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Bark to the future: The welfare of domestic dogs during interaction with a 
positively reinforcing artificial agent 
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A B S T R A C T   

Domestic pet dogs typically spend a large amount of time inside the home environment, including hours alone. 
An audio/food dispensing automated device (an artificial agent, hereafter agent) was evaluated for enrichment 
potential. The agent issued owner-spoken verbal cues to dogs, and food rewards for correct behavioural re-
sponses. The dogs’ welfare during interaction was examined using Qualitative Behavioural Assessment (QBA), 
and results were compared with quantitative behavioural measurements. QBA is a ‘whole animal’ measure, 
which describes and quantifies the emotionally expressive quality of an animal’s demeanour in a specific context, 
using descriptive terms such as ‘excited’ or ‘curious’. Adult pet domestic dogs (n = 17) were observed in two 
experimental conditions: 1) Agent; researcher and owner present (A+RO); 2) Agent; researcher and owner absent 
(A-RO). The agent was remotely triggered to call each dog by name and issue up to four repeated, randomised 
and previously trained verbal cues e.g., ‘spin’, ‘roll’, ‘sit’, ‘up’ (maximum 16 cues). In a baseline condition 
(Owner; researcher and agent present) (O+RA) the dog’s owner replaced the agent’s role. QBA using a fixed list 
of 20 descriptors was performed by three observers for each dog in each condition, using video recordings (51 
clips) and Principal Component Analysis (PCA) applied. QBA principal component 1 (PC1) was the same in all 
conditions, characterising dogs as ranging from ‘attentive/interested/anticipating’ to ‘conflicted/apathetic’, with 
the majority of dogs at the former end. QBA PC2 revealed variability in dogs’ interactive styles, ranging from 
‘calm/concentrating’ to ‘aroused/excited/persistent’ in agent conditions, and ‘calm/wary’ to ‘excited/aroused’ 
in baseline. Inter-observer agreement was high on all PCs (e.g., PC1 A+RO Kendall’s W = 0.88; PC1 A-RO W =
0.83; PC1 O+RA W = 0.77). Quantitative continuous behaviour sampling revealed no significant differences in 
state behaviour between conditions; ‘looking up’ (p = 0.494); ‘ears up’ (p = 0.662); ‘cued response behaviour’ (p 
= 0.630); these behaviour categories correlated significantly with QBA PC1 in each condition (average r = 0.800; 
r = 0.780; r = 0.793 respectively). 

Indicators of positive anticipation, sustained engagement, competence, and motivation were identified 
throughout testing and in all conditions. These findings suggest that positively reinforcing interactions with an 
agent or an owner are equally rewarding for dogs within the context of testing. This study is the first to assess 
welfare during interaction with an automated device and, using a novel application of QBA, suggests the 
overarching experience is pleasurable for dogs.   

1. Introduction 

In 1978, Jenkins and colleagues conditioned domestic dogs to 
approach a light source which signalled the arrival of food rewards. 
Many social behaviour patterns toward the light developed, including 
tail wagging, play signals, barking, and nosing (Miklósi, 2016). The 
dogs’ species-specific communicative repertoire, modified over time 
during human socialisation, was rapidly and flexibly generalised to a 

novel, food acquisition-based artificial context (Miklósi, 2016). Today, 
terms such as ‘wanting’, ‘liking’ and ‘learning’ may all describe the dogs’ 
experiences with, and behaviours toward the light (Berridge and Krin-
gelbach, 2011; Rømer Thomsen et al., 2015). Studies have recorded tail 
wagging, ears raised up with focus on the food source, and speed of 
approach as behavioural indicators of positive anticipation, and mea-
sures of motivation to obtain rewards in both the absence and presence 
of humans (McGowan et al., 2014; Travain et al., 2016; Riemer et al., 
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2018; Bremhorst et al., 2019; Cameron et al., 2019). Furthermore, there 
is growing interest in the evaluation of such behaviours from a welfare 
perspective (Spruijt et al., 2001; Van der Harst and Sprujit, 2007; Boissy 
and Lee, 2014; Mellor, 2019). The anticipation of rewarding events is 
thought to generate acute, positive emotions (Schultz, 2015). Craig 
(1918) framed anticipation within a pleasure cycle, representing dopa-
mine dependent anticipatory (‘wanting’/positive reward seeking), 
consummatory (‘liking’) and satiety (learning) phases (Cabanac, 1992; 
Sapolsky, 1994; Berridge and Kringelbach, 2011; Schultz, 2015; Cook 
et al., 2016; Csoltova and Mehinagic, 2020). It is perhaps unsurprising 
therefore, that positive reinforcement training and interaction (Pet 
Professional Guild, 2022) has resulted in dogs’ attentiveness to owners 
(Deldalle and Gaunet, 2014), strong dog-owner bonds (de Castro et al., 
2019) and better performance at novel training tasks than dogs trained 
using aversive methods (Rooney and Cowan, 2011); as Cabanac (1992) 
stated, ‘Pleasant is useful’. 

The identification of positive welfare indicators is widely accepted to 
be a central goal of progressive animal welfare research (Mellor et al., 
2020; Csoltova and Mehinagic, 2020; Kremer et al., 2020), and recently 
updated definitions or concepts of animal welfare and ‘wellbeing’ have 
placed increased importance on affective states (Duncan, 2006; Fraser, 
2008; Mellor et al., 2020). While subjective wellbeing incorporates 
positive emotions and moods (Paul and Mendl, 2018) psychological 
wellbeing further encompasses cognitive components such as compe-
tence, environmental mastery and positive social interaction (Gagnéand 
Deci, 2005; Sp̌inka and Wemelsfelder, 2011; Clark, 2017). It is proposed 
that by engaging in appropriate psychological pursuits, subjective 
wellbeing will be achieved (Ryan and Deci, 2001; Keyes et al., 2002; 
Meehan and Mench, 2007). The idea that positive emotions could be 
generated by opportunities to engage in positively challenging tasks has 
therefore been investigated across species, mostly through the provision 
of enrichment (Bloomsmith et al., 1991; Hagen and Broom, 2004; 
Zebunke et al., 2013; Boissy and Lee, 2014; McGowan et al., 2014). 

Occupational or ‘cognitive’ enrichment (Clark, 2017) studies have 
measured both short and long-term welfare outcomes in response to 
positive challenge, typically afforded by automated/operant devices. 
Ernst et al. (2005), Puppe et al. (2007) and Zebunke et al. (2013) trained 
domestic pigs using classical and operant conditioning to approach an 
automated feeding station (CFS) upon identifying their individual, 
auditory ‘call tone’, and later to push a button at the CFS to release food. 
Over time, successful task learning, consistent, voluntary approach to 
the device, correct performance, increased exploratory behaviour, and 
decreased fearful behaviour was reported. The authors concluded 
frequent, brief positive challenges may be a suitable means to mitigate 
boredom, and thus improve welfare. In other cognitive task-based 
studies that include dogs, short-term, acute, positive behavioural 
and/or physiological indicators of excitement have been recorded in 
animals successfully completing a task (Hagen and Broom, 2004; 
McGowan et al., 2014). 

Traditional ethogram-based behavioural sampling has been widely 
used to measure welfare in enrichment and other studies (Lehner, 1987; 
Martin and Bateson, 1999). However, with intensified focus on subjec-
tive, affective experience, it has been proposed that correlating ‘hard’ 
(quantitative) and ‘soft’ (qualitative) methods may yield richer, more 
robust insights into animals’ experiences (Wemelsfelder, 1997; 
Wemelsfelder et al., 2000; Meehan and Mench, 2007; Konok et al., 2015; 
Walker et al., 2016). One way to achieve this is to use Qualitative 
Behavioural Assessment (QBA) (Wemelsfelder et al., 2000), a ‘whole 
animal’ methodology which evaluates the expressive style or demean-
our of an individual’s observed behaviour, addressing and integrating 
subtle details of movement often overlooked by ethogram-based cate-
gorisations (Wemelsfelder, 2007). The method relies on the ability of 
human observers to integrate, filter and weight aspects of behaviour 
(Stevenson-Hinde and Zunz, 1978), applying descriptive terms such as 
‘excited’, ‘playful’, ‘sociable’ or ‘curious’. The scores these terms 
generate are subsequently analysed through use of multivariate statistics 

such as Principal Component Analysis (PCA) in order to detect larger 
dimensional patterns of emotional expressivity (Walker et al., 2016; 
Arena et al., 2019). 

QBA represents an opportunity to enhance traditional welfare mea-
surements and assists in the identification of positive welfare indicators 
(e.g., Grosso et al., 2016; Minero et al., 2018). It has been used to assess 
welfare as a standalone measurement in several species such as domestic 
pigs (Wemelsfelder et al., 2000); domestic dogs in kennels (Walker et al., 
2010; Arena et al., 2019); sheep (Phythian et al., 2013; Diaz-Lundahl 
et al., 2019) and horses (Grosso et al., 2016; Hintze et al., 2017), and 
results have been correlated with quantitative behavioural and/or 
physiological indicators in cows (Rousing and Wemelsfelder, 2006; 
Stockman et al., 2011); horses (Napolitano et al., 2008; Minero et al., 
2009; Fleming et al., 2013); domestic pigs (Rutherford et al., 2012), and 
domestic dogs in kennels (Walker et al., 2016). Thus far however, QBA 
has not been applied to the assessment of behavioural expressivity in 
animals engaged in cognitive tasks involving humans, or automated 
devices. 

Since Jenkins, ’ et al. (1978) findings, the domestic dog’s social 
competence in engaging with artificial agents has been further revealed 
(e.g., Gergely et al., 2013, 2015, 2016; Shaw and Riley, 2020), but as-
sessments of positive welfare are lacking in such studies. Dogs spend a 
great deal of time inside their home environment and as a result may be 
prone to boredom and/or attention-seeking (APBC, 2012; PAW, 2019; 
de Assis et al., 2020). An agent (potentially an owner surrogate) which 
simulates the human element of the positively reinforcing dog-human 
interaction paradigm was investigated by the authors from a cognitive 
perspective (Shaw and Riley, 2020). The aim of that preliminary study 
was to establish whether dogs could respond correctly to an artificial 
agent’s verbal cues. In a controlled environment and in three experi-
mental conditions, the agent (an audio/food dispensing automated de-
vice), called each dog using their known recall sound or name, and 
issued two separate, known (trained), pre-recorded owner-spoken ver-
bal cues, rewarding each of the two correct behavioural responses by 
dispensing food treats. Dogs’ generalisation of cues from owner to agent 
was rapid, and correct responses reliable, however it was argued that 
dogs may have learnt the sequence of the two cues over the four con-
ditions (cues were always issued in the same order). The first recom-
mendation made therefore was to repeat the study but issue multiple, 
randomised verbal cues to dogs. The unpredictability of cues would 
provide an opportunity to evaluate whether dogs could discriminate 
correctly between them. Furthermore, in affording a more sustained, 
challenging task it was hypothesised that this may loop a cycle of 
pleasant experiences (cue-correct response-reward-repeat), providing 
an opportunity for dogs’ demeanours and behaviours during interaction 
to be assessed from a positive welfare perspective. 

The present study repeated and extended the methods of Shaw and 
Riley (2020). An artificial agent was used to issue multiple, randomised, 
unpredictable verbal cues and food rewards to dogs in a test room and in 
two experimental conditions; A+RO (agent, with owner and researcher 
present in the test room) and A-RO (agent, with researcher and owner 
absent from the test room, to simulate a ‘home alone’ experience). In a 
baseline condition (O+RA) owners issued verbal cues to their dogs 
directly, with researcher and agent present, for comparison of agent vs 
owner conditions. The aim of the study was to measure welfare of the 
dogs during interaction using QBA and to compare the results with 
traditional, quantitative, ethogram-based behavioural sampling. 

2. Materials and methods 

2.1. Ethics statement 

Ethical approval was obtained from the Ethics Committee, University 
of Winchester, UK and follows the ethical guidelines published by the 
Association of the Study of Animal Behaviour (ASAB). Owner and dog 
participation was voluntary. 
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2.2. Animals 

Seventeen pet domestic dogs (nine males, seven females), age range 
9 months – 9 years (mean age 4.7 years), of various breeds were studied 
(15 pure breeds and two mixed breeds), all of whom were trained in 
basic obedience to varying levels. Inclusion criteria were absence of a 
separation anxiety diagnosis (dogs were to be left alone in the test 
room), good physical health, a history of positive reinforcement training 
using food rewards, reliability of recall, and reliability in at least two, 
and up to four behaviours on verbal cue only (no hand gestures or eye 
contact provided), previously trained by the owner (“Sit”, “Up”, 
“Down”, “Flat” (n = 1/17), “Beg”, “Sit”, “Down”, “Roll” (n = 1/17), 
“Sit”, “Down”, “Stand”, “Spin” (n = 1/17), “Sit”, “Down”, “Spin”, “Bow” 
(n = 1/17), “Left”, “Right”, “Sit”, “Down” (n = 1/17), “Sit”, “Down”, 
“Speak” (n = 1/17), “Sit”, “Twist”, “Speak” (n = 2/17), “Sit”, “Down”, 
“Spin” (n = 1/17), “Sit”, “Down” (n = 8/17)). Participants were 
recruited via a Facebook page created for the study and posts were 
shared to a positive reinforcement dog training club’s page (PPG, 2022). 
Snowball sampling enabled inclusion of further participants. 

2.3. Cognitive test materials and methods 

2.3.1. Agent 
The agent (Figs. 1–3) as detailed in Shaw and Riley (2020) comprised 

a modified wireless remote-controlled treat dispenser containing sliced 
Peperami® food rewards (every dog received the same rewards); Blue-
tooth® Denon® Envaya wireless speaker (for issue of pre-recorded 
owner spoken cues) and GoPro® Hero 4 video camera. When in use, 
the agent was remotely controlled by the researcher via a MacBook Pro® 
computer using GarageBand® (to record owner cues) and Apple Music® 
(to play back and repeat cues) applications. At all other times it 
remained static in the room. 

2.3.2. Test facilities 
The test facilities, as detailed in Shaw and Riley (2020), comprised a 

large test room with separate room for the researcher and owner to be 
situated during the A-RO (dog alone) condition (Fig. 2). Dogs were 
monitored continuously either directly from inside the room, or via an 
iPad GoPro® application while alone. In the test room, a desk was 
placed four metres away from the agent; in the relevant condition, the 
researcher and each dog’s owner were seated at the desk, facing the 
agent, with the dog’s back to them. The desk remained in place 
throughout testing. From the desk, the researcher remotely controlled 
the agent. Two mats were placed on the floor, one directly in front of the 
agent for the dogs’ comfort, one four metres to the right of the desk for 
owners to stand behind during baseline, ensuring dogs’ standardised 
distance from agent or owner at the start of each test (Fig. 3). 

2.4. Cognitive tests: Experimental design and procedure 

Each dog-owner dyad attended one testing session, with a maximum 
duration of one hour. Dogs were tested individually; owners participated 
in the familiarisation phase and in two of the three experimental con-
ditions: 1. Agent, with researcher and owner present (A+RO) (cues is-
sued by the agent with owner and researcher in the test room); 2. Owner, 
with researcher and agent present (O+RA) (baseline) (cues issued by the 
dog’s owner directly with researcher and agent in the test room). The 
familiarisation phase and testing paradigm (Figs. 2,3) were as detailed in 
Shaw and Riley (2020), however, key differences in the present study 
were that: 1. only three conditions were applied (rather than four) and in 
a fixed order, 2. multiple iterations of cues in a randomised order were 
issued to dogs, and 3. a one minute behaviour observation period 
post-test was applied in both agent conditions (but not in baseline) in 
order to measure persistence to continue interaction with the agent 
post-tests. 

2.4.1. Familiarisation phase 
Dogs were familiarised with the agent through a standardised 

sequence of steps (see Shaw and Riley, 2020, for detailed description). In Fig. 1. The agent (Shaw and Riley, 2020), comprising modified commercial 
remote controlled treat dispenser, camera and speaker. 

Fig. 2. Condition A+RO. Test facilities showing main room and appa-
ratus layout. 

Fig. 3. Participant Bea performing correct behavioural response to cue ’up’ in 
each of the three test conditions, A+RO (agent, with researcher and owner 
present); O+RA (owner, with researcher and agent present); A-RO (agent; 
researcher and owner absent). 

N. Shaw et al.                                                                                                                                                                                                                                   
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summary, after entering and exploring the test room off-lead, rewards 
were dispensed when dogs approached and later, looked up at the agent 
(shaping). Subsequently, owners issued verbal cues to the dogs while 
standing side-by-side with the agent, before pre-recording the same cues 
into the researcher’s computer for playback via the agent. During agent 
playback, owners again stood next to the agent, and dogs’ correct re-
sponses to the cues were rewarded with food dispensed from the agent. If 
dogs did not perform a correct response to a cue, no reward was issued 
and the cue was repeated. The familiarisation phase in the present study 
was complete when one correct response to one iteration of each the 
dogs’ known verbal cues issued by the agent, with the owner standing by 
the agent’s side, had been achieved. All dogs performed correct re-
sponses before the test phase was initiated. 

2.4.2. Test phase: conditions A+RO, O+RA, A-RO 
In each of the agent-focused experimental conditions (A+RO, A-RO), 

dogs were required to approach the agent upon hearing their individual 
recall sound (name), and subsequently respond correctly to each of the 
randomised verbal cues issued to receive agent-dispensed food rewards. 
In baseline (O+RA), dogs were required to approach their owner and 
respond to the same cues spoken by the owner in person (Fig. 3). The 
order of cue issue was dependent on the number of known cues for each 
dog, ensuring that each individual cue was issued four times within 
every condition. An example for a dog with four cues in their repertoire: 
A-B-C-D-B-C-D-A-C-D-A-B-D-A-B-C (16 cues per condition). An example 
for a dog with two cues in their repertoire: A-B-B-A-A-A-B-B (eight cues 
per condition). The specific procedure in each condition was as follows: 

A+RO (Agent, with researcher and owner present): Owner and 
researcher sat at the desk with the dog by their side and facing the agent. 
The dog’s recall sound was triggered from the agent and rewards were 
dispensed when the dog reached the agent. Each verbal cue was sub-
sequently issued to the dog and rewards dispensed for each correct 
behavioural response. If a response was incorrect or absent, a cue was 
issued up to a maximum further four times before the next cue in the set 
list was issued. When all of the cues had been issued, a one-minute time 
period of no further cues being issued was applied in order to observe 
the dogs’ demeanours and behaviours. Following this period, the dog 
was called back to the desk. 

O+RA (Owner, with researcher and agent present) (baseline): The 
dog was positioned in a sit-stay or gently restrained by the researcher if 
the sit-stay was not reliable (as reported by the owner), while the owner 
stood behind the second mat to the right of the desk. The owner called 
the dog to them and threw a reward onto the mat when the dog reached 
them. Each verbal cue was subsequently issued to the dog by the owner 
without hand gestures or eye contact, to ensure unimodal delivery. The 
researcher remained behind the dog in order to visually aid the owner, 
using hand signals, as to each subsequent cue from the set list to be is-
sued (Fig. 3). Rewards were thrown onto the mat by the owner for each 
correct behavioural response. If a response was incorrect or absent, a cue 
was issued up to a maximum further four times before the next cue in the 
set list was issued. 

A-RO (Agent; researcher and owner absent): Researcher and owner 
exited the test room to the adjacent room, closing the door behind them, 
leaving the dog alone. The researcher monitored the dog’s behaviour 
from the adjacent room via the iPad GoPro® app and repeated the agent 
tests exactly as in the A+RO condition, using the same protocols. Note: 
Dogs could not be stationed at the desk to begin the A-RO condition, as 
the researcher and owner were not at the desk, thus dogs approached the 
agent from whichever position they were in at the time. 

All dogs experienced all three conditions in a fixed order: 1: A+RO; 
2: O+RA; 3: A-RO. 

2.5. Data collection 

2.5.1. Cognitive tests 
Dogs were tested between July 2019 – March 2020. Each dog’s entire 

test in each condition (as detailed in 2.4.2) was recorded on two GoPro® 
Hero video cameras. In A+RO and A-RO, the agent’s camera, looking 
down at the dogs (as described in 2.3.1 and depicted in Figs. 1–3) 
captured the dogs’ faces. In O+RA a camera was placed behind the 
owner to capture the dogs’ faces (see Fig. 3). In all conditions, an 
additional camera placed on a table at the side of the room captured the 
dogs’ side profiles and entire test room. Each dog’s entire test repre-
sented one video clip. A total of 51 video clips were recorded (17 dogs in 
three conditions each). Average test time in each condition, hence clip 
length, was 2 min. Providing a standardised test time would not have 
been appropriate as each dog varied in time taken to complete a con-
dition. Footage from both cameras was synchronised on a split screen so 
that each clip showed one dog simultaneously from both camera angles. 

2.5.2. QBA fixed list and scoring procedure 
Using the video clips described, a fixed QBA descriptor list was 

Table 1 
The QBA descriptor and characterisation list.  

Descriptor Characterisation 

Anticipating Focusing on the agent (in agent conditions) and owner (in 
owner condition) expecting, predicting, preparing for a 
reward or cue to be issued 

Anxious Uncomfortable, worried, unsure, tense, hypervigilant 
Apathetic Disinterested, passive, slow, showing sub-optimal arousal 

levels during interaction and poor performance 
Aroused Very high level of activity around the agent (in agent 

conditions), and owner (in owner condition), remaining 
close to, and moving rapidly around agent/owner, 
impatience, rapid and excessive sniffing of the mat 

Attentive Studious, alert, listening, watching the agent (in agent 
conditions) and owner (in owner condition) 

Bored Distracted, moving away from the agent (in agent 
conditions) or owner (in owner condition) following 
initial good performances, reluctance to repeat correct 
behaviours 

Calm At ease, relaxed interaction, slow movements, soft 
postures 

Competent Skilled in the given tasks; able to approach the agent (in 
agent conditions), and owner (in owner condition), listen 
to cues and perform correct behavioural responses 

Concentrating Fully engaged; non-distracted focus on the agent (in agent 
conditions) and owner (in owner condition) throughout 
testing, patience, consistently correct performances 

Confident Approaching the agent (in agent conditions) and owner 
(in owner condition) rapidly and willingly with forward 
or neutral body orientation, fearless interaction, sustained 
direct eye contact 

Conflicted Both interest and disinterest in the agent (during agent 
conditions), or owner (during owner condition), repeated 
approach-walk away responses 

Excited Positively agitated, euphoric, exuberant, thrilled 
Fearful Timid, scared, timorous, no approach, or approach and 

move away 
Frustrated Impatient, annoyed, may bark in between cue delivery 

following correct or incorrect behavioural responses/ 
while waiting for rewards to be dispensed/given 

Interested Attracted to, inquisitive of agent (during agent 
conditions) and owner (during owner condition), 
motivated to approach and interact 

Persistent (A+RO& A- 
RO only) 

Post-test attempts to elicit further interaction; remaining 
in front of the agent or repeated move away-re- 
approaches, may offer un-cued behaviours; barking/ 
jumping up/direct eye contact 

Playful Cheerful, high spirits, fun; cued and un-cued behaviours 
offered (experimenting) 

Responsive Consistent interaction throughout testing; responding to 
all issued cues with correct/incorrect behaviours 

Sociable Friendly approach towards the agent (in agent 
conditions), and owner (in owner condition), soft eye 
contact, greeting behaviours, comfortable in the agent/ 
owner’s presence 

Wary Cautious, prudent, suspicious, circumspect around agent 
(in agent conditions) or owner (in owner condition)  
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drafted by the primary author (Table 1). The twenty descriptors aimed 
to cover the spectrum of expressivity observed in the clips, and included 
8/20 descriptors from previous canine QBA literature (Arena et al., 
2019) and a further 12/20 context specific terms. Following the drafting 
of the list, the primary author carried out the QBA for each dog in each 
condition, grading each descriptor on a Visual Analogue Scale (VAS) 
(0 = complete absence of expression, 125 = very strong presence of 
expression). Each clip was observed once entirely plus unlimited addi-
tional times (due to the novelty and complexity of application), and all 
clips were scored over three consecutive days. Two additional observers 
(University of Winchester animal welfare undergraduates) were 
recruited to enable inter-observer reliability to be calculated. Both had 
observed dog behaviour previously and one had prior QBA practical 
experience. During a 1.5 h training session led by the primary author, a 
random clip from the 51 clips was selected in order for the primary 
author to demonstrate application of the QBA scoring protocol. This 
enabled scoring methods and descriptors to be discussed at length be-
tween all scorers, ensuring QBA procedure was standardised. Subse-
quently, the two additional observers watched the video clips an 
unlimited number of times and applied QBA descriptor scores for each 
dog in each condition independently, over three consecutive days. 
Scoring was carried out between May-June 2020. 

2.5.3. Quantitative behaviour measurements 
Quantitative behavioural sampling was carried out by the primary 

author, using a standardised ethogram incorporating all state and event 
behaviours observed. Behaviours included 17/21 from previous canine 
literature (Abrantes, 1997; Aloff, 2010; Carr and Dycus, 2016; Walker 
et al., 2016; Bremhorst et al., 2019) and a further 4/21 context specific 
behaviours (Table 2). Continuous focal sampling was applied for each 
dog in each condition, using the video clips that were observed for QBA. 
State behaviours (Martin and Bateson, 1999) were recorded in seconds 
and converted to percentage of total test time for each condition. Event 
behaviours were recorded as frequency and converted to rate, stand-
ardised as per 100 s for all dogs in each condition. Data conversions 
allowed direct comparison between conditions when test times varied. 
Type of approach gait and approach body orientation were observed 
(see Table 2 for definitions). These were considered indicative of moti-
vation to interact with either owner or agent and were observed as 
one-off occurrences as each dog made an initial approach to owner/-
agent at the start of each condition. An additional observer (a PhD 
student in Animal Welfare at the University of Winchester) was recruited 
to enable inter-observer reliability of the quantitative measurements to 
be calculated. The observer has extensive experience drafting ethograms 
and measuring behaviour and was blind to the study’s hypotheses. 
Eleven of the video clips (11 dogs; 21.5% of clips) used for QBA were 
chosen for analysis, to include footage from all three experimental 
conditions in order that all of the behaviours in the ethogram were 
observed. The primary author and additional observer watched the 
video clips an unlimited number of times and recorded the frequency of 
each behaviour from the ethogram (Martin and Bateson, 1999), for each 
video clip independently, over a two-day period during February 2022. 

2.6. Statistical analysis 

IBM SPSS Statistics 26 for Mac (IBM Corp, 2021), Minitab 19 for Mac 
(Minitab LLC, 2020) and XLSTAT for Mac (Addinsoft, 2021) were used 
for statistical analyses. To correct for multiple comparisons of the data, 
the significance level was set to 0.01. 

2.6.1. Randomised cues 
Data recorded in each condition were: 1. number of cue iterations 

required (maximum 5 allowed) for each dog to perform a correct 
behavioural response to each cue; an incorrect response was an incorrect 
behaviour from the repertoire, or no behaviour (looking up without 
response) within 5 s of the iteration. If no correct response was recorded 

by cue iteration 5, a fail was recorded for that cue. Percentages of correct 
behavioural responses at each cue iteration were compared between 
conditions using Chi-square goodness of fit tests. 2. Latencies (sec) to 
correct responses were recorded as the time between issue of a cue and 
performance of the correct behavioural response. Latencies were only 
recorded during the cue iteration which resulted in a correct behav-
ioural response. Total latencies, and the total number of cues with la-
tencies were compared between conditions using Chi-square goodness of 

Table 2 
Ethogram. *Behaviours included from previous canine literature.  

Approach gaits & body 
orientations combined 

Description of approach gaits combined with body 
orientations 

Gallop* Forward locomotion towards agent (in agent 
conditions) or owner (in owner condition) at fast 
speed, forelimbs move together, hind limbs move 
together 

Trot* Forward locomotion towards agent (in agent 
conditions) or owner (in owner condition) at 
medium speed, limbs at diagonal opposite ends of 
the body strike the ground together 

Walk* Forward locomotion towards agent (in agent 
condition) or owner (in owner condition) at slow 
speed, two or three feet strike the ground at any 
given time 

+ Forward body orientation* Head, ears and tail up, body forwards during 
approach 

+ Neutral body orientation* Head in-line with the body, straight line of the back, 
tail mid-height during approach 

State behaviour Description of state behaviour 
Looking up* Positioned on mat in a sit or stand posture, facing 

the agent with head raised upwards and direct eye 
contact on the agent (in agent conditions) and 
owner (in owner condition) 

Ears up* Ears raised up high or half-mast (all conditions) 
Cued response behaviour Behavioural responses (correct or incorrect) to cues 

issued by the agent (in agent conditions) and by the 
owner (in owner condition) 

Tail wag bout* Medium or fast repetitive movement of the tail in a 
side-to-side motion at mid or high height; minimum 
4 side-to-side motions constitute a ‘bout’ (all test 
conditions) 

Close proximity post-test Voluntary maintenance of close proximity to agent, 
may continue to offer behaviours/maintain eye 
contact (agent conditions only) 

Event behaviour Description of event behaviour 
Flight* While in front of and facing agent, turning head 

either side to face a different direction and with 
forward locomotion moving away at speed 

Head low* Head lowered below the line of the back 
Head tilt* Momentary lateral orientation of entire head while 

looking up at agent 
Paw lift* Momentary raise of either front paw from floor 

while stationary and looking up at agent or owner 
Paw tuck* Either front paw tucked underneath the body when 

in the “down” position 
Pant* Momentary shallow, fast, audible and observable 

breathing episode, open mouth, lip commissures 
pulled back, tongue exposed and extended over 
lower teeth 

Soft face* No facial tension, no panting, eyes relaxed and soft, 
momentary gaze at agent (in agent conditions) or 
owner (in owner condition), mouth open slightly, 
tongue visible but not covering lower teeth. 
Resembles a ‘smile’. 

Turn away While in front of and facing agent (in agent 
conditions) or owner (in owner condition), turning 
the head to either side to look in another direction 

Walk away From facing the agent (in agent conditions) or 
owner (in owner condition) turning away and with 
forward locomotion moving away at slow or 
medium speed 

Bark* Mid-range single tone of short duration, may be 
repetitive, emitted from the throat 

Growl* Deep low tone of varying duration emitted from the 
throat  
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fit tests. 

2.6.2. QBA 
As QBA is fundamentally a ‘whole animal’ approach addressing 

expressive patterns of demeanour rather than separate emotional states, 
analysis takes place, and has shown to be robust, primarily at integrated 
multi-variate level rather than that of individual descriptors (Grosso 
et al., 2016). Once a balanced descriptor list has been designed (see 
above), descriptor scores are integrated using multivariate techniques 
such as Principal Component Analysis (PCA), and inter-observer 
agreement is assessed at the level of these components. In the second 
instance, given acceptable agreement at dimensional level, reliability of 
individual descriptors can be inspected, so that use of terms with weak 
agreement can be strengthened in future studies by clarifying their 
characterisations, replacement with similar terms that are easier to 
score, or further on-site training (Minero et al., 2016). The goal would 
not be to eliminate weaker terms from the analyses, as they play a role in 
upholding the overall expressive pattern detected through PCA. Thus in 
the current study QBA scores of the three observers were analysed 
together for each of the three conditions (17 clips x 3 observers gives 51 
assessments per condition) using a Principal Component Analysis (PCA; 
correlation matrix, no rotation) and three PCAs, one for each condition, 
were generated. Principal components with eigen values > 1 were 
accepted for further analysis. Sampling adequacy of the data was 
checked before running the PCAs using Kaiser-Meyer-Olkin (KMO) test 
(threshold above 0.60 acceptable for KMO). 

To calculate the level of agreement between observers in each of the 
three conditions Kendall’s W coefficient of concordance was used; pri-
marily, as explained above, at the level of identified Principal Compo-
nents, but in addition for each of the separate QBA descriptors on the list 
in each condition. 

2.6.3. Quantitative behaviour measurements 
Pearson correlations were used to calculate inter-observer reliability 

of each behaviour category measurement in the select 11 video clips. 
Behaviours with high reliability (>0.7) (Martin and Bateson, 1999) were 
analysed further. Differences between conditions in the time spent 
performing each state behaviour were analysed in two ways; firstly, 
Friedman tests analysed differences in dogs’ state behaviour percentages 
between conditions and secondly, mean state behaviour calculations for 
each category of behaviour in each condition were made, and analysed 
for differences using Chi-square goodness of fit tests. Friedman tests 
were used to analyse differences in dogs’ event behaviour between 
conditions. Mean values for event behaviours could not be calculated 
due to their rarity. Approach gaits and body orientations were combined 
and scored thusly: walk + neutral = 1; walk + forward = 2; trot 
+ neutral = 3; trot + forward = 4; gallop = 5. Chi-square goodness of fit 
tests were used to analyse differences in total scores between conditions. 

2.6.4. Correlations between QBA and quantitative behaviour measurements 
The relationship between QBA scores and quantitative behaviour 

measurements was examined by correlating QBA PC1 and PC2 scores to 
each of the state behaviour categories for each condition, using 
Spearman Rank correlation coefficient (SR). This was achieved by first 
averaging PC1 scores from the three observers for each dog in each 
condition to generate 17 (dog) QBA assessments per condition for cor-
relation with 17 (dog) state behaviour measurements in each state 
behaviour category. The process was repeated for PC2 scores. To provide 
a visual summary of the relationship between QBA PC1, PC2 scores and 
time spent in each state behaviour, state behaviour times were mapped 
into 3 QBA PCA plots, one for each condition. Event behaviours were not 
correlated with QBA PC scores as few individuals performed any event 
behaviour. 

3. Results 

3.1. Randomised cues 

In all conditions, all dogs successfully performed correct behavioural 
responses to multiple randomised cues. No fails to any cues were 
recorded in A+RO (total 0/193 cues failed). In A-RO, 1/17 dogs failed 3 
of their cues and 2/17 dogs failed 1 of their cues each (total 5/193 cues 
failed). In condition O+RA, 1/17 dogs failed 4 of their cues (total 4/193 
cues failed). Of the 17 dogs, there was no significant difference in suc-
cess rates between conditions; in A+RO 100% of dogs, A-RO 82.3% of 
dogs and O+RA = 94.1% of dogs did not fail any cue (χ2 

(2, N = 276.4) 
= 1.47, p = 0.414). The highest total correct behavioural responses to 
cues were at cue iteration one (152/193 cues in A+RO, 144/193 cues in 
A-RO, 171/193 cues in O+RA). The percentages of correct responses at 
cue iteration one were not significantly different between conditions: 
A+RO = 78.7%, A-RO = 74.6%, O+RA = 88.6% (χ2 

(2, N = 241.9) = 1.28, 
p = 0.526). Total correct responses at iteration two were 28/41 in 
A+RO, 28/49 in A-RO, 13/22 in O+RA. The percentages of correct re-
sponses at cue iteration two were not significantly different between 
conditions: A+RO = 65.9%; A-RO = 57.9%; O+RA = 59% (χ2 

(2, N =

182.8) = 0.61, p = 0.734). Total correct responses at iteration three were 
8/13 in A+RO, 12/21 in A-RO; 4/9 in O+RA. The percentages of correct 
responses at cue iteration three were not significantly different between 
conditions: A+RO = 60%; A-RO = 57.1%; 44.4% (χ2 

(2, N = 161.5) = 2.55, 
p = 0.278). Total correct responses at iteration four were 4/5 in A+RO, 
3/9 in A-RO; 1/5 in O+RA. The percentages of correct responses at 
iteration four were significantly different between conditions: A+RO 
= 83.3%; A-RO = 33.3%; O+RA = 20% (χ2 

(2, N = 136.6) = 48.92, 
p < 0.001). Total correct responses at iteration five were 1/1 in A+RO; 
1/6 in A-RO; 0/4 in O+RA (low numbers render statistical analysis 
invalid). Total latencies (seconds) between cue issue and correct 
behavioural response were significantly different between conditions: 
A+RO = 126.8; A-RO = 143.9; O+RA = 50.1 (χ2 

(2, N = 320.8) = 46.67, 
p < 0.001). The total number of cues with latencies was significantly 
different between conditions: A+RO = 56/193; A-RO = 53/193; O+RA 
= 25/193 (χ2 

(2, N = 134) = 13, p = 0.001). 

3.2. QBA 

KMO was above threshold (0.88). Four principal components (PC’s) 
were extracted in each of the three conditions, describing four di-
mensions of emotional expression in the dogs that together explained 
81% of the total variance between dogs in conditions A+RO and A-RO 
and 80% in O+RA. The loadings of QBA descriptors on PC1 and PC2 for 
each condition are presented in Table 3 and word charts reflecting the 
loadings for these two most meaningful dimensions are presented 
(Fig. 4; with axes standardised to show high-low arousal; PC2 in con-
dition O+RA has been reversed). Based on the highest loading terms, 
PC1 characterised dogs in all conditions as ranging from ‘interested/ 
attentive/anticipating’ to ‘conflicted/apathetic’, with the majority of 
dogs at the former end of the range. PC2 varied between conditions, 
ranging from ‘calm/concentrating’ to ‘aroused/persistent’ in A+RO, 
from ‘calm/concentrating’ to ‘aroused/excited’ in A-RO, and from 
‘calm/wary’ to ‘excited/aroused’ in O+RA; the term ‘excited’ loaded 
higher in O+RA than in A-RO. Fig. 5 (score plots) shows the distribution 
of the 17 dogs (3 observers per dog = 51 dog scores in a score plot) along 
PC1 and PC2 in each condition (with axes standardised as in Fig. 4). The 
loadings of QBA descriptors on PC3 and PC4 for each condition are 
presented in Table 3. PC3 characterised dogs as ‘frustrated’ in A+RO, as 
‘wary/fearful’ in A-RO and as ‘frustrated/anxious’ to ‘sociable’ in 
O+RA. PC4 characterised dogs as ‘wary’ in A+RO; as ‘frustrated’ in A- 
RO; and as ‘fearful/wary’ in O+RA. 

The observers’ agreement in the ranking of clips on all four principal 
components in all conditions ranged from 0.77 to 0.95, all significant at 
p = 0.001 or less (Table 3). For inter-observer agreement of the 20 
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individual terms in each condition (less one term ‘persistent’, absent in 
condition O+RA), 40/59 Kendall W values (68%) reached high agree-
ment (0.7–0.9); 17/59 values (28.8%) reached substantial agreement 
(0.5–0.7), and 2/59 values (3.3%) reached low agreement (0.4–0.5). 

3.3. Quantitative behaviour measurements 

Inter-observer reliability was high for the following quantitative 
(ethogram) behaviour measurements: Approach gaits + body orienta-
tions (r = 0.725, p = 0.01); ‘looking up’ (r = 0.984, p < 0.001); ‘ears 
up’ (r = 0.984, p < 0.001); ‘cued response behaviour’ (r = 0.963, 
p < 0.001); ‘tail wag bout’ (r = 0.737, p = 0.01); ‘pant’ (r = 0.999, 
p < 0.001); ‘soft face’ (r = 0.987, p < 0.001); ‘turn away’ (r = 0.765, 
p = 0.006); ‘head low’ (r = 0.897, p < 0.001); ‘flight’ (r = 1.000, 
p < 0.001); ‘paw tuck’ (r = 1.000, p < 0.001); ‘bark’ (r = 1.000, 

p < 0.001); ‘head tilt’ (r = 1.000, p < 0.001); ‘walk away’ (r = 1.000, 
p < 0.001); ‘close proximity post-test’ (r = 1.000, p < 0.001). ‘Paw lift’ 
reached moderate reliability (r = 0.650, p = 0.030), and ‘growl’ low 
reliability (r = 0.472, p = 0.142); the latter two behaviours were not 
analysed further. No significant differences in state behaviour percent-
ages were found between the three conditions; ‘looking up’ at agent in 
A+RO, ‘looking up’ at agent in A-RO and ‘looking up’ at owner in O+RA 
( χ2

F (2, N = 17) = 1.4, p = 0.494); ‘ears up’ ( χ2
F (2, N = 17) = 0.824, 

p = 0.662); ‘cued response behaviour’ (χ2
F (2, N = 17) = 0.925, 

p = 0.630); and ‘tail wag bout’ (χ2
F (2, N = 17) = 3.5, p = 0.173). ‘Close 

proximity to agent post-test’ was consistent between the two agent 
conditions (A+RO, A-RO) (Z = -0.673, p = 0.501). Mean state behav-
iour percentages were consistent between conditions in ‘looking up’ (χ2 

(2, N = 139.3) = 0.116, p = 0.943); ‘ears up’ (χ2 
(2, N = 149) = 0.01, 

p = 0.995); ‘cued response behaviour’ (χ2 
(2, N = 112.4) = 0.061, 

Table 3 
Upper table: Principal component analysis outcomes and Kendall W values for inter-observer agreement on PC1, PC2 in all conditions; 2nd tier table: factor loadings for 
each of the QBA terms on PC1, PC2 in all conditions; 3rd tier table: Principal component analysis outcomes and Kendall W values for inter-observer agreement on PC3, 
PC4 in all conditions; 4th tier table: factor loadings for each of the QBA terms on PC3, PC4 in all conditions.  

Condition A+RO PC1 A+RO PC2 A-RO PC1 A-RO PC2 O+RA PC1 O+RA PC2 

Eigenvalue 10.15 3.43 9.93 2.98 7.43 3.73 
% Explained variance 50.7 17.1 49.6 14.9 39.1 19.6 
% Cumulative variance 50.7 67.9 49.6 64.6 39.1 58.8 
Kendall W (n = 3, df=16) 0.88 0.92 0.83 0.95 0.77 0.91 
p-value p < 0.001 p < 0.001 p = 0.001 p < 0.001 p = 0.002 p < 0.001 
Factor loadings 
Interested 0.910 -0.015 0.946 0.099 0.929 -0.120 
Attentive 0.913 0.204 0.936 0.087 0.885 -0.211 
Anticipating 0.879 0.105 0.938 0.030 0.913 -0.074 
Confident 0.840 -0.070 0.768 0.052 0.510 0.465 
Sociable 0.833 0.049 0.798 0.049 0.447 0.434 
Responsive 0.740 0.090 0.745 0.055 0.815 -0.306 
Competent 0.764 0.406 0.722 0.418 0.752 -0.373 
Excited 0.545 -0.635 0.604 -0.639 0.431 0.751 
Playful 0.518 -0.469 0.512 -0.562 0.206 0.602 
Aroused 0.483 -0.781 0.656 -0.655 0.409 0.697 
Persistent 0.495 -0.672 0.492 -0.398 N/A 
Concentrating 0.469 0.705 0.515 0.704 0.574 -0.477 
Calm -0.013 0.844 0.085 0.827 -0.158 -0.676 
Frustrated -0.110 -0.447 0.073 -0.350 0.113 0.308 
Bored -0.696 0.036 -0.780 -0.160 -0.766 0.243 
Wary -0.784 0.031 -0.517 0.215 -0.196 -0.647 
Fearful -0.804 -0.018 -0.557 0.139 -0.415 -0.522 
Anxious -0.816 -0.276 -0.826 -0.213 -0.438 -0.113 
Conflicted -0.868 -0.163 -0.856 -0.197 -0.869 0.244 
Apathetic -0.863 0.028 -0.916 0.011 -0.868 0.150 
Condition A+RO PC3 A+RO PC4 A-RO PC3 A-RO PC4 O+RA PC3 O+RA PC4 
Eigenvalue 1.54 1.19 2.0 1.41 2.77 1.32 
% Explained variance 7.71 5.9 10 7.09 14.6 6.9 
% Cumulative variance 75.6 81.5 74.6 81.7 73.4 80.4 
Kendall W (n = 3, df=16) 0.84 0.81 0.86 0.83 0.86 0.71 
p-value P < 0.001 P = 0.001 P = 0.001 P = 0.001 P < 0.001 P = 0.005 
Factor loadings 
Frustrated 0.808 -0.129 0.314 0.763 0.667 -0.366 
Responsive 0.261 0.239 0.489 -0.013 0.125 0.072 
Aroused 0.244 -0.036 0.211 0.130 0.457 0.213 
Competent 0.235 0.217 0.216 0.220 -0.149 0.164 
Anticipating 0.112 0.133 0.081 0.107 0.074 -0.017 
Attentive 0.101 0.190 0.100 0.038 0.010 -0.053 
Conflicted 0.091 -0.058 -0.078 0.134 -0.259 0.009 
Interested 0.050 0.256 0.038 -0.121 0.055 -0.075 
Anxious 0.048 0.263 0.176 0.006 0.610 -0.472 
Concentrating -0.006 0.212 0.033 0.115 -0.412 -0.081 
Bored -0.060 -0.284 -0.359 0.015 -0.367 0.059 
Wary -0.098 0.551 0.715 -0.338 0.310 0.507 
Calm -0.156 -0.214 -0.158 -0.175 -0.455 -0.208 
Persistent -0.157 0.173 0.213 -0.145 N/A 
Confident -0.194 -0.262 -0.399 -0.096 -0.576 0.007 
Apathetic -0.194 -0.085 -0.246 -0.114 -0.244 0.039 
Fearful -0.213 0.496 0.647 -0.419 0.271 0.513 
Sociable -0.334 -0.186 -0.397 -0.226 -0.657 -0.164 
Excited -0.390 -0.030 -0.013 -0.308 0.312 0.177 
Playful -0.474 0.121 -0.114 -0.451 -0.187 0.502  
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p = 0.970) and ‘tail wag bout’ (χ2 
(2, N = 53.1) = 1.16, p = 0.560) 

(Table 4). A significant difference between conditions was found in 
event behaviour ‘pant’; maximal in O+RA (χ2

F (2, N =17) = 9.86, 
p = 0.007) and ‘soft face’; maximal in A-RO (χ2

F (2, N = 17) = 11.69, 
p = 0.003). The remaining event behaviours were not significantly 
different between conditions; ‘turn away’ (χ2

F (2, N = 17) = 1.05, 
p = 0.590); ‘walk away’ (χ2

F (2, N = 17) = 4.5, p = 0.105); ‘paw tuck’ (χ2
F 

(2, N = 17) = 2.0, p = 0.368); ‘head low’ (χ2
F (2, N = 17) = 4.0, p = 0.135); 

‘bark’ (χ2
F (2, N = 17) = 1.0, p = 0.607); ‘head tilt’ (χ2

F (2, N = 17) = 3.71, 
p = 0.156); ‘flight’ (χ2

F (2, N = 17) = 2.0, p = 0.368). No significant dif-
ferences in total approach gait + body orientation scores between con-
ditions were found (χ2 

(2, N = 149) = 3.63, p = 0.162). The most common 
approach in A+RO and O+RA was trot + forwards/neutral (11/17 and 
14/17 respectively), and in A-RO was walk + forwards/neutral (9/17). 

Activity budgets to span entire test times in all conditions revealed an 
average of 46% of time looking up (at agent in A+RO/A-RO and owner 
in O+RA), 37% of time performing cued responses, and 16% of time 
consuming food rewards. 

3.4. Correlation between QBA and quantitative behaviour measurements 

QBA PC1 scores in condition A+RO (‘interested/attentive/antici-
pating’ to ‘conflicted/’apathetic’) correlated positively and significantly 
with the state behaviour percentages of ‘looking up at agent’ (r = 0.831, 
p < 0.001) ‘ears up’ (r = 0.806, p < 0.001) and ‘cued response behav-
iour’ (r = 0.765, p < 0.001) and did not correlate significantly with ‘tail 
wag bout’ (r = 0.380, p = 0.133) or ‘close proximity post-test’ 
(r = 0.473, p = 0.055). QBA PC1 scores in condition A-RO (‘interested/ 
attentive/anticipating’ to ‘conflicted’/’apathetic’) correlated positively 
and significantly with the state behaviour percentages of ‘looking up at 
agent’ (r = 0.803, p < 0.001) ‘ears up’ (r = 0.742, p = 0.001) and ‘cued 
response behaviour’ (r = 0.846, p < 0.001) and did not correlate 
significantly with ‘tail wag bout’ (r = 0.537, p = 0.026) or ‘close prox-
imity post-test (r = 0.471, p = 0.056). QBA PC1 scores in condition 
O+RA (‘interested/attentive/anticipating’ to ‘conflicted’/’apathetic’) 
correlated positively and significantly with the state behaviour per-
centages of ‘looking up at owner’ (r = 0.767, p < 0.001) ‘ears up’ 
(r = 0.792, p < 0.001) and ‘cued response behaviour’ (r = 0.770, 

Fig. 4. Word charts reflecting the loadings of QBA terms on PC1 and PC2 for each experimental condition. PC2 has been reversed in condition O+RA.  
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p < 0.001) and did not correlate significantly with ‘tail wag bout’ 
(r = 0.196, p = 0.451). QBA PC2 scores in condition O+RA (‘calm/ 
wary’ to ‘excited/aroused’) correlated positively and significantly with 

‘tail wag bout’ (r = 0.980, p < 0.001). Visual summaries of all signifi-
cant correlations are provided in Fig. 6. No further significant correla-
tions in condition O+RA were found; ‘looking up’ (r = 0.279, 
p = 0.277), ‘ears up’ (r = 0.152, p = 0.560), ‘cued response behaviour’ 
(r = 0.066, p = 0.801). QBA PC2 scores in condition A+RO (‘calm/ 
concentrating’ to ‘aroused/persistent’) did not correlate significantly 
with ‘looking up’ (r = − 0.103, p = 0.694), ‘ears up’ (r = − 0.098, 
p = 0.708), ‘cued response behaviour’ (r = - 0.265, p = 0.305) ‘tail wag 
bout’ (r = − 0.539, p = 0.026) or ‘close proximity post-test’ 
(r = − 0.330, p = 0.196). QBA PC2 scores in condition A-RO (‘calm/ 
concentrating’ to ‘aroused/excited’) did not correlate significantly with 
‘looking up’ (r = − 0.403, p = 0.108), ‘ears up’ (r = − 0.325, p = 0.203), 
‘cued response behaviour’ (r = − 0.265, p = 0.305), ‘tail wag bout’ 
(r = − 0.360, p = 0.156), or ‘close proximity post-test’ (r = − 0.330, 
p = 0.196). 

3.5. Correlation between QBA PC1 and approach gait + body orientation 
scores 

QBA PC1 scores in condition A+RO (‘interested/attentive/antici-
pating’ to ‘conflicted/’apathetic’) correlated positively and significantly 
with A+RO approach scores (r = 0.640, p = 0.006). QBA PC1 scores in 
condition O+RA correlated positively and significantly with O+RA 
approach scores (r = 0.606, p = 0.01). QBA PC1 scores in condition A- 
RO did not correlate significantly with A-RO approach scores (r = 0.470, 
p = 0.057). 

Fig. 5. Score plots showing the distribution of the 17 dogs (3 observers per dog = 51 dog scores in a score plot) along PC1 and PC2 in each experimental condition. 
PC2 has been reversed in condition O+RA. 

Table 4 
State behaviour mean percentage values with standard deviation, total per-
centages of event behaviours, approach scores, and significant p values between 
conditions.  

State Behaviour Condition 

A+RO A-RO O+RA 

Looking up 48.3 (SD) 
13.4 

45.8 (SD) 14 45.2 (SD) 14.2 

Ears up 49.2 (SD) 
13.5 

50.2 (SD) 
12.4 

49.6 (SD) 15.7 

Cued response behaviour 38.4 (SD) 
12.9 

36.3 (SD) 
11.6 

37.7 (SD) 11.3 

Tail wag bout 19.6 (SD) 
22.5 

14 (SD) 13.8 19.5 (SD) 19 

Close proximity to agent post- 
test 

35.4 (SD) 32 45 (SD) 38.5 N/A 

Event behaviour 
Pant 13.2 23.8 59.4 

(p = 0.007) 
Soft face 32.2 43.4 8 (p = 0.003) 
Turn away 12.8 11.9 30.6 
Walk away 3.5 16.3 9.5 
Head low 12.4 4.8 9.4 
Bark 0 0.5 12.1 
Head tilt 6.7 3.1 0 
Paw tuck 2.1 0.7 6.6 
Flight 3.5 0 0 
Approach gaits + body orientations 
Total scores 50 40 59  
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Fig. 6. Visual summary of the correlations between QBA PC1, PC2 scores and quantitative (state) behaviour categories in each of the three experimental conditions. 
PC2 has been reversed in condition O+RA. 
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4. Discussion 

4.1. Key findings 

The aim of the present study was to assess dogs’ welfare during 
exposure to and interaction with an artificial agent which issued mul-
tiple, randomised verbal cues to dogs, and food rewards for correct 
behavioural responses. Dogs’ cognitive abilities to respond correctly to 
the cues were also assessed. The highest percentage of correct behav-
ioural responses to cues was during the first iteration of each cue and no 
significant differences in correct responses were found between condi-
tions. Dogs responded as reliably to the agent as to their owners in 
person, including while alone in the test room, although response la-
tencies were longer in agent conditions. Dog’ demeanours and behav-
iours were compared between two agent conditions and a baseline 
condition (dogs responding to the same cues issued in person by their 
owners). QBA provided a descriptive, holistic evaluation of dogs’ ex-
periences. QBA PC1 was characterised in all conditions as ranging from 
‘interested/attentive/anticipating’ to ‘conflicted/apathetic’, with the 
majority of dogs at the former end of the range. PC1 therefore reflects 
overarching positive engagement across the sample during both agent 
and owner interaction. The terms ‘responsive’ and ‘competent’ co-varied 
with ‘interested/attentive/anticipating’ in all conditions, and ‘sociable’ 
and ‘confident’ co-varied in agent conditions only, further suggesting 
dogs’ rapidly adapted social, interactive and skilled behaviour towards 
the artificial context. PC2 revealed variability in the way that dogs 
expressed their interest, ranging from ‘calm/concentrating’ to ‘aroused/ 
persistent’ in A+RO and ‘calm/concentrating’ to ‘aroused/excited’ in A- 
RO; dogs were distributed widely between ends. In O+RA, dogs were 
characterised as ranging from ‘calm/wary’ to ‘excited/aroused’; the 
term ‘excited’ loaded higher on this PC than in A-RO. In contrast to agent 
conditions, the term ‘concentrating’ did not load highly in O+RA. PC2 
therefore reflects arousal and suggests a decrease in concentration and 
increase in excitement during owner interaction vs agent interaction. In- 
line with previous QBA studies, inter-observer agreement was high on 
all PCs. No significant differences in quantitative behaviour measure-
ments (looking up, ears up, cued response behaviour, tail-wag bout, 
approach scores) were found between conditions, and the first three 
behaviours in this list correlated positively and significantly with QBA 
PC1 in all conditions. Only one behaviour, ‘tail wag bout’, correlated 
significantly and positively with PC2, in baseline. The described be-
haviours have previously been identified as indicators of positive 
anticipation, excitement, engagement, motivation, and competence 
when completing a task and when expecting food rewards (Sapolsky, 
1994; Spruijt et al., 2001; Hagen and Broom, 2004; Van der Harst and 
Sprujit, 2007; Boissy and Lee, 2014; McGowan et al., 2014; Travain 
et al., 2016; Mellor, 2019; Riemer et al., 2018; Bremhorst et al., 2019; 
Cameron et al., 2019), and may be underpinned by/aligned with emo-
tions experienced during phases of the pleasure cycle (Craig, 1918; 
Cabanac, 1992; Sapolsky, 1994; Berridge and Kringelbach, 2011; 
Schultz, 2015; Cook et al., 2016; Csoltova and Mehinagic, 2020). The 
correlations demonstrate that QBA can provide relevant evaluations of 
dogs’ experiences and abilities during novel, rewarding cognitive tasks. 
Overall, these findings suggest that dog-human positive reinforcement 
interaction using food as a reward may promote an experience of plea-
sure hence positive welfare in dogs, and that an artificial agent can 
successfully simulate key elements of a human’s role in the paradigm. 

4.2. Randomised cues 

Results in the present study reveal that domestic dogs respond to 
multiple, unpredictable verbal cues issued by the agent as reliably as to 
those issued by their owners in person, including while alone in the test 
room. Shaw and Riley’s (2020) suggestion that consistently correct re-
sponses to two single cues may have been solely due to a learnt, order 
effect (two cues issued in the same order across four conditions) can thus 

be rejected. The high percentage of correct responses at the first itera-
tion of a cue (average 80% of cues across conditions) suggests that dogs 
were using information-based strategies (Olsen, 2018). Responses that 
were incorrect at the first iteration of a cue were either: 1. an alternative 
behaviour from the repertoire, or 2. looking up at the agent with no 
response. Some incorrect behaviours were chosen therefore, but in some 
other cases, dogs appeared to be waiting for second iterations/inhibiting 
incorrect responses before making their behavioural choices (Olsen, 
2018). Correct responses to second iterations thus accounted for an 
average of 11.9% of the remaining responses across conditions, with 
correct responses at 3rd/4th/5th iterations accounting for an average of 
7.3% of remaining responses across conditions. Failure rate was very 
low and no fails to any cues were recorded in A+RO. In A-RO one dog 
walked away from the agent several times to investigate the test room 
hence incurred three fails. The same dog was distracted by the novelty of 
the room during baseline, requiring several iterations from the owner 
and incurring latencies. Two other dogs in A-RO recorded just one fail 
each, one of whom also failed four cues in baseline, where the dog failed 
to “sit” several times, consistently going into a down position. According 
to the owner this may have been an artefact of previous training to go to 
a mat and lie down when the mat is presented and the owner is present. 
In line with Shaw and Riley (2020), latencies to correct responses were 
significantly longer in both agent conditions than baseline. Furthermore 
in the present study, there were a significantly greater number of cues 
with latencies in agent conditions than baseline. Owners issued their 
cues with no hand gestures or eye contact, but still the other 
owner-present (iconic and olfactory) elements remained. Although 
clearly dogs generalised remarkably well to the artificial context, 
agent-interaction may thus have been more cognitively demanding due 
to a decrease in the number of clues, or sub-paths to memory (Rowe, 
2005; Pearce, 2008). Dogs’ faster performances in owner conditions 
could simply relate to previous memory of success thus, expectation in 
that condition; increased motivation and activation may have energised 
behaviour directed at attaining guaranteed, historic goals (Meehan and 
Mench, 2007; Mendl et al., 2010). Performance speeds for the agent 
could increase over time as the generalisation improves and weight 
shifts towards online control (Toates, 2004). Testing over a longer 
period of usage and comparing again to baseline would determine 
whether cognitive demands decrease with further exposure. 

4.3. QBA 

In this study, the application of QBA to dogs during a specific, 
engaging testing paradigm resulted in the generation of three PC1 di-
mensions which all reflected opposing terms loading very highly at 
either end of the PC (>0.85/>− 0.85). In other words, as an artefact of 
the interactive context, the majority of dogs were scored very highly for 
the terms ‘Interested/attentive/anticipating’ and very low for the terms 
‘conflicted/apathetic’ with a very small minority scoring highly for 
‘conflicted’ and or/apathetic’, thus lower than average for ‘Interested/ 
attentive/anticipating’. While PC1 is reported as a range between the 
two ends, this suggests to the reader a varied distribution of observations 
(e.g., Walker et al., 2016). Score plots were therefore provided to clarify 
that most dogs along PC1 clustered at the ‘Inter-
ested/attentive/anticipating’ end of the PC. 

Conversely, while the meaning of PC1 was virtually identical in all 
three conditions, there was variability in the meaning of PC2. In agent 
conditions, PC2 is described as ranging from ‘calm/concentrating’ to 
‘aroused/persistent’ (A+RO) and from ‘calm/concentrating’ to 
‘aroused/excited’ (A-RO). PC2 thus appears to reflect varying levels of 
arousal and reveals wide differences in dogs’ interactive styles; some 
with very calm demeanours and some with very active, energised 
demeanours during interaction. The term ‘persistent’, was applied only 
to agent conditions in the one-minute post-test period and was highly 
variable. Some dogs remained at the agent for the full minute, 
attempting to elicit more cues, and others left shortly after all cues had 
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been issued. PC2 differed in baseline; dogs ranged from ‘calm/wary’ to 
‘excited/aroused’, and loadings for the term ‘excited’ were higher in this 
condition than agent conditions. Furthermore, the term ‘concentrating’ 
did not load highly in baseline. These findings suggest that dogs were 
concentrating less and were more excited during owner-interaction than 
agent-interaction. This is perhaps unsurprising due to the familiarity of 
the dog-owner context. As discussed (Section 4.2), the cognitive data 
revealed longer response latencies for the agent than in baseline, hence 
dogs may have appeared to be concentrating more during agent condi-
tions. Overall, the two PC dimensions aligned with positive-negative 
valence and high-low arousal, hence clearly described 1. overarching 
positive engagement and 2. variability of engagement style throughout 
testing and in all conditions. However, PC3 and PC4 are also reported. 
PC3 in A+RO and PC4 in A-RO characterised dogs as ‘frustrated’ and 
PC3 in O+RA characterised dogs as ‘frustrated/anxious’ to ‘sociable’. 
Frustration was almost entirely absent across the sample (zero score) 
apart from 2/17 dogs who scored highly, one of whom was the sole 
contributor of the event behaviour ‘bark’ primarily in baseline. As 
characterised in the descriptor list, frustration in this context most likely 
refers to impatience while waiting for rewards to be dispensed or given 
by the owner (Bremhorst et al., 2019), or further cues to be issued 
following correct performances. Overall, the 2/17 dogs were extremely 
fast and accurate in their behavioural responses thus, frustration is un-
likely to have resulted from an inability to process a cue and perform 
correctly. Frustration may also occur during learning, including gener-
alisation, or problem-solving, and is a necessary for overcoming chal-
lenges (Toates, 2004; Meehan and Mench, 2007). Performances for 
owners with no gestures or eye contact (as usually provided), and per-
formances for the agent, may both have presented a novel cognitive 
challenge. PC3 in A-RO and PC4 in O+RA characterised dogs as ‘war-
y/fearful’ and PC4 in A+RO characterised dogs as ‘wary’. Scores for the 
terms ‘wary’ and ‘fearful’ were almost entirely absent (zero score) across 
the sample apart from 2/17 dogs who scored highly for the terms in both 
agent conditions and lower in baseline. The same 2/17 dogs were also 
the sole contributors of the two negative event behaviours recorded 
(‘flight’ and ‘head low’). One of the dogs moved away from the agent at 
speed each time the “down” (but not “sit”) cue was issued, and before 
performing the behaviour correctly in A+RO (but not A-RO or O+RA). 
Both dogs lowered their body postures as rewards were dispensed, thus 
the dogs may have been avoiding being struck by falling food. During 
baseline, owners also threw rewards onto the mat, which supports the 
avoidance of falling food theory contributing to scores for the terms in 
this condition. Neither dogs recorded any fails to cues hence the fear-
fulness/wariness described did not inhibit performance or willingness 
and ability to consume food once it had been dispensed; the dogs may 
thus simply be generally cautious individuals, and/or there may be a 
learnt (reinforced) component to the behaviour. Although these two 
dogs performed well, based on initial observation, they may not be 
suitable for the agent domain; perhaps exposure over time would enable 
habituation to the agent, but this is speculative. Overall therefore, PC3 
and PC4 are considered to be primarily representative of 4/17 in-
dividuals rather than the group as a whole. 

In line with previous QBA studies (e.g., Arena et al., 2019), 
inter-observer agreement of PCA scores was high (0.7–0.9). Observers 
were able to view the video clips and refer to the descriptor list as many 
times as they felt necessary over a three-day scoring period. This is a 
longer time-frame hence different approach than in previous QBA 
studies (e.g., Walker et al., 2016), but was considered appropriate given 
the novelty and complexity of the context. The observer number was 
smaller than typically found in former QBA literature, but again was 
considered adequate for the preliminary application of QBA to a 
cognitive paradigm. A fixed QBA descriptor list was drafted by the pri-
mary author prior to scoring. The fixed list approach was previously 
successfully implemented for dogs in a shelter environment (Arena et al., 
2019). The list used in the present study was based on the Arena et al. 
(2019) study, but also included novel terms to the QBA literature, 

including ‘concentrating’ and ‘competent’ as they relate to cognitive 
ability and characteristics logically expected when a dog is engaged in a 
cognitive task. A feature of QBA is its flexibility, hence the addition of 
these terms may be useful for future studies evaluating animal engage-
ment, skills and compatibility with cognitive tasks as demonstrated in 
this preliminary study. Agreement was high for 40/59 (68%) of indi-
vidual terms (>0.7), with 17/59 (28.8%) reaching substantial agree-
ment (0.5–0.7), and 2/59 values (3.3%) reaching low agreement 
(0.4–0.5). The two descriptors with low agreement were ‘wary’ and 
‘fearful’. While the characterisations provided for these terms are ac-
curate in a broad sense, and found previously in the literature, perhaps 
low agreement between scorers relates to the present study’s context 
and the individuals assigned scores for the terms. As previously 
described, the two dogs rated ‘wary’ and ‘fearful’ performed well and 
consumed food rewards; two behaviours not typically associated with 
fear and wariness. Clearly the dogs appeared to be cautious types but it is 
suggested also demonstrating learnt/reinforced idiosyncrasies. Perhaps 
the underlying cause of the behavioural expression was perceived 
differently by scorers and on reflection, ‘fearful’ is too broad in this 
study. More appropriate hence accurate and clearer terms could have 
included ‘startled’, ‘shy’, ‘insecure’ and ‘cautious’. Future studies should 
continue to refine terms and characterisations specific to the observation 
context in order to facilitate better clarity for scorers hence higher 
agreement (Grosso et al., 2016). 

4.4. Quantitative behaviour measurements 

Inter-observer reliability was high for all but two of the quantitative 
measurements and this is likely due to several factors including; 1. the 
good quality split-screen format with audio as used for QBA enabled 
close-up views of the dogs’ faces and also side profiles, hence all be-
haviours were clearly observable/audible and measurable; 2. videos 
could be observed an unlimited number of times over a two-day period 
encouraging intra-observer consideration; 3. behaviours were clearly 
defined in the ethogram; 4. several of the event behaviours were idio-
syncratic, occurring in one dog for each behaviour (e.g., ‘bark’) hence 
were not recorded at all for any other dog. No significant differences 
were found in quantitative state behaviours (looking up, ears up, cued 
response behaviour, tail wag bout) between conditions, indicating that 
dogs rapidly generalised previously learnt cues, responses and rewards 
to the artificial context. In line with Jenkins, ’ et al. (1978) findings, 
social behaviour patterns towards the agent emerged (tail-wagging and 
looking up), and additionally, interaction between agent and dog was 
achieved as evidenced by dogs listening (ears raised up) and performing 
behavioural responses to the agent’s cues (cued response behaviour). In 
all conditions, all dogs looked up, with ears up, and performed cued 
response behaviours. Not all dogs wagged their tails but those who did 
performed the behaviour in all conditions. Quantitative behaviour 
measurements relating to positive anticipation, excitement, engage-
ment, competence and motivation in this study align with those found in 
previous research. Tail wagging has been identified during social, 
human contact-seeking (Rehn and Keeling, 2011; Rehn et al., 2014). Tail 
wagging has been observed in dogs expecting food rewards (Travain 
et al., 2016); was identified as an indicator of excitement in dogs suc-
cessfully completing an operant task (McGowan et al., 2014), and was 
higher in frequency in dogs anticipating food than human contact 
(McGowan et al., 2014). In other studies, looking up (at researcher) with 
ears raised up (‘ears adductor’) has been observed in dogs waiting for 
food rewards (Bremhorst et al., 2019). In the present study, ears raised 
up throughout testing additionally facilitated the location of recall 
sounds from agent/owner, and receipt of verbal cues (Aspinall and 
Cappello, 2015). Gait or speed of approach has previously been recorded 
as a measurement of motivation to obtain food rewards, with greater 
speed or corresponding gait suggesting higher motivation levels (Hagen 
and Broom, 2004; Riemer et al., 2018; Cameron et al., 2019). In the 
present study, approach scores can be regarded as in relation to dogs’ 
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overarching motivation to engage, as the agent and owner paradigms 
provide multiple opportunities (cue-response-reward-repeat). Approach 
was voluntary; dogs were called by the agent or owner and could not be 
forced to approach or engage. The most common gaits in A+RO and 
O+RA were trot + forwards/neutral, suggesting high motivation to 
approach. In A-RO when dogs were left alone, the most common gait 
was walk + forwards/neutral. This is likely due to some 
decision-making following owner exit to the adjacent room; hence 
whether to approach agent vs remain near the exit. In leaving dogs alone 
in the test room it was expected that some dogs would show a degree of 
concern/curiosity as to the location of their absent owners prior to the 
requirement to re-focus on the task, and this is reflected in less exuberant 
approaches to the agent in this condition. 

4.5. Correlations between QBA and quantitative behaviour measurements 

QBA PC1 correlated significantly and positively with three of the 
primary state behaviour categories (looking up, ears up, cued response 
behaviour) in all conditions; all of the dogs performed these behaviours. 
For QBA PC2 which revealed variability of engagement style, the only 
positive and significant correlation made was with the state behaviour 
‘tail wag bout’ in baseline. This was not because dogs wagged their tails 
more in baseline than in agent conditions, but because of an overarching 
energy identified by QBA PC2 in baseline (‘excited/aroused’) that 
aligned with that behaviour; loadings for ‘excited’ were higher in 
baseline than agent conditions. ‘Close proximity to agent post-test’ was 
highly variable as described by the QBA descriptor ‘persistent’, hence no 
correlations between this behaviour and PC1 or PC2 were found. 
Approach scores correlated positively and significantly with QBA PC1 in 
condition A+RO and positively but not significantly in O+RA. In A-RO, 
where the most common gait was walk + forwards/neutral, no corre-
lation was found and this is likely due to the decision making process of 
remaining at the exit vs. approach the agent when left alone in the room. 

Although event behaviours were rare, the behaviour ‘pant’ was 
maximal in baseline, contributing further to the appearance of increased 
excitement during owner interaction as compared to agent interaction. 
In contrast, ‘soft face’ (gazing up, relaxed features) (Aloff, 2010) was 
maximal for the agent in A-RO, contributing to dogs appearing to 
concentrate more in this agent condition than baseline. Facial expres-
sions are subject to human audience effects (Kaminski et al., 2017), 
hence these findings may additionally support dogs’ adaptation of 
communicative expression toward the artificial context. 

4.6. Positive welfare framework and of enrichment effects of agent usage 

The anticipation of food rewards and positive social interaction 
represent two elements of the dogs’ experiences in this study, but 
furthermore, performances of behaviours required to gain rewards (cued 
response behaviours) may serve as secondary reinforcers, and may 
themselves be intrinsically rewarding (e.g., Reid, 1996). Hence, several 
elements of the interaction paradigm are likely to have promoted posi-
tive experiences. Hagen and Broom (2004) and McGowan et al. (2014) 
successfully teased apart and identified animals’ behavioural indicators 
of excitement in response to their achievements at operant tasks vs re-
sponses to subsequent food rewards. Currently, the aim was to evaluate 
welfare in an interactive paradigm which rapidly switches between 
cue-behaviour-reward; hence no such determination was attempted. 
Alternatively, aligning interaction with phases of the pleasure cycle 
(Craig, 1918) may be an appropriate means to propose how positive 
anticipation and engagement was underpinned and prolonged 
throughout testing. Rewards in this framework initiate, sustain and 
switch state between motivational, emotional, and cognitive processes 
(Toates, 2004; Rømer Thomsen et al., 2015; Berridge and Kringelbach, 
2011). The appetitive, anticipatory phase (approach, waiting for cues, 
responses) is characterised by wanting, or positive reward-seeking, a 
goal-directed activity mediated by dopaminergic systems (Craig, 1918; 

Sapolsky, 1994; Spruijt et al, 2001; Toates, 2004; Schultz, 2015). The 
consummatory phase (eating food rewards) is characterised by liking; 
sensory pleasure (Rømer Thomsen et al., 2015; Berridge and Kringel-
bach, 2011), and the satiety phase is characterised by learning about 
reward predictions based on previous experiences; respondent or oper-
ant associations and cognitive representations (Pavlov, 1927; Skinner, 
1953; Toates, 2004). In all conditions, memory of previous success with 
each cue and expectations of further cues may have sustained engage-
ment. Successful actions with a positive outcome are likely to induce 
positive emotions (Meehan and Mench, 2007; Mendl et al., 2010), 
motivating the individual to continue interacting when the ability to 
control access to rewards has been identified (McGowan et al., 2014). 
Sapolsky (1994) describes this control in terms of mastery, confidence 
and expectation, placing weight on anticipation as the key component of 
pleasure, with the reward itself almost an afterthought. 

Activity budgets of state behaviours in this study reveal no deviation 
from the cue-response-reward cycle; in other words, post reward con-
sumption, dogs looked back up to the agent waiting for the next cue to be 
issued, hence overall, dogs did not disengage until all cues and rewards 
had been provided. Agent-interaction was thus exactly as owner- 
interaction; the agent perfectly simulated the owner’s role. As dogs 
could not be forced to interact and stay close to the agent during testing, 
the fact that they chose to remain there implies wanting to sustain 
interaction. This is perhaps unsurprising; positive reinforcement 
training and ongoing interaction (generalisation of behaviours to wider 
domains) represent a form of cognitive enrichment (Gourkow and 
Phillips, 2016; Clark, 2017), but multiple, overlapping categories of 
enrichment may be involved in this paradigm. Cognitive (learning/ge-
neralisation), physical (cued actions), nutritional (food rewards, de-
livery type) and social enrichment (human or artificial interaction) may 
all combine (Shepherdson et al., 1998; Young, 2003). The agent, having 
successfully simulated the key elements of a human in the paradigm, 
may therefore have the potential to span these categories. 

4.7. Limitations 

In this study, dogs experienced three conditions in a fixed order. 
Shaw and Riley (2020) applied four conditions (an additional agent, 
with researcher only present condition) using a counterbalanced design 
and found no order effect across the four groups. Regardless of order, 
dogs responded similarly to the agent and to the owner when rewarded 
for performing correct behavioural responses to two cues. In the present 
study, only three conditions were used in order to mitigate any possible 
mental/physical fatigue caused by the issue of multiple cues across 
conditions (up to 16 in one condition and 48 over the three conditions). 
Furthermore, the fixed order aligns with a logical, ethical introduction 
to the agent; the dog is familiarised and subsequently tested with the 
agent issuing multiple cues while owners are present. This replicates 
what the authors consider to be an effective way to introduce the agent 
in a home environment. Baseline, as potentially a less cognitively 
demanding and certainly a more familiar condition was placed 2nd in 
the order; in the event that dogs’ initial responses to the agent were 
poor, it was thought that this would afford an opportunity to demon-
strate competence and restore confidence before the final agent condi-
tion was applied. As cognitive, ethogram and QBA data were essentially 
the same in all three conditions, no effects of repeated testing such as 
fatigue, boredom, or improvement or deterioration of responses were 
overarchingly apparent. Nevertheless, by testing an agent condition 
first, dogs may have been highly motivated to engage in a new and 
stimulating environment (all dogs were familiar with positive rein-
forcement training using food rewards) and therefore performed 
extremely well (both cognitively and welfare-wise). If both agent con-
ditions had been tested after baseline it is hypothetically possible that 
dogs’ collective performance may have been less motivated or less 
engaged. Future studies with larger samples should carefully consider 
and apply a counterbalanced design; any negative welfare effects of 
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sustained usage (multiple cues) without owner presence during the first 
test exposure should be determined. 

It would be useful to establish whether dogs would respond correctly 
to the same cues but issued by voices other than the owners’. From a 
generalisation perspective, if practice with owner-spoken verbal cues 
could assist in proofing behaviours, this may improve reliability in 
multiple contexts including when cues are issued by any person; future 
studies should investigate this. 

The present study reveals only short-term, acute indicators of posi-
tive welfare during dogs’ initial experiences with an artificial agent. 
Enrichment studies have recorded positive effects on welfare over time 
such as boredom mitigation (e.g., Ernst et al., 2005). Following this 
initial study, future research could examine dogs’ welfare outcomes as a 
result of longer-term agent usage and in-situ (home environment). 

5. Conclusion 

Domestic dogs are able to respond to multiple, randomised and 
previously taught verbal cues as reliably for an artificial agent as for 
their owners in person. This is the first study to investigate the welfare of 
dogs during positive reinforcement interaction with their owners and 
with an agent, and suggests the experience in both situations is plea-
surable for dogs. This study also represents a novel application of QBA to 
a cognitive paradigm. QBA and quantitative behaviour assessment 
identified indicators of positive anticipation, motivation, engagement 
and competence in the dogs during interaction, and engagement was 
sustained throughout testing. These findings suggest that QBA is an 
effective tool for the assessment of welfare in domestic dogs engaged in 
rewarding, cognitive tasks, and when afforded such via a technological 
adaptation of the traditional dog-human positive reinforcement inter-
action paradigm. Future applications of the method could evaluate the 
suitability of the agent to dogs at the individual user level, or to a wider 
sample, and may determine longer-term welfare outcomes as a result of 
usage over time and in-situ (home environment). More broadly, QBA 
may reveal the suitability of training approaches, cognitive tasks and 
enrichment concepts afforded to domestic dogs and other species. 
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