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1. Abstract  

Unsocialized stray dogs live unrestrained in urban areas, having limited to no direct contact 

with humans. Aggressive behaviour towards humans leads to their apprehension to shelters, 

where they tend to stay permanently. This study aimed to determine if unsocialized stray dogs 

could be rehabilitated and develop the social skills needed for adoption. Six unsocialized stray 

dogs (Group Stray) and 12 socialized dogs (C1: Control Group 1, n=6; C2: Control Group 2, 

n=6) housed in a shelter were selected. Stray and C2 dogs went through two training phases: 

social rehabilitation towards humans and leash training. Sociability towards humans and 

behaviour on a leash were tested in all groups following Valsecchi et al. (2011). Sociability 

Tests (ST) and Leash Tests (LT) were conducted before any intervention (ST1), after sociability 

training (ST2, LT1) and after leash training (ST3, LT2). Training sessions and tests were video 

recorded and posteriorly analysed by four observers. Results showed that for Stray, but not for 

C1 and C2, there was a significant increase in sociability from ST1 to ST3. Moreover, for Stray 

Group there was a significant decrease in the frequency of fear-related behaviours between ST1 

and ST3. For leash behaviour, no significant changes were found from LT1 to LT2 for neither 

group. However, there was considerable individual variation, as not all strays overcame their 

extreme fear towards humans. These findings suggest that dog–human interactions can be 

improved through training for dogs who do not show extreme fear and/or aggression towards 

humans. 

Keywords: Animal Behaviour, Free-ranging dogs, Rehabilitation, Sociability, Training, Stray 

dogs 
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2. Introduction  

Dog ecology can be dependent on human interference, being it intentional or not, resulting in 

different levels of dependency, social interactions, and bonding with humans (Jensen, 2007). 

Boitani and Fabbri (1983) and Boitani et al (1995) proposed the following four categories based 

on this premise: owned-restricted, owned-unrestricted, stray, and feral dogs. The first two 

categories correspond to family dogs that are fully dependent on humans, having an owner who 

intentionally attends to their needs, but may have different levels of constraint (Hsu et al., 

2003). Restricted dogs are limited to their owner’s property and are only given access to public 

property on supervised walks. On the other hand, unrestricted dogs are not limited to just their 

owner’s property and are free to roam into public spaces. Stray dogs are also free to roam in 

human-dominated environments but do not have an owner who can provide to their needs, 

although some humans per times casually provide food and water to dogs that frequently roam 

in their neighbourhood. Stray Dogs are naturally attracted to resources that are made available 

through human settings, intentionally provided or not, such as food or shelter. Depending on 

their origin, strays can be socialised dogs with previous social bonds with humans and who 

were either abandoned or, for other reasons, ended up living in the streets. Unsocialized strays 

are dogs that are born in rural or urban environments that have grown up with little to no contact 

with humans. The latter, depending on their specific life experiences, can have different levels 

of fear/tolerance towards humans. The last category is comprised of feral dogs, that usually live 

in natural environments in a wild and free state, with no resources intentionally supplied by 

humans; these dogs are known for avidly avoiding human contact. (Boitani and Ciucci, 1995; 

Boitani et al., 1995; Causey and Cude, 1980). These different categories are not homogenous 

and sometimes it is difficult to assort a dog to one single category, as an individual dog can 

change its status during its life span. For example,  a family dog can become a stray dog and a 

stray dog can become a feral dog (Scott and Causey, 1973; Nesbitt, 1975; Hirata et al., 1987; 

Daniels, 1988; Daniels and Bekoff, 1989; Boitani et al., 1995). 

Because unsocialized stray dogs can have low tolerance towards humans, this may result in 

dangerous encounters, as these animals may resort to biting and other defensive/aggressive 

behaviours (Boitani et al., 2007). In these situations, the dogs are usually captured and taken to 

shelters, where they tend to stay permanently since some of these dogs are not even available 

for adoption due to their aggressive behaviour history. There is also a lack of interest by 

potential adopters due to these dogs’ low sociability towards humans (Posage et al., 1998). 

Previous studies have reported that dogs that stay closer to the front of the enclosures in shelters, 
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interacting in a friendly manner, are more likely to be adopted than more shy and nervous dogs 

that tend to be at the back of the enclosures (Wells and Hepper, 2000). The latter is a common 

scenario for unsocialized stray dogs. In addition to the already stressful shelter environment 

characterized by unfamiliarity, restricted mobility, exposure to noise, and isolation from other 

dogs, unsocialized stray dogs usually have a strong intolerance to humans, which makes the 

shelter environment even more stressful to them (Tuber et al., 1999; Menor-Campos et al., 

2011). ). If extended for long periods of time, their constant state of fear becomes a behavioural 

problem, as it causes a great level of stress and anxiety for the animal which in consequence 

can affect its health, compromising their welfare (Dreschel, 2005; van Rooy et al.,2014).   

Unsocialized stray dogs present severe animal welfare and public safety problem. In Portugal, 

a law passed in 2016 (nº 27/2016) established that shelters are not allowed to euthanize animals 

for population control purposes. In other countries with similar laws, such as Italy (Normando 

et al., 2009) and Austria (Arhant and Troxler, 2014), the shelters struggle to guarantee adequate 

conditions for all the housed dogs, as the adoption rates could not keep up with the increasing 

number of relinquished dogs. In these conditions, the animal’s welfare can become 

compromised as the shelters struggle to maintain good conditions for the rapidly increasing 

numbers of sheltered animals (Valsecchi et al., 2002, 2007). The lack of space to shelter all 

relinquished dogs eventually leads to an increased number of strays living in the streets. This 

means that, in addition to animal welfare problems, there are also health and safety concerns 

regarding these animals. Growing numbers facilitate the spread of diseases that can be 

transmitted to humans (Dalla Villa et al., 2010), and can also facilitate the formation of packs, 

which are potentially more dangerous in encounters with humans. Although pack attacks on 

humans are uncommon, the attacks are more severe and tend to escalate, sometimes resulting 

in fatal encounters (Borchelt et al., 1983). Other factors that facilitate attacks on humans 

mentioned by Santoro et al. (2011) among others include the dog's unneutered state, defence of 

territory, lack of social interactions with humans and the behaviour of the humans during the 

encounter. The lack of social interactions to humans and their strong avoidance may be due to 

the different nature of the encounters with human, as not all encounters are positive experiences 

for the stray dogs. Although some humans are known to leave food and water for 

neighbourhood strays,  others see stray dogs as a nuisance and may even harm the animals 

(Butcher, 2001; Carslake et al., 2012; Totton et al. 2011).  

One possible solution for the increasing stray dog problem would be to place them in dog 

sanctuaries, where they can live with low contact with humans. However, there are some 
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concerns that one would have to address with this solution, several sanctuaries would need to 

be built to accommodate the increasing number of unsocialized strays, who sometimes form 

packs to scavenge together. Besides space, all these animals need to be provided with water, 

food, medical care and with supervision, since placing different packs in the same area and even 

single strays from different areas will most likely result in social conflicts and fights. Another 

possibility is to train these animals to reduce their fear of humans and provide them with the 

social skills needed to interact with humans safely and positively so that these animals can 

ultimately be adopted. 

Social training can improve the sociability of shelter dogs (Valsecchi et al.,2007) and decrease 

the odds of a dog being returned once adopted (Scarlett et al., 1999; Kwan and Bain, 2013). 

Sociable dogs are perceived as more attractive to potential adopters, so sociability can be 

deemed as an important trait for a successful adoption (Sternberg et al., 2003; Wright et al., 

2007). A previous study by Well and Harper (1992) even suggests this trait to be more important 

the physical appearance of the dog.  

A former study conducted by Demirbas et al. (2014) found by questioning free-ranging dogs 

owners, that after the adoption, the stray dogs were in a state of shyness and fear, but with time 

became more socialised with their humans and managed to adapt to a human-friendly home 

environment and hyper attachment was the most common problem reported by the owners. 

Another study by Demirbas et al. (2017) implemented a rehabilitation program for free-ranging 

dogs that included training and posterior adaptation to a new home environment. The training 

used positive reinforcement methods to teach basic obedience commands, such as, sit, wait, lie 

down and to do leash training, additionally including petting sessions. Posterior adaption to a 

new home was achieved by introducing to the dogs an indoor environment in a first phase and 

secondly by familiarising the dogs to an environment with a common living room concept, with 

a sofa, carpet and dog bed. 

This program was found to improve the stray dog’s behaviour and welfare, in similarity to 

findings by other studies on shelter dogs. The welfare of shelter dogs was improved with 

increased social contact with humans, which was accomplished by frequent positive 

interactions with the animals (Wells, 2004; Coppola et al., 2006; Luescher and Medlock, 2009). 

As suggested by Demirbas et al. (2017) adaptation to an environment with human presence is 

possible and achievable if the stray dogs show no intense fear/aggression in the early stages of 

training.  
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Rehabilitation programmes encompassing training for different social contexts, such as 

sociability with conspecifics and humans, may present itself as a promising tool to improve the 

sociability of captured unsocialized stray dogs. This has important consequences for the 

successful adoption of these animals. Therefore, the present study aimed to evaluate the effects 

of a rehabilitation and training protocol, focused on dog-human interactions, on the behaviour 

of unsocialized stray dogs with high levels of fear towards humans. To this end, the developed 

protocol was applied to unsocialized stray dogs (experimental group) and socialised shelter 

dogs (control groups) housed at a shelter in Portugal. The success of the programme was 

evaluated through the assessment of the dogs’ overall behaviour (body posture and display of 

stress-related behaviours), and through behaviour, tests specifically designed to assess the dogs’ 

sociability towards humans and behaviour on leash.  

 

3. Materials and methods 

3.1 Subjects and housing 

A total of 18 dogs housed in a municipal shelter in Portugal were selected as subjects for this 

study. The selected animals were divided into three groups of six animals each: two control 

groups and one experimental group (Table 1). The control groups, hereafter Control Group 1 

(C1) and Control Group 2 (C2) comprised six socialized adult dogs, each with three males 

and three females. Two control groups were built to control for two distinct factors: the effect 

of time passage (C1) and the efficacy of the constructed training protocols (C2). The dogs from 

the control groups were socialised dogs either collected from the streets in the metropolitan area 

of Porto, relinquished by their owners or apprehended due to legal justice cases. The 

experimental group, hereafter Group Stray, comprised six unsocialized stray dogs (three males 

and three females). These dogs were captured in December 2018, seven months before the 

beginning of the study. Before capture, these animals were found scavenging in a local city 

park and were collected due to reports of attacks toward humans. The dogs’ age, sex, neuter 

status, housing state (individual/paired) and time spent in the shelter before the beginning of 

the study were considered when allocating dogs to the two control groups to match the Group 

Stray characteristics (see Table 2). Further description of the groups and the animals can be 

found in the appendix, Table A1. 
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Table 1: Selected subjects for the study sorted by the three study groups. 

 Study Groups 

 Group Stray Control Group 1 Control Group 2 

Project 

Name 

Jack Onda Dragão 

Oscar Lua Charlie 

Bella Boris Ellie 

Molly Louie Bonnie 

Branco Dani Dingo 

Nina Barbas Roxy 

 

Table 2: Demographic data for the three groups.  

 Group Stray Control Group 1 Control Group 2 

Age (years) 

(min-median-max) 
2 (1–5) 4.5 (1–5)   4 (2– 6)  

Neutered None 
1 female 

1male 

2 females 

1 male 

Housing 
2 individually 

2 pairs 

5 individually 

1 pair 
6 individually 

Time in kennel (months) 

(min-median-max) 
 7 (7–7)   12 (3–22)  12 (5–24)    

There were two subject changes in Group C1 across the study. One of the initially selected 

dogs, Draco, unfortunately, passed away due to parvovirus infection. As this happened the day 

after the first sociability evaluation was performed, another dog, Louie, was chosen to take his 

place in the study. Additionally, before the social rehabilitation protocol was terminated, the 

subject Teddy was adopted. This subject was then unable to participate in the second sociability 

test evaluation and was consequently removed from the study. For the remainder of the study, 

Barbas was selected to take his place. 

All dogs remained in the same enclosures throughout the study. Ten dogs were housed indoors, 

six in enclosures measuring 1.3 x 1.6 m and four in enclosures measuring 1.0 x 1.6 m. From the 

remaining eight dogs, seven were housed in outdoor enclosures measuring 0.90 x 2.9 m, and 

one (Boris) was housed in an outdoor enclosure measuring 1.3 x 1.6 m. The layout of the shelter 

and the location of the dogs is depicted in Figure 1. 
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Figure 1: Schematic representation of the shelter at the time of the study. Subjects of each 

group are represented by a different shape and their sex is represented by colour. 

Inside their enclosures, all dogs had access to a bed/mat to rest and a bowl of food and water, 

which were filled regularly. Additionally, the dogs from Groups C1 and C2 were walked daily 

by a member of the shelter staff. Dogs from the Group Stray never left their enclosures, with 

the exception of behaviour testing and training. 

3.2 Experimental procedure 

Three types of tests were performed for all subjects throughout the study: general behaviour 

assessment (GB), sociability test (ST) and leash test (LT). The general behaviour assessment 

and the sociability test were performed at three-time points: at the beginning of the project, 

before any intervention, after the implementation of the social rehabilitation protocol and after 

the implementation of the leash training protocol. The leash test was performed at two-time 

points: before and after the leash training protocol. The sociability and leash tests were 

performed twice at each time point, once by a ‘familiar’ person – the author (MC) of this 

project who performed the social rehabilitation and leash training and again by an ‘unfamiliar’ 

person – one of the study’s supervisors (ACVC), with a minimum of a 60-minute interval 

between the two tests.  
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At each time point, the GB and the ST were performed on the same day for all dogs in the 

period between 10 am to 4 pm. The LT was also performed on the same day for all dogs the 

day after GB2 and ST2 and the day after GB3 and ST3, also in the period between 10 am to 4 

pm.  

The order in which the subjects were tested was randomized for the dog to be initially tested by 

either the familiar person or the unfamiliar person. After a one-hour break, the person 

performing the test was then switched for the second round of the test, so each dog would be 

tested twice, each time with a different person. Moreover, for standardization, the order in 

which each subject was video recorded was kept as consistent as possible across the different 

time points. Because the shelter environment changed daily, with unpredictable and different 

sources of stress and excitement for the animals, there were a few exceptions, caused by either 

the weather conditions, the normal activities of the shelter and visitors. In some test days, there 

was heavy rain and some of the selected dogs as it can be seen in figure 1, had their enclosures 

outside, with little shelter from the rain, it the dog was to come close to the entrance it would 

end up wet. Additionally, the person performing the test would also end up drenched and the 

water could damage the camera, resulting in a serious setback for data collection. The normal 

activities of the shelter would also sometimes interfere with the order of testing, as, for example, 

if a staff member needed to clean the enclosure of the dog that was to be tested, or if the dog 

had to be taken for a walk. Finally, when there were visitors, the dogs would become over-

excited and not exhibit their normal behaviour. To circumvent around these events, anytime it 

happened, the next subject in the list that was housed indoors was recorded. Dogs housed indoor 

were sheltered from weather conditions and were less disturbed because no visitors were 

allowed to enter the room they were in, as most dogs in this room were dogs that were in a 

judicial process or that had shown aggressive behaviours towards humans, such as biting. As 

so it was preferable to test the dogs indoor when conditions outside were deemed unfit or not 

optimal for testing the subjects housed outdoors. 

The social rehabilitation and leash training protocols each lasted 40 days and were only applied 

by the familiar person to the Group Stray and Group C2. The overall experimental procedure is 

summarized in Figure 2. On what follows, each phase of the procedure is explained in detail.  
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Figure 2: Schematic representation of the experimental procedure overtime for the Group 

Stray (S), Control Group 1 (C1) and Control Group 2 (C2) 
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3.2.1 General Behaviour Assessment  

To evaluate the subjects’ body posture and position in the enclosure during a normal day at the 

shelter, a video camera was placed in front of the dog’s enclosure, recording for ten minutes.  

3.2.2 Sociability Test  

Immediately after the General Behaviour Assessment, a Sociability Test (ST) was performed 

to assess the sociability of the dogs towards humans. This test corresponds to a component of 

the original Temperament Test developed by Valsecchi et al. (2011), except for the Handling 

subtest. Initially, only the Sociability Test component was chosen from the Temperament Test 

because the study started with an authorization for 8 weeks of experimental work and, given 

the highly unsocialized status of the stray dogs, it was unrealistic to expect evolution on the 

other components of the original Temperament Test (e.g., walking on leash, playfulness, 

problem-solving or trainability). However, after authorization was conceded to continue with 

the project for an additional 8 week-period, as so the Leash Test component was also utilized 

(Valsecchi et al, 2011).  

The ST comprised five subtests, each lasting 30 seconds, during which an experimenter 

performed a series of predetermined actions designed to assess the sociability of the animals 

(see Table 3 for details). The test began with the experimenter standing in front of the subject’s 

enclosure (Subtest 1), then lowering her stance (Subtest 2), trying to pet the dog through the 

grading (Subtest 3), entering the dog’s enclosure and staying still (Subtest 4) and, finally, trying 

to pet the dog (Subtest 5). While one experimenter performed the test, a second experimenter 

timed the subtests’ durations using Interval Timer (v2.1.1 by DreamSpark (2015) 

https://play.google.com/store/apps/details?id=cc.dreamspark.intervaltimer) and announced the 

transitions. The second experimenter stood out of sight of the dog being tested to not influence 

its behaviour. All instances of the ST were recorded using a video camera placed in front of the 

dogs’ cages. 
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Table 3:  Description of the Sociability Test: subtest label, evaluator behaviour and score 

Approach 

to the 

kennel 

The evaluator approaches the kennel silently, with a neutral posture, avoiding direct 

visual contact and stops within a few centimetres of the grid for 30 seconds. 

- Friendly and calm dog, approaching the appraiser and seeking to get in touch: 9 

- Friendly dog, standing inside the kennel, without seeking contact: 8 

- Exuberant and excited dog in approach, hyperactive: 7 

- Neutral dog, approaching calmly from the evaluator: 6 

- Neutral and stationary, just looking at the evaluator or barking: 5 

- Neutral dog avoiding contact, moving away from the evaluator: 4 

- Fearful dog, approaching the evaluator in low posture: 3 

- Fearful dog, standing in the centre of the kennel: 2 

- Fearful dog, avoiding the evaluator, moving away and/or hiding: 1 

- Aggressive and threatening dog: 0 

Crouching 

on its side 

The evaluator squats down (to look completely non-threatening) and avoids eye 

contact with the dog. This posture is maintained for 30 seconds, during which the 

evaluator speaks quietly with the dog ("good boy/girl", "come here"). 

- Friendly and confident dog approaches the appraiser looking for contact: 3 

- Neutral or less confident dog, just barking: 2 

- Fearful dog: 1 

- Threatening and aggressive dog: 0 

Petting 

through 

the grading 

The squatting evaluator looks at the dog and tries to stroke it for 30 seconds. 

- Friendly and confident dog approaches the appraiser looking for contact: 3 

- Neutral or less confident dog, just barking: 2 

- Fearful dog: 1 

- Threatening and aggressive dog: 0 

Enter the 

kennel 

The evaluator opens the door and enters the kennel. For 30 seconds s/he stands still, 

arms along the body, ignoring the dog completely, avoiding the gaze of the dog. 

- The dog approaches the appraiser: 2 

- The dog stands still: 1 

- The dog departs from the appraiser: 0 

Physical 

contact 

The evaluator crouches sideways to the dog, calling softly, and tries to pet the dog 

if s/he approaches. If there is no response, the evaluator will extend a fake hand and 

try to touch the dog. The behaviour in the subsequent 30 seconds is evaluated. 

- Friendly and calm dog, approaching the appraiser and seeking to get in touch: 9 

- Friendly dog, standing inside the kennel, without seeking contact: 8 

- Exuberant and excited dog in approach, hyperactive: 7 

- Neutral dog, approaching calmly from the evaluator: 6 

- Neutral and stationary, just looking at the evaluator or barking: 5 

- Neutral dog avoiding contact, moving away from the evaluator: 4 

- Fearful dog, approaching the evaluator in low posture: 3 

- Fearful dog, standing in the centre of the kennel: 2 

- Fearful dog, avoiding the evaluator, moving away and / or hiding: 1 

- Aggressive and threatening dog: 0 
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3.2.3 Leash Test  

Similarly, to the ST, the Leash Test (LT) is a component of the Temperament Test developed 

by Valsecchi et al. (2011). This component aims to evaluate how docile the dogs are in the 

event of using a leash and walking with it. The LT comprised three subtests during which an 

experimenter performed a series of pre-determined actions designed to assess the behaviour of 

the animals during a walk with a leash (see Table 4 for details). The test began with the 

experimenter holding the leash next to the dog for 30 seconds and afterwards putting it on 

(Subtest 1), then walking the dog towards the test area (Subtest 2, see Figure 1), and finally 

returning to the enclosure (Subtest 3). If the dog showed intense fear when the experimenter 

tried to put the leash on, the test was considered terminated at that stage, to avoid stressing the 

animal any further. The leash used in this test and posterior training was a choke leash, as it 

used generally for shorter periods of handing dogs, such as moving dogs to different enclosures, 

additionally, it was the simplest way available to put a leash on the dogs of the Stray Group 

without causing the additional stress of introducing a collar or a harness vest. All instances of 

the LT were recorded using a video camera that was held by a second experimenter, who 

positioned herself to interfere the least possible with the test. 

 

 

 

 

 

 

 

 

 

 

 



13 

 

 Table 4:  Leash test: 

Reaction 

on seeing a 

leash * 

The tester stands at the entrance of the dog’s enclosure and shows the leash for 30 

seconds. The leash is held loose, allowing the dog to approach, smell, and look at it. 

The observer notes whether the dog is scared, calm, or exuberantly friendly when 

seeing the leash. The leash is put onto the dog by the observer. Scores refer to how 

easily the observer succeeds in this operation. If the dog is very scared or excited, the 

observer can try to calm it by talking in gentle tones. 

- The dog is confident, and it is easy to put the leash: 2 

- The dog is either extremely excited and unmanageable or reluctant and it is 

laborious to put the leash: 1 

- The dog reacts aggressively or is extremely afraid and it is impossible to put the 

leash: 0 

Walking 

on leash* 

The tester walks the dog from its enclosure toward the kennel’s park. The dog’s 

behaviour is noted in terms of general attitude on a leash. The test lasts between 30 

seconds and 1 minute depending on the distance from the dog’s enclosure to the park. 

- The dog is used to being on a leash and is easy to handle: 2 

- The dog is extremely excited and pulls the leash strongly or is scared, flattens 

itself, and wants to go back into the kennel: 1 

- The dog is unmanageable on a leash: 0 

Returning 

to the 

enclosure 

The tester returns the dog on a leash to the enclosure and records the subject’s reaction. 

- The dog enters the kennel immediately: 2 

- The dog is reluctant to enter: 1 

- The dog refuses to enter and pulls back strongly: 0 

*If the score is 0, the test will end right away and a score of 0 will be attributed to the following 

sub-tests. 

 

 

 

 

 

 

 

subtest label, evaluator behaviour and score description 
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3.2.4 Social Rehabilitation and Leash Training Protocols 

The protocols for the social rehabilitation and leash training essentially consisted of systematic 

desensitization and counter-conditioning procedures, combined with procedures of positive 

reinforcement of desired behaviours (Butler et al. 2011; Overall, 2013).  Positive reinforcement 

is a form of operant conditioning, where a given behaviour results in a pleasant stimulus, thus 

increasing the probability of its occurrence (Guilherme Fernandes et al., 2017). Dog training 

can be achieved with vocal praise, petting, food rewards, interactive play, and social contact 

(Guilherme Fernandes et al., 2017). 

The social rehabilitation and leash training protocols were constructed in a way to reduce 

the stray dogs’ initial condition of fear in response to interactions with humans 

(counterconditioning). This was achieved by gradually exposing the dogs to human contact 

(desensitization). More specifically as can be seen in Table 3, the social training protocol started 

with a low level of human-dog interaction and proximity, initially, the experimenter had to 

stand far away from the dog and just throw food close to where the animal was standing. On 

the other hand, the last phase consisted of a higher level of human-dog interaction and 

proximity, as the experimenter would have to pet the dog in training and the dog would have to 

permit it without avoiding the trainer. Food rewards were given when the dog performed the 

behaviour desired for the phase of the protocol it was currently in (positive reinforcement), to 

increase the chances of the dog perform the desired behaviour again.  

The social rehabilitation protocol comprised eight phases that were common to Group C2 and 

Group Stray (Phases 1 to 8) and an additional phase for Group Stray (Phase 9) (see Table 5 for 

further description). Two training sessions were performed per day, from Monday to Friday. 

Each training session lasted approximately 10 minutes, and a 60-minute break was included 

between them. Whenever the dog demonstrated the desired behaviour for the current training 

phase, on the following day the dog was moved to the next phase of the protocol. 
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Table 5: Description of the phases of the Social Rehabilitation Protocol. 

PHASE DESIRED BEHAVIOUR METHOD & DESCRIPTION 

1 
The dog eats in the presence 

of the familiar person 

Throw food near the dog: The trainer crouches in the 

entrance of the cage and throws pieces of food to the 

animal. 

2 
The dog moves to the centre 

of the cage to eat the reward 

Throw food into the centre of the cage: The trainer 

crouches in the entrance of the cage and throws pieces of 

food to the centre of the cage. 

3 
The dog moves to the front 

of the cage to eat the reward 

Throw food near the entrance: The trainer crouches in 

the entrance and throws pieces of food close to the 

entrance of the dog enclosure. 

4 
The dog follows, with its 

head, the hand movement of 

the trainer from right to left  

Reinforcing lateral movement: The trainer crouches in 

the entrance of the cage and, with food in the hand, lures 

the dog from left to right, to encourage him to follow the 

food, delivering the food on the ground whenever there is 

movement on the part of the dog towards the hand. 

5 
The dog follows the trainer 

hand movement without 

avoiding/moving away  

Moving towards the dog: The trainer crouches at the 

entrance of the cage and moves the hand towards the dog, 

with the palm faced upwards, then releasing the food. 

6 
The dog moves towards the 

trainer’s hand to receive the 

reward 

Reinforcing movement towards the trainer: The trainer 

crouches in the entrance of the cage and, with food in the 

hand, lures the dog towards herself, delivering the food 

on the ground whenever there is movement on the part of 

the dog in this direction. 

7 
The dog eats the reward 

from the trainer’s hand 

Offer food by hand: The trainer crouches at the entrance 

of the cage and offers food by hand, only delivering the 

food if the dog fetches it by hand. 

8 
The dog allows the touch of 

the trainer without 

avoiding/moving away 

Trying to touch the dog: The trainer crouches reach out 

and try to touch the dog. As soon as the dog accepts being 

touched, the trainer releases food. 

9 
The dog steps out of its 

enclosure with all four legs 

Reinforcing exiting the enclosure: The trainer opens the 

enclosure and sits at the furthest end across it, 

encouraging the animal to come towards the entrance 

with food treats. Afterwards, the animal is free to explore 

the room accordingly uninterrupted. 

 

The leash training protocol comprised five phases that were common to Group C2 and Group 

Stray (Phases II to VII) and an additional phase for Group Stray (Phase I) (see Table 6 for 

further description). For this protocol, one daily training session of 10 minutes was performed 

from Monday to Friday. Whenever the dog demonstrated the desired behaviour for the current 

training phase, on the following day the dog was moved to the next phase of the protocol.  
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Table 6: Description of the phases of the Leash Training Protocol. 

PHASE DESIRED 

BEHAVIOUR 

METHOD & 

 DESCRIPTION 

I 

The dog steps out of its 

enclosure with all four 

legs 

Reinforcing exiting the enclosure: The trainer opens the 

enclosure and sits at the furthest end across it, encouraging the 

animal to come towards the entrance with reinforcements. 

Afterwards, the animal is free to explore the room accordingly 

uninterrupted. 

II 

The dog eats the 

reward from the 

trainer’s hand, outside 

of its enclosure 

Eating from the hand: The trainer sits outside the enclosure 

offering reinforcements by hand, waiting for the dog to approach 

and retrieve the reinforcement offered from the trainer’s hand. 

III 

The dog moves 

following the hand 

movement of the 

trainer 

Luring to follow hand movement: The trainer is outside the 

enclosure and, holding food inside a closed hand, lures the dog to 

perform a lateral movement, opening the hand and releasing the 

reinforcement whenever there is movement on the part of the dog 

towards the hand. 

IV 
The dog makes visual 

contact with the leash 

Presenting Leash: The trainer presents the leash to the dog and 

immediately releasing the reinforcement to the floor, 

guaranteeing that the dog sees the leash. 

V 

The dog puts its head 

through the loop of the 

leash and stays calm 

after the leash is on 

Putting the Leash: The trainer opens a loop on the leash and lures 

the dog with the reinforcement to put the head through the loop 

on his/her own will. 

VI 

With the leash, the dog 

follows the trainer into 

the test area 

Walking inside the test area: The trainer puts the leash on the 

dog and walks it towards the test area inside the shelter, 

afterwards returning the dog to its enclosure. The dog should be 

calm before leaving the enclosure. Food can be used to lure the 

dog to walk next to the trainer or to motivate the dog to walk 

forward. 

The difference in the number of phases implemented for Group C2 and Group Stray was due 

to the inclusion of an additional phase that meant to help the stray dogs lose their extreme fear 

of exiting their enclosures. This phase was firstly introduced at the end of the social 

rehabilitation protocol and was then continued as a starting phase of the leash training protocol, 

ensuring a continuous transition between protocols. This allowed the stray dogs to continue 

working on their fear, as not all dogs were able to leave their enclosure by the end of the 

established period for the social rehabilitation protocol. This phase was not implemented for 

Group C2 because some of the dogs were housed in outdoor enclosures (see Figure 1) and could 

willingly leave and possibly escape.  

Additionally, during the leash training protocol, to reduce the fear of the door of the room where 

the indoor enclosures were in, a corridor was built using with flattened grids and blankets, from 

the entrance door to the test area (see Figure 1). This was done for the strays Molly and Nina, 

as they were in a more advanced phase of the protocol and the door seemed to be an obstacle 
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for further progress. They were lured with food rewards to the entrance of the door and through 

the corridor into the test area by the familiar person. To habituate them to the test area, after 

training, the familiar person would repeat the process. Soon both females got used to following 

the familiar person to the test area with no need for the corridor or food rewards, aiding to 

achieve the goal of Phase VII of the leash training protocol. 

The behaviour of the dogs during the training sessions for each protocol was recorded at five 

time-points (T1, T2, T3, T4 and T5) with ten days apart. The first time point corresponds to the 

first session of the protocol, the second time point was recorded ten days after, and so on until 

the fifth time point - the last session of the protocol. For the social rehabilitation, the camera 

was pointing towards the enclosure of the animal at a distance that allowed to capture the 

familiar person and the animal. For the leash training, the same procedure was done, except 

when the dogs were in the last phase of the protocol. At this point, the unfamiliar person helped 

to videotape the training sessions, holding the camera, and walking behind the familiar person 

and the dog being trained. 

3.3 Data Treatment & Interobserver Agreement 

The recordings made through the project were analysed by multiple observers, with exception 

of body posture during the rehabilitation and training session, which was only analysed by MC.  

General Behaviour assessments were analysed by MC and one internship student (TM), ST and 

LT recordings were analysed with a qualitative scoring scale by MC, TM, ACVC and another 

internship student (IA), and with a quantitative ethogram by MC and TM. Both internship 

students were blind to the purpose of the study and the study groups. 

As the observational data of the assessments were analysed by more than one observer, the 

reliability and validity of all observational data were assessed through interobserver agreement, 

which compares the reported values of two or more independent observers for the same trials. 

(Foster et al., 1988; Suen 1988, 1990). Interobserver agreement for categorical data was 

measured with Cohen’s Kappa coefficient. The coefficient value increases when the observers 

attribute the same category for the given trial agree numerous times. This coefficient ranges 

from −1 to +1, where 1 represents perfect agreement between the observers (McHugh, 2012). 

An acceptable interobserver agreement is recommended by previous studies to be set at Cohen’s 

Kappa equal to 0.8 (Bryington et al., 2002; McHugh, 2012; Shoukri, 2011). Interobserver 

agreement for scale data was measured with Cronbach's alpha (Cronbach, 1951), similarly 

Cohen’s alpha, it measures the agreement between observers, but through internal consistency. 
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The closer the reported values from each observer are, the higher the level of internal 

consistency is, for example, two observers who report 4.3 and 4.2 values have higher inter 

consistency than two observers who report 2.1 and 7.8 for the same trial. Alpha values range 

from 0 to 1, with higher values reflecting greater internal consistency. 

For the General Behaviour analysis, the first ten minutes of the recordings were analysed 

using an instantaneous scan sample 1-minute technique to register the position of the dog within 

the enclosure (Back, Middle, Front) and the dog’s body posture (Friendly & Calm/Exuberant 

& Excited/Neutral/Fearful/Aggressive & Threatening) (see supplements, Table A2). At each 

time point (1-minute intervals), each observer attributed a score reflecting the position of the 

dog in the enclosure (3 = “Front”, 2 = “Middle”, 1 = “Back”) and its body posture (5 =” 

Friendly/Calm”, 4 = “Exuberant & Excited”, 3 = “Neutral”, 2 = “Fearful”, 1 = “Aggressive 

Threatening”). The number of occurrences of the different positions and body postures was 

summed and divided by the total number of data points and multiplied by 100, resulting in a 

percentage, representing how often the dog was observed in a given position/body posture. The 

average from the two observers was used for further analysis. Inter-observer agreement was 

fair for the body posture analysis (Cohen’s kappa = 0.23) and almost perfect for the position in 

the enclosure analysis (Cohen’s kappa = 0.85).  

For the ST qualitative analysis, each observer attributed a score to the dog for each subtest. 

Afterwards, the scores for the different subtests were summed to obtain a total final score. The 

final score ranged from zero to 26 points, with zero corresponding to an aggressive/threatening, 

unsocial dog and 26 to a friendly/relaxed, social dog.  

When we first started the qualitative analysis for the ST, we used the original Valsecchi et al.'s 

(2011)  qualitative scoring scale for the ST (see Table 3).  However, due to the limited detail 

provided in the descriptions of the original scale, substantial disagreement between observers 

was found (Cronbach's Alpha < 0.8). For example, in the original scale, in subtest 2 it was hard 

to give a score to a dog who was friendly but was not approaching, additionally, the other 

descriptions for the scores do not include possible behaviours towards the tester just the dog’s 

posture. To overcome this concern, the qualitative scoring scale was adapted to be more 

descriptive as to accommodate all the possible outcomes. Each body posture was thoroughly 

described in an auxiliary table (see supplements, Table A2) and the following behaviours were 

considered during the subtests: avoiding, stationary, approaching and seeking contact. 
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For each subtest, the observer would evaluate the dog’s body posture and behaviour, resulting 

in a combined score found in the fifth column of Table 7, so if a dog would be fearful and 

approaching the tester, the score attributed would be 3, if additionally, the dog would seek 

contact then the score would be 3.5. The scale ranged from zero to nine for all subtests, with 

zero corresponding to an aggressive/threatening dog and nine matching a very social dog that 

approached and sought the person performing the test. Inter-observer agreement with the 

adapted scale was high (Cronbach's Alpha = 0.985) between the four observers. 

To ensure that all subtests were given the same relative weights as in the original qualitative 

scoring scale, each subtest score (SbT) was weighted according to the maximum score for the 

corresponding subtest on the original Valsecchi et al. (2011) qualitative scoring scale. If the 

maximum score for a given subtest would be 9, then the score obtained by the new adapted 

qualitative scale for that same subtest would be multiplied by 9. To convert the weighted scores 

to an equivalent of the original scale, the weighted subtest scores were multiplied by the 

maximum score of the original qualitative scoring scale (26) and divided by the maximum score 

possible of the new adapted qualitative scale (234).   

Table 7. Qualitative scoring system adapted from Valsecchi et al., 2011. 

Behaviour / 

Body Postures  

Avoiding 

Contact 
Stationary 

Approach the 

appraiser 
Seeks Contact 

Score 

(SbT) 

Friendly 

/Relaxed 

- - x x 9 

- - x - 8.5 

- x - - 8 

Exuberant 

/Excited 

- - x x 7.5 

- - x - 7 

Neutral 

- - x x 6.5 

- - x - 6 

- x - - 5 

x - - - 4 

Fearful 

- - x x 3.5 

- - x - 3 

- x - - 2 

x - - - 1 

Aggressive 

/Threatening 
- - - - 0 

 
x-presence of / - absence of, example: fearful and avoiding contact (x)= 1 
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To quantify stress-related behaviours during the ST, the ST videos were also analysed with a 

pre-defined quantitative ethogram (see Appendix, Table A3), using the software The Observer 

XT 10.0. The analysis was performed by MC and TM through continuous sampling. First, to 

train the observers and refine the ethogram, one video at a time was randomly assigned to both 

until an almost perfect agreement (Cohen’s kappa ≥0.80) was reached. Inter-observer 

agreement was achieved after the analysis of four videos. Afterwards, all 87 videos were 

randomly distributed between the two observers using the https://www.keamk.com/ website. 

The random distribution was made within the three groups for each time point so that each 

observer would analyse the same number of videos of each group per time point. This was done 

to avoid one observer from disproportionally analysing more videos of a certain group, for 

example, getting assigned more videos of Control group 1 during ST1 and the Group Stray at 

ST3.  

For the LT qualitative analysis, each observer attributed a score to the dog for each subtest. 

The scores reflected the different behaviours that the dog may have while walking on a leash. 

Afterwards, the scores for the different subtests were summed to obtain a final total score. The 

total score ranged from zero to six points, with zero corresponding to a fearful and 

unmanageable dog, that had a hard time walking on a leash, and six to a friendly dog, 

accustomed to wearing and walking on a leash. Inter-observer agreement was high for LT 

analysis (Cronbach's Alpha = 0.985). 

Finally, the first 10 minutes of the rehabilitation and leash training videos were analysed by 

MC using an instantaneous scan sample 1-minute technique to assess body postures (see 

supplements, Table 2).  

3.4 Statistical Analysis 

Statistical analysis was performed using SPSS (version 25, Copyright © IBM Corporation and 

its licensors 1989, 2017). Non-parametric tests were used, statistical significance was 

considered when a p-value was lower than 0.05.  

A Kruskal-Wallis H test was used to compare the three-study groups (Stray, C1, C2) as to 

evaluate differences between the groups during General Behaviour (body posture and position), 

Sociability Test (ST score) and Leash Test (LT score) assessments. For the same purpose, a 

Mann-Whitney U test was used for groups C2 and Stray, during social rehabilitation and leash 

training analysis, for body posture and phase progression assessments. 
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To verify if there were improvements in the stray behaviour during the project's duration, 

comparisons were made, within each group, using a Friedman’s test to compare differences 

during General Behaviour (body posture and position), Sociability Test (ST score), Social 

Rehabilitation and Leash Training (body posture and phase progression) assessments across 

more than two-time points. To compare differences in LT scores across the two-time points, 

during Leash Test assessments, a Wilcoxon’s signed-rank test was used.  Additionally, this 

test was also used to compare differences in ST scores and LT scores between the familiar and 

unfamiliar person. Dunn-Bonferroni posthoc tests were used for pairwise comparisons. 

4. Results 

4.1 General Behaviour Assessment  

4.1.1 Body Posture 

Figure 3 shows the average percentage of scans in the different body postures at time points 1 

(GB1), 2 (GB2) and 3 (GB3) for the three groups. No dog exhibited an aggressive/threatening 

posture during the assessments.  

 

Figure 3:  Average percentage of scans for the different body postures during the general 

behaviour assessments at time points 1 (GB1), 2 (GB2) and 3 (GB3). Results are presented for 

Group Control 1 (left), Group Control 2 and (middle) and Group Stray (right). 
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Intergroup comparisons revealed significant differences for the fearful body posture for the 

three time points [GB1: H(2)=14.035, p=0.001, GB2: H(2)=15.060, p=0.001; GB3: H(2)=8.846 

p=0.012]. Post-hoc analysis revealed that these differences were due to the Group Stray having 

a significantly higher percentage of scans in a fearful body posture than the control groups 

[GB1: S vs C1, p=0.008; S vs C2, p=0.002; GB2: S vs C1, p=0.003; S vs C2, p=0.002; GB3: S 

vs C1, p=0.038; S vs C2, p=0.027]. 

For the exuberant vs excited body posture, significant differences were found for GB1 

[H(2)=10.116, p=0.006] and GB2 [H(2)=7.804, p=0.020], with Group Stray showing a 

significantly lower percentage of scans than Group C1  for both time points (GB1: p=0.009; 

GB2; p=0.019). No significant difference was found during GB3 between the Groups 

(H(2)=3.730, p=0.155), the percentage of scan in exuberant vs excited body posture was similar 

between the Group Stray and the control groups. For the friendly vs calm body posture, 

significant differences were found for GB1 [H(2)=9.359, p=0.009] and GB2 [H(2)=11.930, 

p=0.003]. For this body posture, Group Stray displayed a lower percentage of scans than Group 

C2 for GB1 (p=0.016) and GB2 (p=0.021. No significant differences were found during GB3 

between the Groups (H(2)=5.987, p=0.0.05), the percentage of scans in friendly vs calm body 

posture was similar between the Group Stray and the control groups. No significant differences 

were found between groups for the percentage of scans in a neutral body posture [GB1: 

H(2)=0.569, p=0.752, GB2: H(2)=1.598, p=0.450; GB3: H(2)=0.657 p=0.720]. Finally, no 

significant differences were found between the groups C1 and C2 for any of the body postures 

at any given time point (fearful, neutral, exuberant vs excited, friendly vs calm: C1 vs C2, 

p>0.05).  

Intragroup comparisons revealed no significant differences were found for Groups C1 [χ2
(2, N 

= 5) =2.000, p=0.368] and  C2 [χ2
(2, N = 6)=0.000, p=1.000]. No other significant differences were 

found across time points for any of the positions for Group C1 (fearful: p=0.368; neutral: 

p=0.135; exuberant vs excited: p=0.099; friendly vs calm: p=0.348) and C2 (fearful: p=1.00; 

neutral: p=0.878; exuberant vs excited: p=0.846; friendly vs calm: p=0.949) 

 

 

 

4.1.2 Position in the enclosure 

Figure 4 shows the average percentage of scans in the different positions in the enclosure (back, 

middle, front) at time points 1 (GB1), 2 (GB2) and 3 (GB3) for the three groups. 
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Figure 4: Average percentage of scans for the position in the enclosure during the general 

behaviour assessment at time points 1 (GB1), 2 (GB2) and 3 (GB3). Results are presented for 

Group Control 1 (left), Group Control 2 and (middle) and Group Stray (right). For simplicity 

only intragroup significance is reported, * p < 0.05. 

 

Intergroup comparisons showed significant differences for the back position for GB1 [H(2)= 

11.664, p=0.003] and GB2 [H(2)=12.448, p= 0.02], as the Group Stray had a significantly 

higher percentage of scans than the control groups [GB1: S vs C1, p=0.037; S vs C2, p=0.004; 

GB2: S vs C1, p=0.017; S vs C2, p=0.004]. No significant differences were found between the 

groups during GB3 [H(2)=1.715, p= 0.424], the Group Stray had similar percentage of scans in 

the back position as the control groups. For the middle position, significant differences were 

also found for GB1 [H(2)=6.113, p=0.047], GB2 [H(2)=7.758, p=0.021] and additionally GB3 

[H(2)=6.323, p= 0.042]. For this position, Group Stray displayed a trend for a lower percentage 

of scans than Group C2 during GB1 (p=0.060), a significantly lower percentage of scans during 

GB2 (p=0.018). Lastly, significant differences were found for the front position for GB1 

[H(2)=11.376, p=0.003] and GB2 [H(2)= 6.465, p= 0.036], with Group Stray showing a 

significantly lower percentage of scans in the front position than both control groups for GB1 

(GB1: S vs C1: p=0.016; S vs C2: p=0.009) and then Group C1 for GB2 (p=0.036).  No 

significant differences were found between the groups during GB3 [H(2)=0.542, p=0.763], the 

Group Stray had similar percentage of scans in the front position as the control groups. No other 
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significant differences were found across time points for back, middle, and front positions 

between Group C1 and C2 (p>0.05). 

Intragroup comparisons revealed significant differences for the Group Stray for the back 

[χ2
(2,N=6)=8.588, p=0.014] and front positions [χ2

(2, N = 6)=8.588, p=0.014] across the three time 

points, but no significant results were found for the middle position [χ2
(2, N = 6)=2.000 p=0.368]. 

More specifically, the number of scans in the back position decreased and the number of scans 

in the front position increased from GB1 to GB3 (Back: p=0.042; Front: p=0.042). No other 

significant differences were found across time points for any of the positions for Group C1           

( Front: p=0,472; Middle: p=0,779; Back: p=0,717) and C2 ( Front: p=0,676; Middle: p=0,183; 

Back: p=0,529) 

4.2 Sociability Test (ST) 

4.2.1 Qualitative Results  

Figure 5 shows the average total ST score at time points 1 (ST1), 2 (ST2) and 3 (ST3) for the 

three groups.  

 

Figure 5:  Average Total Score for the Sociability Test at time points 1 (ST1), 2 (ST2) and 3 

(ST3). Results are presented for Group Control 1 (left), Group Control 2 and (middle) and 

Group Stray (right), for the familiar and unfamiliar person. * p < 0.05. Error bars show the 

standard error of the mean.  



25 

 

Intergroup comparisons revealed significant differences in the total ST scores across the three 

time points for both the familiar [ST1: H(2)=10.149, p=0.006; ST2: H(2)=11.000, p=0.004; 

ST3: H(2)=9.719, p=0.008] and unfamiliar person [ST1: H(2)=9.475, p=0.009; ST2: 

H(2)=11.359, p=0.003; ST3: H(2)=11.017, p=0.004]. The Group Stray had significantly lower 

scores than the control groups for the three time points, for both the familiar (ST1: S vs C1, 

p=0.025; S vs C2, p=0.019; ST2: S vs C1, p=0.016; S vs C2, p=0.011; ST3:S vs C1, p=0.023; 

S vs C2, p=0.022) and unfamiliar person (ST1: S vs C1, p=0.023; S vs C2, p=0.024; ST2: S vs 

C1, p=0.043; S vs C2, p=0.004; ST3:S vs C1, p=0.015; S vs C2, p=0.012). No significant 

differences in ST scores were found across time points between Group C1 and C2 (p>0.05). 

Intragroup comparisons showed that, for the Group Stray, the score changed significantly 

across the three-time points for both the familiar [χ2
(2, N = 6)=10.333, p=0.006] and unfamiliar 

person [χ2
(2, N=6)=10.000, p=0.007]. Additionally, for Group Stray, a significant difference was 

found between the ST scores with a familiar person and the ST scores with an unfamiliar person 

during ST2 (p=0.046), no significant differences were found for ST1 (p=0.104) and ST3 

(p=0.075). Moreover, there were no significant differences in the ST scores for Groups C1 and 

C2 across the three time points for neither the familiar [C1: χ2
(2, N = 6)=4.500, p=0.105; C2: χ2

(2, 

N = 6)=5.333, p=0.247] nor the unfamiliar person [C1: χ2
(2, N = 6)=3.333, p=0.189]. No significant 

differences were found for both groups when comparing the familiar (ST1, p=0.465 ; ST2, 

p=0.893 ; ST3, p=0.686;) and unfamiliar person (ST1, p=465 ; ST2, p=0.893 ; ST3, p=0.689). 

 

 

 

 

 

 

 

 

 

 



26 

 

4.2.2 Quantitative Results  

Stress-Related Behaviours Analysis: Frequency of point events 

Figure 6 depicts the average frequency of Yawning, Lip Licking, Paw lift, Flinch, Crouch, 

Head or Body Turn and Move Away behaviours for the three groups during the ST with the 

familiar and unfamiliar person at time points 1 (ST1), 2 (ST2) and 3 (ST3).  

 

Figure 6. The average frequency of yawning, lip licking, paw lift, flinch, crouch, head or body 

turn and move away behaviours during the assessment of the dog’s sociability with humans at 

time points 1 (ST1), 2 (ST2) and 3 (ST3). Results are presented for Group Control 1 (green), 

Group Control 2 (blue) and Group Stray (orange), for the familiar (panel A) and unfamiliar 

person (panel B). 
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Intergroup comparisons for the familiar person revealed a significant difference in the 

frequency of Flinch, Crouch and Head or Body Turn during ST2 [Flinch, H(2)=6.750 p=0.034; 

Crouch, H(2)=6.750 p=0.034; Head or Body Turn, H(2)=6.098 p=0.048]. Namely, during ST2, 

Group Stray tended to flinch and crouch more often than both control groups (Flinch, Crouch: 

S vs C1& S vs C2, p=0.073) and to do more Head or Body Turns than Group C2 (p=0.050). 

During ST3, significant differences were found for lip licking [H(2)= 6.549, p=0.038], with 

Group Stray lip-licking significantly less often than Group C1 (p=0.035). No other significant 

differences were found during ST3 for the previously mentioned behaviours [Flinch, 

H(2)=2.000 p=0.368; Crouch, H(2)=2.382  p=0.304; Head or Body Turn, H(2)=3.974 p=0.137] 

Intergroup comparisons for the unfamiliar person revealed a significant difference for Move 

Away during ST1 [H(2)= 6,216, p=0.045] and ST2 [H(2)= 9.714, p=0.008]. Group Stray tended 

to move away more often than Group C2 during ST1 (p=0.074) and moved away significantly 

more often than Group C1 (p=0.021) and Group C2 (p=0.021) during ST2.  

No other significant differences were found for the other behaviours analysed across time points 

for both familiar and unfamiliar person (p>0.05). 

For intragroup comparisons, when comparing the frequency of the analysed behaviours 

across time points, no significant differences were found within each group, for either the 

familiar or the unfamiliar person. As well, when comparing the frequency of the analysed 

behaviours between the familiar and unfamiliar person, no other significant differences were 

found for all of the behaviours across all time points. All results had a p-value greater than α 

(p>0.05).   

Stress-Related Behaviours Analysis: Duration of State Events 

Figure 7 shows the average duration of Barking, Panting, Self-grooming, Pacing, Circling, 

Jumping on all fours (Jumping A4) and Jumping on hind legs (Jumping HL) behaviours for 

each study group during the sociability tests with the familiar and unfamiliar person at time 

points 1 (ST1), 2 (ST2) and 3 (ST3). The behaviours Whining, Growling, Teeth chattering, and 

Trembling was taken into consideration during observation, but no occurrences were reported 

and hence these behaviours were excluded from further analysis. Bounce on Wall was observed 

but was also excluded as only one dog performed this behaviour during one-time point.  
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Figure 7. Average duration of barking, panting, self-grooming, pacing, circling. jumping on 

all fours (jumping A4) and jumping with hind legs (jumping HL) behaviours during the 

assessment of the dog’s sociability with humans at time points 1 (ST1), 2 (ST2) and 3 (ST3). 

Results are presented for Group Control 1 (green), Group Control 2 and (blue) and Group 

Stray (orange), for the familiar (panel A) and unfamiliar person (panel B). 

Intergroup comparisons for the familiar person revealed a significant difference was found 

for Panting during ST2 [H(2)=6.422, p=0.040], with Group Stray panting significantly for less 

time than Group C1 (p=0.045). Additionally, a significant difference was found for Jumping 

HL during ST3 [H(2)=7.400, p=0.025], Group C1 dogs engaged in this behaviour for longer 

periods than the dogs in Group Stray (p=0.030).  
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Intergroup comparisons for the unfamiliar person revealed significant differences for Panting 

during ST1 [H(2)=6.223, p=0.045] and ST2 [H(2)=7.702, p=0.021]. Namely, Group Stray 

panted for a significantly shorter period than Group C1 during ST1 (p=0.047) than Group C2 

during ST2 (p=0.024). A significant difference was also found for Jumping HL during ST3 

[H(2)=9.525, p=0.009], with Group C1 jumping for a significantly longer period than Group 

C2 (p=0.023) and Group Stray (p=0.023).  

No other significant differences were found for the other behaviours analysed across time points 

for both familiar and unfamiliar person (p>0.05). 

Regarding intragroup comparisons, when comparing the duration of the analysed behaviours 

across time points, no significant differences were found within each group, for either the 

familiar or the unfamiliar person. As well, when comparing the duration of the analysed 

behaviours between the familiar and unfamiliar person, no other significant differences were 

found for all of the behaviours across all time points. All results had a p-value greater than α 

(p>0.05).   

4.3 Leash Test (LT) 

Figure 8 shows the average total LT score at time points 1 (LT1) and 2 (LT2) for the three 

groups. 
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Figure 8:  Average Total Score for the Docility to Leash Test at time points 1 (LT1) and 2 

(LT2). Results are presented for Group Control 1 (left), Group Control 2 and (middle) and 

Group Stray (right), for the familiar and unfamiliar person. * p < 0.05. Error bars represent 

the standard error of the mean.  

Regarding intergroup comparisons, significant differences were found for the two time points 

for both the familiar [LT1: H(2)=10.612, p=0.005; LT2: H(2)=12.100, p=0.002] and unfamiliar 

person [(LT1: H(2)=11.609, p=0.003; ST2: H(2)=12.013, p=0.002]. The Group Stray had 

significant lower scores than the control groups for the two time points for both the familiar 

[LT1: S vs C1, p=0.022; S vs C2, p=0.008; LT2: S vs C1, p=0.031; S vs C2, p=0.003] and 

unfamiliar person [LT1: S vs C1, p=0.015; S vs C2, p=0.006; LT2: S vs C1, p=0.026; S vs C2, 

p=0.003]. No other significant differences were found across time points for the leash test scores 

between Group C1 and C2 (p>0.05). 

Intragroup comparisons found no significant differences between the LT1 and LT2 for any 

of the groups for both the familiar (C1: p=0.414; C2: p=0.581; S: p=0.285) and the unfamiliar 

person (C1: p=0.276; C2: p=0.157; S: p=0.680). No significant differences in LT1 scores were 

found when comparing the familiar and the unfamiliar person for Group C1 (Z=4.5, p=0.854). 

Additionally, no significant differences were found in LT2 scores when comparing the familiar 

and the unfamiliar person for all groups (C1: Z=9.5, p=0.833; C2: Z=4.15, p=0.414; S: Z= 6.000 

p=0.109) 

4.4 Training Sessions 

4.4.1 Body Posture 

Social Rehabilitation 

Figure 9 shows the average percentage of scans in the different body postures during training 

sessions at time points 1 (T1), 2 (T2), 3 (T3), 4 (T4) and 5 (T5) for Group C2 and Stray. No 

dog exhibited an aggressive/threatening posture. 
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Figure 9. Average percentage of scans in the different body postures during the recorded social 

rehabilitation sessions at time points 1 (T1), 2 (T2), 3 (T3), 4 (T4) and 5 (T5). Results are 

presented for Group Control 2 (left) and Group Stray (right). For simplicity, the only 

intragroup significance is reported, * p < 0.05. 

Intergroup comparisons revealed significant differences  between Group Stray and Group C2, 

as Group Stray exhibited a significantly higher percentage of scans in a fearful body posture 

for the four time points [T1: U=36.000, p=0.002; T2: U=36.000, p=0.002; T3: U=33.000, 

p=0.015; T4: U=33.000, p=0.015]. For T5 no significant differences were found (U=27.000, 

p=0.180]. For the neutral body posture, the Group Stray showed a significantly higher 

percentage of scans for time points 3 to five [T3: U=32.000, p=0.026; T4, U=31.000, p=0.04; 

T5: U=33.000, p=0.015], for time point 1 and 2 no significant differences were found [T1: 

U=14.500, p=0.589; T2, U=25.000, p=0.310]. No significant differences between the groups 

were found in the percentage of scans in an exuberant vs excited body posture for all time points 

[T1: U=15.000, p=0.699; T2: U=18.000, p=1.000; T3: U=15.000, p=0.699; T4: U=15.000, 

p=0.699; T5: U=18.000, p=1.000]. Finally, Group Stray showed a significantly lower 

percentage of scans in the friendly vs calm body posture than Group C2 for all time points (T1: 

U=0.000 p=0.002; T2: U=0.000, p=0.002; T3: U=2.000 p=0.009; T4: U=3.500, p=0.015; T5: 

U=3.000, p=0.015).  
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Intragroup comparisons showed no significant differences across the different time points for 

Group C2 for all the body postures [fearful: χ2
(4,N=6)=0.000, p=1.000; neutral: χ2

(4,N=6)=2.333, 

p=0.675; exuberant vs excited: χ2
(4,N=6)=2.000, p=0.736; friendly vs calm: χ2

(4,N=6)=2.704, 

p=0.609]. For the Group Stray, significant differences were found for fearful [χ2
(4,N=6)=18.655, 

p=0.001]and  neutral [χ2
(4,N=6)=14.800, p=0.005] body postures. More specifically, Group Stray 

exhibited a significantly lower percentage of scans in a fearful body posture from time points 3 

to 5 compared to time point 1 (T1 vs T3, p=0.035; T1 vs T4, p=0.026; T1 vs T5, p=0.002), and 

a significantly higher percentage of scans in a neutral body posture in time points 3 to 5 

compared to time point 1 (T1 vs T3, p=0.035; T1 vs T4, p=0.005 T1 vs T5=0.028). There was 

a significant increase of percentage of scans in a friendly vs calm body posture across time 

points [χ2
(4,N=6)=10.400, p=0.034]. No significant difference across time points were found for 

exuberant vs excited [χ2
(4,N=6)=0.000, p=1.000] . 

Leash Training 

Figure 10 shows the average percentage of scans in the different body postures at time points 

1 (T1), 2 (T2), 3 (T3), 4 (T4) and 5 (T5) for Group C2 and Stray. No dog exhibited an 

aggressive/threatening posture during the assessments.  

 

Figure 10:  Average percentage of scans in the different body postures during the recorded 

leash training sessions at time points 1 (T1), 2 (T2), 3 (T3), 4 (T4) and 5 (T5). Results are 

presented for Group Control 2 (left) and Group Stray (right). 

Intergroup comparisons showed that Group Stray had a significantly higher percentage of 

scans in a fearful body posture for time points 1, 2, 4 and 5 (T1: U=33.000, p=0.015; T2: U=36, 
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p=0.002; T4: U=33, p=0.015; T5: U=33.000, p=0.015) and a significantly higher percentage of 

scans in a neutral body posture for all the time points (T1: U=36.000, p=0.002; T2: U=36.000, 

p=0.002; T3: U=36.000, p=0.002, T4: U=31.000, p=0.041; T5: U=36.000, p=0.002) as 

compared to Group C2. Moreover, Group Stray had a significantly lower percentage of scans 

in an exuberant vs excited body posture for time points 2 and 3 (T2: U=0.000, p=0.002; T3: 

U=3.000, p=0.007) and a significant lower percentage of scans in a friendly vs calm body 

posture for all time points (T1: U=1.000, p=0.004; T2: U=0.000, p=0.002; T3: U=1.000, 

p=0.004; T4: U=5.000, p=0.034; T5: U=0.000, p=0.002) as compared to Group C2. 

Intragroup comparisons revealed no significant differences across time points for all body 

postures for the Group Stray [fearful: χ2
(4 N=6)=6.246, p=0.182; neutral: χ2

(4 N=6)=5.864, p=0.210; 

exuberant vs excited, χ2
(4 N=6)=4.000, p=0.406, friendly vs calm, χ2

(4 N=6)=1.043, p=0.903]. 

Group C2 showed no significant differences across time for fearful [χ2
(4 N=6)=0.000, p=1.000] 

and  friendly vs calm [χ2
(4 N=6)=5.277, p=0.182] body postures.  

4.4.2 Phase progression 

Social Rehabilitation 

Figure 11 shows the progress of the subjects from Group C2 and Group Stray across the 

different phases of the social rehabilitation protocol at time points 1 (T1), 2 (T2), 3 (T3), 4 (T4) 

and 5 (T5). Both the dogs of the Group Stray and the dogs of the Group C2 were able to reach 

the last phase of the social rehabilitation protocol after the established period of 40 days. The 

progress made by both groups showed no significant differences from each other through all 

time points (S/C2: T1, T2, T3, T4, T5, U=18, p=1.000). 
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Figure 11:  Progression through the different phases of the social rehabilitation protocol for 

Group Control 2 and Group Stray. Results are shown for time points 1 (T1), 2 (T2), 3 (T3), 4 

(T4) and 5 (T5).  

Leash Training 

Figure 12 shows the progress of the subjects from Group C2 and Group Stray across the 

different phases of the leash training protocol at time points 1 (T1), 2 (T2), 3 (T3), 4 (T4) and 

5 (T5). Not all dogs from Group Stray reached the end of the leash training protocol within the 

established period of 40 days. Molly and Nina almost reached the last phase, reaching the sixth 

phase, Oscar and Bella ended up reaching phase 5, however, Jack and Oscar were only able to 

reach phase 2 of the protocol unable to reach the next phase during training. The phase in which 

the dogs from the Group Stray were at all time points was significantly lower as compared to 

Group C2 (S/C2: T1, T2, T3, T4, T5, U=0, p=0.002). 

 

 

Figure 12:  Progression through the different phases of the leash training protocol for Group 

Control 2 and Group Stray. Results are shown for time points 1 (T1), 2 (T2), 3 (T3), 4 (T4) and 

5 (T5).  
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5. Discussion 

The purpose of this study was to evaluate if unsocialized stray dogs could be rehabilitated and 

develop the social skills that are needed for possible successful adoption. This study is one of 

the few first studies to address the social rehabilitation of unsocialized stray dogs. In this study, 

there was an overall improvement in the stray dogs’ sociability scores with both the familiar 

and unfamiliar person. There was also an improvement in stray dogs’ body posture during the 

general behaviour assessments and training sessions: these dogs become less fearful and 

adopted a more neutral posture over time.  

The progress of the stray dogs’ sociability was observed and recorded throughout the study 

during the behaviour assessments, tests and during rehabilitation and training sessions, to find 

out if their fear could be subdued through social rehabilitation. The ST scores of the dog in the 

Stray Group significantly improved across all time points, as a result of the implementation of 

the social rehabilitation protocol. This was observed for both the familiar person, which worked 

with the dogs on the daily basis but, very importantly, these results were also translated to the 

unfamiliar person. The increased ST scores with an unfamiliar person suggest that at least to 

some extent the increased sociability is not restricted to the person the dogs were socialized 

with. However, it may also be due to the stray dogs becoming more familiarised with the 

unfamiliar person as the project went on, as there were several encounters not only during the 

test and assessments but also during some of the training sessions, as assistance was required 

to record some of the training sessions. A study by Willen et al., 2019 obtained similar 

outcomes when implementing an enrichment program focused on human interaction. In this 

study, a SAFER performance was used to evaluate the shelter dogs, as it was the test used at 

the shelter where their study took place. Failing the SAFER test resulted in the likeness of the 

animal being euthanized. After the enrichment program was applied 38 of 48 fearful dogs of 

the treatment group passed the SAFER test, while only 12 fearful dogs of the control group 

passed. The enrichment program, which consisted of centred human interaction (with the use 

of toys, treats)  for only 30 minutes a day for 5 days, was sufficient to improve the fearful dogs’ 

‘performance in the SAFER test. The positive influence of their enrichment program was able 

to reduce the dogs’ initial fearful state, suggestive that the implementation of similar programs, 

can be beneficial to improve fearful dogs state and ultimately their welfare, not only aiding in 

their adjustment to the shelter environment but also their road towards adoption, as the dogs in 

their study were. 
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To the best of our knowledge, this was the first time Valsecchi et al. (2011) Sociability Test 

component in the Temperament Test was used to test sociability in dogs to evaluate differences 

between control and a treatment group. Previous literature followed a similar protocol to test 

sociability which consisted of testing a dog’s reaction and registering its behaviour towards an 

unfamiliar person (Svartberg & Forkman, 2002; Hennessy et al., 2006; Batt et al.,2008; Barrera 

et al., 2010). This testing method usually happens in a standard room in two stages with an 

unfamiliar person: first, the experimenter is just passively standing, only responding when the 

dog approaches, and in a second phase the unfamiliar person takes a more active stance, calling 

and reaching for the dog being tested. The Sociability Test component from the Temperament 

Test can be seen as an adjusted version of this test, in the sense that are subtests were the tester 

takes a more passive role and then moves on to a more active role. But instead of being 

conducted in a standard room, in an unfamiliar environment, the test is conducted either at the 

entrance of the animal’s enclosure or depending on the subtest, the experimenter goes inside 

the animal’s enclosure. The Sociability Test used in this study, in addition to testing with an 

unfamiliar person, the test was also conducted with a familiar person in a similar fashion to the 

methods found in by Demirbas et al. (2017), that also assessed the effects of the training 

protocol with both familiar person and an unfamiliar person. In this same study, most of the 

dogs concluded the training protocol, seven of the eight dogs were able to interact with familiar 

people in friendly and neutral body postures towards the end of the study and were even 

described by the observers to be happy during daily interaction. 

Besides the ST scores, the frequency of fear-related behaviours was also analysed during the 

observation of STs. Fearfulness is an important factor when considering stray dogs’ welfare in 

the shelters. A study by Stellato et al. (2017) suggested that, in social contexts, dogs are more 

likely to display fear through subtle behaviours such trembling, lip lick, yawn, paw lift, among 

others. These behaviours have been previously discussed in the literature to be indicators or 

fear in dogs, among others such as freezing, avoidance, salivating, panting, vocalizing, auto-

grooming, coprophagy, repetitive behaviours (Beerda et al., 1998, 1999, 2000; Wan et al., 

2012). These behaviours can be displayed when fearful dogs are in a presence of a stranger and 

this is likely what was witnessed during the Sociability Tests. Although initially the dogs in the 

Stray Group demonstrated high frequencies of Flinch, Crouch, Head or Body Turn, and  Lip 

licking, their frequency decreased over time. In the last sociability test, no significant difference 

was found between the strays’ and control group for these behaviours, that are the more social, 

adoptable dogs. Other analysed behaviours associated with stress in shelter conditions showed 
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high variation among individuals, making it difficult to analyse it by small groups. Some 

behaviours, such as Panting and Jumping HL showed significant differences across timepoints 

for both control groups, but one cannot say for certain if the cause was not due to other external 

causes, such as weather, visitors or passing by staff members. During ST2 there were significant 

differences for Panting, however, on this day of testing, the temperatures were high, with 

increased movement in the shelter, which could increase the frequency of Panting.  

When looking at the body postures and positioning in the enclosure during the General 

Behaviour Assessment, an important change over time was observed in Group Stray. At the 

beginning of the study, the Stray dogs were more often found at the back of their enclosures in 

a fearful body posture, in contrast to the dogs in the control groups, that were often found in 

either the front or middle of their enclosures in neutral or friendly/relaxed body postures. Across 

the analysed time points, the Group Stray changed their body posture to a significantly more 

neutral state, spending more time in the middle of their enclosure. Some strays were even 

observed to spend time at front of their enclosure. No significant differences were found 

between the strays and the dogs in the control groups during the last General Behaviour 

assessment. Additionally, body posture was also observed during rehabilitation sessions. Group 

C2 dogs progressed through the protocol consistently in a  friendly/relaxed or neutral body 

posture through time. The Stray Group initially demonstrated more difficulties, although with 

no significant differences from the control group. Initially, at the beginning of the rehabilitation 

sessions, the stray dogs were found to be in a more fearful body posture, which changed 

throughout the sessions to a more neutral posture. This was also observed in other studies on 

shelter dogs, as a result of implementing an enhanced Human Interaction Program (Normando 

et al., 2009), where increased human interaction with shelter dogs was implemented, as a way 

to improve the animal's behaviour and welfare. The changes in body posture and position in the 

enclosure observed for the stray dogs in the present study suggest that there was (at least some) 

success with the rehabilitation and training protocols employed, in a way that may bring 

immediate benefits for these dogs’ welfare, both by making their day-to-day life at the shelter 

less stressful and by making them more adoptable. A study by Wells and Harper (2000) reported 

that dogs that stayed closer to the front of their enclosures and interacted in a friendly manner 

were more likely to be adopted than dogs that were shyer and more nervous and that tended to 

be at the back of the enclosures. 



38 

 

As previously mentioned, a new component was added to the project, since the social 

rehabilitation went better than expected. Being able to walk on a leash was seen as a critical 

factor for stray dogs to be considered for adoption. In the shelter where the project took course, 

visitors would per times request to walk the dog to assess behaviour, and the outcome could 

then influence the decision of adoption. Additionally, the adopted dogs left the shelter premises 

by walking with the new owner on a leash. Developing this component was seen as a plus to 

get the dogs of the Group Stray closer to being suitable for adoption. The control groups 

performed well on this test and the LT score was consistent throughout the different time points, 

being close to the maximum level of six points. These dogs were used to be taken out for a walk 

daily by the shelter staff. For the Group Stray, it was anticipated that the scores for the first LT 

were going to be low; the question was how much they could improve from there.  

In contrast, to Group C2 dogs, not all dogs from Group Stray were able to progress until the 

last phase of the leash training protocol. Only Nina and Molly became close, as in the last time 

point they were in the last phase of the protocol. Initially, Bella also struggled to progress 

through the protocol, but once she was trained separately from Molly, which resided in the same 

enclosure, she was able to progress further and reach the same phase as Branco until phase 5 

out of 6. However, Oscar and Jack were only able to advance to phase 2, both were unable to 

progress to phase three throughout the remainder of the leash training sessions. This can be 

explained by previous failed experiences of using a leash with these animals. Shelter staff 

reported that before using traps to capture the strays, leashes were used, unsuccessfully, as the 

dogs were able to release themselves from the leash. The strays were also extremely fearful of 

the outside of their enclosures, where there were several dogs constantly barking, unfamiliar 

humans passing by and other stress-inducing elements, such as construction noises. As so, 

additional phases were added to the protocol for this purpose, but still without much success. 

Not all dogs were able to overcome the fear of going outside of their enclosures, which resulted 

in some difficulties during the leash training and was reflected in the results. Although some of 

the unsocialized dogs were observed in a fearful body posture during the leash training, the 

majority of the strays remained in a neutral posture during training sessions across time points. 

There were several obstacles during the implementation of the protocols, one of the biggest 

obstacles was the housing arrangement for the dogs. Some of the unsocialized stray dogs in this 

project were housed in pairs, namely, Oscar with Jack and Molly with Bella. When the strays 

were housed in pairs, one of the dogs would come forward and participate in training and 
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advance through the protocol, while the other would stay behind, delaying its progress.  To 

counter this problem, when possible, the paired dogs would be separated and trained 

individually, but this was only possible for the females. Molly would willingly and freely leave 

her enclosure, and this made the separation process smoother. The same could not be done for 

the males, as they were still afraid of leaving their enclosure. Although Oscar would sometimes 

come out to check its surroundings, it was not enough to separate him from Jack during training. 

This could have affected the results in some way, as this problem affected the progress of the 

stray dogs through the protocols. The effect of housing in training has not little discussed on 

previous studies, as in similar studies the dogs are singly housed in enclosures. For this study, 

this could not be avoided as the shelter was overcrowded and was not possible to move some 

of the stray dogs to other enclosures.  

During rehabilitation and training, females seemed to respond better and would even interact 

more with both the familiar person and an unfamiliar person. One cannot say for sure that there 

is a sex difference, as other factors could have contributed to the difference seen in this case, 

such as age and previous experience with humans. The shelter staff had previously reported that 

a lady was giving food to stray dogs at the park they were roaming, and the females would 

approach and interact with this lady on a few known occasions. However, no such reports were 

made for the males. A previous study by Puurunen et al. (2020) reported sex differences in 

fearfulness, as the females in their study were overall more fearful of conspecifics and unknown 

humans. Additionally, a study on village dogs observed that females had fewer interactions with 

the caretaker and wagged their tails less when compared to males (Ruiz-Izaguirre et al., 2014). 

The study suggested the possibility of village females investing more in reproduction efforts, 

thus having more interactions with males’ conspecifics than humans. Additionally, as the 

female dogs’ give birth to more unwanted dogs, they were seen as a nuisance by the general 

public, increasing the chances of them having negative interactions with humans. The results 

in this study seem to be contradictive to what is found in previous literature, which is scarce on 

the subject. One cannot be certain if there are sex differences during human-dog interactions, 

if female dogs really interact less or more than male dogs, there are several factors that can 

contribute to the sex differences seen, such as previous experiences with humans. 

The dogs in control groups C1 and C2 did not differ significantly from each other throughout 

the project. Both groups were composed by dogs with moderate to a high level of sociability 

towards humans, the only exception being Boris from Group C1, who had a similar ST score 
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to the unsocialized stray dogs in Group Stray. This individual had similar behaviour towards 

humans as the strays. Often found in a low body posture and avoiding eye contact in the 

presence of the familiar and unfamiliar person, he was proven to be an outlier to during the ST 

analysis and as such, he was removed. Individual variation was to be expected, as the selected 

dogs came from all sorts of situations and not all backgrounds were known to shelter staff. The 

dogs in Group C1 served to test the effect of the passage of time in the dog's sociability with 

humans. Our results suggest time had no apparent effect on the dog’s sociability as no 

significant results were found in ST scores between time points for both familiar and unfamiliar 

person for Group C1. Group C2 dogs went through the same rehabilitation and training as the 

dogs in Group Stray to see the effects of the implemented protocols. The results suggested the 

protocols had no effects in these dog’s sociability towards humans, which could be due to their 

already high sociability level (i.e., ceiling effect) and not related to the effectiveness of the 

protocol.  The protocols were designed with the Group Stray low sociability in mind, so it had 

very basic steps of interaction with humans, that most dogs in the control group were already 

accustomed to.    

The results from the analysis of different components of Sociability Test are supported by the 

results of the other analysed components in this project, namely the body posture during 

General Behaviour assessments, Social Rehabilitation and Leash Training sessions. Over time, 

some of the stray dogs were able to improve their sociability towards humans and their body 

posture, while decreasing the display of fear-related behaviours, changing from a constant 

fearful state to more a neutral state. Even though some of the strays remained fearful of both 

familiar and unfamiliar person even in the last days of the project, there was an overall reduction 

of their fear shown in the results. Additionally, some of the stray dogs, namely Molly and Nina, 

were able to approach and socially interact with the shelter staff.  Additionally, in a study on 

village dogs by Ruiz-Izaguirre et al., (2014), dogs tended to approach an unfamiliar person with 

increased interactions. Increased positive interactions with an unfamiliar person seem to aid the 

dogs to become less fearful over time and adapt to their new social context with human-dog 

interactions. Our results thus show the prospects of implementing a social rehabilitation 

protocol on unsocialized stray dogs: even if the protocols are implemented by shelter staff, the 

achievements can also be translated to unfamiliar humans, such as the potential adopters. 

Additionally, it can help the animal cope with the new environment by reducing the constant 

fear felt by these animals in a new stressful environment. A study with shelter dogs (Coppola 

et al., 2006), demonstrated that structured human contact was able to reduce cortisol stress 
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responses. A similar protocol can allow the unsocialized dogs to gradually have positive 

interactions with humans, thus allowing these animals to learn a new social skill, increasing 

their adoption potential. Our study suggests that social training has helped to reduce some of 

the intense fear towards humans felt by the strays, aiding them to cope with the shelter 

environment and consequently adjust to their new settings. 

Alongside studies by Willen, et al., (2019) and  Demirbas et al., (2017), the present study 

suggests that unsocialized stray dogs have the potential to become adoptable dogs. The dogs 

can be socially trained, thus increasing positive dog-human interactions and adapt to new 

environments. Of course, not all dogs can become social rehabilitated in a short time. There are 

other conditioning factors. Previous experiences the strays may have had with humans could 

have been more negative,  contributing to their extreme fear of humans, which in turn hindered 

the adaptation process. The shelter normal schedule also affected the progress of the 

rehabilitation and training sessions, as the shelter staff would at times enter during training to 

clean the enclosures, to take a dog for a walk, to put a dog back in the enclosure, or sometimes 

even to show dogs that could be adopted. Loud noises, dog barking, hose sounds from cleaning, 

staff shelter passing by -  these were all disturbances outside of the enclosure that would affect 

the training sessions, as they would scare the dogs. To avoid further stress, the training sessions 

would either take a break until the stressors were gone or the sessions would cease to avoid 

negative association with the events ongoing outside. Regardless, some of the unsocialized 

stray dogs showed significant improvement compared to the first day of the study. These 

findings are to be taken with caution as the sample size was small and there were factors, 

typically found in shelter environments, that were out of our control. As previously mentioned, 

shelter schedule and settings heavily affected the study. They were several stressors, the nearby 

construction noise nearby, dogs constant barking, shelter staff passing by, hose water sounds, 

visitors passing by, sometimes even entering the room, these all could have affected the stray 

dogs and ultimately could have affected their rehabilitation. Other factors, such as weather, 

housing settings and even the rewards used during training could have also affected the outcome 

of the results of this study. Based on our results, we can say that social rehabilitation is possible 

at least for some unsocialized stray dogs. Further research on this subject would need to be 

conducted with larger sample sizes, in different shelters, with more controlled and reproducible 

settings, to avoid the influence of uncontrollable external factors that can affect the outcome of 

the results, including sources of stress for the unsocialised dogs. 
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8. Appendix 

Table A1: Summary of the selected dog’s information 

Group 
Project 

Name 

Age 

(years) 

Neutered? 

(Yes/No) 
Breed 

Time in 

kennel 

(months) 

Housing Sex 

C1  

Onda 5 No 
Rafeiro 

of Alentejo 
12 

Paired 

(with 172) 
F 

Lua 4 No 
English 

Setter 
12 

Paired 

(with 068) 
F 

Boris 4 No 
Rafeiro 

of Alentejo 
12 Individual M 

Louie ± 1 No NDB 3 Individual M 

Dani ± 4 Yes NDB 12 Individual F 

Barbas ± 5 Yes NDB 22 Individual M 

Teddy 9 Yes NDB 36 Individual M 

Draco ± 2 No NDB 2 Individual M 

C2  

Dragão ± 2 No NDB 12 Individual M 

Charlie ± 6 Yes x Sharpei 8 Individual M 

Ellie ± 4 Yes NDB 24 Individual F 

Bonnie ± 4 Yes NDB 12 Individual F 

Dingo ± 4 No NDB 12 Individual M 

Roxy ± 3 No 
x German 

Shepherd 
5 Individual F 

S 

Jack ± 2 No NDB 7 
Paired 

(with 110) 
M 

Oscar ± 5 No NDB 7 
Paired 

(with 108) 
M 

Bella ± 2 No NDB 7 
Paired 

(with 104) 
F 

Molly ± 1 No NDB 7 
Paired 

(with 102) 
F 

Branco ± 1 No NDB 7 Individual M 

Nina ± 2 No NDB 8 Individual F 
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Table A2: Ethogram describing the evaluated body postures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Body Posture Description 

Friendly/ 

Relaxed 

Dog shows a combination of: 

- Horizontal (not curved) and relaxed body 

- Head erect or in a resting position 

- Ears in the normal position for the dog  

-Tail neutral, still or wagging 

slightly 

- Can show non-aggressive barking 

Excited/ 

Playful 

Dog shows a combination of: 

- Horizontal body 

- Ears forward or back 

- Tail high or neutral, usually (fast) 

wagging, but can be still  

- Rapid or jerky movement 

- Jumping 

- Play signals 

- Body shake - Panting 

Neutral 

Dog shows a combination of: 

- Horizontal body, neither stiff nor relaxed 

- Head erect 

- Ears in the normal position for the dog 

- Tail in the normal position for the 

dog 

Not showing friendly, fearful, or 

aggressive behaviour. 

Fearful 

Dog shows a combination of: 

- Curved body, bent legs 

- Head lowered and/or turned away 

- Mouth closed or nearly closed 

- Indirect gaze, showing the white of the 

eyes  

- Ears back flattened next to the 

head 

- Tail low or tucked between legs, 

usually still (but can be wagging) 

- Paw lift 

- Lip licking 

Aggressive/ 

Threatening 

Dog shows a combination of: 

- Tense and stiff body, weight forward over 

front legs or posture mildly crouched with 

weight over rear legs 

- Eyes large, pupils dilated, hard staring 

- Muzzle tense, wrinkled 

- Ears back or up, tilted forward  

- Tail held stiffly (high, neutral, or 

low) and still (in some cases it can 

be wagging) 

- Can be snarling, with teeth 

exposed or growling 

- Can show aggressive barking 
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Table A3: Ethogram describing the stress/fear-related behaviours evaluated. 

 

General Behaviour Ethogram Description 

Vocalizations 

Barking - ST Short duration, medium pitch, often repeated vocalisation 

Whining - ST Long duration, high pitch vocalisation 

Growling - ST 
Threatening vocalisation, medium duration, low pitched 

vocalisation 

Oral 

Behaviours 

Panting - ST 
Mouth open wide, breathing vigorously, the tongue may hang 

outside the mouth 

Yawning - ● Opening the mouth widely, inhaling, and exhaling air 

Teeth Chattering 

- ST 
Repeatedly moving the lower jaw fast, hitting the upper jaw 

Self-Grooming - 

ST 

Dog places mouth on its body or brings part of its body to mouth 

and proceeds to lick or nibble at coat or skin 

Biting bars - ST Biting the bars of the enclosure’s door 

Lip Licking - ● 

Tongue leaves and re-enters mouth. Not to be considered when 

directed towards the environment, a conspecific or a person’s 

body part. Also, to be considered only after 4 seconds have 

elapsed since the following events: processing of a (non-food) 

smell and when a food reinforcement has been given.  Not be 

considered when the dog is anticipating food, gazing and/or 

sniffing towards the food itself or where the food is being stored. 

Repetitive 

Behaviours 

- it ends if 

after 3s the 

dog does not 

initiate the 

behaviour 

Pacing - ST 

Walking around the enclosure in a fixed pattern more than once, 

although it may be discontinuous, interrupted by other 

behaviours, such as standing 

Circling - ST 
Running around in a tight small circular pattern around itself 

more than once 

Jumping A4 - ST 
Jumping with all four legs, falling on the same place more than 

once. 

Bounce on Wall 

- ST 

Dog uses the momentum of circling to jump on to the wall then 

bouncing to the ground more than once 

Jumping HL - ST 
Jumping up on its hind legs, the dog leans its forelegs on the 

observer or enclosures door more than once 
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Fear Related 

Behaviours 

Trembling - ST 
More than once, moving the whole body in very short 

movements shaking the body side to side 

Paw lift - ● 

One forelimb only is lifted off the ground, remaining lifted 

for a brief extension of time. The body is tense, and all other 

limbs remain on the ground. It is not directed at any person, 

animal, or object. Not to be considered during object 

manipulation or posture adjustment. 

Flinch - ● 

Following a stimulus, the dog has a startling response 

quickly shrinking and returning to the initial position of the 

body 
 

Crouch - ● 

Following a stimulus, the dog lowers the body (or head 

only) towards the floor in a slow movement, usually 

lowering its head relative to the torso, bending legs and 

arching its back 

Head or 

Body Turn - ● 

The dog turns away from the stimulus involving either 

subtle or more pronounced head movements to a whole-

body movement towards the opposite side of the occurring 

stimulus. The dog is in a tense or low posture 

Move away - ● 

Dog gives one or a few steps away from the stimulus (can 

be with rear or hind paws only), to avoid or escape. The dog 

is in a tense or low posture. Can be accompanied by lip-

licking or paw lift. 

Out of Sight The dog is not visible for behaviour or posture to be interpreted 

ST – State Events ● – Point Events 

 

 

 

 

 

 

 


