 and 5. Visually, it is difficult to 

detect any significant differences between observation days. Statistically, post hoc 

Tukey tests reveal that day 1 differs significantly from day 5 only following GLM 

(P=0.029; Table 4.3). Subsequently, an additional GLM was conducted to determine 

whether this decrease is consistent across all groups or is the product of one or two 

training groups. Interestingly, for group A, there was no significant change over time 

(F=2.72, DF=2, P=0.078). Similarly, groups B and C also did not show a significant 

difference between observation days (B: F=1.95, DF=2, P=0.157; C: F=0.93, DF=2, 

P=0.409). All groups had some level of decline in this proportion. Individually, these 

Obeys after first Command Obeys after Repeated Commands Disobey 



95 

 

changes were not large enough to detect a significant change; collectively however, 

these changes were enough to be detected by the initial GLM. 

With “obeys after repeated sit commands”, day 3 has the highest median proportion, 

followed closely by day 5 and then day 1 (Figure 4.4). The mean proportions show a 

general increase over the three days (Table 4.3). While the IQR of day 3 is smaller than 

that of days 1 and 5, the visual differences between the three days is minimal (Figure 

4.4). Only day 3 had no calculated outliers. Statistically, no significant differences were 

found between days (P=0.664; Table 4.3). 

Across the three days median proportion of “disobeys” to sit commands remain at 

zero (Figure 4.4, Table 4.3). As the days progress the upper quartile and range 

increases (Figure 4.4). Visually, the box plots are similar, indicating there is unlikely a 

significant difference between days. The mean proportions of disobeys to sit 

commands shows a steady increase across observation days which casts doubt on the 

previous prediction. Statistically, observation days were not significantly different 

(P=0.144; Table 4.3).  

Obeys after first sit command displayed a significant decrease in this response 

proportion as days 1 and 5 were found to be significantly different. The remaining 

command responses to sit commands only did not differ significantly. 

  



96 

 

 

Figure 4.4: box plots to show the change in the proportion of “obeys after first 

command”, “obeys after repeated commands” and “disobeys” (command response 

type) for sit commands only over three days of observation (1, 3 and 5). The three 

days are coded as follows: purple=day 1; green=day 3; red=day 5. Dots represent 

individual data points that have being calculated as outliers. 

 

4.1.2. Command latency 

Group differences – come and sit command latency  

The command latency in response to come commands and sit commands were 

analysed separately (Table 4.4). 

The mean latencies for correct responses to the initial come command (irrespective of 

any additional utterances of the command) were similar across the three groups. 

Indeed, the mean latencies are no more than 0.1174 seconds apart (Table 4.4). Looking 

at the box plots presented in Figure 4.5, the range of data is broadest in group A to 

narrowest in group C. All groups have their fastest response time at around 0.5 

second; the slowest time to respond differs – with group A reaching a peak time of 

almost 4 seconds to respond correctly compared to just under 3.5 seconds in group B 

Obeys after first Command Obeys after Repeated Commands Disobey 
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and under 2.5 seconds in group C (Figure 4.5). Despite these differences, it is difficult 

to discern and differentiate. This is revealed by a following GLM, in which no significant 

difference was found between the groups (P=0.444; Table 4.4). A coefficient of 

determination (R2) value of around 60% was determined from the GLM. Hence, over 

half of the observed variation within the “come command latency” category can be 

explained by the model. This indicates that the more than half of the variability in this 

dataset is predictable by the training techniques employed in the training groups 

(R2=59.46%; Table 4.4).  

Interestingly, in response to sit commands, the mean latencies show a little more 

variation between groups compared to come latencies (Table 4.4). Group B dogs were 

the slowest to correctly respond to sit commands, taking approximately 1.3 times 

longer to respond than group C. Group A was closer in latency time to group B than C, 

but still around 1.2 times longer to respond than group C. While the IQR of the groups 

is similar, the latencies differ with group C dogs, being slightly quicker to respond 

correctly to sit commands than groups A or B (Figure 4.5). Overall, group C appears to 

have the fastest response times. Statistical analysis (GLM: P=0.003; followed by Post 

Hoc 2-Sample T-Test, Table 4.4) reveals that group C differs significantly from groups A 

and B (P=0.007 and P=0.005 respectively; Table 4.4); yet, group A and B did not 

significantly differ from each other (P=0.925; Table 4.4). A coefficient of determination 

(R2) of over 70% was calculated following GLM. Meaning over 70% of the observed 

variation within the “sit command latency” category can be explained by the model. 

This indicates that a large proportion of the variability in this dataset is predictable by 

the training techniques employed in the training (R2=71.38; Table 4.4). 

Summarising, the latency to commands is generally faster in group C. However, 

significant differences from A and B were only observed in response to sit commands.  
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Table 4.4: the means ±standard error and statistical output of a General Linear Model for the normalised command latency for both come and 

sit commands. The un-normalised mean latency to respond to commands is presented in brackets. A two-sample t-test is used as the post hoc 

test where necessary to where group significance lies. Significant results are bolded. Group A= aversive training using e-collars; B=aversive 

training without e-collars; C=reward-based training only. 

Command Given Mean ±Standard Error Normalised Latency to 
Correctly Respond to Commands (Mean ±Standard 

Error Non-Normalised Latency Times, Seconds) 

Group 
GLM 

Post Hoc 2-Sample T-Test R2 Value 
(%) 

Group A Group B Group C A vs B A vs C B vs C 

Come Latency 0.0665 
±0.0307 
(1.3538 
±0.1065) 

0.0359 
±0.0283 
(1.2364 
±0.0882)  

0.0265 
±0.0199 
(1.1327 
±0.0535) 

F=0.82 
DF=2 
P=0.444 

N/A N/A N/A 59.46 

Sit Latency 0.1699 
±0.0261 
(1.6689 
±0.1212) 

0.2191 
±0.0242 
(1.8147 ±0.1095) 

0.0663 
±0.0358 
(1.3569 ±0.1200) 

F=6.53 
DF=2 
P=0.003 

T=-0.09 
DF=233 
P=0.925 

T=2.72 
DF=221 
P=0.007 

T=2.85 
DF=219 
P=0.005 

71.38 
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Figure 4.5: box plots showing the time it took dogs to respond correctly to a 

command given (latency) for each of the three training groups (seconds). For each of 

the three groups – blue=Group A; orange=Group B; Grey=Group C. Dots represent 

individual data points that have being calculated as outliers. 

 

Effect of training day – command latency 

Over the three days of observation the latency of response to come commands 

changed very little for all three groups combined (Figure 4.6, Table 4.5). Day 5 had the 

fastest latency time and day 3 had the highest (Table 4.5). The latency to respond for 

day 1 was closer to day 5 than 3. The IQR of day 1 encompasses the IQR of both days 3 

and 5 (Figure 4.6). Day 5 had fewer calculated outliers than both days 1 and 3. Visually, 

there is no detectable difference between days. Unsurprisingly, the GLM found no 

significant difference in response over three days (P=0.067; Table 4.5). 

The latency to response to sit commands shows a clear increase over the three 

observation days for the combined groups (Figure 4.6, Table 4.5). Day 1 saw the fastest 

mean and median correct response to sit commands, with day 3 being slower, and day 

5 slower still. Day 3 was closer in median latency time to day 5 than day 1. Visually, this 

Come Sit 
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increase in latency time is pretty clear to see despite overlapping quartile ranges 

(Figure 4.6). GLM (P=0.009; Table 4.5) and post hoc Tukey tests found that only days 1 

and 5 were significantly different; whereas, other comparisons were not (Table 4.5). 

An additional GLM was conducted on this data to determine whether all groups show 

this consistent trend. Both groups A and B had a general decline in mean response sit 

latency over the three days. GLM analysis of these groups showed a significant 

difference between the days (A: F=4.31, DF=2, P=0.020; B: F=4.45, DF=2, P=0.019). 

However, group C did not show such a decline. GLM of group C revealed no significant 

difference between observation days (F=0.32, DF=2, P=0.732). 



101 

 

Table 4.5: the means ±standard error and statistical output using a General Linear Model for the command latency for both come and sit 

commands over three days of observation. The un-normalised mean latency to respond to commands is presented in brackets. A post hoc 

Tukey test conducted where necessary to where significance lies between the days of observation. Statistical results are bolded. 

Command 
Given 

Mean ±Standard Error Normalised Latency to 
Correctly Respond to Commands (Mean 

±Standard Error Non-Normalised Latency Times, 
Seconds) 

Day 
GLM 

Post Hoc Tukey 

Day 1 Day 3  Day 5  1 vs 3 1 vs 5 3 vs 5 

Come Latency 0.0393 
±0.0290) 
(1.2642 
±0.0979) 

0.0762 
±0.0224) 
(1.3006 
±0.0782) 

0.0091 
±0.0277) 
(1.1437 
±0.0764) 

F=2.77 
DF=2 
P=0.067 

N/A N/A N/A 

Sit Latency 0.0844 
±0.1101 
(1.4373 
±0.0984) 

0.1769 
±0.1915 
(1.7233 
±0.1073) 

0.2021 
±0.1773 
(1.7568 
 ±0.1496) 

F=4.95 
DF=2 
P=0.009 

Insignificant Significant  Insignificant 
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Figure 4.6: box plots to show the change in the latency to correctly respond to come 

and sit commands individually over three days of observation (1, 3 and 5). The three 

days are coded as follows: purple=day 1; green=day 3; red=day 5. Dots represent 

individual data points that have being calculated as outliers. 

 

4.2. Welfare-related data 

4.2.1. Body Posture  

Group differences – body posture 

Figure 4.7 shows that the proportion of time spent in a “tense” body posture appears 

to be scarcely different between groups. Groups A, B and C present similarly, with the 

upper half range of a box plot only (the medians being near zero). Including calculated 

outliers, the range of points available in group B far exceed groups A and C, with two 

data points of dogs that spent over 80% of their training time tense (Figure 4.7). The 

mean proportions of tense body posture varied between groups. Group C had a lower 

mean than either A or B (Table 4.6). Groups A and B had similar mean proportions, 

with group B being slightly higher. The inclusion of these potential extremities 

influenced the mean values but were not enough to indicate a significant difference 

between groups (P=0.226; Table 4.6). A coefficient of determination (R2) of over 85% 
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was calculated following GLM. Meaning, over 85% of the observed variation within the 

“tense” category can be explained by the model. This indicates that a large proportion 

of the variability in this dataset is predictable by the training techniques employed in 

the training (R2=86.82; Table 4.6). 

The second set of box plots presented in Figure 4.7 demonstrate that most of the dogs’ 

training time was spent in a “relaxed” body posture. Over 90% of training time was 

spent relaxed for all groups. Again, the box plots reveal no obvious differences. The 

medians differ between groups, but only slightly; all express a proportion above 0.95. 

When all data points, including calculated outliers, are examined, group B shows the 

largest variation in proportions, with two data points showing dogs spending only 10% 

of the training time in a relaxed body posture (Figure 4.7). The mean proportions of 

relaxed body posture also show the similarity between groups (Table 4.6). Again, 

statistical analysis (GLM) found no significant difference between groups (P=0.528; 

Table 4.6). A coefficient of determination (R2) of over 85% was revealed following 

GLM. Meaning over 85% of the observed variation within the “relaxed” category can 

be explained by the model. This indicates that a large proportion of the variability in 

this dataset is predictable by the training techniques employed in the training 

(R2=85.15%; Table 4.6). 

The third set of box plots in Figure 4.7 reflect the “excited” body posture. Interestingly, 

group C dogs spent the most training time in this posture, of the three groups. Group C 

further appears more varied than the others. Including outliers, the range of data in 

group A and group B is much less varied than C, barely exceeding a maximum of 0.05; 

group C has a maximum of almost 0.2, almost 40 times larger than the other two 

groups (Figure 4.7). This suggests more time spent in an excited posture within group 

C. In fact, statistical analysis (GLM: P=0.001; mMWU) reveals significant differences 

between all three group comparisons (Table 4.6). A coefficient of determination (R2) of 

over 70% was calculated following GLM. Hence, over 70% of the observed variation 

within the “excited” category can be explained by the model. This indicates that a 

sizable proportion of the variability in this dataset is predictable by the training 

techniques employed in the training (R2=74.34%; Table 4.6). 
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Moving on to plot 4 of Figure 4.7 (other body postures) one can readily see that 

proportions of “other” body postures were almost non-existent apart from a few data 

points that are calculated outliers. No more than 10% of training time was spent in 

these postures for any of the three groups. Unsurprisingly, no significant difference 

was found between these body postures following GLM analysis (P=0.421; Table 4.6). 

A coefficient of determination (R2) of over 60% was calculated following GLM. Meaning 

over half of the observed variation within the “other” body posture category can be 

explained by the model. This indicates that over half of the variability in this dataset is 

predictable by the training techniques employed in the training (R2=61.86%; Table 4.6). 

In general, group C tends to differ from both groups A and B. However, significant 

findings were only observed within the excited body posture category.
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Table 4.6: the means ±standard error and statistical output using a General Linear Model for the proportions of body posture (tense, 

relaxed, excited and other respectively). Multiple Mann-Whitney U tests are used as a post hoc test, following GLM significance to 

determine where group significance lies. Significant results are bolded. Group A= aversive training using e-collars; B=aversive training 

without e-collars; C=reward-based training only. 

Body Posture Mean (±Standard Error) Proportion Body 
Posture 

Group 
GLM 

Post Hoc Mann-Whitney U Test R2 Value 
(%) 

Group A Group B Group C A vs B A vs C B vs C 

Tense 0.0412 
(±0.0103)
  

0.0527 
(±0.0210)
  

0.0003 
(±0.0003) 

F=1.52 
DF=2 
P=0.226 

N/A N/A N/A 86.82 

Relaxed 0.9557 
(±0.0107) 

0.9424  
(±0.0209)
  

0.9798 
(±0.0043) 

F=0.64 
DF=2 
P=0.528 

N/A N/A N/A 85.15 

Excited 0.0005 
(±0.0003) 

0.0028 
(±0.0009)
  

0.0197 
(±0.0043) 

F=8.07 
DF=2 
P=0.001 

W=3429 
NA=63 
NB=60 
P=0.0014 

W=2888.5 
NA=63 
NC=63 
P<0.001 

W=2998 
NB=60 
NC=63 
P=0.0001 

74.34 

Other Body 
Posture 

0.0023  
(±0.0015)
  

0.0021  
(±0.0007) 

0.0002 
(±0.0002) 

F=0.88 
DF=2 
P=0.421 

N/A N/A N/A 61.86 
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Figure 4.7: box plot showing the proportions of time spent in each of the recorded 

body postures (tense, relaxed, excited and other respectively) for each of the three 

training groups. For each of the three groups – blue=Group A; orange=Group B; 

Grey=Group C. Dots represent individual data points that have being calculated as 

outliers. 

 

Effect of training day – body posture 

The mean proportions of the recorded body postures for combined groups are 

recorded in Table 4.7. 

 The mean proportion of tense body postures was similar between day 1 and 3, yet 

there is a decrease on day 5 to its lowest value (Table 4.7). The GLM found a significant 

difference (P=0.035) over the three days but post hoc Tukey tests did not confirm this 

difference as all were regarded as not significant. As no P-values were generated from 

this post hoc test, it is hard to determine how close the comparisons were to 

significance. According to Figure 4.8, the IQR of each of the three days varies. It is likely 

that day 5 is significantly different to day 1 in the GLM; however, the inclusion of 

calculated outliers may skew the data to the point where the post hoc test saw no 

difference. Visually, the inclusion of said outliers shows some similarity between days, 

Tense Other Relaxed Excited 
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aside from the largest data points on days 1 and 3. Additional GLM analysis for each 

training group found that no significant differences were found between observation 

days (A: F=2.96, DF=2, P=0.063; B: F=2.09, DF=2, P=0.139; C: F=1.13, DF=2, P=0.334). 

Considering time spent relaxed, a slight but steady increase in the proportion of time 

spent in this posture is observed across day 1 to 5 (Table 4.7). Furthermore, the IQR of 

each group also becomes less varied as the days progress (Figure 4.8). While this 

appears to be only a minimal change, day 1 and day 5 are identified as significantly 

different following GLM (P=0.036; Table 4.7) and post hoc Tukey. Both comparisons 

with day 3 were not (Table 4.7). Further GLM analysis of the changes between days in 

each group shows that group A, B and C did not significantly differ individually (A: 

F=2.69, DF=2, P=0.080; B: F=1.97, DF=2, P=0.154; C: F=2.66, DF=2, P=0.082); but 

collectively, were enough to find an overall change between observation days. 

Regarding both excited and other body postures, the medians of both categories 

remained at zero for all three days (Figure 4.8, Table 4.7). The IQR of both body 

posture categories is rather minimal and almost indistinguishable (aside from some 

calculated outliers); hence, it is likely that there are no significant differences across 

the days (Figure 4.8). Despite changes in the mean values of these proportions, no 

significant difference across the days for either body posture category was observed in 

response to GLM (P=0.260 and P=0.242 respectively; Table 4.7). 

Overall, there little difference between the observation days in body postures for 

combined training groups. However, relaxed body postures showed an indication of 

significance between days 1 and 5, unlike those for tense. Post hoc Tukey tests for 

tense did not find any discernible difference.
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Table 4.7: the means ±standard error and statistical output using a General Linear Model for the proportions of the body postures (tense, 

relaxed, excited and other) over the three days of observation. Post hoc Tukey test to determine where days significantly differ when 

necessary. Statistical results are bolded. 

Body Posture Mean (±Standard Error) Proportion Body 
Posture 

Day 
GLM 

Post Hoc Tukey 

Day 1 Day 3 Day 5 1 vs 3 1 vs 5 3 vs 5 

Tense 0.0363 
(±0.0154) 

0.0381 
(±0.0155) 

0.0188 
(±0.0080) 

F=3.44 
DF=2 
P=0.035 

Insignificant  Insignificant  Insignificant 

Relaxed 0.9519 
(±0.0155) 

0.9551 
(±0.0154) 

0.9723 
(±0.0081) 

F=3.43 
DF=2 
P=0.036 

Insignificant Significant Insignificant 

Excited 0.0102 
(±0.0037) 

0.0050 
(±0.0017)
  

0.0081 
(±0.0025) 

F=1.36 
DF=2 
P=0.260 

N/A N/A N/A 

Other Body 
Posture 

0.0016 
(±0.0006) 

0.0024  
(±0.0015)
  

0.0008 
(±0.0003) 

F=1.44 
DF=2 
P=0.242 

N/A N/A N/A 
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Figure 4.8: box plots to show the change in proportion for body postures (tense, 

relaxed, excited and other respectively) over three days of observation (1, 3 and 5). 

The three days are coded as follows: purple=day 1; green=day 3; red=day 5. Dots 

represent individual data points that have being calculated as outliers. 

 

4.2.2. Ear and tail position 

Group differences – ear and tail position 

Dogs in group C spent a mean of almost 75% of the training time with a “normal ear” 

position, compared to a larger proportion of over 80% in groups A and B (Table 4.8). In 

general, the normal ear position box plots for groups A and B shown in Figure 4.9 are 

similar yet appear to differ from group C. For all groups, there were only a small 

number of calculated outliers (Figure 4.9). The box plot for group C presents with 

lower proportions than to groups A and B which have higher values. Statistically, GLM 

found a significant difference (P=0.007; Table 4.8). Post hoc group comparisons 

revealed a significant difference between group C and both groups A and B (P<0.001 

and P=0.0007 respectively; Table 4.8); whereas, A and B were not significantly 

different (P=0.0548; Table 4.8).  

Tense Other Relaxed Excited 
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Similarly, for “atypical ear” positions, groups A and B presented with lower mean 

values than group C (Table 4.8). Dogs in group C spent up to twice as much time in 

atypical ear positions than either group A or B (Figure 4.9, Table 4.8). The range of 

values group C was wider than groups A and B which were similar to each other in 

range, albeit with differing values (Figure 4.9). In a similar manner, the number of 

calculated outliers in the data for each group is small. Again, following GLM (P=0.007; 

Table 4.8) group C proportions were significantly different to both groups A and B 

(P<0.001 and P=0.0007 respectively; Table 4.8); and, atypical ear positions were not 

significantly different between A and B (P=0.0542; Table 4.8). A coefficient of 

determination (R2) of over 80% was calculated following GLM for both “normal ear” 

and “atypical ear” positions. Hence, over 80% of the observed variation within these 

categories can be explained by the model. This indicates that a sizable fraction of the 

variability in these datasets is predictable by the training techniques employed in the 

training (R2=83.31% and R2=83.32% respectively; Table 4.8).  

The mean proportions of “normal tail” positions were over 0.80 for all training groups 

but group C spent the highest proportion of training time in this position at around 

99% (Table 4.8). The data was less varied within in group C compared to groups A and 

B, even when calculated outliers are included (Figure 4.10). Visually, the dogs in group 

C spent over 90% of their training time, with a normal tail position, with just one data 

point <90%. For groups A and B data was observed at <90%, and as low as around 10% 

if calculated outliers are included (Figure 4.10). Statistically, the GLM found a 

significant result (P=0.013; Table 4.8). Post hoc MWU tests demonstrated highly 

significant differences between group C and groups A and B (P<0.001 for both 

comparisons; Table 4.8). Nonetheless, groups A and B were found to be statistically 

similar (P=0.3607; Table 4.8).  

Looking at “atypical tail” positions, the box plots are essentially reversed for each 

group (Figure 4.10). Like normal tail positions, group C data presents as low proportion 

values (around 10%) compared to A and B whose data spreads across almost the full 

range of proportions. Similarly, to normal tail position, atypical tail positions were 

significantly different (GLM: P=0.013; Table 4.8). Following MWU tests group C is found 

to be highly significantly different to both A and B (P<0.001 for both comparisons; 
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Table 4.8); whereas, groups A and B were not significantly different from each other 

(P=0.3607; Table 4.8). A coefficient of determination (R2) of over 80% was calculated 

following GLM for both “normal tail” and “atypical tail” positions. Hence, over 80% of 

the observed variation within these categories can be explained by the model. This 

indicates that a sizable fraction of the variability in these datasets is predictable by the 

training techniques employed in the training (R2=80.16% and R2=80.18% respectively; 

Table 4.8). 

Summarising, group C again shows significantly differing proportions than both A and 

B. However, the proportion of normal was significantly higher for tail positions, but 

lower for ear positions.  
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Table 4.8: the means ±standard error and statistical output using a General Linear Model for the proportions of normal and atypical ear and 

tail positions. Post hoc analysis conducted using multiple Mann-Whitney U tests to find where significance lies between groups. Significant 

results are bolded. Group A= aversive training using e-collars; B=aversive training without e-collars; C=reward-based training only. 

Ear and Tail 
Position 

Mean (±Standard Error) Proportion of Ear 
and Tail Positions 

Group GLM Post Hoc Mann-Whitney U Test R2 Value 
(%) 

Group A Group B Group C A vs B A vs C B vs C 

Normal Ears 0.8774 
(±0.0148)
  

0.8216 
(±0.0228)
  

0.7396 
(±0.0195) 

F=5.40 
DF=2 
P=0.007 

W=4286 
NA=63 
NB=60 
P=0.0548 

W=5122 
NA=63 
NC=63 
P<0.001 

W=4392 
NB=60 
NC=63 
P=0.0007 

83.31 

Atypical Ears 0.1226  
(±0.0148) 

0.1784 
(±0.0228) 

0.2604 
(±0.0195) 

F=5.40 
DF=2 
P=0.007 

W=3525 
NA=63 
NB=60 
P=0.0542 

W=2879 
NA=63 
NC=63 
P<0.001 

W=3047 
NB=60 
NC=63 
P=0.0007 

83.32 

Normal Tail 0.8420 
(±0.0296)
  

0.8744  
(±0.0282) 

0.9911 
(±0.0025) 

F=4.68 
DF=2 
P=0.013 

W=3725 
NA=63 
NB=60 
P=0.3607 

W=2700 
NA=63 
NC=63 
P<0.001 

W=2533 
NB=60 
NC=63 
P<0.001 

80.16 

Atypical Tail 0.1580 
(±0.0296) 

0.1255  
(±0.0282)
  

0.0089 
(±0.0025) 

F=4.68 
DF=2 
P=0.013 

W=4087 
NA=63 
NB=60 
P=0.3607 

W=5301 
NA=63 
NC=63 
P<0.001 

W=4907 
NB=60 
NC=63 
P<0.001 

80.18 
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Figure 4.9: box plot to show the proportion of time that ears spent in either normal 

or atypical positions during training sessions for each of the three training groups. 

For each of the three groups – blue=Group A; orange=Group B; Grey=Group C. Dots 

represent individual data points that have being calculated as outliers. 

 

 

Figure 4.10: box plot to show the proportion of time that the tail spent in either 

normal or atypical positions during training sessions for each of the three training 

groups. For each of the three groups – blue=Group A; orange=Group B; Grey=Group 

C. Dots represent individual data points that have being calculated as outliers. 

 

Normal Atypical 

Normal Atypical 
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Effect of training day – ear and tail position 

The mean proportions for normal ear position (groups combined) was within the 0.81-

0.82 range (Table 4.9). A slight increase in this mean was observed over the three days 

of observation. The visual representation of the data presented in Figure 4.11 shows a 

slight decrease in the medians across the three days. Nevertheless, the IQR and range 

is similar across the observation days, suggesting the days are statistically similar. GLM 

shows this was not enough to reveal a significant change over time (P=0.986; Table 

4.9).  

In an inversed manner, atypical ear positions demonstrated a decrease in mean 

proportion and an increase in median proportion over the three days (Table 4.9, Figure 

4.11). Likewise, the IQR and range across the days is visually similar (Figure 4.11). 

Again, GLM indicates no significant difference (P=0.985; Table 4.9). 

The mean proportions for normal tail positions (groups combined) were observed 

similarly across the three days as shown in Table 4.9, with a slight increase to its 

highest value on day 5. There appears to be a decrease within the variation of the 

proportions as the IQR becomes smaller cross the days (Figure 4.12). All days show 

calculated outliers, all of which appear similarly across the days. Given the closeness in 

values, it is unlikely that there is a statistical difference between days. Like normal ear 

position, no significant difference across the three days was observed in response to 

the GLM (P=0.378; Table 4.9). 

Similarly, the mean proportions of atypical tail positions did not vary meaningfully 

despite a slight decrease over the three days (Table 4.9). Figure 4.12 shows a decrease 

in the IQR size over the three days suggests there may be a difference. However, like 

normal tail position, the values are relatively close to each other. Using GLM, no 

significant difference was found between days (P=0.378; Table 4.9). 

Overall, the positions of both ears and tail did not differ between any of the observed 

days of training for combined training groups. 
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Table 4.9: the means ±standard error and statistical output using a General Linear 

Model for the proportions of normal and atypical ear and tail positions over three 

days of observation. Post hoc Tukey tests were not necessary for any additional 

insight into statistical differences between the days. Statistical results are bolded. 

Ear and 
Tail 

Position 

Mean (±Standard Error) 
Proportion of Ear and Tail 

Positions 

Day 
GLM 

Post Hoc Tukey 

Day 1 Day 3 Day 5 1 vs 3 1 vs 5 3 vs 5 

Normal 
Ears 

0.8119 
(±0.0201)
  

0.8124 
(±0.0219) 

0.8139 
(±0.0194) 

F=0.01 
DF=2 
P=0.986 

N/A N/A N/A 

Atypical 
Ears 

0.1881 
(±0.0201)
  

0.1876 
(±0.0219)
  

0.1861 
(±0.0194) 

F=0.01 
DF=2 
P=0.985 

N/A N/A N/A 

Normal 
Tail 

0.8951 
(±0.0259)
  

0.8981 
(±0.0260)
  

0.9162 
(±0.0223) 

F=0.98 
DF=2 
P=0.378 

N/A N/A N/A 

Atypical 
Tail 

0.1048 
(±0.0259)
  

0.1019  
(±0.0260)
  

0.0838 
(±0.0223) 

F=0.98 
DF=2 
P=0.378 

N/A N/A N/A 
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Figure 4.11: box plots to show the change in proportion for both normal and atypical 

ear positions over three days of observation (1, 3 and 5). The three days are coded as 

follows: purple=day 1; green=day 3; red=day 5. Dots represent individual data points 

that have being calculated as outliers. 

 

Figure 4.12: box plots to show the change in proportion for both normal and atypical 

tail positions over three days of observation (1, 3 and 5). The three days are coded as 

follows: purple=day 1; green=day 3; red=day 5. Dots represent individual data points 

that have being calculated as outliers. 

Normal Atypical 

Normal Atypical 



117 

 

4.2.3. Orientation  

Group differences - orientation 

Figure 4.13 shows that the training groups had varying proportions for the differing 

orientations. 

When looking at the time spent by dogs oriented towards the “trainer”, group C dogs 

were observed to spend a mean of just above 25% of their time as such (Table 4.10). In 

terms of mean value, group C had a trainer orientation proportion up to four times 

larger than groups A and B. The proportion ranges were more varied in group C than 

for both A and B, which are similar in size and character (Figure 4.13). Group B had 

three data points that were calculated as outliers while groups A and C had zero. 

Visually then, group C appears to be dissimilar to groups A and B suggesting they are 

significantly different. Statistically, the GLM found a highly significant result (P<0.001; 

Table 4.10). Subsequent MWU tests confirms a highly significant difference between 

group C and both A and B (P<0.001 for both comparisons; Table 4.10). Furthermore, 

using the mean proportions within Table 4.10, group B dogs spent around 1.3 times 

more time orientated towards the trainer compared to group A. This also led to a 

significant difference between groups, while not as high as those compared to group C 

(P=0.0402; Table 4.10). A coefficient of determination (R2) of over 80% was calculated 

following GLM. Hence, over 80% of the observed variation within the “trainer” 

orientation category can be explained by the model. This indicates that a sizable 

fraction of the variability in this dataset is predictable by the training techniques 

employed in the training (R2=82.44%; Table 4.10). 

In consideration of the “neutral” orientation, it was found that most of the dogs’ time 

during training sessions was spent with such positioning (Figure 4.13), for all groups. 

Group A dogs had the highest mean proportion of time in this orientation (Table 4.10). 

Group B is rather similar in proportion to group A; which were approximately 1.2 times 

larger in proportion than group C. The range of proportions in group C extends to 

lower values than the dogs of groups A and B (Figure 4.13). Interestingly, both the 

median and upper quartile of group C is smaller than the lower quartile of the other 

groups. This strongly suggests that group C differs significantly from the other groups. 
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Following a significant result in the GLM (P<0.001; Table 4.10), group comparisons 

revealed a highly significant difference between group C and both group A and group B 

(P<0.001 and P=0.0007 respectively; Table 4.10). Moreover, comparison between 

group A and B yielded a significant difference but not to the extent of group C 

comparisons (P=0.007; Table 4.10). A coefficient of determination (R2) of over 80% was 

calculated following GLM. Hence, over 80% of the observed variation within the 

“neutral” orientation category can be explained by the model. This indicates that large 

fraction of the variability in this dataset is predictable by the training techniques 

employed in the training (R2=80.64%; Table 4.10). 

When it comes to the matter of orientation “away” from the trainer, groups A and B 

had the highest mean proportions of time in this orientation (Table 4.10). Group A 

observed a very similar proportion to group B. Visually, the proportion of time spent 

orientated away from the trainer decreases across the three groups; with group A dogs 

reaching a peak of over 20% of time in an away orientation and group C at around 6% 

(Figure 4.13). Notably, group B dogs exhibited a median proportion 9 times larger than 

group C dogs regarding an away orientation. Based on the box plots for this orientation 

there appears to be little difference between the three groups visually (Figure 4.13). 

Yet, group C appears to be a less varied that either group A or B suggesting there may 

be a significant difference between them. Statistically, GLM found a significant result 

(P=0.024; Table 4.10) confirming this observation. Subsequent MWU tests confirm 

groups A and B to be significantly different from group C (P<0.001 for each respective 

comparison; Table 4.10). Yet, groups A and B were not found to be significantly 

different (P=0.6986; Table 4.10). A coefficient of determination (R2) of over 55% was 

revealed following GLM. Hence, over half of the observed variation within the “away” 

orientation category can be explained by the model. This indicates that over half of the 

variability in this dataset is predictable by the training techniques employed in the 

training (R2=56.94%; Table 4.10). 

Finally, dogs were rarely observed spending time in “other” orientations (Figure 4.13). 

Furthermore, the data appears similar between the three training groups. 

Unsurprisingly, no significant differences between groups were found (GLM: P=0.202; 

Table 4.10). A coefficient of determination (R2) of over 50% was calculated following 



119 

 

GLM. Hence, over half of the observed variation within the “other” orientation 

category can be explained by the model. This indicates that over half of the variability 

in this dataset is predictable by the training techniques employed in the training 

(R2=54.06%; Table 4.10). 

Overall, orientation data indicates that group C differs significantly from both A and B 

for all major orientations displayed during training. 
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Table 4.10: the means ±standard error and statistical output using a General Linear Model for the proportions of orientation (trainer, 

neutral, away, and other respectively).  Multiple Mann-Whitney U tests used as a post hoc measure to find significance between training 

groups. Significant results are bolded. Group A= aversive training using e-collars; B=aversive training without e-collars; C=reward-based 

training only. 

Orientation Mean (±Standard Error) Proportion of Dogs’ 
Orientation 

Group 
GLM 

Post Hoc Mann-Whitney U Test R2 Value 
(%) 

Group A Group B Group C A vs B A vs C B vs C 

Trainer  0.0679  
(±0.0066) 

0.0912 
(±0.0085) 

0.2637 
(±0.0143) 

F=58.49 
DF=2 
P<0.001 

W=3500 
NA=63 
NB=60 
P=0.0402 

W=2212 
NA=63 
NC=63 
P<0.001 

W=2149 
NB=60 
NC=63 
P<0.001 

82.44 

Neutral  0.9137  
(±0.0069)
  

0.8903 
(±0.0086)
  

0.7312 
(±0.0145) 

F=48.99 
DF=2 
P<0.001 

W=4343.5 
NA=63 
NB=60 
P=0.007 

W=5717 
NA=63 
NC=63 
P<0.001 

W=5209 
NB=60 
NC=63 
P=0.0007 

80.64 

Away  0.0175  
(±0.0039)
  

0.0174 
(±0.0026) 

0.0050 
(±0.0012) 

F=3.96 
DF=2 
P=0.024 

W=3829 
NA=63 
NB=60 
P=0.6986 

W=4970 
NA=63 
NC=63 
P<0.001 

W=4625.5 
NB=60 
NC=63 
P<0.001 

56.94 

Other  0.0008 
(±0.0004)
 
  

0.0011 
(±0.0004) 

4.85E-05 
(±4.85E-05) 

F=1.64 
DF=2 
P=0.202 

N/A N/A N/A 54.06 
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Figure 4.13: box plot showing the proportions of time spent in each of the recorded 

orientations (trainer, neutral, away, and other respectively) during training sessions 

for each of the three training groups. For each of the three groups – blue=Group A; 

orange=Group B; Grey=Group C. Dots represent individual data points that have 

being calculated as outliers. 

 

Effect of training day - orientation 

The orientations of the dogs’ bodies were recorded continuously for each day of 

observation. Data from the three groups were combined, by orientation category, for 

each of the three observed days (Table 4.11). 

The mean proportion of orientation towards the trainer had a peak on day 1 and was 

lowest on day 3 (Table 4.11). However, day 3 and 5 were relatively similar in value 

compared to day 1. Visually, there appears to be scant evidence to confidently 

determine whether there is significant difference over the three days (Figure 4.14). 

GLM was conducted and no significant differences were found between the three days 

(P=0.051; Table 4.11), however, this was on the cusp of significance. 

Regarding neutral orientation, day 5 saw the highest mean proportion in that 

positioning, followed by day 3 and lastly 1, showing an increase over the three days 

Trainer Other Neutral Away 
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(Table 4.11). The GLM found a significant difference between days (P=0.037; Table 

4.11). A look at Figure 4.14 reveals that the IQR of each group differs; the IQR for day 1 

is more expansive than either day 3 and 5. Similarly, the range of day 1 extends further 

than both days 3 and 5. This indicates day 1 may be significantly different from days 3 

and 5. The post hoc Tukey test however, did not find significance between any of the 

day comparisons (Table 4.11). 

Table 4.11 shows that the mean proportions for away orientation are generally similar 

in value across each of the three days, with only very small changes across the days. 

There is little variation in the IQR across the days (Figure 4.14). These observations 

suggest it is likely there is no significant difference over the days of observation. The 

GLM revealed that this is the case (P=0.261; Table 4.11). 

Lastly, all mean proportions for “other” orientations were at low values (Table 4.11). 

Moreover, relative to “away” orientation there was even less variation in the IQR 

across the days (Figure 4.14). This suggests that the days are statistically similar. GLM 

analysis found no significant difference across the three days (P=0.066; Table 4.11). 

Only neutral orientation was highlighted with a potential difference between days of 

observation. However, post hoc tests did not find a significant difference between any 

day comparisons despite a significant result using GLM. All other orientations found no 

difference.
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Table 4.11: the means ±standard error and statistical output using a General Linear Model for the proportions of orientation (trainer, 

neutral, away and other respectively) over the three observation days. Post hoc Tukey test was conducted to determine where significance 

lies between the days when necessary. Statistical results are bolded. 

Orientation Mean (±Standard Error) Proportion of Dogs’ 
Orientation 

Day 
GLM 

Post Hoc Tukey 

Day 1 Day 3 Day 5 1 vs 3 1 vs 5 3 vs 5 

Trainer  0.1569  
(±0.0188)
  

0.1317 
(±0.0120) 

0.1364 
(±0.0141) 

F=3.06 
DF=2 
P=0.051 

N/A N/A N/A 

Neutral  0.8280  
(±0.0183)
  

0.8522 
(±0.0113)
  

0.8533 
(±0.0137) 

F=3.38 
DF=2 
P=0.037 

Insignificant Insignificant Insignificant 

Away  0.0139 
(±0.0023)
  

0.01554 
(±0.0040)
  

0.01011 
(±0.0018) 

F=1.36 
DF=2 
P=0.261 

N/A N/A N/A 

Other  0.0011 
(±0.0004)
  

0.0005 
(±0.0003) 

0.0003 
(±0.0002) 

F=2.78 
DF=2 
P=0.066 

N/A N/A N/A 
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Figure 4.14: box plots to show the change in proportion for orientations (trainer, 

neutral, away and other respectively) over three days of observation (1, 3 and 5). The 

three days are coded as follows: purple=day 1; green=day 3; red=day 5. Dots 

represent individual data points that have being calculated as outliers. 

 

4.2.4. Adjunctive behaviour 

Group differences – adjunctive behaviour 

Oral behaviours 

Oral behaviours were the most predominant behavioural response observed in 

training sessions. Table 4.12 shows the mean rate of oral behaviours for: all 

behavioural categories combined, and as individual categories. 

Trainer Other Neutral Away 
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Table 4.12: the means ±standard error and statistical output using a General Linear Model for the rates of oral behaviours both combined 

and as individual categories. Post hoc analysis conducted using multiple Mann-Whitney U tests where appropriate in order to determine 

where group significance lies. Significant results are bolded. Group A= aversive training using e-collars; B=aversive training without e-

collars; C=reward-based training only. 

Oral Behaviours Mean (±Standard Error) Rate of Oral Behaviours Group 
GLM 

Post Hoc Mann-Whitney U Test Hedge’s g 
effect size output, g) 

R2 Value 
(%) 

Group A Group B Group C A vs B A vs C B vs C 

Combined 0.0270 
(±0.0025)  

0.0234 
(±0.0020)  

0.0210 
(±0.0014) 

F=1.13 
DF=2 
P=0.328 

N/A N/A N/A 69.34 

Short Lip Lick 0.0090 
(±0.0010)  

0.0089 
(±0.0008) 

0.0091 
(±0.0007) 

F=0.03 
DF=2 
P=0.973 

N/A N/A N/A 67.64 

Nose Lick 0.0058 
(±0.0006)  

0.0038 
(±0.0004) 

0.0035 
(±0.0003) 

F=3.22 
DF=2 
P=0.047 

W=4294 
NA=63 
NB=60 
P=0.0499 

W=4499 
NA=63 
NC=63 
P=0.0151 

W=3794 
NB=60 
NC=63 
P=0.7099 

76.30 

Full Lip Lick 0.0038 
(±0.0005)  

0.0039 
(±0.0005) 

0.0043 
(±0.0004) 

F=0.19 
DF=2 
P=0.828 

N/A N/A N/A 66.18 

Protruding Tongue 0.0060 
(±0.0008)  

0.0036 
(±0.0005) 

0.0021 
(±0.0002) 

F=6.18 
DF=2 
P=0.004 

W=4375 
NA=63 
NB=60 
P=0.0177 

W=4882.5 
NA=63 
Nc=63 
P<0.001 

W=4052 
NB=60 
Nc=63 
P=0.0933 

72.33 

Lip Smack 0.0020 
(±0.0002) 

0.0027 
(±0.0003) 

0.0017 
(±0.0001) 

F=3.10 
DF=2 
P=0.052 

N/A 
(g=0.272) 

N/A 
(g=0.112) 

N/A 
(g=0.084) 

58.80 
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Mouth Lick 0.0004 
(±9.5E-05) 

0.0004 
(±0.0001) 

0.0002 
(±6.8E-05) 

F=0.25 
DF=2 
P=0.783 

N/A N/A N/A 60.28 
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For “combined” oral behaviours, the shape and position of the box plots in Figure 4.15 

are similar for all groups. Very few data points were calculated as outliers in the data 

for each group, however, even when included the rate of occurrence of behaviours 

increases only by around 0.015 at most (Figure 4.15). Interestingly, all groups revealed 

similar instances of oral behaviours per second and yielded no significant difference 

between groups following GLM (P=0.328; Table 4.12). A coefficient of determination 

(R2) of around 70% was revealed following GLM. Hence, approximately 70% of the 

observed variation within the “combined” oral behaviour category can be explained by 

the model. This indicates that the majority of the variability in this dataset is 

predictable by the training techniques employed in the training (R2=69.34%; Table 

4.12). 

 

 

Figure 4.15: box plot showing the rate of all oral behaviours combined during 

training sessions for each of the three training groups. For each of the three groups – 

blue=Group A; orange=Group B; Grey=Group C. Dots represent individual data points 

that have being calculated as outliers. 

 

When behaviours are separated into individual categories, the various types of oral 

behaviours and their respective proportions observed in each group tended to vary 

(Figure 4.16; Table 4.12). 

A B C 
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Despite group C having the largest mean rate of “short lip licks”, the mean rates of 

groups A and B are very similar in value (Table 4.12). The range of rate data in groups A 

and B exceeds that of group C for short lip licks (Figure 4.16). The IQR of the three 

groups may be similar to each other with very little decrease across the groups. 

Furthermore, when calculated outliers are considered, the range of rates in group C 

reaches that of group A. Considering the data as a whole, it is unlikely that the groups 

differ significantly with regard to short lip licks. The GLM supports this assertion and 

found no significant difference between any of the groups (P=0.973; Table 4.12). A 

coefficient of determination (R2) of over 65% was revealed following GLM. Hence, over 

65% of the observed variation within the “short lip lick” oral behaviour category can be 

explained by the model. This indicates that over 65% of the variability in this dataset is 

predictable by the training techniques employed in the training (R2=67.64%; Table 

4.12). 

Conversely, “nose licks”, were found to be significantly different across the groups 

according to the GLM, with group A having the highest mean rate of nose licking out of 

the three training groups – approximately 1.5 times larger than both groups B and C 

(P=0.047; Table 4.12). Visually, the box plots of group B and C are almost identical in 

shape, range and proportion (Figure 4.16). GLM agrees that groups B and C were not 

significantly different (P=0.7099; Table 4.12); yet, when compared to group A both 

groups B and C were significantly different (P=0.0499 and P=0.0151 respectively; Table 

4.12). The MWU test between group A and B was on the cusp of being statistically 

similar; including the calculated outliers within the statistics may have led to this larger 

p-value compared to the A-C comparison (Figure 4.16). A coefficient of determination 

(R2) of over 75% was revealed following GLM. Hence, around 75% of the observed 

variation within the “nose lick” oral behaviour category can be explained by the model. 

This indicates that a decent proportion of the variability in this dataset is predictable 

by the training techniques employed in the training (R2=76.30%; Table 4.12).  
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Figure 4.16: box plot showing the rate of each individual type of oral behaviour 

during training sessions for each of the three training groups. For each of the three 

groups – blue=Group A; orange=Group B; Grey=Group C. Dots represent individual 

data points that have being calculated as outliers. “Prot. tongue”=Protruding tongue. 

All groups were remarkably similar for the rate of “full lip licks” (Figure 4.16; Table 

4.12). The range of data barely differs between groups even when calculated outliers 

are included, indicating there is likely no significant difference and this is supported by 

GLM (P=0.828; Table 4.12). A coefficient of determination (R2) of around 65% was 

revealed following GLM. Hence, approximately 65% of the observed variation within 

the “full lip lick” oral behaviour category can be explained by the model. This indicates 

that a decent proportion of the variability in this dataset is predictable by the training 

techniques employed in the training (R2=66.18%; Table 4.12). 

“Protruding tongue” had the highest mean rate in group A, up to three times larger 

than either group B or C (Table 4.12). Furthermore, the IQR and full range of rates for 

group A exceed those of group B and C (Figure 4.16). Statistically, group A was 

significantly different from both group B and C (P=0.0177 and P<0.001 respectively; 

Table 4.12); whereas, comparisons between group B and C were not significantly 

different (P=0.0933; Table 4.12), though the range of data increases in group B when 

calculated outliers are included (Figure 4.16). A coefficient of determination (R2) of 

Short lip lick Nose lick Full lip lick Prot. tongue Lip smack Mouth lick 
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around 70% was revealed following GLM. Hence, approximately 70% of the observed 

variation within the “protruding tongue” oral behaviour category can be explained by 

the model. This indicates that a decent proportion of the variability in this dataset is 

predictable by the training techniques employed in the training (R2=72.33%; Table 

4.12). 

The overall rates of “lip smacking” were similar for the three groups (Figure 4.16, Table 

4.12). Group B had a wider range of lip-smacking rates, but this had little influence on 

the statistical analysis as no significant differences were found between the groups 

following the GLM (P=0.052; Table 4.12). Nevertheless, Hedge’s g effect size test was 

conducted as the GLM was near significance. This test found that differences between 

training groups are small (<0.5) to very small (<0.2), supporting the idea that the 

groups do not differ significantly. A coefficient of determination (R2) of around 60% 

was revealed following GLM. Hence, approximately 60% of the observed variation 

within the “lip smack” oral behaviour category can be explained by the model. This 

indicates that over half of the variability in this dataset is predictable by the training 

techniques employed in the training (R2=58.80%; Table 4.12). 

Similarly, “mouth licking” also revealed no significant difference between groups, as 

mean rates were similar for all groups (P=0.783; Table 4.12). Visually the data support 

the statistical findings as the range of data, including calculated outliers, and upper 

quartiles was not overly different in any of the groups (Figure 4.16). A coefficient of 

determination (R2) of around 60% was revealed following GLM. Hence, approximately 

60% of the observed variation within the “mouth lick” oral behaviour category can be 

explained by the model. This indicates that around 60% of the variability in this dataset 

is predictable by the training techniques employed in the training (R2=60.28%; Table 

4.12). 

Considered collectively, the rates of oral behaviours were found to be statistically 

similar across groups; with the exceptions of nose licking and protruding tongue which 

were observed significantly more in group A. 

Paw lifting  
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The rate of “paw lifting” was highest in group B (Table 4.13); the mean being (very 

roughly) 1.3 times larger than A and three times C. When examining Figure 4.17, the 

box plot of group C is less varied than groups A and B. Yet, when calculated outliers are 

included in the visualisation, the plot more closely resembles the other groups, but not 

exactly. Drawing conclusions based on such a puzzling visual representation of the data 

is risky. Statistical analysis of the data was conducted: the GLM found no significant 

difference between training groups (P=0.122; Table 4.13). A coefficient of 

determination (R2) of over 85% was calculated following GLM. Hence, over 85% of the 

observed variation within the “paw lift” category can be explained by the model. This 

indicates that a large proportion of the variability in this dataset is predictable by the 

training techniques employed in the training (R2=86.50%; Table 4.13). 

Yawning 

Table 4.13 demonstrates that the mean number of “yawns” per second was observed 

most in group A, followed closely by group B and lastly group C. When the box plots of 

the groups are examined, the general shape and size are closer in groups A and B than 

they are to C (Figure 4.17). The box plot of yawning for group C is almost non-existent, 

aside from a few calculated outliers of yawing from two data points. There appears to 

be a clear difference between group C and the remaining groups. Notably, a significant 

difference between groups was observed following GLM (P=0.005; Table 4.13). 

Subsequent post hoc MWU tests between groups (C vs A, and C vs B) revealed 

significant difference (P<0.001 and P=0.0031 respectively; Table 4.13) with C standing 

out; groups B and A were not significantly different (P=0.1058; Table 4.13). A 

coefficient of determination (R2) of almost 60% was calculated following GLM. Hence, 

approximately 60% of the observed variation within the “yawn” category can be 

explained by the model. This indicates that over half of the variability in this dataset is 

predictable by the training techniques employed in the training (R2=59.73%; Table 

4.13). 

Panting 

The mean rate of “panting” in group C was around 1.5 times higher than either group 

A or B (Table 4.13). Figure 4.17 shows that the data in group C has rate values ranging 
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between 0 and 0.015. Group A and B have a similar range, but their IQRs are much 

larger than group C. Such factors of similarity and difference make it difficult to draw 

conclusions regarding difference. Statistically, the GLM found no significant difference 

between groups (P=0.195; Table 4.13). A coefficient of determination (R2) of almost 

80% was calculated following GLM. Hence, around 80% of the observed variation 

within the “pant” category can be explained by the model. This indicates that a major 

fraction of the variability in this dataset is predictable by the training techniques 

employed in the training (R2=79.89%; Table 4.13). 

Grooming 

All training groups had low rates of grooming (Table 4.13). Each group displayed a few 

data points that were calculated as outliers but compared to the data sets as a whole 

were not enough to influence the box plots (Figure 4.17). As expected, no significant 

difference was observed between groups using GLM (P=0.287; Table 4.13). A 

coefficient of determination (R2) of over 60% was revealed following GLM. Hence, over 

60% of the observed variation within the “paw lift” category can be explained by the 

model. This indicates that over half of the variability in this dataset is predictable by 

the training techniques employed in the training (R2=64.11%; Table 4.13). 

Summarising these non-oral adjunctive behaviours then, there are some visual 

differences between data presented for the groups for all categories, but statistical 

analysis found no differences, barring only yawning. Yawning in group C was observed 

to be significantly lower than in the other groups. 
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Table 4.13: the means ±standard error and statistical outputs using a General Linear Model for the rates of additional adjunctive behaviours 

– paw lifting, yawning, panting and grooming. Post hoc tests completed where appropriate using multiple Mann-Whitney U tests. 

Significant results are bolded. Group A=aversive training using e-collars; B=aversive training without e-collars; C=reward-based training 

only. 

Adjunctive 
Behaviours 

Mean (±Standard Error) Rate of Adjunctive 
Behaviours  

Group 
GLM 

Post Hoc Mann-Whitney U Test R2 Value 
(%) 

Group A Group B Group C A vs B A vs C B vs C 

Paw Lift 0.0075 
(±0.0014)
  

0.0099 
(±0.0016) 

0.0034 
(±0.0010) 

F=2.18 
DF=2 
P=0.122 

N/A N/A N/A 86.50 

Yawn 0.0010 
(±0.0002) 

0.0007 
(±0.0001)
  

0.00023 
(±7.3E-05) 

F=5.79 
DF=2 
P=0.005 

W=4206 
NA=63 
NB=60 
P=0.1058 

W=4838 
NA=63 
NC=63 
P<0.001 

W=4195.5 
NB=60 
NC=63 
P=0.0031 

59.73 

Pant 0.0044 
(±0.0006) 

0.0035 
(±0.0006) 

0.0057 
(±0.0005) 

F=1.68 
DF=2 
P=0.195 

N/A N/A N/A 79.89 

Groom 0.0001 
(±4.3E-05) 

0.0011 
(±0.0005) 

0.0003 
(±0.0001) 

F=1.27 
DF=2 
P=0.287 

N/A N/A N/A 64.11 
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Figure 4.17: box plot showing the rate of adjunctive behaviours (paw lifting, 

yawning, panting and grooming) during training sessions for each of the three 

training groups. For each of the three groups – blue=Group A; orange=Group B; 

Grey=Group C. Dots represent individual data points that have being calculated as 

outliers. 

 

Effect of training day – adjunctive behaviour 

Oral behaviours  

Table 4.14 shows the mean rate of combined oral behaviours for combined groups, as 

well as individual oral behaviours for combined groups, over the three training days. 

When combined, oral behaviours are rather similar on days 1 and 5 (Table 4.14). 

However, on day 3 the rate increases by almost 25% before decreasing again on day 5 

as shown in Figure 4.18. Further, the IQR of each day shifts position with the median 

values, despite being relatively similar in size. Visually, there are differences between 

the days, but statistical analysis is needed in order to gain confidence in these findings. 

The GLM found a significant difference (P=0.002; Table 4.14) between days. Post hoc 

Tukey comparisons between day 3 with day 1 and 5 were statistically different (Table 

Paw Lift Other Yawn Pant 
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4.14); whereas, the comparison of day 1 and day 5 were not significantly different 

(Table 4.14). 

 

 

Figure 4.18: box plots to show the change in the rate of oral behaviours combined 

over the three days of observation (1, 3 and 5). The three days are coded as follows: 

purple=day 1; green=day 3; red=day 5. Dots represent individual data points that 

have being calculated as outliers. 

1 3 5 
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Table 4.14: the means ±standard error and statistical output using a General Linear Model for the rates of oral behaviours for both 

combined oral behaviours and as individual categories for the three days of observation. Post hoc analysis conducted using a post hoc 

Tukey test. Significance between the days can hence be investigated. Statistical results are bolded. 

Oral Behaviours Mean (±Standard Error) Rate of Oral 
Behaviours 

Day 
GLM 

Post Hoc Tukey 

Day 1 Day 3 Day 5 1 vs 3 1 vs 5 3 vs 5 

Combined 0.0228 
(±0.0020) 

0.0277 
(±0.0021) 

0.0209 
(±0.0018) 

F=6.41 
DF=2 
P=0.002 

Significant Insignificant Significant 

Short Lip Lick 0.0089 
(±0.0009) 

0.0101  
(±0.0009) 

0.0080 
(±0.0007) 

F=3.71 
DF=2 
P=0.027 

Insignificant Insignificant Significant 

Nose Lick 0.0042 
(±0.0005) 

0.0051 
(±0.0005) 

0.0038 
(±0.0005) 

F=5.97 
DF=2 
P=0.003 

Insignificant Insignificant Significant 

Full Lip Lick 0.0036 
(±0.0004)
  

0.0047 
(±0.0005) 

0.0038 
(±0.0005) 

F=3.52 
DF=2 
P=0.033 

Significant Insignificant Insignificant 

Protruding 
Tongue 

0.0035 
(±0.0006) 

0.0050 
(±0.0007) 

0.0031 
(±0.0004) 

F=6.66 
DF=2 
P=0.002 

Significant Insignificant Significant 

Lip Smack 0.0022 
(±0.0002) 

0.0023 
(±0.0002)
  

0.0020 
(±0.0002) 

F=0.58 
DF=2 
P=0.563 

N/A N/A N/A 

Mouth Lick 0.0004 
(±0.0001) 

0.0003 
(±9.6E-05) 

0.0003 
(±9.1E-05) 

F=0.34 
DF=2 
P=0.712 

N/A N/A N/A 
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Individually, short lip licks were the most common oral behaviour to occur across the 

three days, accounting for almost 40% of the combined oral behaviour rate (Table 

4.14). Table 4.14 shows that day 3 has the highest mean rate of short lip licks out of 

the three days of observation, 1.3 times higher than day 5. Day 5 has the lowest rate of 

short lip licks with day 1 middling in value. Moreover, The IQR of all groups consists of 

a similar size, but the position on the graph shifts with the median of the respective 

days (Figure 4.19). Visual representation of the data suggests there may be a 

difference between day 3 and the remaining days, but statistical analysis is needed for 

certainty. Following a GLM (P=0.027), only days 3 and 5 were found to be significantly 

different (Table 4.14). 

Nose licking increases to its highest mean rate on day 3 before decreasing to its lowest 

point on day 5 (Table 4.14). The upper quartiles, ranges and largest calculated outlier 

value of each day tend to have similar values on each day; whereas, the lower quartiles 

of each day occupy differing rate values (Figure 4.19). Visual representations of the 

data show a clear decrease in rate on day 5 from day 3 and an increase from day 1, 

suggesting that day 3 may differ significantly from the remaining days of observation. 

Table 4.14 shows that the GLM found a significant result (P=0.003); with post hoc 

Tukey revealing a significant difference between days 3 and 5, unlike the comparisons 

made with day 1. 

The mean rate of full lip licks follows a similar pattern to the aforementioned oral 

behaviours; an increase in rate from day 1 to day 3 and a decrease in rate again on day 

5 (Table 4.14). The lowest median rate however is observed on day 1. Visually, the 

upper quartiles, ranges and highest calculated outlier value of each day are similar in 

value, yet the lower quartile of day 3 is much less varied than either day 1 and 5 

(Figure 4.19). This suggests that day 3 may differ significantly from the remining days. 

GLM found a statistical difference (P=0.033; Table 4.14). Post hoc Tukey found a 

significant difference between days 1 and 3 but comparisons with day 5 were not 

significantly different (Table 4.14). 

The mean rate of protruding tongue was similar on day 1 and 5 (Table 4.14). Again, day 

3 had the highest mean rate, around 1.5 times larger than day 1 and 5. According to 
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Figure 4.19, the IQR of day 3 exceeds that of the remaining days - the upper quartile 

places at a higher rate than the respective quartiles of day 1 and 5; lower quartile of 

day 3 is similar to the medians of both day 1 and 3. This clear difference suggests that 

day 3 differs from both days 1 and 5. Post hoc tests revealed that day 3 was 

significantly different than both day 1 and 5; with days 1 and 5 being not significantly 

different from each other following GLM (P=0.002; Table 4.14). 

Regarding the mean rates of lip smacking, mean values were generally consistent 

across the three days (Table 4.14). The rate on day 3 is only slightly higher in rate 

relative to days 1 and 5. The difference between day 3 and day 1 and 5 for lip smacking 

is relatively small compared to those difference for the previously mentioned oral 

behaviours, suggesting they do not differ significantly. Based on Figure 4.19, this 

suggestion is backed as the box plots are visually similar across the observation days. 

The GLM found no significant difference between any of the days (P=0.563; Table 

4.14). 

As mouth licking occurred at much lower rates than any of the other oral behaviours, 

the mean remained at similarly low values across the three observation days (Table 

4.14). Only upper halves were visible on Figure 4.19 which were of a similar value 

across the days. Expectedly, no significant difference was observed across the three 

days for mouth licking (P=0.712; Table 4.14). 

The observation days were mostly found to significantly differ from one another. 

However, the comparative days that were significantly different differed depending on 

the oral behaviour category.  
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Figure 4.19: box plots to show the change in rate for each oral behaviour category 

over three days of observation (1, 3 and 5). The three days are coded as follows: 

purple=day 1; green=day 3; red=day 5. Dots represent individual data points that 

have being calculated as outliers. “Prot. tongue”=Protruding tongue. 

 

Paw lifting  

Over the three days, the mean rate of paw lifting increases very slightly from day 1 to 

day 5 (Table 4.15). Figure 4.20 shows that the IQR of each respective day is of a similar 

value with day 3 being slightly larger. However, the upper and lower quartiles are of 

differing values for each respective day. The decline suggests that there may be 

difference, yet the similarity of the overall plots indicates this may not be the case. The 

GLM did not find any significant difference across the observation days (P=0.938; Table 

4.15). 

Short lip lick Nose lick Full lip lick Prot. tongue Lip smack Mouth lick 
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Table 4.15: the means ±standard error and statistical output using a General Linear Model for the rates of additional adjunctive behaviours 

(paw lifting, yawning, panting and grooming) on each day of observation. Post hoc analysis conducted when appropriate using a post hoc 

Tukey test to determine where significance between the days lie. Statistical results are bolded. 

Adjunctive 
Behaviours 

Mean (±Standard Error) Rate of 
Adjunctive Behaviours  

Day 
GLM 

Post Hoc Tukey 

Day 1 Day 3 Day 5 1 vs 3 1 vs 5 3 vs 5 

Paw Lift 0.0061 
(±0.0012) 

0.0062 
(±0.0011) 

0.0064 
(±0.0014) 

F=0.06 
DF=2 
P=0.938 

N/A N/A N/A 

Yawn 0.0005 
(±0.0001) 

0.0007 
(±0.0001) 

0.0006 
(±0.0001) 

F=1.31 
DF=2 
P=0.270 

N/A N/A N/A 

Pant 0.0052 
(±0.0006) 

0.0042 
(±0.0005) 

0.0043 
(±0.0006) 

F=4.00 
DF=2 
P=0.021 

Insignificant Significant Insignificant 

Groom 0.0004 
(±0.0002) 

0.0004 
(±0.0003) 

0.0002 
(±0.0001) 

F=0.43 
DF=2 
P=0.652 

N/A N/A N/A 
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Yawning 

The mean rate of yawning remained at similar levels on all three days (Table 4.15). 

Examining Figure 4.20, the upper quartile is slightly larger on day 5 relative to both 

days 1 and 3 whose upper quartile is similar in value. However, visually there is little 

difference between the days. Expectedly, no significant difference was observed 

following GLM (P=0.27; Table 4.15). 

Panting 

The highest mean rate of panting occurred on day 1 before declining to similar levels 

on days 3 and 5 (Table 4.15). Figure 4.20 presents with a decline in rate on day 3 

before increasing again slightly on day 5. The median on day 1 is over 1.5 times larger 

than both days 3 and 5. The lower quartile of all days extends down to a rate of zero; 

however, the upper quartile differs between days, getting smaller as the days progress 

(Figure 4.20). Any respective statistical differences are difficult to assert based on 

visual representation alone. Interestingly, only day 1 and day 5 were significantly 

different; comparisons with day 3 were not significantly different following a 

significant finding in the GLM (P=0.021; Table 4.15). 

Grooming 

The mean rate of grooming did not reveal any large changes over the three days (Table 

4.15). Further the IQR for each of the three days remained the same at zero (Figure 

4.20). Expectedly, there was no significant difference found following GLM (P=0.652; 

Table 4.15). Overall, only panting presented with a difference between days 1 and 5. 

The remaining categories were statistically similar across all days of observation. 
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Figure 4.20: box plots to show the change in rate for respective adjunctive 

behaviours (paw lifting, yawning, panting and grooming) over three days of 

observation (1, 3 and 5). The three days are coded as follows: purple=day 1; 

green=day 3; red=day 5. Dots represent individual data points that have being 

calculated as outliers. 

4.2.5. Flight behaviour 

Group differences – flight behaviour 

The types of flight behaviours and their respective mean rates, alongside statistical 

analysis are noted in Table 4.16. 

Group A had the highest mean rate of “fleeing” behaviour. (Table 4.16). This is 

followed by group B which shows a similar, albeit slightly lower, mean rate. Box plots 

for groups A and B were similar, each presenting with small above-zero range, while all 

values for group C were zero (Figure 4.21). This reflects the fact that no dog in group C 

was observed fleeing during any of the training sessions. It appears likely that groups A 

and B differ from C. Statistically, the GLM found a corresponding significant difference 

(P=0.004; Table 4.16). Indeed, post hoc tests revealed that group C was very 

significantly different from both groups A and B (P<0.001 for both comparisons; Table 

Paw Lift Other Yawn Pant 
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4.16). Groups A and B were not significantly different from each other (P=0.6470; 

Table 4.16). A coefficient of determination (R2) of over 65% was calculated following 

GLM. Meaning, over 65% of the observed variation within the “flee” category can be 

explained by the model. This indicates that approximately 65% of the variability in this 

dataset is predictable by the training techniques employed in the training (R2=66.85%; 

Table 4.16). 

A similar finding is observed arising from the “interact” flight behaviour. Mean 

interaction rates were highest for group A and similarly followed by group B (Table 

4.16), but Figure 4.21 shows a different spread of calculated outliers for groups A and 

B. Again, no dog was observed interacting with the training perimeter in group C. 

Indeed, the GLM found a significant difference (P=0.028; Table 4.16) between groups 

and post hoc analysis found that group C was significantly different to groups A and B 

(P=0.0005 and P=0.002 respectively; Table 4.16). Groups A and B were not significantly 

different from each other (P=0.636; Table 4.16). A coefficient of determination (R2) of 

under 45% was calculated following GLM. Meaning, less than half of the observed 

variation within the “interact” category can be explained by the model. This indicates 

that a low proportion of the variability in this dataset is predictable by the training 

techniques employed in the training (R2=44.65%; Table 4.16). 

“Seeking” was by far the most prominent flight behaviour recorded (Table 4.16). Group 

A had the highest mean rate of seeking, followed by group B and lastly C in which 

seeking was almost none existent. Group A recorded a rate approximately 1.5 times 

larger than group B. Overall, the box plots are slightly different between group A and 

B, with group B encompassing a smaller range of proportions (Figure 4.21). The overall 

range and IQR is higher in group A than B. Strikingly, group C only had two dogs on one 

of the observation days display seeking behaviour; shown by the calculated outlier 

dots in Figure 4.21. Given these apparent differences between the groups, the 

likelihood of a significant difference is high for all group comparisons. The GLM found a 

high significant difference (P<0.001; Table 4.16). All group comparisons in the post hoc 

MWU tests were significantly different, with group A and B comparisons to group C 

being highly significantly different (P<0.001 for both comparisons; Table 4.16). Further, 

groups A and B were also found to be significantly different to each other, although 
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not the same extent as group C comparisons (P=0.0282; Table 4.16). A coefficient of 

determination (R2) of over 70% was calculated following GLM. Meaning, over 70% of 

the observed variation within the “seek” category can be explained by the model. This 

indicates that a major fraction of the variability in this dataset is predictable by the 

training techniques employed in the training (R2=70.27%; Table 4.16). 

The rate of “returning to the owner” mean was very similar for all groups (Table 4.16). 

Furthermore, the general range (excluding calculated outliers) of the data for each 

group was zero (Figure 4.21). Yet, all groups exhibited data with calculated outliers. 

However, given that this behaviour was observed rarely, there is likely statistical 

similarity between the groups in this regard. Statistically, no significant difference was 

found in response to the GLM (P=0.681; Table 4.16). A coefficient of determination (R2) 

of under 40% was calculated following GLM. Hence, less than half of the observed 

variation within the “owner” category can be explained by the model. This indicates 

that a minor fraction of the variability in this dataset is predictable by the training 

techniques employed in the training (R2=39.13%; Table 4.16). 

Summarising, group C had lower rates of flight behaviours than groups A and B – to a 

remarkable degree. Further, seeking was additionally observed with a significant 

difference between A and B unlike the remaining flight behaviour categories.  
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Table 4.16: the means ±standard error and statistical output using a General Linear Model for the rate of flight behaviours (fleeing, 

interacting, seeking and owner). Post hoc analysis between training groups is either performed using a Mann-Whitney U test (MWU) or 1-

Sample Sign test (1SS) when appropriate.  

Flight 
Behaviour 

Mean (±Standard Error) Rate of Flight 
Behaviours  

Group GLM Post Hoc Test -  
Mann-Whitney U Test (MWU) 

1-Sample Sign Test (1SS) 

R2 Value 
(%) 

Group A Group B Group C A vs B A vs C B vs C 

Flee 0.0011 
(±0.0002) 

0.0009 
(±0.0002) 

0.0000 
(±0.0000) 

F=6.02 
DF=2 
P=0.004 

MWU: 
W=3989 
NA=63 
NB=60 
P=0.6470 

1SS: 
NA=63 
NC=63 
P<0.001 

1SS: 
NB=60 
NC=63 
P<0.001 

66.85 

Interact 0.0005 
(±0.0002) 

0.0002 
(±6.9E-05) 

0.0000 
(±0.0000) 

F=3.79 
DF=2 
P=0.028 

MWU: 
W=3969 
NA=63 
NB=60 
P=0.636 

1SS: 
NA=63 
NC=63 
P=0.0005 

1SS: 
NB=60 
NC=63 
P=0.002 

44.65 

Seek 0.0074 
(±0.0007)
  

0.0051 
(±0.0006) 

7.2E-05 
(±3.9E-05) 

F=35.74 
DF=2 
P<0.001 

MWU: 
W=4340 
NA=63 
NB=60 
P=0.0282 

MWU: 
W=5912 
NA=63 
NC=63 
P<0.001 

MWU: 
W=5296.5 
NB=60 
NC=63 
P<0.001 

70.27 

Owner 0.0003 
(±0.0001) 

0.0002  
(±8.9E-05) 

0.0003 
(±8.5E-05) 

F=0.39 
DF=2 
P=0.681 

N/A N/A N/A 39.13 
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Figure 4.21: box plot showing the rate of recorded flight behaviours (fleeing, 

interacting, seeking and owner) during training sessions for each of the three training 

groups. For each of the three groups – blue=Group A; orange=Group B; Grey=Group 

C. Dots represent individual data points that have being calculated as outliers. 

Effect of training day – flight behaviour 

Regarding flee, interact and owner related flight behaviours for combined groups, the 

mean rate of these behaviours presented at similar levels across all three days of 

observation (Figure 4.22, Table 4.17) – seek is discussed following. None of these 

behaviours had an upper quartile that exceeded zero other than fleeing. For fleeing, 

days 1 and 3 had an upper quartile. The overall IQRs for the respective days were 

small, suggesting the days’ data sets will not likely differ significantly. All of these flight 

behaviours had calculated outliers – all of which were visually similar in value across 

the days for each category. The GLM for each of the respective flight behaviours did 

not yield a significant difference between days (P=0.057, P=0.703, P=0.325 

respectively; Table 4.17). 

Only seek as a flight behaviour had a significant difference (P<0.001; Table 4.17) over 

the days. Day 1 had the largest rate of seeking, followed by day 3 and then day 5. The 

Flee Owner Interact Seek 
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mean rate of seeking declined by almost 60%. Figure 4.22 shows that as the days 

continue the data becomes less variable as shown by the decreasing range and IQR. 

The large upper quartile and range of day 1 may have had an impact on the fact that 

day 1 did not differ significantly from day 3 (Table 4.17). When compared to day 5 on 

the other hand, both day 1 and day 3 were significantly different (Table 4.17). 

Examining each group individually revealed that both groups A and B had a significant 

decline in seeking behaviour by day 5 (A: F=8.50, DF=2, P=0.001; B: F=9.27, DF=2, 

P=0.001). Group C also had a decrease in seeking behaviour over the three days, yet 

the rarity of the behaviour in this group meant the group had statistically similar levels 

of seeking over the three days (C: F=1.92, DF=2, P=0.159). 

Summarising flight behaviours, only seeking generated an observed difference 

between days; with day 5 being significantly lower in rate than the remaining days. The 

rates of other flight behaviours were statistically similar across days. 

 

 

Figure 4.22: box plots to show the change in rate for flight behaviours (flee, interact, 

seek and owner) over three days of observation (1, 3 and 5). The three days are 

coded as follows: purple=day 1; green=day 3; red=day 5. Dots represent individual 

data points that have being calculated as outliers.

Flee Owner Interact Seek 
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Table 4.17: the means ±standard error and statistical output using a General Linear Model for the rate of flight behaviours (flee, interact, 

seek and owner) on the three days of observation. A post hoc Tukey tests used to when necessary to determine which day comparisons 

showed significance. 

Flight Behaviours Mean (±Standard Error) Rate of Flight 
Behaviours  

Day 
GLM 

Post Hoc Tukey 

Day 1 Day 3 Day 5 1 vs 3 1 vs 5 3 vs 5 

Flee 0.0006 
(±0.0001) 

0.0009 
(±0.0002) 

0.0005 
(±0.0002) 

F=2.93 
DF=2 
P=0.057 

N/A N/A N/A 

Interact 0.0001 
(±7.0E-05) 
  

0.0002 
(±8.1E-05) 

0.0002 
(±0.0001) 

F=0.35 
DF=2 
P=0.703 

N/A N/A N/A 

Seek 0.0054 
(±0.0007)  

0.0046 
(±0.0007) 

0.0023 
(±0.0003) 

F=14.86 
DF=2 
P<0.001 

Insignificant Significant Significant 

Owner 0.0002 
(±7.6E-05)  

0.0002 
(±6.1E-05) 

0.0003 
(±0.0001) 

F=1.13 
DF=2 
P=0.325 

N/A N/A N/A 
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4.2.6. Vocalisation 

Group differences - vocalisation 

Various types of vocalisations were recorded upon occurrence and converted into 

rates. The means of which can be seen in Table 4.18. 

The mean rate of “yelping” is low for all groups, yet instances of yelping occurred 

mostly within group A (Figure 4.23, Table 4.18). These instances tended to be rare 

occurrences during training sessions. Nevertheless, there appears to be a visual 

difference in the data with group C showing the lowest rates of yelping compared to 

group A with the highest (including calculated outliers). No statistical differences 

between groups were observed regarding yelping following GLM (P=0.076; Table 4.18). 

Subsequent Hedges g tests show that the effect size between groups was very small 

(<0.2, Cohen, 1988) with the comparison between group A and B being the smallest. A 

coefficient of determination (R2) of over 50% was revealed following GLM. Thus, over 

half of the observed variation within the “yelp” category can be explained by the 

model. This indicates that over half of the variability in this dataset is predictable by 

the training techniques employed in the training (R2=51.57%; Table 4.18). 

In a similar manner, “whining” means were also low for all groups, however group B 

had the highest mean rate of this behaviour (Table 4.18). The upper half of the box 

plot for group C is visible in Figure 4.23, compared to only calculated outliers in groups 

A and B. In general, the region that the data points fall within concerning rate is similar 

across groups, suggesting the groups do not differ significantly. No significance 

difference between the groups was found following the GLM (P=0.829; Table 4.18). A 

coefficient of determination (R2) of under 50% was calculated following GLM. Meaning, 

under half of the observed variation within the “whine” category can be explained by 

the model. This indicates that a minor fraction of the variability in this dataset is 

predictable by the training techniques employed in the training (R2=47.99%; Table 

4.18).



150 

 

Table 4.18: the means ±standard error and statistical output using a General Linear Model for the rates of the different vocalisation 

(yelping, whining, barking, growling and others). Post hoc tests completed where appropriate using multiple Mann-Whitney U tests. 

Significant results are bolded. Group A= aversive training using e-collars; B=aversive training without e-collars; C=reward-based training 

only. 

Vocalisation Mean (±Standard Error) Rate of Adjunctive 
Behaviours  

Group 
GLM 

Post Hoc Mann-Whitney U Test (Hedge’s 
g effect size output, g) 

R2 Value 
(%) 

Group A Group B Group C A vs B A vs C B vs C 

Yelp 0.0003 
(±0.0001) 

6.9E-05 
(±3.1E-05) 

1.8E-05 
(±1.2E-05) 

F=2.69 
DF=2 
P=0.076 

N/A 
(g=0.008) 

N/A 
(g=0.045) 

N/A 
(g=0.038) 

51.57 

Whine 0.0007 
(±0.0003)
  

0.0011 
(±0.0005) 

0.0008 
(±0.0002) 

F=0.19 
DF=2 
P=0.829 

N/A N/A N/A 47.99 

Bark 0.0002 
(±0.0001) 

0.0009 
(±0.0004) 

0.0020 
(±0.0006) 

F=3.16 
DF=2 
P=0.049 

W=3788 
NA=63 
NB=60 
P=0.3217 

W=3459 
NA=63 
NC=63 
P=0.0004 

W=3327 
NB=60 
NC=63 
P=0.0109 

56.48 

Growl 3.6E-05 
(±2.0E-05) 

8.0E-05 
(±3.3E-05) 

0.0001 
(±6.7E-05) 

F=1.52 
DF=2 
P=0.227 

N/A N/A N/A 45.16 

Other 0.0003 
(±0.0001) 

0.0007 
(±0.0004) 

0.0004 
(±0.0001) 

F=0.28 
DF=2 
P=0.756 

N/A N/A N/A 42.38 
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The rate of “barking” was the only vocalisation that yielded a significant difference 

between groups following the GLM (P=0.049; Table 4.18). Group C showed higher 

rates of barking when compared to groups A and B (Figure 4.23, Table 4.18). The peak 

barking rate was observed to be just above 0.02 in group C, relative to 0.004 and 0.006 

in groups A and B respectively. The highest calculated outlier point of group B appears 

far removed from the primary set of calculated outliers; approximately 2.5 times 

higher than the second highest point. Statistically, group C was significantly different to 

both groups A and B (P=0.0004 and P=0.0109 respectively; Table 4.18); yet, groups A 

and B were not significantly different (P=0.3217; Table 4.18) from each other. A 

coefficient of determination (R2) of over 55% was calculated following GLM. Meaning, 

over half of the observed variation within the “bark” category can be explained by the 

model. This indicates that over half of the variability in this dataset is predictable by 

the training techniques employed in the training (R2=56.48%; Table 4.18).  

“Growling” was the least prominent vocalisation that occurred during training sessions 

(Figure 4.23, Table 4.18). Only a few cases of growling occurred; two of the calculated 

outliers in group C were from the same dog on separate days (Figure 4.23). 

Unsurprisingly, no significance was found after the GLM (P=0.227; Table 4.18). A 

coefficient of determination (R2) of under 50% was calculated following GLM. Hence, 

under half of the observed variation within the “growl” category can be explained by 

the model. This indicates that a minor proportion of the variability in this dataset is 

predictable by the training techniques employed in the training (R2=45.16%; Table 

4.18). 

Surprisingly, the rates of “other” vocalisations exceeded that of growling and yelping in 

some cases (Figure 4.23, Table 4.18). Part of the box plot of group C is visible in Figure 

4.23, unlike groups A and B, where only a few calculated outliers are visible. The 

overall distribution of rates of other vocalisations is generally the same across all 

groups. As expected, the GLM found no significant difference between groups 

(P=0.756; Table 4.18). A coefficient of determination (R2) of just over 40% was 

calculated following GLM. Meaning, under half of the observed variation within the 

“other” vocalisation category can be explained by the model. This indicates that a 
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minor fraction of the variability in this dataset is predictable by the training techniques 

employed in the training (R2=42.38%; Table 4.18). 

Summarising, differences between training groups regarding vocalisations were small; 

not enough to produce a significant difference statistically. Barking however appears 

to be an exception to this, revealing that group C displayed higher rates of barking 

compared to groups A and B. 

 

Figure 4.23: box plot showing the rate of vocalisations (yelping, whining, barking, 

growling and others) during training sessions for each of the three training groups. 

For each of the three groups – blue=Group A; orange=Group B; Grey=Group C. Dots 

represent individual data points that have being calculated as outliers. 

  

Yelp Whine Bark Growl Other 
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Effect of training day – vocalisation 

Remarkably, the mean rate of each individual vocalisations for combined groups 

remained at similar levels for all days (Table 4.19). Similarly, none of the days had 

visible upper quartiles in the plots, other than day 1 for whining and day 5 for barking 

(Figure 4.24). However, these upper quartiles are unlikely to have any large effect on 

the statistical outputs. Furthermore, all vocalisation categories had calculated outliers; 

yet, the visual similarity between days for each respective vocalisation suggests there 

is no significant differences for any vocalisation category. Statistically, no significant 

differences were observed between the three days for any of the recorded 

vocalisations following GLM (Table 4.19). 

 

 

Figure 4.24: box plots to show the change in rate for vocalisations (yelping, whining, 

barking, growling and others) over three days of observation (1, 3 and 5). The three 

days are coded as follows: purple=day 1; green=day 3; red=day 5. Dots represent 

individual data points that have being calculated as outliers. 

Yelp Whine Bark Growl Other 
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Table 4.19: the means ±standard error and statistical output using a General Linear Model for the rate of vocalisations (yelping, whining, 

barking, growling and others) over the three days of observation. A post hoc Tukey tests used to when necessary to determine which day 

comparisons showed significance. Statistical results are bolded.  

Vocalisation Mean (±Standard Error) Rate of Vocalisations Day 
GLM 

Post Hoc Tukey 
Day 1 Day 3 Day 5 1 vs 3 1 vs 5 3 vs 5 

Yelp 9.2E-05 
(±4.9E-05) 

0.0002  
(±9.7E-05) 

3.8E-05 
(±2.3E-05) 

F=1.51 
DF=2 
P=0.225 

N/A N/A N/A 

Whine 0.0009 
(±0.0002)  

0.0009 
(±0.0003) 

0.0005 
(±0.0003) 

F=0.82 
DF=2 
P=0.442 

N/A N/A N/A 

Bark 0.0006 
(±0.0004)  

0.0008 
(±0.0003) 

0.0011 
(±0.0004) 

F=0.6 
DF=2 
P=0.55 

N/A N/A N/A 

Growl 7.4E-05 
(±5.3E-05)  

8.0E-05 
(±3.3E-05) 

5.7E-05 
(±2.6E-05) 

F=0.15 
DF=2 
P=0.86 

N/A N/A N/A 

Other 0.0004 
(±0.0003) 

0.0003  
(±0.0001) 

0.0002 
(±9.0E-05) 

F=0.6 
DF=2 
P=0.551 

N/A N/A N/A 
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4.2.7. Sub-behavioural option 

Group differences – sub-behavioural option  

Recording whether food was present upon occurrence of either paw lifting or oral 

behaviours. The corresponding laterality of oral behaviours was additionally recorded. 

The mean proportions (food present or not, and laterality) are presented in Table 4.20. 

Paw lifting – food context 

In response to paw lifting, the majority of all paw lifts occurred in the “presence of 

food” for group C (Figure 4.25). The mean proportion of food present paw lifts was 

almost 90% for group C (Table 4.20). Group B followed, at around half the proportion 

of group C, and then by A with a mean proportion 1/4 of the size of group C. Excluding 

calculated outliers, the food-present IQR of each group occupies differing ranges of 

proportions; over 90% of all paw lifts occurred in the presence of food for group C; 

between 20 and 70% of paw lifts for group B and around 40% in group A (Figure 4.25). 

Only a few calculated outliers were present in the data for group C, compared to 

groups A and B with none (Figure 4.25). Visually, there appears to be a difference in 

proportions between training groups. This resulted in a highly significant difference 

finding following a GLM (P<0.001; Table 4.20). Post hoc MWU tests revealed a highly 

significant difference between group C and both groups A and B (P<0.001 for both 

comparisons; Table 4.20). Similarly, groups A and B were significantly different, 

however to a slightly lesser extent that group C comparisons (P=0.0004; Table 4.20). 

As only two options are recorded for the presence of food when paw lifts occur 

(present or not present), the boxplots for “no food present” paw lifts are inverted 

(Figure 4.25). Similarly, the medians for each respective group follow an inverse 

pattern for food present paw lifts; group A with the highest median, followed by B and 

then C (Table 4.20). Unsurprisingly, given the inversion of the data, statistical outputs 

for both the GLM and all post hoc comparisons yielded the same P-values as food 

present paw lifts, meaning all group comparisons were significantly different (as 

above; Table 4.20). A coefficient of determination (R2) of over 70% was calculated 

following GLM for both “food present” and “no food present” paw lifts. Meaning, over 
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70% of the observed variation within these categories can be explained by the model. 

This indicates that a large fraction of the variability in these datasets is predictable by 

the training techniques employed in the training (R2=72.22% for both categories; Table 

4.20). 

Oral behaviours – food context 

With “food present” oral behaviours, the highest mean proportion was observed in 

group C, at a value of over 0.7. Group C had a mean proportion approximately twice as 

high as group B, and three times larger than A. Figure 4.26 shows that the majority of 

group C oral behaviours were in the presence of food, compared to A and B whose oral 

behaviours were not. Despite some overlap between each respective group plot, 

visually there is some difference between the groups. The groups appear likely to 

differ from each other significantly. Following GLM (P<0.001; Table 4.20), post hoc 

MWU group comparisons were highly significantly different when group C was 

compared to A and B (P<0.001 for both comparisons; Table 4.20). Similarly, groups A 

and B were significantly different, though to a slightly lesser extent than group C 

comparisons (P=0.0003; Table 4.20). 

When “no food is present”, the boxplots of oral behaviours are inverted (Figure 4.26). 

Likewise, mean proportions follow an inverted pattern to food present oral 

behaviours; group A with the highest median proportion and group C with the lowest 

(Table 4.20). Unsurprisingly, the GLM revealed a significant difference result (P<0.001; 

Table 4.20). Again, given the data inversion, P-value outputs from the MWU test 

comparisons were identical to that of food present oral behaviours. A coefficient of 

determination (R2) of approximately 85% was calculated following GLM for both “food 

present” and “no food present” oral behaviours. Meaning, over 80% of the observed 

variation within these categories can be explained by the model. This indicates that a 

major proportion of the variability in these datasets is predictable by the training 

techniques employed in the training (R2=84.10% for both categories; Table 4.20).
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Table 4.20: the means ±standard error and statistical outputs using a General Linear Model for the proportions of sub-behavioural options - 

food presence and laterality. These options were only coded for alongside paw lifting and oral behaviours. Multiple Mann-Whitney U tests 

are used as post hoc analyses for group comparative significance. Significant results are bolded. Group A= aversive training using e-collars; 

B=aversive training without e-collars; C=reward-based training only. 

Sub-behavioural 
Options 

Mean (±Standard Error) Proportion 
of Sub-behavioural Options 

Group 
GLM 

Post Hoc Mann-Whitney U Test R2 
Value 

(%) Group A Group B Group C A vs B A vs C B vs C 

Paw Lifts in Context of Food Presence 

Food Present 0.2233 
(±0.0385)
 
  

0.4753 
(±0.0450) 

0.8875 
(±0.0427) 

F=39.51 
DF=2 
P<0.001 

W=2176.5 
NA=51 
NB=55 
P=0.0004 

W=1445.5 
NA=51 
NC=35 
P<0.001 

W=1807.5 
NB=55 
NC=35 
P<0.001 

72.22 

No Food Present 0.7767 
(±0.0385) 

0.5247 
(±0.0450) 

0.1125 
(±0.0427) 

F=39.51 
DF=2 
P<0.001 

W=3280.5 
NA=51 
NB=55 
P=0.0004 

W=2991.5 
NA=51 
NC=35 
P<0.001 

W=3197.5 
NB=55 
NC=35 
P<0.001 

72.22 

Oral Behaviours in Context of Food Presence 

Food Present 0.2175 
(±0.0262) 

0.3524 
(±0.0296) 

0.7281 
(±0.0255) 

F=59.04 
DF=2 
P<0.001 

W=3184 
NA=63 
NB=60 
P=0.0003 

W=2212 
NA=63 
NC=63 
P<0.001 

W=2184 
NB=60 
NC=63 
P<0.001 

84.10 

No Food Present 0.7825 
(±0.0262) 

0.6477 
(±0.0296) 

0.2719 
(±0.0255) 

F=59.04 
DF=2 
P<0.001 

W=4628 
NA=63 
NB=60 
P=0.0003 
 
 

W=5789 
NA=63 
NC=63 
P<0.001 

W=5256 
NB=60 
NC=63 
P<0.001 

84.10 
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Oral Behaviours - Laterality 

Left Directionality 0.2679 
(±0.0156) 

0.3401 
(±0.0177) 

0.2694 
(±0.0144) 

F=3.15 
DF=2 
P=0.05 

W=3349.5 
NA=63 
NB=60 
P=0.0049 

W=3987.5 
NA=63 
NC=63 
P=0.9514 

W=4302 
NB=60 
NC=63 
P=0.0033 

62.81 

No Directionality 0.5497 
(±0.0251) 

0.4255 
(±0.0239) 

0.3734 
(±0.0197) 

F=7.17 
DF=2 
P=0.002 

W=4563.5 
NA=63 
NB=60 
P=0.0009 

W=4980 
NA=63 
NC=63 
P<0.001 

W=4001.5 
NB=60 
NC=63 
P=0.155 

72.38 

Right Directionality 0.2008 
(±0.0184) 

0.2440 
(±0.0167) 

0.3544 
(±0.0155) 

F=19.73 
DF=2 
P<0.001 

W=3518 
NA=63 
NB=60 
P=0.0498 

W=2631 
NA=63 
NC=63 
P<0.001 

W=2710.5 
NB=60 
NC=63 
P<0.001 

58.46 
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Laterality  

The laterality of the oral behaviours observed was also recorded (Table 4.20). 

Proportionally, oral behaviours that were directed to the “left” of the dogs’ faces were 

similar in groups A and C, both in terms of mean value and box plot character (Figure 

4.27, Table 4.20). Group B had the largest mean proportion of left-directed oral 

behaviours, with a box plot that extends further than either group A and C. 

Interestingly, the GLM found a marginal significant difference (P=0.05; Table 4.20) 

between the groups. Post hoc analysis revealed a significant difference between group 

B and groups A and C (P=0.0049 and P=0.0033 respectively; Table 4.20). Groups A and 

C were not significantly different from each other (P=0.9514; Table 4.20). A coefficient 

of determination (R2) of over 60% was calculated following GLM. Meaning, over half of 

the observed variation within the “left” category can be explained by the model. This 

indicates that over 60% of the variability in this dataset is predictable by the training 

techniques employed in the training (R2=62.81%; Table 4.20). 

Oral behaviours that were directed neither left nor right (“no-directionality”) of the 

dog’s face were observed most in group A; with a mean proportion of approximately 

0.56 (Table 4.20). This was followed by group B and then group C. Box plots for each 

respective group’s range overlap, but there is a trending decrease in median from A to 

B to C (Figure 4.27). Group C shows less variation within the data relative to B; 

however, the entire range of group B overlaps that of group C, suggesting these groups 

may not differ. The GLM found a significant difference (P=0.002; Table 4.20) between 

the groups. Group A was found to be significantly different from both B and C 

(P=0.0009 and P<0.001 respectively; Table 4.20); but B and C were not significantly 

different from each other (P=0.155; Table 4.20). A coefficient of determination (R2) of 

over 70% was revealed following GLM. Meaning, 70% of the observed variation within 

the “no-directionality” category can be explained by the model. This indicates that a 

large proportion of the variability in this dataset is predictable by the training 

techniques employed in the training (R2=72.38%; Table 4.20). 

Lastly, group C exhibited the highest mean proportion of oral behaviours with “right” 

directionality (Table 4.20). This was around 1.5 times larger than both group A and 
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group B. Figure 4.27 shows the box plot for group C has a wider range of proportions, 

between around 0.15 and almost 0.6. Groups A and B have a smaller range that this, 

but these groups also differ in range; group A extends to just over a proportion of 0.4, 

whereas group B reaches 0.5. It is difficult to say with certainty whether group A differs 

from group B; yet, when compared to group C these groups will likely differ drawing on 

visual representation. The GLM did find a significant difference (P<0.001) between 

groups. Group A and B proportions were only just significantly different following 

MWU test (P=0.0498; Table 4.20). Although, comparisons with group C revealed that 

both groups A and B were highly significantly different (P<0.001 for both comparisons; 

Table 4.20). A coefficient of determination (R2) of over 55% was calculated following 

GLM. Hence, over half of the observed variation within the “right” category can be 

explained by the model. This indicates that over 50% of the variability in this dataset is 

predictable by the training techniques employed in the training (R2=58.46%; Table 

4.20). 

Summarising, food present behaviours were observed most in group C; whereas, no 

food present behaviours occurred the most in group A. Each laterality direction was 

observed the most in a differing training group; group B displayed the largest 

proportion of left-directed oral behaviours; group A displayed the most no-directed 

oral behaviours; and right-directed oral behaviours most in group C. 
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Figure 4.25: box plot showing the proportion of paw lifting when food is either 

present or not when the behaviour occurs during training sessions for each of the 

three training groups. For each of the three groups – blue=Group A; orange=Group B; 

Grey=Group C. Dots represent individual data points that have being calculated as 

outliers. 

 

Figure 4.26: box plot showing the proportion of oral behaviours when food is either 

present or not when the behaviour occurs during training sessions for each of the 

three training groups. For each of the three groups – blue=Group A; orange=Group B; 

Grey=Group C. Dots represent individual data points that have being calculated as 

outliers. 

Food Present No Food Present 

Food Present No Food Present 
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Figure 4.27: box plot showing the proportion of oral behaviours with either left-, no-, 

or right-directed laterality during training sessions for each of the three training 

groups. For each of the three groups – blue=Group A; orange=Group B; Grey=Group 

C. Dots represent individual data points that have being calculated as outliers. 

Effect of training day – sub-behavioural option 

Paw lift – food context 

Both the proportion of food present and no food present related paw lifts experienced 

change over time (Table 4.21). Gradually, the mean proportion of paw lifting in the 

presence of food increased; and its inverse, no food present paw lifting decreased 

across the three observation days. Visually, there is little difference between the three 

days in terms of visual representation regarding the box plots (Figure 4.28). Neither 

food present nor no food present paw lifting presented with a significant difference 

between observation days (GLM: P=0.628 for both categories; Table 4.21).  

Oral behaviours – food context 

A differing pattern was observed regarding the proportions of food present and no 

food present oral behaviours. Food present oral behaviours increased on day 3, and 

Left-directionality Right-directionality No-directionality 
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slightly decreased again on day 5; and, no food present oral behaviours decreased on 

day 3 before increasing slightly on day 5 (Table 4.21). Again, visually the box plots for 

both food present and no food present oral behaviours show very little difference 

between the days (Figure 4.29), indicating there is likely no significant difference. 

There was no significant difference associated with the GLM regarding the days of 

observation (GLM: P=0.817 for both categories; Table 4.21).  

Laterality 

None of the observed lateralities of oral behaviours changed significantly over time 

according to the GLM (Left: P=0.132, No: P=0.509, Right: P=0.651; Table 4.21). 

However, the data on the three days reflects varying levels of change. Left directed 

oral behaviours saw a slow increase over time, however mean figures remained within 

a small range of 0.27-0.31, with very similar IQRs for each day (Figure 4.30, Table 4.21). 

Oral behaviours with no directionality demonstrated a different change in the data. 

From day 1 to day 3, the mean proportion increased, they then decreased on day 5 to 

their lowest point. The medians remain within a tight range of 0.4-0.43. Similarly, the 

IQR for each day was similar in value (Figure 4.30). Yet, the range of day 5 was much 

wider than either day 1 or 3. Lastly, right directionality of oral behaviours displayed a 

similar pattern to no directionality. However, rather than day 5 being the lowest mean 

proportion, day 1 is the lowest. Again, changes remain within a small range – 0.25-0.28 

and similar IQRs and ranges were observed for each observation day (Figure 4.30). 

In summary, no sub-behavioural option presented with significant differences between 

observation days.
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Table 4.21: the means ±standard error and statistical outputs using a General Linear Model for the proportions of sub-behavioural options - 

food presence and laterality. These options were only coded for alongside paw lifting and oral behaviours on the three days of observation. 

No post hoc Tukey tests were necessary for any of the sub-behavioural options. Statistical results are bolded. 

Sub-behavioural Options Mean (±Standard Error) Proportion of Sub-
behavioural Options 

Day 
GLM 

Post Hoc Tukey 

Day 1 Day 3 Day 5  1 vs 3 1 vs 5 3 vs 5 

Paw Lifts – in the Context of Food Presence 

Food Present 0.4639 
(±0.0598) 

0.4923 
(±0.0528) 

0.5193 
(±0.0595) 

F=0.47 
DF=2 
P=0.628 

N/A N/A N/A 

No Food Present 0.5361 
(±0.0598) 

0.5077  
(±0.0528) 

0.4807 
(±0.0595) 

F=0.47 
DF=2 
P=0.628 

N/A N/A N/A 

Oral Behaviours –in the Context of Food Presence 

Food Present 0.4289 
(±0.0410)
  

0.4442 
(±0.0369) 

0.4435 
(±0.0386) 

F=0.20 
DF=2 
P=0.817 

N/A N/A N/A 

No Food Present 0.5711 
(±0.0410) 

0.5558  
(±0.0369) 

0.5565 
(±0.0386) 

F=0.20 
DF=2 
P=0.817 

N/A N/A N/A 

Oral Behaviours - Laterality 

Left Directionality 0.2988 
(±0.0185)
  

0.2704 
(±0.0136)
  

0.3066 
(±0.0166) 

F=2.06 
DF=2 
P=0.132 

N/A N/A N/A 

No Directionality 0.4477 
(±0.0228)
  

0.4578 
(±0.0209)
  

0.4241 
(±0.0262) 

F=0.68 
DF=2 
P=0.509 

N/A N/A N/A 

Right Directionality 0.2535 
(±0.0177) 

0.2719  
(±0.0165)
  

0.2692 
(±0.0195) 

F=0.43 
DF=2 
P=0.651 

N/A N/A N/A 
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Figure 4.28: box plots to show the change in proportion of paw lifting when food is 

either present or not present when the behaviour occurs, over three days of 

observation (1, 3 and 5). The three days are coded as follows: purple=day 1; 

green=day 3; red=day 5. Dots represent individual data points that have being 

calculated as outliers. 

  

Food Present No Food Present 
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Figure 4.29: box plots to show the change in proportion of oral behaviours when 

food is either present or not present when the behaviour occurs, over three days of 

observation (1, 3 and 5). The three days are coded as follows: purple=day 1; 

green=day 3; red=day 5. Dots represent individual data points that have being 

calculated as outliers. 

  

Food Present No Food Present 
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Figure 4.30: box plots to show the change in proportion laterality (left over three 

days of observation (1, 3 and 5). The three days are coded as follows: purple=day 1; 

green=day 3; red=day 5. Dots represent individual data points that have being 

calculated as outliers. 

 

4.3. Summary of training video analysis 

A summary of the statistical findings regarding training group comparisons of efficacy-

related measures can be found in Table 4.22. Similarly, Table 4.23 shows a summary 

table of the statistical comparisons concerning group comparisons of welfare-related 

measures. 

Like group differences, differences between the observation days have been 

summarised in Table 4.24 and Table 4.25 for efficacy- and welfare-related data 

respectively.

Left-directionality Right-directionality No-directionality 
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Table 4.22: summary table concerning the statistical results of all efficacy-related measures. Initial statistical significance identifying group 

differences and subsequent pairwise comparisons are noted. Significant pairwise comparisons between training groups are bolded.  

Efficacy Measure Statistical Significance of 
Difference between 

Groups 

Pairwise Comparisons 
A vs B A vs C B vs C 

Command Response Proportions 

Come Commands Only 

Obeys after 1st Command Yes No SD C>A C>B 

Obeys after Repeated Command Yes No SD A>C B>C 

Disobey No - - - 

Sit Commands Only 

Obeys after 1st Command Yes No SD C>A C>B 

Obeys after Repeated Command Yes No SD A>C B>C 

Disobey No - - - 

Command Latency 

Come No - - - 

Sit Yes No SD A>C B>C 
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Table 4.23: summary table concerning the statistical results of all welfare-related measures. Initial statistical significance identifying group 

differences and subsequent pairwise comparisons are noted. Significant pairwise comparisons between training groups are bolded.  

Welfare Measure Statistical Significance of 
Difference between Groups 

Pairwise Comparisons 
A vs B A vs C B vs C 

Proportion of Body Posture 

Tense No - - - 

Relaxed No - - - 

Excited Yes No SD C>A C>B 

Other No - - - 

Proportion of Ear and Tail Position 

Normal Ears Yes No SD A>C B>C 

Atypical Ears Yes No SD C>A C>B 

Normal Tail Yes No SD C>A C>B 

Atypical Tail Yes No SD A>C B>C 

Orientation Proportions 

Trainer  Yes B>A C>A C>B 

Neutral  Yes A>B A>C B>C 

Away  Yes No SD A>C B>C 

Other  No - - - 

Rate of Adjunctive Behaviour 

Oral Behaviour 

Combined No - - - 

Short Lip Lick No - - - 

Nose Lick Yes A>B A>C No SD 

Full Lip Lick No - - - 

Protruding Tongue Yes A>B A>C No SD 
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Lip Smack No - - - 

Mouth Lick No - - - 
 

Paw Lift No - - - 

Yawn Yes No SD A>C B>C 

Pant No - - - 

Groom No - - - 

Rate of Flight Behaviour 

Flee Yes No SD A>C B>C 

Interact Yes No SD A>C B>C 

Seek Yes A>B A>C B>C 

Owner No - - - 

Vocalisation 

Yelp No - - - 

Whine No - - - 

Bark Yes No SD C>A C>B 

Growl No - - - 

Other No - - - 

Sub-behavioural Option Proportions 

Paw Lifts in Context of Food Presence 

Food Present Yes B>A C>A C>B 

No Food Present Yes A>B A>C B>C 

Oral Behaviours in Context of Food Presence 

Food Present Yes B>A C>A C>B 

No Food Present Yes A>B A>C B>C 

Oral Behaviours – Laterality 

Left Directionality Yes B>A No SD B>C 

No Directionality Yes A>B A>C No SD 

Right Directionality Yes B>A C>A C>B 
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Table 4.24: summary table of the statistical results for all efficacy-related measures. Initial statistical significance identifying day differences 

and subsequent pairwise comparisons are noted. Significant pairwise comparisons between observation days are bolded.  

Efficacy Measure Statistical Significance of 
Difference between 

Training Days 

Pairwise Comparisons 
1 vs 3 1 vs 5 3 vs 5 

Command Response Proportions 

Come Commands Only 

Obeys after 1st Command No  - - - 

Obeys after Repeated Command No - - - 

Disobey No - - - 

Sit Commands Only 

Obeys after 1st Command Yes No SD 1>5 No SD 

Obeys after Repeated Command No - - - 

Disobey No - - - 

Command Latency 

Come No - - - 

Sit Yes No SD 5>1 No SD 
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Table 4.25: summary table of the statistical results for all welfare-related measures. Initial statistical significance identifying day differences 

and subsequent pairwise comparisons are noted. Significant pairwise comparisons between observation days are bolded.  

Welfare Measure Statistical Significance of 
Difference between Training 

Days 

Pairwise Comparisons 
1 vs 3 1 vs 5 3 vs 5 

Proportion of Body Posture 

Tense Yes No SD No SD No SD 

Relaxed Yes No SD 5>1 No SD 

Excited No - - - 

Other No - - - 

Proportion of Ear and Tail Position 

Normal Ears No - - - 

Atypical Ears No - - - 

Normal Tail No - - - 

Atypical Tail No - - - 

Orientation Proportions 

Trainer  No - - - 

Neutral  Yes No SD No SD No SD 

Away  No - - - 

Other  No - - - 

Rate of Adjunctive Behaviour 

Oral Behaviour 

Combined Yes 3>1 No SD 3>5 

Short Lip Lick Yes No SD No SD 3>5 

Nose Lick Yes No SD No SD 3>5 

Full Lip Lick Yes 3>1 No SD No SD 

Protruding Tongue Yes 3>1 No SD 3>5 
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Lip Smack No - - - 

Mouth Lick No - - - 
 

Paw Lift No - - - 

Yawn No - - - 

Pant Yes No SD 1>5 No SD 

Groom No - - - 

Rate of Flight Behaviour 

Flee No - - - 

Interact No - - - 

Seek Yes No SD 1>5 3>5 

Owner No - - - 

Vocalisation 

Yelp No - - - 

Whine No - - - 

Bark No - - - 

Growl No - - - 

Other No - - - 

Sub-behavioural Option Proportions 

Paw Lifts in Context of Food Presence 

Food Present No - - - 

No Food Present No - - - 

Oral Behaviours in Context of Food Presence 

Food Present No - - - 

No Food Present No - - - 

Oral Behaviours – Laterality 

Left Directionality No - - - 

No Directionality No - - - 

Right Directionality No - - - 
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5. Discussion of training videos 

The aim of this study was to investigate the efficacy and welfare effects that the use of 

electronic collars has on dogs in training. This is achieved by comparing e-collar use in 

training, with and without e-collars and reward-based training techniques. 

In 2018 the UK government claimed it was looking to ban the use of electronic collars 

(DEFRA, 2018b), and develop legislation accordingly. As of December 2019, this has not 

been achieved. It is hoped that the findings of this study may useful in advancing and 

informing such legislation should development continue.  

This study has built upon the works undertaken by Cooper et al. (2014) both in terms 

of efficacy and welfare related measurements. Efficacy markers were recorded using 

quantitative methods rather than qualitative. These marked clearly when a command 

was correctly obeyed by a subject dog, thus avoiding the subjectivity that the use of 

questionnaires brings. Additionally, individual behavioural measures were observed to 

provide a sum insight into the effects on welfare that each training regime had. The 

behavioural measures in this study offer a more in-depth analysis than the original 

study offered, as well as a continuation of the work previously set out. 

5.1. Efficacy-related data 

5.1.1. Command responses 

Come commands only  

All the training techniques have successful training outcomes when following 

commands. These results are similar to those found in the original study (Cooper et al., 

2014) who also found that the use of electronic collars was no better than reward-

based training. This supports the work conducted by Christiansen et al. (2001b) who 

observed successful training with e-collars alone. 

Despite the overall number of commands being higher in groups A and B, group C dogs 

were subject to more come commands. This suggests that trainers in group A and 

group B were more focussed on having the dogs sit on command. Similar findings were 

observed in the original article by Cooper et al. (2014). Analysis of come command 
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responses found that the reward-based training group had the highest proportion of 

obeying to the first come command during recall training. This suggests that reward-

based training is more efficient for recall training compared to training using an e-

collar and training excluding an e-collar, as fewer commands were given to elicit the 

correct response.  

Alternatively, dogs trained using reward-based techniques only displayed the lowest 

proportion of obeys following the repeating of commands. This suggests that the dogs 

trained using reward-based techniques are less responsive to commands when they 

are repeated compared to the dogs trained with e-collars or by training without e-

collars. Statistically there was a higher proportion of first response in group C 

suggesting that reward-based training may be more efficacious at eliciting the correct 

response first time, rather than on repeated command. 

Published research conducted on the efficacy of e-collars and reward-based training 

produced similar findings. E-collars had lower success rates than reward-based training 

for recall and chase problems (Blackwell et al., 2012). The results of the original study 

(Cooper et al., 2014) differ from, but do not contradict, those found by Blackwell et al. 

(2012), as the authors concluded that there was no difference in efficacy between the 

two training techniques. Both these studies relied on the use of owner-reported 

success, a method with inherent subjective biases. Furthermore, the use of the 

techniques by professional trainers may influence how successful techniques are. The 

findings presented in this report are an improvement as training success to come 

commands (i.e. the primary reason dogs were referred to the original study) is directly 

measured using a more quantitative approach. 

No significant difference was found between the training groups when it came to 

disobeying the come command. This suggests that no training technique is superior to 

another when it comes to failing to respond correctly. 

Comparisons between sequential days of observation for responses to come 

commands only did not find any significant differences. This suggests that the 

responses to commands are consistent over time for all training groups. This may also 
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suggest that the training styles experienced by the dogs produces immediate 

efficacious responses that continue over a short period of time.  

Sit commands only 

The responses to sit commands were similar to those found for come commands. 

Reward-based training methods appear to be more efficient as a significantly higher 

proportion of correct responses following the first command occurred. Furthermore, a 

lower proportion of repeated commands were given by reward-based trainers, as dogs 

responded more than other groups to first command. The results presented suggest 

that reward-based training is a more effective at training to sit on command. In 

contrast, Hiby et al. (2004) observed that reward-based training techniques were no 

more effective at training dogs to sit on command than aversive (referred to as 

punishment throughout the paper) techniques. Note though that Hiby et al. (2004) 

used the broad term “punishment” but did not make clear if e-collars were used 

alongside other aversive factors or techniques. Future work with clear differentiation 

of aversive techniques used would be insightful. The differences between groups in 

terms of the most common command given (of sit and come commands only) may 

represent the general style of training presented by the trainers or associated 

organisations, rather than individual differences. Further investigation into the 

difference in commands given by trainers subject to certain training styles would also 

be useful. 

Obeys after first sit commands found a significant decrease in these responses 

between days 1 and 5. The re-introduction of the owners into the training sessions 

may be the reason behind the decline. Dogs may be resorting back to associations 

formed with the owner before training begun; perhaps indicating that previous 

behaviours and responses were resurfacing. However, if the re-introduction of owners 

into the training sessions on day 5 led to the decrease in first command obeys, then 

one would expect day 3 and 5 to also differ significantly but this was not the case. 

Therefore, the re-introduction of owners may not be solely responsible for this decline. 

Analysis of days 2 and 4 may provide an additional insight into whether there is a 

steady decline over all training days. Alternatively, day 3 may be a statistical outlier, 
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and the owners’ re-introduction is the most likely cause for the decrease on day 5 

(should day 2 and 4 not differ significantly differ from day 1). 

5.1.2. Command latency 

The latency to correctly respond to a come command did not differ significantly 

between groups, despite there being a significantly higher proportion of repeated 

commands within groups A and B. When a dog did not immediately respond correctly 

to an issued command, the trainer may have experienced frustration causing the 

trainer to repeat the command until a response occurred. Perhaps it is possible that 

trainer patience is inherent to reward-based training; this has not been examined in 

research but may be an influencing factor. Furthermore, dogs trained by e-collars and 

by their exclusion from use, may have formed an association between multiple cues 

and then response rather than a single cue and appropriate response; again, a factor 

untested in this study. However, given the highest proportion for come command 

responses is “obeys after first command” within these groups, this is unlikely to be the 

case.  

Contrastingly, dogs trained using reward-based techniques were quicker at responding 

to the sit command than e-collar trained dogs and the elimination of e-collar dogs. This 

implies that reward-based training is more effective at eliciting faster responses than 

the other techniques. Currently, there are no studies that compare the latency to 

correctly respond to commands across differing training techniques. Nonetheless, it is 

plausible that several factors may influence how quickly dogs to respond to 

commands; for instance, previous obedience training (Kobelt et al., 2003). 

The latency to respond to sit commands across all groups combined, differed 

significantly between days 1 and 5 only. Again, owner re-introduction to training may 

explain this. Yet, no difference was observed between days 3 and 5, casting doubt as to 

whether this is the case. Hence, further analysis of days 2 and 4 may provide data that 

would determine whether this is or is not the case. Alternatively, no differences were 

observed in latency to come commands across observation days, suggesting that 

response times were consistent during training sessions for all training groups. 
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5.2. Welfare-related data 

5.2.1.  Body Posture  

The examination of body postures provides understanding of the dogs’ emotional 

experiences during training. In turn, this gives an insight into the effects on the dogs’ 

welfare that arise from the differing training techniques. 

The most common posture that dogs displayed across all groups, was that of being 

relaxed; with most dogs spending at least 90% of training time in a relaxed state, 

regardless of the training methods used. Moreover, a gentle increase in the proportion 

of time spent in relaxed body postures was observed over the three observation days, 

with day 1 and 5 being significantly different from each other. This increase may be 

explained by dogs habituating to the training styles and environment. Further, the re-

introduction of familiar owners to the training sessions may have resulted in dogs 

being more relaxed in their presence. But as days 3 and 5 did not differ significantly, 

habituation is the more likely explanation. 

For time spent in a tense body posture, all groups experienced some degree of 

tension, but no significant difference was found between groups. This conflicts with 

Schilder and van der Borg (2004) who found that German Shepherds with experience 

of e-collar stimuli displayed lower body postures (synonymous with tense in this study) 

than those without such experience. Yet, Salgirli et al. (2012) found that no dogs 

displayed lowering of body posture in response to the e-collar. Overall, it remains 

unclear on this evidence whether tension differs with training means. It is possible that 

additional factors may have influenced these outcomes. For instance, in both this 

study and Salgirli et al. (2012) e-collars were noted to have been operated by 

professionals, unlike those used in Schilder and van der Borg’s work (2004). Perhaps 

the use of professional trainers and implementing best e-collar practice reduces the 

instance of lower/tense postures. In real world circumstances, it is unlikely that the 

owners would seek professional help with these devices. Furthermore, a DEFRA study 

(DEFRA AW102, 2013) found that the majority of owners do not read the instruction 

manuals provided with the collars, compounding the problem. Given this, it is possible 

that the welfare of dogs exposed to e-collar training will be negatively affected, 

demonstrated by the increased likelihood of tense postures when non-professionals 
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operate such devices. Over the three observation days, a significant change was 

calculated for tense postures, but post hoc analysis indicated that one cannot be 

certain where the differences between the days lie. Note though, the use of MWU 

tests may not be sensitive enough to pick up the differences between days. Based on 

mean values, the proportion increased from day 1 to day 3, but decreased on day 5. 

These values suggest that day 5 is the one that stands out from the other days. Dogs 

may have been more relaxed in the presence of their owners on day 5, or perhaps due 

to habituation to the training regimes and environment. However, caution should be 

taken with this interpretation due to lack of clarity with significance. As only three of 

the five days of training were observed in this study, it may be possible that additional 

information from days 2 and 4 would clarify this matter. 

The proportion of time spent in an excited body posture differed significantly between 

groups. Reward-based training exhibited a higher proportion of excitement compared 

to the use of e-collars and their exclusion. The higher proportion of excitement in the 

removed e-collar group, as compared to the collar-present group, may be explained by 

the lack of e-collar. It is possible that the stimulus of the e-collar was used to curb 

excited behaviours in the collar-present group. Similarly, the increased use of food-

rewards within the collar-excluded group may have incited more excited responses by 

the dogs. It may also be plausible that excitement is simply a common occurrence in 

reward-based training. Future studies would be needed to determine whether 

excitement is a natural occurrence in reward-based training or arises from the trainer. 

No significant change in excited posture were observed over the three days 

progression. Incidentally, the use of excitement and play during training is rarely 

studied. Nevertheless, the results of this study draws parallels with research 

conducted by Affenzeller et al. (2017). Labrador retrievers that followed a learning 

experience with play led to improved training performance, demonstrated by fewer 

trials needed to re-learn a task. The use of play rather than excitement was not 

recorded in this study, but several instances of play were observed in the reward-

based group; this may have enhanced the learning capabilities of the dogs (noting also 

the increased proportion of first command obeys relative to groups A and B).  
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The proportions of “other” body postures were observed only on a few occasions 

during training sessions. No significant differences were observed between groups, or 

over the days’ progression. The main three body postures recorded in this study make 

up most postural states that dogs experienced during training; the conclusions of this 

study take this fact into account.  

5.2.2. Ear and tail position 

The relative positions of the ears and tail were significantly different between reward-

based training and both e-collar training and exclusion of the e-collar. 

Reward-based trained dogs had a much higher proportion of time with atypical ears, 

the majority of which were directed forwards and erect. This larger proportion may 

coincide with: the higher proportion of excited body postures; increased use of food; 

and, orientation towards the trainer in this group. The use of food as reward may lead 

to an increase in anticipation from the dogs, resulting in the higher proportion of 

atypical ears compared to the other groups. Up-forward ears are often associated with 

excited states/body postures and the anticipation of food (Buckland et al., 2014). 

Caesiro et al. (2017) found that dogs will move the adductor muscles in situations that 

result in positive anticipation, in apparent similarity to this study. Moreover, the erect 

ears may also represent signs of attention/focus from the dog, whether that be on the 

food or trainer. Conversely, as the direct position (up or flattened) of ear position was 

not recorded (only visually noted), one cannot rule out the possibility that atypical ear 

positions were in-fact directed back/flat. Flat ears may reflect signs of fear (Siniscalchi 

et al., 2018) or frustration (Bremhorst et al., 2019), both of which are negative states. 

It is possible that dogs undergoing reward-based training were subject to negative 

emotional states, however, such conclusions cannot be made on a single behavioural 

indicator alone. Furthermore, exploration into defining specific ear positions during a 

training context would help determine the emotional valence behind the training 

techniques.  

The converse is found between training groups regarding tail position. Dogs trained 

using an e-collar or excluded device were both found to display significantly different 

proportions of both normal and atypical tail positions compared to reward-based 
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training. Groups A and B displayed higher proportions of atypical tail positions (visually 

recorded as down/tucked) than group C. This down position of the tail is often related 

to fear and withdrawal (Kiley-Worthington, 1976). Similar studies have also observed 

dogs displaying low tail positions in response to aversive stimuli (Cooper et al., 2014; 

Schilder and van der Borg, 2004). This suggests that the dogs in groups A and B were 

negatively affected by the training they experienced. However, like atypical ear 

position, the direct position of the tail was only visually recognised during coding. 

Hence, atypical tail positions in the e-collar and excluded e-collar group may have been 

in high positions rather than down. High positioned tails may reflect states of arousal 

or positive interactions (Siniscalchi et al., 2018). It is possible that dogs undergoing 

training with electronic collars experienced positive emotional states, however, such 

conclusions cannot be made on a single behavioural indicator alone. Further 

exploration into defining specific tail positions during a training context would help this 

become a more reliable indicator of showing the emotional valence behind the 

training techniques.  

Over the three days of observation the proportions of both normal and atypical ear 

and tail positions remained at similar levels across all days indicating the training 

remained consistent over time.  

No conclusions can be made regarding these behavioural measures alone, 

considerations of welfare should be made in association with other indicators of in 

order to have a sum view of welfare during the respective training techniques. A better 

understanding and categorisation of ear and tail positions could form the aim of a 

future research programme to assist in studies like this. 

5.2.3. Orientation  

The dogs’ orientation was recorded, and several differences were observed between 

groups. Across the training groups, neutral orientation was the most common form of 

orientation presented by the dogs; those undergoing reward-based training displayed 

a significantly lower proportion of time neutral than both the e-collar group and 

removed e-collar group. 
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Dogs of the reward-based training group spent more of the training time in a different 

orientation, mostly towards the trainer – shown to be especially strong in post hoc 

analysis. The e-collar group and the removed e-collar group were also significantly 

different from each other in terms of trainer orientation, the latter more than the 

former. This is consistent with the effect being linked to an increase in the use of 

reward-based training techniques similar to those in group C. However, as group B is 

still significantly lower in this aspect than group C, it suggests that reward-based 

training methods are not used to the same extent as they are in group C. Similarly, 

interference from the use of aversive techniques may have led to lower expressions of 

this orientation. The increase in trainer orientation from reward-based training may be 

a difference associated with the training style; reward-based training focusses on 

having the dog in front of the trainer compared to aversive training which focus on 

having the dog beside the trainer in neutral orientation. 

During observations, dogs trained with e-collars and with collar-excluded, spent 

significantly more time orientated away from the trainer compared to the reward-

based training group. This suggests that dogs in these groups were avoiding the trainer 

by turning away. Research has shown similar outcomes in response to negative 

reinforcement training (Deldalle and Gaunet, 2014) and situations that may be 

considered aversive to the dog (e.g. veterinary practice, Döring et al., 2009). The 

presence of such an orientation may reflect signs of distress; however, further 

research into the details of this behaviour and other contexts (e.g. distractions) would 

be beneficial to those involved with dog welfare. 

The incidence of other orientations was insignificant. 

Significant difference of neutral orientation across the three days was revealed by 

GLM. However, post hoc analysis could not differentiate between the days. The use of 

MWU tests may not be sensitive enough to pick up the differences between days. 

Based on mean proportions, day 1 stands out as lower than the remaining days, but as 

no other orientations revealed changes means no real conclusions can be drawn from 

this. Further analysis of days 2 and 4 may provide additional information on this. 
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Overall, the reward-based group differed from the others for orientations, but one 

cannot claim with certainty that these orientations were solely signs of better welfare, 

though this may be the case. More interesting, is the incidence of away orientations in 

the other two groups that are more confidently associated with decreased welfare. 

Aggregating these orientation observations then, there is some indication of reward-

based training engendering advantage for welfare, compared to aversive techniques. 

Again though, this needs further investigation and examination alongside other 

behavioural measures for improved levels of confidence. 

5.2.4. Adjunctive behaviour 

Oral Behaviours 

Oral behaviours had the highest rate of all those recorded. The rate of oral behaviours 

occurred with similar prevalence across all training groups. However, a segregated 

analysis into the specific oral behaviour types uncovered nose licking and protruding 

tongue exhibited at a significantly higher rate by dogs trained using electronic collars. 

The presence oral behaviours have been identified as an indicator of acute stress 

among dogs (Beerda et al., 1998), yet differentiations between the types of lip licking 

and additional oral behaviours are not taken into account. As oral behaviours may 

reflect signs of stress, a specific detailing of how the oral behaviour takes form may be 

invaluable information in differentiating potential stress-related from non-stress 

related oral behaviours. Research into specific oral behaviours during training sessions 

is rare; however, (Mariti et al., 2010; Mariti et al., 2017) have shown that nose licking 

may occur as “calming signal” when in the presence of unfamiliar dogs. Similarly, the 

short extension of the tongue (protruding tongue) is rarely investigated as a 

behavioural indicator of stress. Notably, Schilder and van der Borg (2004) found 

parallel findings; dogs that experienced e-collar stimuli showed significantly more 

instances of extending the tongue out of the mouth compared to non-collar dogs. In 

short, nose licking, and a protruding tongue may be exhibited more in stressful 

situations compared to non-stressful situations. Given the small undertaking of studies 

that specifically examine the various oral behaviours, future research would be 

valuable to validate such claims. If one accepts that nose licking and tongue protrusion 
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are indeed linked to stress, then the e-collar is perhaps revealed as a source of stress. 

Further work on the immediate responses to an e-collar stimulus would be beneficial. 

For the remaining oral behaviour categories (short lip lick, full lip lick, lip smack and 

mouth lick) no significant differences were observed between groups. It may be 

suggested that such oral behaviours do occur during reward-based and aversive 

training sessions. The emotional valence behind these behaviours cannot be 

determined alone, hence such measures should be examined alongside additional 

measures. 

For lip smacking, calculations of effect size values were found to be small for A vs B 

comparisons (<0.5) or very small for remaining group comparisons (<0.2; Cohen, 1988) 

meaning the size of the difference between the groups is small. Whether the effect 

size here can truly be recorded as small/very small is not certain as no other studies 

have calculated effect sizes of their data.  

In general, days 1 and 5 of “combined oral behaviours” along with their individual 

categories (excluding lip smacking and mouth licking) appear to be significantly 

different from day 3 in at least one comparison. However, meaningful comparisons of 

oral behaviours across the observation days are difficult because the data is 

inconsistent, so one cannot draw reasonable conclusions. The additions of day 2 and 4 

may provide further information as to what occurs on day 3, or, may perhaps reveal 

that the data on day 3 is acting as an outlier within the data. 

Paw lifting   

Paw lifting is considered to reflect several states and intentions of subject dogs. These 

include stress (Beerda et al., 2000; Rooney et al., 2009), injury, uncertainty (Horváth et 

al., 2007) behaviours. In this study no significant difference was observed between 

training groups regarding paw lifting, despite all groups showing instances of the 

behaviour. The training type cannot readily be linked to this behaviour alone or used 

as a sole indicator of welfare.  

Yawning 



185 

 

Yawning behaviour is also regarded as a sign of distress in dogs (Beerda et al., 1998). 

Dogs exposed to reward-based training in this study had a significantly lower rate of 

yawning relative to the remaining groups, suggesting the e-collar and collar-excluded 

groups did suffer some degree of stress engendered by their training style. Similar 

findings are observed in Schilder and van der Borg (2004) whereby several instances of 

yawning occurred in dogs exposed to the stimulus of the e-collar.  

Panting 

The rate of panting remained statistically similar between all training groups. Cooper 

et al. (2014) found similarly – no significant differences were recorded between 

groups, despite opposing data being found. In the original study, panting was observed 

more in groups A and B rather than Group C. The potential reason that the results for 

panting do not match with the original study is that only three of the five days were 

observed. The additional two days of training may have contained measures of panting 

that would alter these results. The significant difference between days 1 and 3 for 

panting demonstrates that there is variation between the days already even without 

days 2 and 4.  

Grooming 

The rate of grooming behaviours was not significantly different between any of the 

training groups. Furthermore, this behaviour was quite rare compared to the other 

adjunctive behaviours, with certain dogs accounting for the majority of increased 

grooming rates (e.g. one dog is responsible for the two highest rates in group B alone). 

As the behaviour is displayed by certain dogs, it may be possible that these dogs are 

more sensitive to stressful situations than other dogs; or, underlying medical 

conditions have led to an increase in such behaviours. However, it is most likely that 

external factors were responsible for the increase in grooming rate for these dogs. 

While, grooming behaviours are considered a sign of stress, it may be that grooming is 

more associated with chronic stress rather than acute stress (e.g. confinement to small 

cages - Hetts et al., 1992). One cannot readily associate grooming behaviour as a sign 

of stress within any of the training groups due to the rarity of the behaviours and 

potential confounding factors. 
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Overall, little can be drawn from adjunctive behaviours as a whole, regarding welfare, 

as such behaviours can arise from differing contexts and stimuli other than stress. 

Hence, examination of these behaviours alongside additional behavioural measures 

can be used to provide an overall look at the effect on welfare that each training group 

has. Encouragingly, the data suggests that incidences of segregated, specific 

behaviours (e.g. yawning) may be worth pursuing in future studies.  

5.2.5. Flight behaviour 

The rate of flight behaviours displayed by dogs within the e-collar and exclusion of 

collar groups showed a strong significant difference from the reward-based training 

group; higher rates of fleeing in the former groups. No dog trained using reward-based 

training attempted to flee on any of the training sessions. The instances of fleeing 

during training sessions have not been extensively examined in published research, 

opening an area of future research that would be invaluable to the welfare 

community. Schilder and van der Borg (2004) found that dogs trained for guard work 

with electronic collars showed more instances of fleeing from a criminal compared to 

non-collar dogs. Similarly, fleeing behaviours were observed in response to stimuli that 

may be regarded as instantaneous and surprising, e.g. quick opening and closing of 

umbrella (De Meester et al., 2008). Such stimuli may result in a startle response, a 

phenomenon that may be occurring in the dogs present in this study, in response to e-

collar stimuli and observed lead signals in the groups A and B. Stress-related fleeing is 

likely a worse for a dogs welfare than startle-fleeing. However, as e-collar stimuli could 

not be determined during training sessions such fleeing types cannot be readily 

differentiated. Examination of this behaviour following known stimulus delivery in e-

collar training compared to excluded e-collar and reward-based training would provide 

an insight into the motivations and reasons behind the flee. Differentiation of this 

would help determine the relative effect on welfare that these training styles have.  

In a similar manner, the proportion of dog interactions with the training perimeter is 

higher in both the e-collar group and the e-collar excluded group, than in the reward-

based training group. Again, no dog on any day in the reward-based training group 

displayed this behaviour. While these behaviours have not being investigated within a 

training context, the various interactions that dogs make with such environments may, 
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with caution, be considered signs of anxiety. This assertion arises from possible 

separation anxiety parallels observed in dogs. Dogs with separation anxiety are known 

to show destructive behaviours, including scratching, pawing or digging along walls, 

doors and windows of isolation areas (McCrave, 1991; Overall et al., 2001; Storengen 

et al., 2014). If one accepts there is similarity between this behaviour observed in this 

study, and those looking at separation anxiety, then one could suggest that dogs in the 

e-collar and the e-collar-excluded group may have experienced similar negative 

emotions, with subsequent undesirable impact on their welfare. However, 

environmental manipulations may reflect signs of chronic stress rather than acute 

(Beerda et al., 1999). Informal observations (unrecorded) during video analysis did not 

recognise any dog displaying signs of chronic stress. Further observation alongside 

physiological and behavioural changes linked to chronic stress would provide 

information on whether training styles can provoke chronic signs of stress, or whether 

such behaviours arise in certain dogs. 

The rate of these flight behaviours did not significantly change over time, suggesting 

that these behaviours occur during training at consistent rates no matter how long 

training has taken. This suggests that the behaviour may continue to occur in a long-

term context. 

The rate of looking towards the exit of the training annex, seeking, was the most 

common among all flight behaviours. The e-collar using group exhibited the highest 

rate of seeking, followed by the e-collar excluded group, with reward-based training 

the lowest. Seeking behaviour suggests such dogs are distressed and suffer 

compromised welfare as dogs are looking to escape. However, this assertion requires 

further work to truly understand dogs’ underlying motivations. The level of seeking 

within the respective training groups suggests that dogs undergoing e-collar training 

suffer the most compromises to welfare and reward-based training the least. 

Currently, no known studies have investigated seeking behaviour in dogs within a 

training context so further research would be useful. Seeking behaviour rates were 

found to be significantly smaller on day 5 relative to that of days 1 and 3. This decrease 

may be due to re-introduction of owners in the training sessions. Similarly, dogs may 
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have become more habituated to the training styles and environment as the days 

progressed. 

In short, in terms of all the flight behaviours examined, reward-based training appears 

to be less stressful than the alternative training forms. However, analysis of these 

behaviours alongside other behavioural measures will provide a full overview of the 

effects on welfare. 

5.2.6. Vocalisation 

No barking command was issued during the training, yet barking was the only 

vocalisation that engendered a significant difference between training groups. The 

reward-based training group exhibited significantly higher for barking than the other 

groups. Dogs in this group were trained in spaces where distractions (dogs, vehicles, 

public, etc.) were likely to be more present than for other groups. It is possible that the 

increase in the rate of barking in this group was due to these additional stimuli. 

Similarly, the use of food in this group may have encouraged barking, perhaps a sign of 

frustration. Interestingly, the characteristics of barking can help determine the reason 

behind the barking behaviours. Yin and McCowen (2004) found that barking in 

response to a disturbance was often low-pitched, harsh and long in duration, with few 

changes to the amplitude and pitch. Whereas, play- and isolation-related barking were 

higher in frequency and changes to amplitude and pitch occurred more often. 

Disturbance and play barking were categorised by short inter-bark intervals, but 

isolation barking was separated by longer intervals. These barking characteristics 

alongside identification of frustration-related barking would help determine whether 

dogs in the reward-based group were experiencing moments of decreased welfare 

during training. However, as the flight behaviour of escaping the training and returning 

to the owner was not recorded at high rates, the chance that barking is related to 

isolation is unlikely. Nevertheless, the levels frustration-related, disturbance-related 

and play-related barking would identify and provide a deeper insight into changes in 

training welfare.   

For yelping, no statistically significant difference between groups was observed using 

GLM, though there was near significance. Due to this near-significance, effect size was 
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calculated for yelping using Hedges’ g. Effect sizes between groups were very small 

(<0.2; Cohen, 1988). This implies that the size of the difference between the groups 

regarding yelping is small. This result is unsurprising, especially as yelping did not 

appear consistently during training sessions. As before, no known studies have 

calculated effect sizes, so describing these effects as “small” is, to an extent, 

speculative. Interestingly, yelping rates were higher in the e-collar group compared to 

the excluded e-collar and reward-based training groups. These yelping findings can be 

compared with Schilder and van der Borg (2004) who observed several dogs yelping in 

response to e-collar stimuli. The authors suggest that this may be a pain response and 

not just a fear response. However, Salgirli et al. (2012) note vocalisations as startle 

responses rather than pain or fear. But one can note an important difference between 

Schilder and van der Borg’s work and Salgirli et al. (2012): that is, whether professional 

trainers were used in the delivery of the stimulus. In the former study, the 

trainers/handlers were not professional; in the latter study, professional e-collar users 

were utilised. Professional users of e-collars are likely to have an understanding of how 

e-collars work and can deploy appropriate levels of stimulus (with best e-collar 

practice), yielding a startle rather than pain response. In this study it is difficult to 

determine whether the yelps were elicited by pain or startle from the e-collars. But 

knowing that professional e-collar trainers were used, and that yelping in this study 

was recorded in only seven dogs (the two highest rates from the same dog), one could 

argue that yelping in this study was a likely a startle response. If this assumption is 

correct, then the results reflect a comparison of training regimes in which e-collars 

have been used correctly, and no significant difference was found. One might ask if 

yelping would increase significantly if non-professional trainers were used and pain 

was caused; a likely reflection of the real-world use of the devices. 

No group was significantly higher or lower in the rate of whining, though the behaviour 

did occur in all groups. This suggests that the differences in training style does not have 

a meaningful influence on this behaviour. Published research on this matter is 

informative. Ogata et al. (2006) trained dogs using classical conditioning to fear an 

aversive stimulus, such that they could observe the behavioural traits that arose in 

response; whining was observed. Jakovcevic et al. (2013) found that when dogs were 
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denied access to a food reward after completing correct behaviour, they displayed 

high levels of whining, which the authors concluded was a display of frustration. 

Whining may also be a sign of fear, as observed by Dreschel and Granger (2005) in 

dogs suffering from separation anxiety. Dogs with separation related problems that did 

not whine when isolated were recorded as “Begging dogs” (food 

orientated/demanding) and were whining with frustration rather than fear (Lenkei et 

al., 2018). Dogs trained using reward-based techniques may exhibit whining as a 

frustration response when denied access to a reward (food/toy/play) or when they are 

unable to determine/are unsure of what the trainer wants. Similarly, it appears 

whining arises from other motivations. Given the array of possibilities for causes of 

whining, it is not surprising that this study could not differentiate between training 

groups. The training regimes examined here may elicit whining behaviour with 

differing reasons behind the behaviour. Nevertheless, both fear and frustration are 

signs of decreased welfare, something that may be affecting the dogs no matter the 

training type used. It is sensible to avoid drawing conclusions from whining alone in 

studies, but the observation may be useful in supplement to other behavioural 

indicators to gain an overall stance of welfare. 

Growling rarely occurred among dogs in training sessions in any group. This suggests 

that the training styles used do not elicit instances of growling. Polsky (2000) found 

that dogs undergoing boundary training with a containment system displayed new 

signs of aggression. However, this data is likely only correlational rather than 

causative. Furthermore, several factors may also be associated with the aggressive 

outbursts of these dogs (e.g. all were unneutered males). While growling is often 

associated with aggression in dogs, this does not mean that the use of an e-collar 

stimulus causes such behaviours to occur. Interestingly, the highest rates of growling 

occurred in the reward-based training group. This suggests that there may be other 

provocations for growling present (e.g. underlying behavioural problems, additional 

triggers). One dog in this study illustrated this possibility: the same dog had some of 

the highest rates of growling in group C across the three observation days.  
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Vocalisations that did not fit within the defined categories were recorded as “other”. 

These were often sounds that resembled coughing (often following a food reward) or 

sneezing. 

The vocalisation rates did not differ significantly across the training days for any 

category, suggesting the training was consistent across all days. Furthermore, the low 

incidence of the behaviour may not have been enough to identify significant 

differences. 

Of all the vocalisations observed, only barking indicated any significant difference 

across the groups, and this was higher for reward-based training. The impact on 

welfare that barking had on the dogs of this group cannot be determined without a 

detailed understanding of the causing stimuli, characteristics or context of the barking 

– a useful are of study. All the other vocalisations were indistinguishable between 

groups but may be useful in supplementing other viable observations. 

5.2.7. Sub-behavioural option 

Food context 

The food context in which paw lifting and oral behaviours occurred was also recorded. 

For both behaviour types, the reward-based training group exhibited very strongly for 

these behaviours when food was present to the dog. This suggests that food has a role 

in attracting these behaviours. In the presence of food as reward, it is likely that paw 

lifting and oral behaviours are a sign of anticipation. It is likely that most of these 

behaviours in group C were exhibited in response to the food reward as significantly 

higher food use was observed in this group on all days (day 2: China, 2018; day 5: 

Cosby, 2018; day 4: Nicklin, 2018; day 1: Taylor 2018; no data for day 3 but may be 

assumed). The e-collar and the e-collar excluded group also exhibited paw lifts and oral 

behaviours when food was present (as food-rewards were permitted), though the 

incidence of these behaviours was significantly lower than for the reward-based group. 

The e-collar not-used group presented around halfway between the other groups. It is 

possible that when the e-collar was not available to use (group B), trainers were using 

a combination of aversive lead pulling and food-rewards to compensate. Previous 

analysis of command types within these training videos found that the use of lead 
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signals for come and sit commands were always significantly in higher in the excluded 

e-collar group than reward-based training; and, sometimes significantly higher but 

never lower than the e-collar group (day 2: China, 2018; day 5: Cosby, 2018; day 4: 

Nicklin, 2018; day 1: Taylor 2018; no data for day 3 but may be assumed). In these 

studies, the delivery of a food reward in group B was also observed to either be 

significantly higher or similar to that of group A, but always significantly lower than 

group C. It seems possible that dogs – unsurprisingly – associated food with reward for 

correct behaviour in the reward group; however, if they became aware of food 

presence (e.g. by scent) which was not offered, then opportunity for association would 

be less clear to the dog. Therefore, displays of these behavioural responses may have 

arisen for other reasons. These “other reasons” might be revealed as a source of stress 

and reduced welfare, while food-related rewarding responses would reflect a positive 

welfare circumstance. 

The proportion of paw lifts and oral behaviours without food present suggests an 

alternative reason for these behaviours. As injury is unlikely and not readily observed 

during observation, suggests these are likely displays of stress. Paw lifting has been 

observed in dogs experiencing stressful situations (Rooney et al., 2009), including that 

of a training context (Schilder and van der Borg, 2004; Schwizgebel, 1982).  

Given that food was used in the aversive groups, it is rash to draw too much from this 

set of data alone. It should be examined alongside other measures of welfare to gain a 

deeper understanding of the dogs underlying state during training. Carefully designed, 

specific research into both paw lifting and oral behaviours would provide valuable 

insight into additional contexts that the behaviour occurs in, aside from the known 

aversive. 

Laterality 

Oral behaviours were recorded in accordance with the direction the tongue took 

during each oral behaviour type. 

Several left-directed responses, tongue on the left-side of the dogs’ face/mouth (right-

brain hemisphere activation), including head turning with the left ear and eye, and tail 
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wagging have been observed in dogs when exposed to intense emotional activities and 

threatening/alarming stimuli (Siniscalchi et al., 2017). In this study, left-directed oral 

behaviours were observed in all groups. The proportion of this was highest in the 

excluded e-collar group. The e-collar and reward-based training groups were 

significantly lower but similar to each other. These results defy ready explanation; 

further analysis of the data, including days 2 and 4 might clarify this situation. It seems 

perhaps, that all the groups’ dogs experienced some form of threatening/alarming 

stimuli. Quaranta et al. (2007) found that dogs in the presence of unfamiliar dogs and 

people presented with more pronounced left-directed tail-wagging compared to 

familiar dogs and people. Training for dogs within the reward-based training group was 

specifically designed to not have aversive elements, suggesting that an external 

influence may have elicited these left-directed oral behaviours. An increased number 

of distractions present in the training area that this group worked in, is a possible 

explanation for this. However, as no direct recordings were made on distraction 

presences, left-directed behaviours may be the result of either aversive training or 

distractions in all groups. 

Oral behaviours recorded as without direction may have occurred when no apparent 

stimulus was present but may still reflect signs of stress. Statistically, the e-collar group 

had the highest proportion of non-directed oral behaviours, mostly comprised of 

higher rates of nose licking and protruding tongue. It is possible that the use of e-

collars may lead to these types of oral behaviours, though this specific association is 

not confirmed anywhere in current literature. Branson and Rogers (2006) noted that 

dogs with weaker motor lateralisation were more reactive when exposed to 

thunderstorm and firework sounds that were potentially threatening to the dogs. It is 

possible that there was a clustering of dogs within the e-collar group with weaker 

motor laterality leading to the lack of directionality of oral behaviours. Further work 

would be needed to examine whether such directionality and oral behaviour types are 

immediate responses of e-collar activation.  

Lastly, right-directed oral behaviours, tongue on the right-side of the dogs’ face/mouth 

(left-brain hemisphere activation), were mostly observed in dogs trained using reward-

based training, and highly significantly different from the other groups. This implies 
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that right-directed behaviours occur in response to stimuli with positive emotional 

valence (e.g. play, food, toys), which were used mostly in this group. Evidence of right-

directed tail wagging (Quaranta et al., 2007) and right-gaze bias (Racca et al., 2012) 

have been observed in dogs when exposed to positive stimuli. When comparing the e-

collar group with the e-collar removed group, the latter was just significantly higher for 

right-directed responses than the former, possibly in response to the increased food 

use in that group (day 2: China, 2018; day 5: Cosby, 2018; day 4: Nicklin, 2018; day 1: 

Taylor 2018; no data for day 3 but may be assumed), but does not reach levels of 

reward-based training. 

Very loosely then, for oral behaviours, left-directed laterality was mostly seen with 

aversive training; right directed laterality was seen with reward-based training. This in 

turn suggests the latter training style is preferred for maintaining good welfare. The 

evidence presented in this study regarding laterality of oral behaviours suggests that 

alongside tail wagging etc., they too may be a response to emotive stimuli. This 

demonstrates emotional processing, supporting the Davidson-laterality hypothesis 

(Davidson and Hugdahl, 1995). The current study appears to be the only one to 

specifically analyse the laterality of oral behaviours in dogs during training. Preliminary 

findings presented here may offer some support of this hypothesis, but it is imperative 

that future studies examine the laterality of oral behaviours under more controlled 

circumstances to assess the validity of this measure.  

No significant differences were observed between the three observation days for any 

of the sub-behavioural options. This suggests that the training conducted was 

consistent across the five days. 

5.3. Cross-discussion for both efficacy and welfare data 

Assessing the results as a whole indicates that the various aspects of the entire training 

process are perhaps linked. For instance, the varied responses to commands presented 

by the training groups may not only be a product of the training style used but also 

arise from both verbal and non-verbal aspects of the commands given. During 

observation, dogs trained under the use of e-collars and the excluded e-collar 

counterpart group tended to be given commands that were expressed in a negative 
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emotional manner, compared to the more positive delivery of commands by trainers in 

the reward-based training group. A study conducted by Mills et al. (2005) found that 

commands given in a positive context produced more reliable performances in the 

dogs compared to the commands given in a negative context. In light of this, the more 

reliable responses to both sit and come commands is perhaps reflected in the higher 

proportion of first command obeys in the reward-based training group. Similarly, 

Fukuzawa et al. (2005) found that the responses to commands declined when the view 

of the trainer was obstructed or out of view/turned away from the dog. In this study, 

dogs trained under groups A and B spent significantly more of the training sessions 

orientated away from the trainer relative to group C, who spent significantly more of 

the training sessions orientated towards the trainer. Interestingly, a negative 

correlation was found between the away orientation and the proportion of obeys after 

first commands (rho=-0.28214, P=0.0001). The breaking of sight between trainer and 

dog in the former groups may be partly responsible for the lower measures of efficacy 

relative to the reward-based training group. It is possible that these findings reflect the 

intentions of the trainer (i.e. the trainer’s personal training style) rather than the 

training regimes as a whole, especially as only four trainers in total were used. Further 

work into the specifics of aversive- and reward-based training would provide an insight 

into specific occurrences and behaviours of trainers occur within each training regime.   

Broadly, the data for body postures and ear and tail positions may be associated. Dogs 

undergoing reward-based training showed significantly higher proportions of atypical 

ear positions and excited body postures, which may be linked. Statistically, a positive 

correlation was found between atypical ear position and excited postures (rho=0.175, 

P=0.017). Conversely, tense body postures were also positively associated with atypical 

tail position (rho=0.756, P<0.0001), suggesting they were mostly down/tucked during 

periods of tension. While this does not indicate a causal relationship and these 

relationships are likely too tenuous a link to claim a direct indication of good welfare, 

one may suggest that the use of reward-based training is in a better welfare position 

than either aversive training techniques. Similarly, trainer orientation was also found 

to be positively associated with atypical ear positions (rho=0.299, P<0.0001). This 

correlation, on the other hand, is likely to reflect signs of anticipation especially as 
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both categories were observed most in group C compared to groups A and B. In a 

similar manner, the away orientation was positively correlated with atypical tail 

position (rho=0.453, P<0.0001), suggesting that atypical tail positions were mostly 

down/tucked in the e-collar and excluded e-collar group (as proportions were 

significantly higher in these groups). Again, separating directional position of the ears 

and tail (up and down) would improve the confidence of these claims. 

The proportion of trainer orientation in this study appears to show a significant 

positive correlation with both the instances of paw lifting (rho=0.360, P<0.0001) and 

oral behaviours when in the presence of food (rho=0.701, P<0.0001). This increase in 

food presence may lead to the dogs manoeuvring to face the trainer, suggesting dogs 

are showing signs of anticipation. The orientation of the dogs towards the trainer may 

influence the efficacy of training. When examined, the proportion of first command 

obeys is positively correlated with trainer orientation (rho=0.2441, P=0.001). This 

suggests that dogs may be more engaged in training when orientated towards the 

trainer, potentially leading to improved responses to commands. Furthermore, it is 

plausible that when dogs are positioned closer to and are facing the trainer, the spatial 

and temporal contiguity between the command and reward is closer and quicker. 

Thus, allowing for an association between the command and reward to be formed at a 

faster rate (Mills, 2005). Similarly, the overall presence (visual/smell) of the reward 

may increase the predictability of a command occurring, leading to a faster rate of 

associations forming between the command and response (Mills, 2005). This may 

explain the higher proportion of first command obeys in response to both come and sit 

commands in the reward-based training group relative to the e-collar and removed e-

collar training groups. As the data is only correlational, further examination of this 

should help to determine as to whether there is a causal relationship between the 

variables rather than relying on correlational data.  

As previously mentioned, right-directed behaviours are often observed in response to 

positive stimuli or situations. In this study, food present oral behaviours were 

positively associated with the right-directed laterality (rho=0.593, P<0.0001), 

suggesting the use of food is positive to the dogs. Furthermore, as the reward-based 

training group showed a significantly higher proportion of food-related behaviours, it is 
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likely that the training experienced by these dogs is a positive one, increasing signs of 

good welfare. Comparatively, oral behaviours when no food was present was 

positively correlated with no directionality (rho=0.337, P<0.0001). It is expected that 

left directionality would show this correlation due its links with aversive stimuli; 

however, the high rates of nose licking and protruding tongue in the e-collar group 

may explain as to why no directionality showed this correlation. It may be possible that 

no-directionality in oral behaviours is a sign of decreased welfare, however the lack of 

a causal relationship means such claims should not be made. Perhaps such oral 

behaviours are immediate responses to the application of an e-collar stimulus rather 

than stress-related behaviours. Further work on the immediate responses to e-collar 

stimuli would be beneficial as such data could not be recorded using the videos of this 

study. Nonetheless, reward-based training appears to show better welfare outcomes 

when examining these correlations – particularly as right-directed behaviours are 

linked with signs of positive stimuli and situations. 

Training of the separate groups occurred at differing times within the year: groups A 

and B were trained during winter months; group C during spring months. Despite best 

efforts to control for environmental factors, the weather could not be controlled. 

While this may reflect a more practical scenario, one cannot be certain that weather 

factors did not influence the results of the study. In particular, panting behaviour may 

not reflect signs of stress but may be a result of increased thermoregulation. The 

higher temperatures during spring, differing geographical location, use of 

play/excitement and increased freedom/exploration of the training annex (observed in 

the original study) within the reward-based training group may explain the higher 

levels of panting observed within this group.  

Flight behaviours were most prevalent in the e-collar group and the excluded e-collar 

group. Dogs undergoing reward-based training only, did not display any instances of 

fleeing or interaction with the training perimeter. Seeking however, was observed in 

only four dogs during reward-based training only. Relative to this, all dogs displayed 

signs of seeking behaviour on at least two of the three recorded training days when 

trained using electronic collars; and, when the e-collar was removed seeking behaviour 

occurred to almost the same extent as the e-collar group, but not as low as reward-
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based training. This suggests that the training styles experienced in groups A and B was 

aversive to the dogs, resulting in the dogs displaying signs of stress associated with the 

underlying motivation of wanting to remove themselves from the training sessions. 

Seeking behaviour was significantly lower in group B than group A. The increase in the 

proportion of paw lifting and oral behaviours in the presence of food within the 

removed e-collar group may have shifted the focus of the dogs onto the food and 

trainer reducing the rate of seeking within this group. Negative correlations were 

found between seeking behaviour with food-present paw lifting (rho=-0.683, 

P<0.0001) and food present oral behaviours (rho=-0.762, P<0.0001). However, as the 

rate of seeking is still significantly smaller than the reward-based training group, this 

implies that aversive training still occurs within this group and is stressful to the dogs. 

The overall flight behaviour data presented by the training groups suggests that the 

aversive nature of the training conducted in the e-collar and removed e-collar training 

groups is stressful to the dogs and negatively impacts dog welfare. 

5.4. Critiques and future research 

This study builds upon original works conducted by Cooper et al. (2014). While the 

original study shed some light on to both the efficacy and welfare implications of using 

electronic collars in training, further information, not previously examined, was 

available for observation. In the original study, observations regarding the efficacy of 

training techniques used were gathered using qualitative techniques (a questionnaire). 

To improve on this, a quantitative approach to efficacy evaluation was undertaken; 

videos of the training were examined and dogs’ responses to commands were 

recorded carefully. Behaviourally, additional responses were observed: orientation, 

flight behaviours, etc. Moreover, the food context in which oral behaviours and paw 

lifting occur had not previously been examined; here, closer examination of these 

behaviours provides a deeper understanding of the effects that the differing training 

styles have on the welfare of dogs. 

Despite attempts to improve on the original study, limitations were still present. The 

main issue arising from the analysed videos was the limited-quality footage. 

Observations were hard to code when dogs/trainers were not clearly in view. Dogs and 

trainers were occasionally at some distance away from the camera or microphone, or 
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external noises (e.g. vehicle noises, wind, etc.) exceeded that of the trainers’ voices 

and dogs’ vocalisations. This made certain behaviours and command responses harder 

to see and hear for coding. It is possible then that some coding options may have been 

missed or misinterpreted. Future research should ensure that video recordings of dog 

training sessions are conducted using multiple high-definition cameras, set up with 

clear views of the whole training area. Also, the audio should be recorded using simple 

radio-microphones, away from external noise (e.g. vehicles, other dogs, people, etc.). 

Such measures would provide a more accurate representation of the behaviours and 

responses displayed by the dogs and enable more accurate coding.  

There was representation of all breed groups in the original study (excepting the toy 

group). Yet, individual personalities of the dogs may have influenced how the dogs 

responded to the various training styles. For instance, a nervous dog may be more 

likely to show an exaggerated behavioural response to an e-collar than a dog that is 

not naturally nervous. In short, the responses of the dogs in this study may not be 

entirely the same as other dogs undergoing the same training. As for most animal 

behavioural studies, larger subject numbers reduce this effect, and future studies 

should bear this mind. Furthermore, owners and trainer should observe their 

respective dog’s behaviour for signs that the dog is uncomfortable or stressed by the 

training experienced and report as such. However, as dogs were initially matched for 

the original study, the impact of this affecting the outcomes is likely small. 

Seasonal differences at the training annexes of the groups were observed in the videos 

(though not recorded); these differences may have acted as external variables, 

compromising the results. Dogs that were trained in the winter months in Edinburgh 

(groups A and B) had to contend with large amounts of snow; whereas, group C 

training sessions were undertaken in early spring months in Lincoln which were 

warmer and snow-free. The ambient temperature may have affected the amounts of 

thermoregulation/panting displayed by the dogs. As such, temperature may be a 

significant factor that could affect the responses displayed by dogs. Additionally, water 

from snow may affect how electrical stimuli are conducted and thus perceived by dogs 

wearing an e-collar. As groups A and B were largely similar in all recorded efficacy and 

welfare aspects, yet differed from group C, this suggests that findings may be the 
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result of these weather differences rather than the training styles. However, as dogs in 

group B also experienced aversive training without an e-collar (lead pulling for 

instance), the responses expressed by dogs may be a product of this training. Hence, it 

is more reasonable to suggest that these environmental factors have little effect on 

the efficacy- and welfare-related outcomes for all training groups. Nonetheless, even if 

these factors have only minor effects, future research could benefit from incremental 

improvements by ensuring that training groups are observed under consistent 

conditions as weather effects cannot be ruled out completely. Note though, it is 

possible that uncontrolled weather conditions enhance the ecological validity of the 

study as several environmental factors would be acting on dogs in the real world.  

Unfortunately, inter- and intra-observer reliability testing was not undertaken in this 

study. To minimise such bias and given the importance and controversial nature of the 

study topic, it is imperative to mention that all videos were watched blind to the 

treatment groups, and in a random order. Confidence in the results can made should 

checking with additional blind observers occur.  

5.5. Concluding remarks regarding the training videos 

Examination of command responses and latency as a whole, suggests that neither 

reward-based training nor e-collar and excluded e-collar training is superior as all 

training styles led to successful obeying outcomes and no differences in disobeying for 

either come or sit commands. As reward-based training observed significantly higher 

proportions of obeying after the first command rather than repeated suggests reward-

based training is more efficacious as fewer commands are needed to elicit the correct 

response. However, the larger amount of repeated commands within both e-collar and 

excluded e-collar training may be a product of trainer style rather than a sign of being 

less efficacious training styles – particularly as the latency to correct come commands 

was similar across all groups. The latency to respond to sit commands correctly was 

indeed faster in the reward-based training group. However, as latency is not readily 

investigated in training research, future work would be needed to confirm these 

outcomes. Overall, the training efficacy is successful in training to come and sit no 

matter the training style used.  
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Exploration of the behavioural responses exhibited during training sessions together 

suggests that the use of electronic collars is detrimental to a dog’s welfare as 

significantly higher rates of these negatively associated behaviours (flight behaviours, 

no food present behaviours, yawning, etc.) were observed within this group relative to 

the reward-based training group who displayed significantly higher rates of positively 

associated behaviours (excited body postures, food present behaviours, right laterality, 

etc.). Additionally, dogs within the excluded e-collar group exhibited similar findings to 

both the e-collar and reward-based training group. This suggests that the training 

experienced by the dogs of this group is a mix of both aversive (lead pulling, similar 

behavioural responses to e-collar group) and reward-based (increased use of food 

rewards, higher proportions of food present behaviours) training. The increase in food 

use is perhaps to compensate for the lack of e-collar availability. This may reflect what 

may happen to the e-collar training community should such devices be banned; 

however, this may also reflect the trainers personal training styles when e-collars are 

not available. Importantly, the results of this study highlight the importance of 

investigating the welfare implications of other aversive techniques individually, outside 

of e-collar use, and compare this to reward-based and other specific aversive led 

training styles (e.g. pinch collars, lead pulling, physical punishments, alpha rolls, etc.). 

However, ethical approval for all types of aversive training may be a difficult challenge. 

Such studies may prove beneficial as reports of continuing use of aversive training 

suggests that thousands of dogs are experiencing stress unbeknownst to their owners 

(Rooney and Cowen, 2011). 

Three days of training were observed for each training group. When training groups 

are combined, changes over these three days can be identified. Broadly, there was 

little change over time for efficacy-related data. Meaning command responses and 

latency to these commands largely remain consistent during training. Those that did 

show a difference found day 5 to be significantly worse than the compared day, 

suggesting that the owners’ presences may have influenced this. However, additional 

research should examine potential changes over time for all responses and latency as 

such research is not currently covered. This would help provide an insight into the 

long-term efficacy of these training techniques, a currently lacking field of research.  
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Similarly, welfare-related data were also examined on three training days. Generally, 

there were few significant differences between the days. Where there were 

differences, day 5 often demonstrated lower signs of stress and increases in signs of a 

better welfare position relative to the compared days. This suggests that the presence 

of the owners during training in day 5 may have led to changes in these responses. Yet, 

habituation to training may have also led to these outcomes. Future research would 

benefit from examining this phenomenon as such work may help improve the welfare 

position of dogs in training. Moreover, long-term welfare effects of training have not 

been extensively studied in research and validation would improve confidence in this, 

or previously mentioned explanations (e.g. habituation to training style).  

As a parametric statistical test was used and the data is non-normally distributed, 

generalisation of these results to the wider dog community outside this study’s 

parameters (professional trainer use, training annexes, dog breeds, etc.) is reduced. 

Nevertheless, the results of this study highlight the differences between reward-based 

and aversive training (assuming group B had aversive elements), particularly 

concerning the welfare of dogs.  

The above remarks are placed into societal context, alongside CAT analysis in the final 

discussion and conclusions of the thesis, drawn in Chapter 6. 
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6. Thesis discussion and conclusion 

The aim of this study was to examine the efficacy and welfare implications of using 

electronic collars for training dogs, as compared to dogs trained using reward-based 

methods. In parallel to this work, a clearer perspective on research in this field was 

sought, by undertaking two Critically Appraised Topics (CATs) based on the scientific 

literature, one addressing efficacy- and one addressing welfare-related questions 

specific to e-collar use in training dogs. 

Formal critical appraisal of the primary factors driving the electronic collar debate, i.e. 

efficacy and welfare, revealed a lack of quality research that compares the use of 

electronic collars and alternative techniques in dog training. Consequently, neither e-

collar advocates nor opponents have strong scientific evidence for their arguments. 

The CATs delineate the limitations of existing studies and demonstrate the need for 

more scientifically-sound experimental research in this field. It is hoped that the CATs 

inform future research undertakings, improving upon the limited methodologies 

previously used in this field. In turn, inferences regarding the efficacy and welfare 

effects of e-collars in training may be made with more confidence. 

Cooper et al. (2014) initially concluded that the use of electronic collars is no better 

that reward-based training. Furthermore, e-collar training leads to significantly more 

immediate behavioural signs of stress than reward-based training. A re-examination of 

the training videos collected by Cooper et al. (2014) was conducted using more, 

previously unexamined behavioural responses and a quantitative undertaking of 

efficacy through the use of command responses. Thus, providing a deeper insight into 

the efficacy and welfare effects of e-collar use in training from the best currently 

available data set in this field of research. It is important to note that Cooper et al. 

(2014) was not fundamentally flawed but was undermined by oversights that may not 

have been predictable at the planning stage; these are now seen with the benefit of 

hindsight. Re-analysis of the training videos illustrated that the reward-based training 

sample raised less welfare concerns and was not significantly worse in training efficacy 

than the compared methods for training dogs. While examining the responses to just 

two commands limits generalisation (e.g. to heel, stay, etc.), this approach has 

provided additional insights into the efficacy of dog training techniques for some 
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commonly used commands. Moreover, some variables were identified (e.g. weather) 

that may influence efficacy and welfare in training – an interesting area of future 

research. A re-work of this study using new dogs and accounting for identified 

limitations would improve the data quality, likely producing improved results with 

more statistical confidence. Similarly, further work is needed to examine the long-term 

effects on efficacy and welfare of these training techniques. The two original DEFRA 

studies amounted to a cost of over £500K, meaning such an undertaking would be 

unlikely despite the benefits and improved confidence it would provide. 

Overall, the findings arising from training analysis have, to a degree, made useful 

indications regarding efficacy and welfare, and augmented our understanding of such 

matters as revealed in the CATs. 

Reflecting on training efficacy, one can draw the CAT findings and analysis of the 

training videos together and infer reasonable conclusions. The use of electronic collars 

in training can lead to efficacious training outcomes, at least in the conditions 

described. However, training with e-collars is not significantly more effective than the 

use of reward-based training, or training without e-collars (mix of aversive and reward-

based training). 

Reflecting on welfare outcomes, a similar consideration of CAT and video analysis 

again leads to informative conclusions. The use of electronic collars in training leads to 

immediate behavioural responses which indicate stress, and is thus detrimental to dog 

welfare. The CAT papers and videos reveal similar findings for alternative training 

techniques that include aversive elements. Importantly, reward-based training does 

not give rise to meaningful welfare concerns, but there may be incidences of 

frustration. Frustration though, may have occurred in the other training groups, but 

were perhaps masked by fear/anxiety-related stress responses – further research 

would be needed to clarify this matter. Nonetheless, one may reasonably conclude 

that the use of reward-based training is preferable to both e-collar training and 

training without e-collars, so far as welfare is concerned.  

There are several additional points of interest that remain to be made; these follow. 
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At no point in this study has evidence been found to support the idea that e-collar 

training offers any significant advantage over reward-based training. The latter has 

been shown to be at least as good as, or better than e-collar and other aversive styles 

(at least in the training circumstances described) for both efficacy and welfare 

outcomes. This is a very important point, in there is no welfare-based argument to 

justify use of e-collars. This though, is an ambitious claim, but the study was conducted 

in accordance with the precautionary principle (due to the lack of evidence in the 

literature), and therefore the responsibility of challenge to this claim lies with 

proponents. The findings do though offer a sound justification for conducting such 

research.  

Currently, within the UK, only Wales has officially banned the use of the devices for all 

purposes. Scotland has issued guidance on the matter, stating that reward-based 

techniques should be used first, and that e-collars may be detrimental to dogs, 

however, no statements banning or restricting their use have been advanced. The 

English government stated in 2018 that the use of remote and bark-control collars was 

to be banned whilst allowing use of electronic fencing systems under certain 

restrictions, yet no further action has been taken in implementing this. One could 

argue that the welfare consequences arising from the use of electronic collars as seen 

in this study may constitute acts of “unnecessary suffering”. In response then, the use 

of electronic collars in training might be prohibitable under the Animal Welfare Act 

(2006) and the Animal Health and Welfare Act (Scotland) (2006).  

A more temperate corollary arising from the study is that dog owners and trainers 

should give priority to the use of reward-based training techniques over the use 

electronic collars and more aversive training styles.  

Future studies should also seek to breakdown variables in such a way that behavioural 

welfare indicators differentiate between good and bad experiences (e.g. specific ear 

and tail positions, body postures, etc.). Thus, avoiding the dilemma of making training 

comparisons based on primarily negative affective states. For instance, does the use of 

reward-based training lead to more positive experiences over neutral and bad ones?  
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The evidence suggests that the use of electronic collars (and indeed aversive training) 

is detrimental to a dog's welfare even when professional trainers are used. The use of 

professional trainers may not reflect real-world application of these devices, so such 

welfare detriment is likely to be exacerbated when non-professional trainers use the 

devices. 

The study concords with the majority of the animal behavioural community, 

supporting their judgement that reward-based training techniques should be used in 

preference to aversive methods. Consequently, one is led to the inevitable conclusion 

that the use of electronic collars must be at least severely limited if not prohibited 

from use in training dogs.   
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8. Appendix 
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Appendix Table 8.1: ethogram of body postures and behaviours observable within the training videos. *=behaviours previously examined 

within the original study, Cooper et al. (2014). 

Behavioural 
Category 

Behaviours Description of Behaviour Coding Terms Adapted from 

Body 
Posture 

Tense* Body posture of the dog is low to the ground 
and/or crouched. Movement is rigid (may also 
be moving with low body) and generally slow. 
Ear and tail in non-normal positions (likely back 
and low/tucked position, respectively). 

“Tense”.  Beerda et al., 1998; 
  
 Döring et al., 2009; 
 
 Schilder and van der 
Borg, 2004; 
 
 Bodnariu, 2008;  
 
 Deldalle and Gaunet, 
2010.  
 

Relaxed* The dog’s body posture and any movement are 
steady and quite loose with no stiffness. Legs 
are at ease and not crouched. Ears and tail 
position are in a normal position. 

“Relaxed”. 

Excited* Posture of the dog is loose, and movement is 
erratic and quick. Ear and tail position may be 
normal or non-normal (likely in forward and 
high positions, respectively).  

“Excited”. 

Other The posture of the dog does not fit with the 
description of given posture options of the 
category.  

“Other BP” (Other 
Body Posture) 

Out of view The dog is not in view of the camera and body 
posture cannot be determined. 

“Out of View BP” 
(Out of View Body 
Posture). 

Orientation Towards trainer The front of the dog’s body is orientated 
towards the trainer. 

“Trainer O” (Trainer 
Orientated). 

Not previously 
examined 

Neutral The front of the body is neither orientated 
towards nor away from the trainer. 

“Neutral O” 
(Neutral 
Orientation). 
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Away from trainer The front of the dog’s body is orientated away 
from the trainer. 

“Away O” (Away 
Orientated). 

Other The orientation of the dog does not represent 
any of the orientations described. 

“Other O” (Other 
Orientation). 

Out of view The dog is not in view of the camera and 
orientation cannot be determined. 

“Out of View O” 
(Out of View 
Orientation). 

Flight 
Behaviours 

Return to owner The dog is clearly moving towards the location 
of the owner and away from the trainer (with 
no command given). 

“Owner”.  Dale et al., 2010; 
 
 Deldalle and Gaunet, 
2010; 
 
 Döring et al., 2009; 
  
 Schilder and van der 
Borg, 2004. 

 

Escaping vicinity The dog moves to leave the immediate area at 
any speed. 

“Flee”. 

Interaction with 
fences/exits 

The dog manipulates the perimeter of the 
training area with any part of the body (e.g. on 
hind legs with paws touching the fence). 

“Interact”. 

Locating exits The dog is looking at the exits of the training 
area with no movement towards them. 

“Seek E” (Seek 
Exit). 

Out of view Whether flight behaviours occur cannot be 
determined as the dog is out of view of the 
camera.  

“Out of View FB” 
(Out of View Flight 
Behaviour). 

Ear Position Normal/relaxed The dog’s ears are set in a position that is 
typical for the dog/breed in a neutral setting 
(e.g. forward to slightly back in German 
Shepherds/terrier breeds and ears back in 
greyhounds/whippets).  

“NE” (Normal Ears).  Bodnariu, 2008; 
 
 Schilder and van der 
Borg, 2004. 

 
Atypical/uncharacteristic Ears are not set in a recognised, relaxed 

position for the dog/breed. Generally, set in a 
high up and forward position (alert posture), or 
in a pinned-back and low position. 

“AE” (Atypical 
Ears). 
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Out of view The dog is not visible meaning ear position 
cannot be recorded during this period. 

“Out of View E” 
(Out of View Ears) 

Tail Position 
 

Normal/relaxed The tail of the dog is in a position that is 
recognised as relaxed for the dog/breed (e.g. 
high-up above the line of the back in 
Beagles/Spaniels compared to lower than the 
line of the back and perhaps tucked under the 
body in greyhounds/whippets). 

“NT” (Normal Tail).  Bodnariu, 2008;  
 
 Cooper et al., 2014; 
 
 Schilder and van der 
Borg, 2004;  
 
 Döring et al., 2009. 

Atypical/uncharacteristic The dog’s tail is positioned in a place that is 
considered non-normal for the dog/breed 
(likely low and may be tucked under the dog’s 
body or may be higher than normal). 

“AT” (Atypical Tail). 

Out of view Tail position cannot be determined as the dog is 
not in view of the camera. 

“Out of View T” 
(Out of View Tail). 

Vocalisations Yelp* A high pitched, rapid single cry out. “Yelp”.  Beerda et al., 1998; 
 
 Bodnariu, 2008; 
 
 Schilder and van der 
Borg, 2004; 
 
 Salgirli et al., 2012. 

Whine* A high pitched, prolonged and repeated sound 
(generally in a cyclic pattern). 

“Whine”. 

Bark* Rough and raspy call of short duration, both 
singular and repeated. 

“Bark”. 

Growl* Low-pitched, prolonged grumbling sound. May 
be accompanied by the showing of teeth. 

“Growl”. 

Other Vocalisation sound is heard but does not clearly 
represent the alternative vocalisation options. 

“Other V” (Other 
Vocalisation). 

Adjunctive 
Behaviours 

Yawn* Mouth of dog is opened widely followed by a 
large inhalation of air before closing. Tongue 
extends out of the mouth and the tip is often 
curled upwards towards the mouth. 

“Yawn”.  Beerda et al., 1998; 
 
 Bodnariu, 2008; 
 
 Deldalle and Gaunet, 
2010; 
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 Döring et al., 2009; 

 Schilder and van der 
Borg, 2004. 

Pant* Dog’s mouth stays open, and the tongue may 
be hanging out of the mouth. The dog is taking 
short, rapid breaths. 

“Pant”.  Beerda et al., 1998; 
 
 Bodnariu, 2008; 
 
 Döring et al., 2009. 

Paw Lift* One of the dog’s front paws is lifted from the 
ground and held between being slightly above 
the ground to close to the chest area. 

“Paw Lift”.  Beerda et al., 1998; 
 
 Beerda et al., 1999; 
 
 Bodnariu, 2008; 
 
 Schilder and van der 
Borg, 2004. 

Groom* One of the front paws or hind legs is used to 
repeatedly make contact at an area of the body, 
or tongue is used to repeatedly lick or nibble at 
an area of the body excluding the 
mouth/lips/nose. 

“Groom”.  Beerda et al., 1998; 
 
 Beerda et al., 1999; 
 
 Bodnariu, 2008. 

Oral 
Behaviours  

Short lip-
Lick 

Part of tongue swipes less than half way across 
the side of the upper lip. May see some small 
opening of the mouth. 

“SLL” (Short Lip 
Lick). 

 Beerda et al., 1998; 
 
 Deldalle and Gaunet, 
2010; 
 
 Döring et al., 2009; 
 

Nose-lick Tongue is extending from the mouth and 
brought towards the nose. Tongue may only 
touch the bottom, to the side and top of the 
nose. 

“NL” (Nose Lick). 
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Full Lip-
lick 

Tongue swipes across the upper lip more than 
half way across the whole of the upper lip, with 
mouth opening seen. 

“FLL” (Full Lip Lick).  Schilder and van der 
Borg, 2004. 

Protruding 
tongue  

Tongue is only partially visible through the 
dog’s mouth and not moved along/around lips. 
No opening of the mouth. 

“PT” (Protruding 
Tongue). 

Lip-smack Tongue extends out of the mouth slightly with a 
rapid opening and closing of the mouth. 

“LS” (Lip Smack). 

Mouth-
Lick 

Tongue swipes around the whole of the mouth 
– both upper and lower lips – accompanied by 
opening of the mouth. 

“ML” (Mouth Lick). 

Out of view The dog is out of view of the camera and the 
occurrence of an adjunctive behaviour cannot 
be recorded at present. 

“Out of View AB” 
(Out of View 
Adjunctive 
Behaviour). 
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Appendix Table 8.2: subset coding options for behaviours that may be distinguished with/without the presence of food, or laterality of the 

behaviour (sub-behavioural options). Upon the occurrence of either a paw lift or oral behaviour, whether food is present and the laterality 

(oral behaviours only) of the behaviour is recorded. 

Behaviour Additional Coding of Subset-options for Behaviours 
Food-options Food-options Coding Terms Laterality Laterality Coding Terms 

Paw Lift Behaviour occurs when food is 
present within the dog’s 
vicinity. 

“PF” (Paw Food). N/A. N/A. 

Behaviour occurs when no food 
is present within the dog’s 
vicinity. 

“PNF” (Paw No Food). 

Oral 
Behaviours 

Behaviour occurs when food is 
present before, during and up 
to 5 seconds after food is 
consumed. 

“OF” (Oral Food). Left-side of dog’s mouth. 
______________________ 
 
No directionality. 
______________________ 
 
Right-side of dog’s mouth. 

“L” (Left-directionality). 
____________________ 
 
“ND” (No-directionality). 
____________________ 
 
“R” (Right-directionality). 

Behaviour occurs when no food 
is present before or following 5 
seconds after food 
consumption.  

“ONF” (Oral No Food). 
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Appendix Table 8.3: descriptions of the commands given during training sessions. Upon occurrence during training videos both command 

and command type are recorded within the software. 

Command Given Command 
Type 

Description 

Come 
 

Verbal The dog is encouraged to return to the trainer/owner from distance 
upon hearing the “come” command given verbally; noises of 
encouragement (clicking, whistling, kissing-sounds, etc.); similar 
statements that warrant the dog returning to the trainer/owner (e.g. 
“let’s go”, “come on”); or, using the dog’s name. 

Hand signal The dog is encouraged to return to the trainer/owner from distance 
upon the visual hand signal of a beckoning motion from the arm and 
hand extended away from the body and the arm of hand is repeatedly 
drawn towards the body. Similarly, may also be gestured by the 
patting of the trainer/owner’s leg. 

Lead signal The dog is encouraged to return to the trainer/owner from distance 
upon feeling the lead being tugged towards the trainer/owner or the 
lead is flicked to bring the dog towards the trainer/owner. 

Sit Verbal The dog is asked to place its rear end on the ground upon issuing of 
the “sit” command verbally. 

Hand signal The dog is asked to place its rear end on the ground upon seeing the 
hand of the trainer/owner being brought up towards the chest/centre 
of the body. May also be issued through the trainer pointing their 
finger down over the dog’s head. 

Lead signal The dog is asked to place its rear end on the ground upon the lead 
being pulled vertically above the dog’s head or down towards the 
ground.  
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Appendix Table 8.4: description of the types of command responses for both come and sit commands. Following the delivery of either a 

come or sit command, the type of command response the dog gives is recorded upon occurrence. 

Command 
Given 

Command Response Description 

Come Obeys after first 
command 

The dog correctly responds to the come command 
by taking steps, at any speed, towards the 
trainer/owner following the first instance of the 
command being given.  

Obeys after repeated 
commands 

The dog correctly responds to the come command 
by taking steps, at any speed, towards the 
trainer/owner following multiple instances of the 
command being given. 

Disobey The dog fails to appropriately respond to the come 
command, either by failing to move towards the 
trainer/owner or should no correct response occur 
within 10 seconds of the first command.  

Sit Obeys after first 
command 

The dog correctly responds to the sit command by 
placing the rear-end on the ground following the 
first instance of the command being given. 

Obeys after repeated 
commands 

The dog correctly responds to the come command 
by placing the rear-end on the ground following the 
first instance of the command being given. 

Disobey The dog fails to appropriately respond to the sit 
command, either by failing to place the rear-end on 
the ground or should no correct response occur 
within 10 seconds of the first command. 

 


