
School of Biological and Marine Sciences 

Faculty of Science and Engineering 

2024-05-29 

Measuring affect-related attention bias to emotionally valenced Measuring affect-related attention bias to emotionally valenced 

visual stimuli in horses visual stimuli in horses 

Sarah Kappel University of Plymouth 

Marco A.Ramirez Montes De Oca University of Bristol 

Sarah Collins School of Biological and Marine Sciences 

Katherine Herborn School of Biological and Marine Sciences 

Michael Mendl University of Bristol 

et al. See next page for additional authors 

Let us know how access to this document benefits you 

This work is licensed under a Creative Commons Attribution 4.0 International License. 
General rights General rights 
All content in PEARL is protected by copyright law. Author manuscripts are made available in accordance with publisher policies. 
Please cite only the published version using the details provided on the item record or document. In the absence of an open 
licence (e.g. Creative Commons), permissions for further reuse of content should be sought from the publisher or author. 
Take down policy Take down policy 
If you believe that this document breaches copyright please contact the library providing details, and we will remove access to 
the work immediately and investigate your claim. 
Follow this and additional works at: https://pearl.plymouth.ac.uk/bms-research 

Recommended Citation Recommended Citation 
Kappel, S., Oca, M., Collins, S., Herborn, K., Mendl, M., & Fureix, C. (2024) 'Measuring affect-related 
attention bias to emotionally valenced visual stimuli in horses', Applied Animal Behaviour Science, 275. 
Available at: https://doi.org/10.1016/j.applanim.2024.106303 
This Article is brought to you for free and open access by the Faculty of Science and Engineering at PEARL. It has 
been accepted for inclusion in School of Biological and Marine Sciences by an authorized administrator of PEARL. 
For more information, please contact openresearch@plymouth.ac.uk. 

https://pearl.plymouth.ac.uk/
https://pearl.plymouth.ac.uk/
https://pearl.plymouth.ac.uk/bms-research
https://pearl.plymouth.ac.uk/fose-research
https://forms.office.com/e/bejMzMGapB
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://pearl.plymouth.ac.uk/about.html
https://pearl.plymouth.ac.uk/bms-research?utm_source=pearl.plymouth.ac.uk%2Fbms-research%2F1648&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1016/j.applanim.2024.106303
mailto:openresearch@plymouth.ac.uk


Authors Authors 
Sarah Kappel, Marco A.Ramirez Montes De Oca, Sarah Collins, Katherine Herborn, Michael Mendl, and 
Carole Fureix 

This article is available at PEARL: https://pearl.plymouth.ac.uk/bms-research/1648 

https://pearl.plymouth.ac.uk/bms-research/1648


PEARL

Measuring affect-related attention bias to emotionally valenced visual stimuli in
horses
Kappel, Sarah; Oca, Marco A.Ramirez Montes De; Collins, Sarah; Herborn, Katherine; Mendl,
Michael; Fureix, Carole
Published in:
Applied Animal Behaviour Science

DOI:
10.1016/j.applanim.2024.106303

Publication date:
2024

Document version:
Publisher's PDF, also known as Version of record

Link:
Link to publication in PEARL

Citation for published version (APA):
Kappel, S., Oca, M. A. R. M. D., Collins, S., Herborn, K., Mendl, M., & Fureix, C. (2024).
Measuring affect-related attention bias to emotionally valenced visual stimuli in horses.
Applied Animal Behaviour Science, 275, Article 106303.
https://doi.org/10.1016/j.applanim.2024.106303

All content in PEARL is protected by copyright law. Author manuscripts are made available in accordance with
publisher policies. Wherever possible please cite the published version using the details provided on the item
record or document. In the absence of an open licence (e.g. Creative Commons), permissions for further reuse
of content
should be sought from the publisher or author.

Download date: 28. Oct. 2024

https://doi.org/10.1016/j.applanim.2024.106303
https://researchportal.plymouth.ac.uk/en/publications/1ef82bfa-64f8-49c1-ba32-69a9d8413f49
https://doi.org/10.1016/j.applanim.2024.106303


Applied Animal Behaviour Science 275 (2024) 106303

Available online 29 May 2024
0168-1591/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Measuring affect-related attention bias to emotionally valenced visual 
stimuli in horses 

Sarah Kappel a,*,1, Marco A.Ramirez Montes De Oca b, Sarah Collins a, Katherine Herborn a, 
Michael Mendl b, Carole Fureix a,b 

a University of Plymouth, School of Biological and Marine Sciences, Portland Square, Drake Circus, Plymouth PL4 8AA, UK 
b University of Bristol, Bristol Veterinary School, Langford House, Langford BS40 5DU, UK   

A R T I C L E  I N F O   
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A B S T R A C T   

Negative affect appears to mediate animals’ attention to competing emotional stimuli (e.g., threatening vs. non- 
threatening conspecific face images), similarly to anxiety-related enhanced attention to social threat reported in 
humans. To investigate this ‘attention bias’ (AB, i.e., the differential attention allocation to certain types of in-
formation over others) in horses, we developed a visual AB test assessing horses’ attention towards image pairs 
showing unfamiliar conspecifics’ facial expressions indicating, a) negative (social threat), b) more neutral (at 
rest), and c) positive (food anticipation) situations. We predicted that horses exhibit greater attention to negative 
compared to neutral or positive face images (as a normal adaptive response), and that horses in negative affective 
states (inferred from validated welfare indices comprising direct (health, behaviour) and indirect (housing, 
management) measures summarised as individual welfare scores and subscores reflecting health, social and 
environmental aspects) show greater AB to negative face stimuli and all images overall. Comparing AB to positive 
versus neutral social stimuli is rarely considered in AB studies, we therefore explored horses’ AB responses 
without a priori predictions. Over six trials, 44 horses from three facilities were shown stimulus pairs (negative/ 
neutral, negative/positive, positive/neutral) presented simultaneously on two projector screens. Attention was 
assessed as absolute attention duration to each image, the proportion of time the negative/positive stimulus was 
attended to relative to the other stimulus, and overall attention (i.e., duration of head turns towards both stimuli 
combined). AB to stimulus type, side, effects of facility and individual characteristics (welfare and subscores, age) 
was analysed using linear and generalised mixed-effect models. Against our predictions, horses attended to the 
images within the three stimulus pairs for similar lengths of time (negative-neutral: W=1870.5, p=0.2572; 
negative-positive: W=2542.5, p=0.9296; positive-neutral: W=1762.5, p=0.1019). Due to Covid-19 in-
terruptions, our sample size was lower than our estimated required number (N=113). Still, lower welfare 
(X21=4.71, p=0.03) and health scores (X21=4.13, p=0.04) significantly predicted shorter attention to the 
negative face stimuli, possibly reflecting threat avoidance previously reported in other animals. We found sig-
nificant facility effects on overall attention to the stimuli (X22=77.42, p<0.001), likely due to varying yard- 
specific conditions (e.g., lighting, noise). This highlights that external influences on visual attention require 
consideration when conducting cognitive tests at different testing sites. Further methodological investigation (e. 
g., test cue suitability, perceptual processing of computer-generated images; test stimuli familiarity; individual 
differences) is needed to evaluate the potential of AB as an indicator of affective valence in horses.   

1. Introduction 

Measuring changes in cognitive processing (e.g., biases in attention, 
memory, and decision-making) is an important approach to studying 
non-human animal emotions (Mendl et al., 2009; Paul et al., 2005), 

since affective valence (i.e., pleasant or unpleasantness of the emotional 
state) can be inferred from the direction of cognitive biases (Mendl et al., 
2010; Paul et al., 2005). In humans, negative affect is associated with a 
greater expectation of negative outcomes under ambiguity (i.e., ‘pessi-
mism’), heightened attention allocation toward negative information, 
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and greater likelihood of negative memory recall (reviewed in e.g., 
Blanchette and Richards, 2010; Paul et al., 2005). That underlying 
negative mood (i.e., longer-lasting states arisen from the accumulation 
of short-lasting emotions in response to specific stimuli) induces pessi-
mistic judgement also in animals has been demonstrated in various 
mammal, bird, and insect species (reviewed in e.g., Gygax, 2014; Lagisz 
et al., 2020). However, applying judgment bias tasks (JBTs) in animals 
has significant limitations (Bethell, 2015; Crump et al., 2018; Roelofs 
et al., 2016). These can include i) labour-intensive training phases (e.g., 
discrimination training of positive/negative cues before animals’ re-
sponses to intermediate cues can be tested), ii) sampling biases towards 
‘learners’ (and exclusion of non-learning animals, which possibly have 
more negative affect since severe stress can impair cognitive abilities, 
Mendl, 1999), iii) ambiguity could be perceived as novel rather than 
intermediate (mixed positive/negative) stimuli (Bateson and Nettle, 
2015; Doyle et al., 2010; Roelofs et al., 2016), and/or iv) discrimination 
training could act as cognitive enrichment for animals kept in barren 
environments (hence influencing affect and responses during testing; 
Crump et al., 2018). Developing new cognitive measures free from these 
caveats is therefore desirable (Crump et al., 2018; Roelofs et al., 2016). 

Assessing affect-driven attentional biases (ADABs), i.e., the emotion- 
induced differential allocation of attention to certain information 
compared to others, has been promoted as an alternative, and poten-
tially more practical, cognitive marker of animal affect (Crump et al., 
2018). Unlike JBTs, attention bias tests (ABTs) rely on innate tendencies 
to cognitively process sensory information, such as facilitated attention 
to biologically relevant visual stimuli (e.g., social threat indicated 
through facial expressions, tested e.g., in Bethell et al., 2012; Howarth 
et al., 2021). In addition, attention allocation to these stimuli can be 
measured with no, or relatively little, animal training (e.g., in Howarth 
et al., 2021 macaques were only trained to sit by a target for AB testing). 
Attention allocation can be behaviourally assessed via e.g., measuring 
eye gaze or head movements toward visual cues, whereby the location of 
target fixation and attention duration (i.e., looking time) can be quan-
tified (Winters et al., 2015). 

In humans, trait (i.e., personality) and state anxiety are associated 
with modulation of attention towards threatening information 
(reviewed in e.g., Bar-Haim et al., 2007; MacLeod et al., 1986; Yiend, 
2010). The majority of AB studies report anxiety-induced AB towards 
threat (i.e., faster detection of and/or difficulties in disengaging from 
threat cues), although opposite AB effects (i.e., attention shifted away 
from threat cues) have been found in some studies (Bar-Haim et al., 
2007). Furthermore, the relevance of stimulus type to the subject’s 
concern or situation influences AB in humans. For instance, social 
phobia induces stronger AB to social threat stimuli than non-social 
threat stimuli (Williams et al., 1996) and AB to pain-related informa-
tion is found in chronic pain patients (reviewed in Schoth et al., 2012). 

Attention to threat also appears to be modulated by affective state in 
non-human animals (reviewed Crump et al., 2018). Rhesus macaques 
show AB to conspecific threat faces paired with comparatively more 
neutral face images, with attentional avoidance of threat faces found 
following negative affect manipulation (veterinary handling, Bethell 
et al., 2012). In sheep (Lee et al., 2016) and cattle (Lee et al., 2018), the 
pharmacological induction of anxiety resulted in increased looking 
duration towards the location of a threat (a live dog presented shortly 
before its removal for the remaining test duration), while administering 
an anxiolytic lowered sheep’s attention to the threat location.2 

The aim of this study was to develop a test to assess whether horses 
show AB to emotionally-valenced social stimuli, and to investigate 
whether AB responses are reflective of affective valence determined via 
individual welfare level quantified as a score derived from validated 
equine welfare indices. In humans, psychological (e.g., anxiety, 

Bar-Haim et al., 2007) and physical stress (e.g., chronic pain, Schoth 
et al., 2011) are associated with AB. We therefore tested how different 
types of stressors influence horses’ attention by subdividing welfare 
indices into social, health and environmental factors. Developing mea-
sures of horse affect is important as, despite the identification of housing 
and management-related issues that compromise equine well-being (e. 
g., Dalla Costa et al., 2016; Hockenhull and Whay, 2014; Lesimple et al., 
2010; Minero and Canali, 2009), the identification and validation of 
reliable measures of affective valence, and ultimately welfare, are 
relatively scarce in horses. 

Here, we investigate whether horses show AB towards unfamiliar 
conspecifics’ valenced facial expressions associated with negative (so-
cial threat), positive (anticipation of food), or comparatively more 
neutral (resting) contexts. Horses were previously reported to discrim-
inate between printed photographs of conspecifics with valenced facial 
expressions. Indeed, they showed differential behavioural (i.e., 
approach positive faces, avoid approaching agonistic faces) and physi-
ological responses (i.e., decreased heart rate viewing positive faces, 
increased heart rate viewing agonistic faces) to these stimuli (Wathan 
et al., 2016). We predicted that horses would attend to negative face 
images for longer than neutral or positive faces (because attention to 
threat is a normal adaptive response, Ohman and Mineka, 2001), and 
that this effect would be stronger in horses with poorer welfare scores 
(and lower subscores) as negative affect further increases AB to threat (e. 
g., Lee et al., 2016). 

We also explored horses’ attention to the positive relative to the 
neutral face, since a bias towards positive stimuli could be relevant when 
assessing quality of life, since good welfare requires the presence of 
positive experiences (Boissy et al., 2007). ABs favouring positive infor-
mation are understudied in humans and other animals (Crump et al., 
2018), making predictions of the direction and strength of such a bias 
difficult. Finally, we expected that horses with lower welfare scores (and 
lower subscores) would show greater overall attention to both stimuli 
since negative affect heightens general vigilance (i.e., increased moni-
toring of the environment for potential threat) in other ungulates (Lee 
et al., 2016; Monk et al., 2018, 2019, 2020). 

2. Methods 

2.1. Ethical approval 

This study was approved by the Animal Ethical Review Committee of 
the University of Plymouth (ETHICS-41–2020). The experimental pro-
cedure complied with the UK Animals (Scientific Procedures) Act 1986 
(ASPA) and followed the Essential 10 ARRIVE guidelines 2.0 (Sert et al., 
2020). The owners consented the use of their horses and were respon-
sible for the care and health of their animals. All horses remained at their 
home facility at the end of the study. 

2.2. Animals and housing 

The sample size required to detect an effect was estimated through 
power analysis (80% power, 2-tailed, p≤0.05). We used data from 15 
pilot horses (not included in this study) tested to collect preliminary data 
on differences in attention duration to negative, positive, and neutral 
conspecific face images to calculate the N needed to demonstrate sig-
nificant discrimination between these stimuli. The resulting estimated 
sample size was 113 animals. We therefore aimed to test animals from 
six horse facilities (yards; approached via web search and word-of- 
mouth) with approximatively 20 animals per yard. During piloting, we 
were unable to collect pilot data on horse welfare (due to time limita-
tions). We therefore planned to use welfare data collected at the first 
three facilities to conduct further power analysis. However, our data 
collection period coincided with COVID-19 restrictions, so in total 47 
horses from three different yards were finally enrolled in this study. 
Three horses were excluded from data collection or analysis (one due to 

2 although see Monk et al., (2018, 2019) for attentional avoidance of the 
threat location in sheep given an anxiogenic. 
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camera failure, one because of disruptions during testing, and one horse 
was reluctant to approach the test equipment), resulting in 44 animals 
used for data analysis (yard 1: N=11; yard 2: N=16; yard 3: N=17). 

All horses belonged to private owners (all animals from yard 1 had 
different owners, horses from the other yards belonged to two riding 
schools), were 4–28 years old (mean age ± SD, 13.75 ± 5.83 years), of 
mixed breeds, and 17 (39%) were females (see Table 1 for each in-
dividual’s details). Housing conditions varied between facilities as we 
aimed to recruit horses from environments with either comparatively 
‘naturalistic’ housing conditions (i.e., conditions aligned with horses’ 
species-specific needs to live in stable groups (Fureix et al., 2012; 
Waring, 2003) with free access to roughage and exercise (Krueger et al., 
2021), or comparatively more ‘restrictive’ environments, i.e., limited 
social contact (e.g., Lansade et al., 2008; Yarnell et al., 2015), restricted 
outdoor access (Henry et al., 2017; Löckener et al., 2016; McGreevy 
et al., 1995) or limited access to roughage (Goodwin et al., 2002; 
Ninomiya et al., 2004), all known to cause behavioural, physiological 
and psychological problems in horses (reviewed in Krueger et al., 2021; 
Lesimple, 2020; Minero and Canali, 2009). 

At yard 1, horses were kept in a relatively naturalistically pasture/ 
track system all-year around and in a stable herd consisting of the same 
animals housed together for more than three months prior to our study. 
Grass and hay were available ad libitum. All horses received supplement 
feed (feed brands varied between owners) once per day. Yards 2 and 3 
were riding schools that housed their horses comparatively more 
restrictively in single stalls (at yard 3 six horses were tie-stalled) with 
limited opportunity for social contact (i.e., some animals only had visual 
but no physical contact with conspecifics), and bedding consisted of 
either straw or wood shavings (individual housing conditions presented 
in Table S1 in the supplementary material). Horses from these yards had 
access to pasture with the same group of conspecifics (ranging between 
3 and 10 animals) during parts of the day and/or at night (pasture time 
depended on weather conditions and riding lessons). Hay availability 
was restricted (i.e., facilities adjusted the amount of hay for each horse 
based on its body weight) and provided 2–3 times per day. At yard 2, 
horses did not receive any supplemental feed (horses were on a ‘diet’ due 
to lower workload during COVID-19 restrictions). At yard 3, all horses 
received an adjusted diet (Thunderbrook Equestrian™) once per day. 
Water was freely accessible through automatic troughs at yard 1 and 2 
and provided in water buckets at yard 3. 

2.3. Welfare assessment 

We evaluated horses’ individual welfare using a holistic approach 
comprising multiple assessment steps. We graded environmental, man-
agement (indirect) and animal-based (direct) measures in a welfare 
assessment protocol based on the AWIN protocol (Minero et al., 2015) 
and Dalla Costa et al. (2014). Briefly, a single welfare score was calcu-
lated per horse derived from the sum of scores assessed for each envi-
ronmental, management, and social resource provided to this 
individual, as well as the horse’s health (i.e., sign of injuries, nostril 
discharge) and behavioural status (presence/absence of abnormal 
behaviour or abnormal repetitive behaviour, reaction towards an un-
familiar human). Table 2 provides details of our assessment protocol and 
calculation of individuals’ welfare scores. Some health-based indicators 
recommended in the literature (AWIN protocol, Minero et al., 2015) 
were excluded from our protocol for practical reasons, i.e., eye discharge 
(horses at yard 1 wore fly masks; coat condition – parts of the coat had 
been clipped in some horses) and body condition scoring (BCS). BCS was 
originally assessed by two observers (ICC 0.73) after Henneke et al. 
(1983), but scores showed little variation from normal (between 4 and 8, 
mean 5.82 ± 0.8; 5 is considered normal). The maximum score of our 
welfare assessment protocol was 20, with higher scores putatively 
reflecting more positive welfare and a more positive affective state. 
Affective consequences associated with different types of stressors might 
influence attention differently, which is why we summarised social, 

Table 1 
Horse information and welfare scores. See Table 2 for details on calculation of 
the welfare score.  

ID Yard Sex Age Breed Welfare 
score  

1 yard 
1 

gelding  17 Thoroughbred  15.92  

2 yard 
1 

gelding  7 Cob  17.42  

3 yard 
1 

gelding  24 New Forest Pony  16.75  

4 yard 
1 

gelding  19 Welsh Pony  17.00  

5 yard 
1 

mare  22 Connemara Pony  16.75  

6 yard 
1 

gelding  7 Irish draft x  17.58  

7 yard 
1 

mare  9 Appaloosa  17.42  

8 yard 
1 

gelding  14 Connemara Pony x Camargue 
Pony  

16.75  

9 yard 
1 

gelding  13 Thoroughbred  19.00  

10 yard 
1 

gelding  20 Thoroughbred  15.58  

11 yard 
1 

mare  10 Thoroughbred  16.42  

12 yard 
2 

gelding  11 Cob  12.92  

13 yard 
2 

gelding  15 Irish Cob  14.33  

14 yard 
2 

gelding  7 Irish Sport Horse  12.42  

15 yard 
2 

mare  9 Cob  15.58  

16 yard 
2 

gelding  7 Cob  15.92  

17 yard 
2 

mare  13 Irish Sport Horse  11.33  

18 yard 
2 

gelding  14 Cob  14.17  

19 yard 
2 

gelding  9 Welsh Cob X  12.92  

20 yard 
2 

mare  10 Cob  15.25  

21 yard 
2 

mare  9 Cob  14.25  

22 yard 
2 

mare  11 Cob  15.25  

23 yard 
2 

mare  7 Fell  15.42  

24 yard 
2 

gelding  13 Irish Sport Horse  13.25  

25 yard 
2 

mare  9 TB X Cob  13.33  

26 yard 
2 

gelding  9 Irish Sport Horse  15.50  

27 yard 
2 

gelding  12 Welsh  13.67  

28 yard 
3 

gelding  9 Cob  16.75  

29 yard 
3 

mare  10 Cob x Thoroughbred  12.75  

30 yard 
3 

mare  18 Welsh pony  13.92  

31 yard 
3 

gelding  9 New Forest Pony  17.75  

32 yard 
3 

gelding  26 Welsh Pony  15.25  

33 yard 
3 

gelding  17 Connemara Grey  15.41  

34 yard 
3 

gelding  28 New Forest Pony  14.75  

35 yard 
3 

gelding  19 New Forest Pony  12.75  

36 yard 
3 

gelding  18 Shire Cross Irish Pony  16.25 

(continued on next page) 
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health and environmental factors in separate subscores (see Table 2 for 
details). We assessed the effects of social aspects on horses’ attention as 
our test stimuli were social stimuli, and human literature shows that the 
relevance of stimulus type to the subject’s concern or situation in-
fluences AB findings (e.g., social phobia induces stronger AB to social 
threat stimuli than non-social threat stimuli; Williams et al., 1996). We 
also assessed the effect of health indicators as scientific evidence sug-
gests that chronic pain influences AB in humans (e.g., reviewed in 
Schoth et al., 2011). The environmental factors we assessed captivate 
species-specific needs not reflected in the other two scores. 

2.4. Assessment of affect-related attention bias (ADAB) 

To assess ADAB, we presented horses of varying welfare levels with 
pairs of pictures of horse faces showing facial features associated with 
three emotional states previously described in Wathan et al. (2016). 
These states were negative (i.e., horse in agonistic interactions with 
conspecifics), positive (i.e., during food anticipation) or a comparatively 
intermediate state in comparison to the former two, hereafter termed 
neutral (i.e., whilst resting). 

2.4.1. Stimuli preparation (prior to testing) 
Four stimulus horses (ID A, B, C and D) unfamiliar to the test animals 

were photographed during each of the three situations (negative, posi-
tive and neutral) using a NIKON D3200 camera (focal length 30.00 mm). 
Images were edited so that only the horses’ heads on a white background 
were visible (see Table 4 for example images and supplementary 
Table S2 for all test stimuli). Mean luminosity values were extracted for 
each image via the histogram function in Adobe Photoshop. To compare 
the mean luminosity across stimulus types (negative/positive/neutral) 
and horses, we used a two-way ANOVA with Tukey post hoc pairwise 
comparison tests. There was no effect of stimulus type (F=0.65, 
p=0.55), but there was an effect of stimulus horse, the latter indicating 
significant differences between images of horses A-B, A-C, A-D and B-C 
(all p-values <0.05), but not B-D (p=0.11) or C-D (p=0.71). We there-
fore controlled for stimulus horse ID in the later analysis. 

Pictures were subsequently arranged so that during testing, each test 
horse was exposed to one Microsoft PowerPoint presentation containing 
a total of six stimulus slides, each proceeded by a blank inter-trial slide. 
Each stimulus slide showed two side-by-side images of the same stimulus 
horse displaying differing facial expressions (i.e., negative-positive, 
positive-neutral, or negative-neutral). Two stimulus horses were 
randomly chosen from the four available to create each presentation (i. 
e., in total six stimulus slides showing the two selected stimulus horses in 
each stimulus pair combination). The order of stimulus slides was 
pseudo-randomised so that if the same type of stimulus pairing (e.g., 
positive vs. neutral) happened to be shown on two consecutive trials, the 

type of facial expression was counterbalanced across sides (e.g., positive 
(left) – neutral (right) followed by neutral (left) – positive (right)). Four 
presentations, each containing a different combination of stimulus 
horses, were created in total. This ‘set’ of four presentations allowed to 
test four horses (one presentation per horse), to be repeated until the 44 
horses were be tested. However, prior to the set use by SK when testing 
the horses, the four presentations were re-named (i.e., anonymised to 
SK), and their order of presentation within each set was randomly 
allocated by another experimenter (CF). This ensured the experimenter 
(SK) conducting the tests was blinded to the content of the presentations 
(since each PowerPoint started with a blank slide, and SK did not look at 
the screens while testing, see section below). 

2.4.2. Experimental set-up and procedure 
The test area was a familiar arena equipped with two back projection 

screens (HOIN, 140 cm H x 212 cm W, 254 cm in diameter, placed 1 m 
above ground), and two LCD projectors (HITACHI CP-X303WN) con-
nected to a computer (Lenovo Thinkpad 13) and positioned at 50 cm 
height in 2.5 m distance behind the screens (Fig. 1). At yard 1, the 
projectors were always placed in front of the screen for practical reasons 
of space limitation. At yard 2, back projection seemed unsuitable (i.e., 
images barely visible with human eyes) for eight horses (IDs 12, 13, 14, 
15, 17, 24, 25, 27 in Table 1), and therefore images were front projected 
for these horses. The projected horse face images were the size of a 
medium-sized horse head (approx. 55 cm long, 25 cm wide). Two 
cameras (GoPro Hero 3, 3+) were used for recording horse behaviour 
from the front (i.e., horse is visible from the front, stimuli not visible) 
and the back (i.e., horse visible from behind, both screens in full view). 
The back view videos were subsequently edited (VSDC free video editor 
software) for blinding purposes, by placing white squares over the 
screens so that only the stimulus horses’ muzzle was visible. This 
allowed the observer to record the start and the end of a trial when 
extracting the tested horse’s behaviour from footage, whilst remaining 
blind to the type of stimuli shown on screen. 

Each horse was habituated to the test equipment (screen turned off), 
first from an approx. 10 m distance, then from the test position standing 
as close as possible to the first ground pole (5 in Fig. 1) and with head 
and body aligned with the second ground pole (6 in Fig. 1). Once the 
horse stood quietly in front of the screens with head in a relaxed position 
(i.e., with muzzle at approx. chest height), the experimenter (hereafter 
E, SK) stood next to the horses’ shoulder with her head directed to the 
horse’s withers (i.e., E standing at a 90◦ angle to the horses’ shoulder). 
Whilst glancing towards the horse’s neck to judge its alignment with the 
second ground pole, E turned on both screens using a remote control 
(Kensington wireless presenter) to show the first stimulus slide (i.e., 
started the first trial) at the moment the horses’ head was aligned with 
the ground pole. The images were shown for at least 20 s regardless of 
whether the horse looked at the screens or not (see ethogram Table 3). If 
the horse was still looking at the screens after 20 s, the images were 
shown until the horse no longer appeared to look at the stimuli.3 When 
done, E showed a blank slide on the screen, switched her position to 
stand at the horse’s opposite shoulder, corrected the horse’s position if 
necessary, and started a new trial as soon as the horse’s head aligned 
with the ground pole. E monitored the horses’ head/neck movements 
but never looked directly at the screens during a trial (ensuring blinding 
to the stimuli projected). All six trials were conducted this way. Dis-
turbances (e.g., noise, person unexpectedly entering the test area) were 
signalled by E by directly looking into the back camera and mouthing 
the word “disturbance” to identify trials to be excluded during video 
analysis. 

Table 1 (continued ) 

ID Yard Sex Age Breed Welfare 
score  

37 yard 
3 

mare  15 Welsh pony  16.91  

38 yard 
3 

mare  16 Exmoor Pony  14.75  

39 yard 
3 

mare  14 Percheron Cross  15.75  

40 yard 
3 

gelding  15 Welsh pony  16.75  

41 yard 
3 

gelding  14 Welsh x Anglo Arab  17.25  

42 yard 
3 

mare  4 Shire x Thoroughbred  15.75  

43 yard 
3 

mare  24 New Forest Pony  14.25  

44 yard 
3 

gelding  26 Welsh pony  13.25  

3 Based on pilot observations showing variability between horses, with some 
paying attention to the screen for very short periods of time (<5 s) whilst others 
were looking at the screens for longer than 2 min. 
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Table 2 
Overview of indicators selected to assess individuals’ welfare level and description of scores. Each of the 20 indicators weighted equally into the overall score. For each 
assessment point, a score between 0 and 1 was given with the higher score reflecting better welfare conditions. When more than two outcomes (i.e., presence or absence 
of resource) were possible (see e.g., confinement: always, part-time, never), fractional values were assigned to each possible condition. Subscores reflecting envi-
ronment, social and health conditions were calculated based on the factors listed under the corresponding table heading. References to literature addressing specific 
welfare indicators are given in brackets.  

# Welfare indicator 
[References] 

Answer option Description of score. Score   

ENVIRONMENTAL FACTORS      
1 Confinement 

(Heleski et al., 2002; Henry et al., 2017;  
Löckener et al., 2016; McGreevy et al., 
1995) 

Always The horse has no outdoor access or is outside for less than 12 h per week.  0    

Part-time The horse has outdoor access for at least 12 h per week (excluding work, 
husbandry procedures).  

0.5    

Never The horse is always kept outdoors (e.g., on paddock or on pasture) 
(excluding work, husbandry procedures).  

1  

2 Stall space sufficiency* No Stall dimensions are smaller than required according to the British Horse 
Society (BHS) guidelines.  

0    

Yes Stall dimensions are within or bigger than required according to the BHS 
guidelines. Horses always kept outdoors were given a score of 1.  

1  

3 Water availability* No Water is not always freely accessible or manually filled (e.g., buckets).  0    
Yes Water is always freely accessible (e.g., via an automatic system).  1  

4 Ventilation 
(Clarke, 1987; Holcombe et al., 2001) 

No No ventilation is provided.  0    

Partially Ventilation is provided during parts of the day but not always (e.g., barn 
doors are shut at night preventing constant airflow).  

0.5    

Always Ventilation is always provided (e.g., via air-condition system or horses 
are kept outside).  

1  

5 Forage opportunity 
(Ninomiya et al., 2004) 

Never The horse has no opportunity to forage.  0    

Restricted The horse has restricted (time/amount) forage opportunity through 
provision of forage at least twice per day.  

0.5    

Always The horse has always the opportunity to forage.  1  
6 Forage diversity No No forage diversity is available.  0   

(Goodwin et al., 2002; Ninomiya et al., 
2004) 

Yes, part-time The horse was opportunity to choose between types forages for parts of 
the day (e.g., grass and hay available on pasture) but not full-time (e.g., 
indoors only hay was provided).  

0.5    

Yes The horse has a choice in forages through provision of at least two forage 
options (e.g., hay available on grass pasture).  

1  

7 Bedding type 
(McGreevy et al., 1995; Nazarenko et al., 
2018; Pedersen et al., 2004) 

No bedding/ Rubber mat 
or wood shavings 

No bedding is provided.  0    

Straw Straw is provided as bedding.  1  
8 Visual scope 

(Ninomiya et al., 2007; Ruet et al., 2019) 
Never The horse has no opportunity to broaden its visual scope (e.g., no 

window, closed stable doors)  
0    

Part-time The horse has ability to boarded visual scope (e.g., via half-closed stable 
door, windows, access to pasture) for parts of the day.  

0.5    

Always The horse always has the ability to broaden its visual scope (e.g., via 
windows, half-open stable door, full-time on pasture).  

1   

SOCIAL INDICATORS      
9 Social contact (daily duration and level of 

physical contact) 
(Lansade et al., 2008; Lesimple et al., 
2019; Yarnell et al., 2015) 

Full-time no social contact The horse has never social contact.  0    

Part-time no social contact 
and part-time restricted 

The horse has no social contact at times (e.g., in stable) but has restricted 
(e.g., only visual) contact to other horses during parts of the day (e.g., 
top-half of stable door is opened during the day allowing to see other 
horses).  

0.25    

Full-time restricted The horse has opportunity of sniff and/or view other horses e.g., through 
stable bars but cannot physically interact further than sniffing with other 
horses.  

0.5    

Part-time restricted and 
part-time full social 
contact 

The horse has restricted opportunity to interact other horses (e.g., in 
stable) but full social contact (full-body) to others for parts of the day (e. 
g., on pasture).  

0.75    

Full-time social The horse always has full social contact (full-body) to other horses.  1  
10 Social stability 

(opportunity to maintain social 
relationships) 
(Fureix et al., 2012; Waring, 2003) 

Never The horse has no social contact or social partners are changing (e.g., 
horses are allocated to neighbouring stables at random, mixing 
neighbours frequently).  

0    

Partially The horse has the same social partner(s) inside stable but social partner 
(s) outside vary frequently (or vice versa).  

0.5    

Full-time The horse is kept with the same social partner(s) continuously.  1   
ANIMAL-BASED INDICATORS*      

11 Signs of practice induced injuries Yes Injuries (e.g., fresh skin lesions, healed scars, white hairs, and bald skin 
patches) likely caused by management procedures or ill-fitting tack (e.g., 
lesions mouth corners, white hair on withers) are present.  

0 

(continued on next page) 
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2.4.3. Behavioural measures to assess attention 
The horse behaviour was scored from video by SK (intra-observer 

reliability assessed using the icc function in the psych R package: 0.932) 
using Noldus Observer XT 14. A second observer not involved in the 
study independently scored videos of 10 horses (22.7% of samples) and 
inter-observer reliability was 0.87. The ethogram is shown in Table 3. 
The lateral position of the eyes and their limited movement within the 
eye socket makes it difficult to assess what horses are looking at by 
looking at the eyes themselves. We thus used proxies of overt visual 

attention as previously described in horses (Waring, 2003; Wathan et al., 
2016), i.e., head and ear positions. Head and ear positions were scored 
continuously whilst images were shown. A horse was assessed as 
attending to a stimulus if it turned its head either to the right or the left 
with both or one ear forward suggesting engagement of the visual 
(binocular) system to look at the screen ahead of it. If a horse kept its 
head turned towards one screen whilst moving both its ears from a 
forward to a lateral or backward position for more than 1 s, it was no 
longer considered attending the screen. Only time periods >1 s 

Table 2 (continued ) 

# Welfare indicator 
[References] 

Answer option Description of score. Score    

No The horse has no signs of injuries linked to management procedures.  1  
12 Signs of other injuries Yes Injuries (e.g., fresh skin lesions, healed scars, white hairs, bald skin 

patches) bigger than 1x2cm2 or longer than 4 cm not likely to be caused 
by management procedure (e.g., bite marks on neck) are present.  

0    

No No injuries are present.  1  
13 Nasal discharge Yes Flow of discharge (watery, transparent or yellow/green) is present from 

one or both nostrils.  
0    

No Nostrils have no discharge.  1  
14 Lameness Present The horse’s gait is altered with uneven weight bearing (limp) whilst 

standing or walking. If the horse received treatment for lameness during 
the time of the study it was scored as lame regardless whether it 
presented as lame.  

0    

Not present The horse is walking/standing with even weight bearing on all four feet 
and was not treated for lameness during the study.  

1  

15 Swollen joints Present Swelling of joints evident in increased diameter of one or more limps.  0    
Not present No swelling of joints present.  1  

16 Manure consistency Abnormal Manure consistency is different from the normal shape or texture (e.g., 
too watery (cow dung like with no shape or too dry, i.e., very hard).  

0    

Normal The horse’s manure has normal consistency.  1  
17 Abnormal hoof condition/ shape Present One or more hooves are overgrown, cracked or misshaped.  0    

Absent No signs of hoof neglect present.  1       

OTHER 
INDICATORS      
18 Abnormal behaviour (assessed during 

behaviour observation during 5x1h 
sessions) 
[modified from AWIN (Minero et al., 
2015)] 

Present The horse displayed a form of abnormal behaviour (e.g., teeth grinding, 
cribbing, head tossing, abnormal posture during resting, i.e., withdrawn 
state) during observation periods.  

0    

Absent The horse was not observed displaying abnormal behaviours during 
observation periods.  

1  

19 Documented horse health history†• Acute or chronic condition 
present 

The horse had an acute or chronic condition possibly compromising 
welfare at the time of the study.  

0    

Documented as healthy The horse had no known underlying health conditions.  1  
20 Human interaction score 

(voluntary (VAT) and forced approach test 
(FAT) results combined) 

A voluntary approach test (VAT) was conducted once while the horses were feeding hay (head down) in 
their stalls. The experimenter (E) entered the stall, stood motionless by the door facing the horse at 
approximatively 1.5 m distance and remained there for 5 min or less if the horses approached E earlier. 
The forced approach test (FAT) was conducted in the similar manner but upon entry, E directly 
approached the horse whilst lifting her right arm and pointing it towards the horses’ shoulder and 
moving closer to the horse to touch its withers for 3 s. The FAT was carried out three times on three 
different days. All tests were video recorded and later scored by a single observer (SK) following the 
ethogram described below. The VAT and mean FAT score were averaged and scaled to a range between 
0 and 1 as the human interaction score.   
Positive response The horse stops feeding, lifts its head up and approaches the 

experimenter with forward pointing ears or sniffs the experimenter 
during FAT for more than 2 s  

1  

Attentive The horse is continuing to feed but moves its ears forwards when 
experimenter appears, the head is lifted up or/and its head is rotated 
towards the experimenter. Quick sniff (less than 2 seconds).  

0.5  

Feeding – inattentive (to 
experimenter) 

The horse is feeding (with its head down), no obvious change in 
behaviour when experimenter appears.  

0  

Negative - threat The horse rotates its ears backwards, head possibility lifting or moving 
towards the experimenter or remains in same position as before the 
experimenter entered.  

-0.5    

Negative - avoidant The horse lifts its head, possibly startles on entry of the experimenter, 
ears backwards and horse actively moves away from experimenter.  

-0.5    

Negative - aggressive The horse lifts its head, and approaches the experimenter (walking or 
with head moving towards experimenter) while displaying a threatening 
attitude (ears back and teeth showing).  

-1 

† We were unable to schedule a veterinary health check for every horse due to monetary constraints and instead relied on horses’ documented health history. 
• Health history was also included as a factor in the health sub-score. 

* all animal based indicators derived from the AWIN (2015) horse welfare assessment form (Minero et al., 2015). 
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(threshold chosen by us to facilitate differentiation between continu-
ously moving and static ear positions) where the horse was attending to 
either screen were included in the final data analysis. Although horses 
possibly looked at the stimuli whilst carrying their head straight forward 
(i.e., both eyes at equal distance to the stimuli, see Table 3), we did not 
include these time points in the final analysis as it was impossible to 
determine which stimuli they were attending to without clear indication 
of the side they were looking at. 

2.5. Data analysis 

Data were analysed in R v. 4.0.3 (R Core team, 2021). For each horse, 
four indices of attention were calculated per trial. Firstly, all time pe-
riods (>1 s) a horse was observed looking at one of the two stimuli were 
combined to assess the duration of absolute attention to the target 
stimulus (i.e., negative or positive). Likewise, duration of attention to 
the other stimulus was assessed by combining all time points the horses 
were recorded looking at the opposite image (e.g., in negative stimulus 
pairs, the opposite stimulus was either positive or neutral, in positive 
stimulus pairs the opposite stimulus was neutral). Total attention 
duration was assessed as the sum of durations attending to the target 
stimulus and the other stimulus. Lastly, the proportion of time looking 
at the target stimulus was calculated relative to the total duration of 
attending both stimuli (i.e., attention to stimulus divided by total 
attention duration). Assessing both absolute attention duration and 
proportional values when measuring attention biases might be impor-
tant because absolute differences give a direct measure of the difference 
in attention duration to the two competing stimuli, but variation in 
looking durations can influence this AB measure because of differences 
in absolute looking times between individuals (Lewis et al., 2021). We 
therefore also analysed proportional attention duration values. 

A value of 0.001 was added to all absolute values so that trials with 
zero attention durations for one of the two stimuli thereby enabling 
inclusion in the statistical analysis of trials where horses looked at one 
stimulus only. We included trials where horses only looked at one 
stimulus as our test design ensured that horses were able to visually 
perceive both images at trial onset, hence excluding these trials did not 

seem appropriate. Trials during which the horse did not attend to either 
of the stimuli, as well as trials with external disturbances (e.g., loud 
banging, dog barking) were excluded. This yielded an unbalanced data 
set with both data points per stimulus pair not being available for all 
horses. Consequently, we only considered the first trial per stimulus pair 
a horse attended to at least one of the stimuli to assess attentional biases 
at the group level (i.e., data of repeated trials (same stimulus pair) were 
excluded from this analysis). Since absolute duration data (attention to 
the stimulus, attention to the opposite stimulus and total attention 
duration) were not normally distributed (Shapiro-Wilk test, p<0.001), 
central tendency measures are reported as median and Q1-Q3 range. 
Wilcoxon signed rank tests were used to compare attention duration and 
proportion of time horses looked at the images (i.e., stimulus and 
opposite stimulus) presented as pairs. The number of trials per yard used 
for this analysis is shown in Table 4. 

To investigate affect-related AB, our predictions of how horses would 
attend the emotional stimuli in relation to their welfare score were as 
follows: 

1) Attention bias to negative stimuli is reflected in (a) longer abso-
lute attention duration and (b) greater proportion of time attending 

Fig. 1. Experimental setup. The test stimuli were projected onto two screens 
(1a, b) via two LCD projectors (2a, b) receiving input from a laptop (3). The 
midpoint of two ground poles (3 m long, Ø 98 mm) placed in front of the 
screens (4a, b) marked the screens’ centre point. A ground pole (5) ensured 
consistent distance between animals and the screens. Horses were positioned 
with their front feet as close as possible to the midpoint of the pole. Perpen-
dicular to this location, a second ground pole (6) was placed which marked the 
midline between both screens as a visual reference for horses’ head position 
during testing and post hoc behaviour analysis. Cameras recorded the horses 
from the front (7a) and behind (7b). 

Table 3 
Ethogram of horse behaviours scored during the attention bias test. Behaviours 
indicating that the horses were no longer looking at the stimuli once the first 20 s 
of stimulus presentation elapsed were categorised as behavioural events termi-
nating the trial.  

Behaviour Description 

Behaviours indicating attention towards the stimuli 
Head position (side scored from the horse’s perspective) 
Head turn right Head is held at, or higher than, chest height, with the 

centre of the forehead rotated away from the midline 
towards the left corner of the front view video footage 
(head direction scored from the horse’s perspective 
hence contralateral side when seen from front view). The 
left eye is more visible on front view footage than the 
right eye (which might be partially visible or not at all). 

Head turn left Head is held at, or higher than, chest height, with the 
centre of the forehead rotated away from the midline 
towards the right corner of the video frame. The right eye 
is more visible on front view footage than the left eye 
(which might be partially visible or not at all). 

Ear position 
Ears both forward Head is held at, or higher than, chest height, and both 

ears are rotated forwards so that the insides of the ears 
are fully visible from frontal view footage while the outer 
parts of the ears (pinnae), apart from the tips, are not. 

Ears both back Head is held at, or higher than, chest height, the ears are 
rotated backwards so that the insides of the ears are not 
visible from frontal view footage, but the pinnae become 
more visible, and the tip of the ears are pointing 
backwards, or are possibly not visible if ears are pressed 
flat against head. 

Ears lateral Head is held at, or higher than, chest height, the ears are 
rotated outwards so that the inside of both ears only 
partly visible, the pinnae become more visible at the base 
of the head, and tips of the ears point outwards. 

Right ear forward The right ear is rotated forwards so that the inside of the 
right ear is fully visible while the left ear is in lateral or 
backward position. 

Left ear forward The left ear is rotated forwards so that the inside of the 
left ear is fully visible while the right ear is in lateral or 
backward position. 

Behaviours indicating attention away from stimuli terminating a trial 
Head turn away right The horses’ neck is bend to its right-hand side with its 

head at least in profile view with the forehead no longer 
visible from frontal view footage. 

Head turn away left The horses’ neck is bend to its left-hand side with its head 
at least in profile view with the forehead no longer 
visible from frontal view footage. 

Horse interacting with 
the handler 

Physical contact between any part of the horse’s head 
and the handler (e.g., sniffing, head rubbing). 

Exploring the ground The horse is sniffing the ground/poles.  
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to the negative horse face in comparison to putatively less negative 
stimuli (i.e., a comparatively more neutral or positive horse face). We 
expected that horses with lower welfare scores would attend the 
negative stimuli for longer and for a greater proportion of time than 
horses with comparatively higher welfare scores.  

2) Attention bias to positive stimuli, measured as (a) absolute 
attention duration and (b) proportion of time attending the positive 
horse face relative to the comparatively more neutral stimulus, is 
modulated by welfare score (exploratory analysis, no direction of 
ADAB predicted due to the lack testing ADAB towards positive 
stimuli in current literature).  

3) Heightened overall attention is reflected in a significant negative 
relationship between total attention duration and welfare score, with 
horses scoring lower on welfare showing more attention to the 
stimuli compared to horses with comparatively higher welfare 
scores. 

To test our hypotheses, we fitted separate linear mixed-effect models 
(lmer function in the lme4 package, Bates et al., 2015) with attention 
duration to the target stimulus (i.e., negative or positive; square root 
transformed for better model fit), and total attention duration (log--
transformed) as the dependent variables. Facility (yard 1, 2, 3), horses’ 
age, sex, and welfare score, as well as opposite stimulus type (i.e., 
neutral or positive), stimulus side (left, right), and stimulus horse ID 

(horse A, B, C, D, see Table S2) were set as fixed factors. Collinearity of 
fixed factors was checked with the vif function (from the lme4 package) 
as factors with vif >5 would have indicated a problematic amount of 
collinearity between predictors (James et al., 2014), but this was not the 
case. We included all trials in which a horse attended to at least one of 
the images in this analysis and therefore included horse ID as random 
factor in the models. The drop1 function (base R) was used for all models 
to exclude all non-significant factors (except welfare score, which was 
included in all models) to reach the minimum adequate model (model 
selection based on the smaller Akaike Information Criterion (AIC)). The 
ANOVA function with type III sum of squares implemented from the 
‘car’ package (Fox and Weisberg, 2019) was used to generate p-values 
for individual factors within each model and post-hoc analysis was done 
with Tukey pairwise comparisons (multcomp package, Hothorn et al., 
2008). Results were reported as significant at a threshold of p≤0.05 and 
results between 0.05 and 0.1 were reported as ‘trends’ given that these 
might convey meaningful biological variation (Stoehr, 1999). For model 
validation, model residual diagnostics were done using the ‘DHARMa’ 
package (Hartig and Lohse, 2022). 

Proportional data were analysed in the same way except that the 
dependent variables (i.e., proportion of time looking at negative or 
positive relative to the opposite) were modelled using the glmmTMB 
function (glmmTMB package; Brooks et al., 2017). This allowed 
modelling of beta distributed data, which is the most appropriate fit for 
data bounded between 0 and 1 (Douma and Weedon, 2019). 

For pairwise comparisons of welfare scores between the three yards, 
Kruskal Wallis test with post hoc Dunn test (dunnTest function from FSA 
package (Ogle et al., 2022), p-values adjusted with Holm method) was 
used. 

3. Results 

3.1. Does the valence of the stimuli overall influence horses’ attention? 

Considering the absolute attention duration (i.e., all time periods 
(>1 s) a horse was observed looking at the target or other stimulus), we 
found no statistically significant evidence for AB as horses viewed the 
images within the three stimulus pairs for similar lengths of time 
(negative-neutral: W=1870.5, p=0.2572; negative-positive: W=2542.5, 
p=0.9296; positive-neutral: W=1762.5, p=0.1019; Fig. 2A). Likewise, 
the proportion of time horses looked at the stimuli did not significantly 
differ within the stimulus pairs (negative-neutral: W=1863.5, p=.2472; 
negative-positive: W= 2626, p=0.6684; positive-neutral: W=1639.5, 
p=0.0278; Fig. 2B). 

3.2. Testing hypothesis 1: is attention to negative stimuli influenced by 
welfare score? 

Overall welfare score significantly predicted the absolute duration 
horses looked at the negative stimuli (X2

1=4.71, p=0.03), but in contrast 
to our prediction, a lower welfare score (i.e., greater likelihood for 
negative affective state) predicted shorter absolute attention duration to 
the negative stimuli. Moreover, facility had a significant effect on 
attention duration (X2

2=22.93, p<0.001). Yard 2 horses looked at the 
negative stimulus for significantly longer than horses from yard 1 
(z=4.68, p<0.001) and yard 3 (z=-3.45, p=0.001), and horses from 
yard 3 attended to the negative images significantly longer than yard 1 
horses (z=2.6, p=0.02). Mean overall welfare scores significantly 
differed between yards (mean±SD, yard 1: 17.1±0.9; yard 2: 14.0 
±1.28; yard 3: 15.3±1.57; all p<0.001), but there was no significant 
interaction between yard and welfare score on attention measures 
(X2

2=0.16, p=0.92). In addition, the type of opposite stimulus signifi-
cantly influenced the duration horses attended to the negative stimulus 
(X2

1=4.1, p=0.04). When paired with the positive stimulus, horses 
looked at the negative stimulus for significantly longer than when it was 
presented with the neutral stimulus (z=2.01, p=0.04). 

Table 4 
Example image of stimuli and number of trials per stimulus pair used for group- 
level AB testing when horses first attended to the images.  

Stimulus pair Yard N trials 

Negative-neutral  1  10  
2  15  
3  15 

Negative-positive  1  11  
2  14  
3  17 

Positive-neutral  1  8  
2  15  
3  17  
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Considering horses’ health scores (sum of animal-based indices 
directly reflecting animal health), this score also had a significant effect 
(X2

1=4.13, p=0.04) on horses’ attention to the negative stimuli. Horses 
with better health scores looked at the negative stimuli for longer than 
horses with poorer health scores. We found no significant effects of so-
cial (X2

1=1.4, p=0.22) or environment score (X2
1=0.01, p=0.97). 

Considering the proportion of time horses attended to the negative 
stimulus, we found no significant effect of overall welfare score 
(X2

1=1.83, p=0.17), or any of the other factors we investigated (yard: X2
1 

=1.92, p=0.38; opposite stimulus: X2
1 =0.68, p=0.4; sex: X2

1 =1.71, 
p=0.19; age: X2

1 =0.02, p=0.89; stimulus horse ID: X2
3 = 0.1, p=0.99; 

stimulus side; X2
1 =0.6, p=0.43; welfare score: X2

1 =1.83, p=0.17; 
environment score X2

1 =0.12, p=0.71). However, higher levels of both 
health (X2

1 =3.41, p=0.06) and social scores (X2
1 =3.61, p=0.057) 

showed non-significant tendencies to predict higher proportions of time 
attending to negative stimuli. 

3.3. Testing hypothesis 2: is attention to positive stimuli influenced by 
welfare score? 

Neither the absolute duration of attention to the positive stimulus 
(X2

1=1.32, p=0.25), nor the proportion of time horses looked at the 
positive stimulus (X2

1=0.96, p=0.32) were significantly predicted by 
overall welfare score or any of the other factors we explored (duration: 
yard: X2

1 =0.91, p=0.63; sex: X2
1 =0.44, p=0.5; age: X2

1 =1.21, p=0.27; 
stimulus horse ID: X2

3 = 3.2, p=0.34; stimulus side; X2
1 =1.22, p=0.26; 

welfare score: X2
1 =1.32, p=0.25; social score: X2

1 =0.86, p=0.35; health 
score: X2

1 =0.99, p=0.31, environment score: X2
1 =3.11, p=0.57; pro-

portion of time horses looked: yard: X2
1 =0.26, p=0.87; sex: X2

1 =1.53, 
p=0.21; age: X2

1 =0.23, p=0.62; stimulus horse ID: X2
3 = 2.4, p=0.49; 

stimulus side; X2
1 =0.13, p=0.71; welfare score: X2

1 =0.96, p=0.32; social 
score: X2

1 =0.1, p=0.74; health score: X2
1 =1.18, p=0.27; environment 

score: X2
1 =0.75, p=0.38). 

3.4. Testing hypothesis 3: is overall attention to the stimulus pairs 
predicted by welfare score? 

Overall attention, assessed as the total duration horses attended to 
both images within the stimulus pairs, was not significantly predicted by 
overall welfare (X2

1=0.72, p=0.39), social (X2
1=1.6, p=0.19), health 

(X2
1=0.26, p=0.6) or environment score (X2

1=1.48, p=0.22). However, 
facility had a significant effect on attention duration (X2

2=77.42, 

p<0.001). Horses from yard 2 attended to both stimuli for significantly 
longer than horses from yard 1 (z=8.73, p<0.001) and yard 3 (z=-2.93, 
p=0.009), and horses from yard 3 spent significantly more time looking 
at the images than horses from yard 1 (z=6.29, p<0.001). Moreover, ID 
of the stimulus horse had a significant effect on overall attention 
(X2

3=11.45, p=0.009) with stimulus horse B being attended to signifi-
cantly longer than stimulus horse D (z=-3.22, p=0.006), but not sig-
nificant differences between the other stimulus horse pairs (A-B: z=2.35, 
p=0.08; A-C: z=0.38, p=0.98; A-D: z=-0.58, p=0.93; B-C: z=-1.91, 
p=0.21; C-D: z=-1.05, p=0.71). 

4. Discussion 

We tested whether horses exhibit a bias in attention (AB) when 
presented with a combination of two digital images of unfamiliar con-
specifics’ faces showing either negative, positive, or comparatively 
neutral facial expressions. We expected that negative stimuli would be 
attended for longer when presented alongside comparatively more 
positive or neutral stimuli, and that this bias would be exacerbated in 
horses with poorer welfare scores (proxy for poorer underlying affective 
state) as a result of negative affect modulation on attention to threat as 
reported in humans (Bar-Haim et al., 2007) and other animals (Crump 
et al., 2018). In contrast to our predictions, we found no significant 
evidence of AB to specific types of valenced face images as horses 
attended to all stimuli for similar lengths of time. However, we did 
observe a modulating effect of overall welfare score and associated 
health score on AB to negative stimuli but in the opposite direction to 
our predictions; horses with lower welfare or health scores spent less 
time attending to the negative images. Several reasons could explain our 
results/predictions discrepancy, which we discuss below. 

While innate preferential attentional processing of emotional faces 
has been well described in humans, knowledge of what type of infor-
mation other (non-primate) animals extract from faces is still limited 
(Leopold and Rhodes, 2010). Wathan et al., (2016) found that horses 
were more likely to approach the printed images of unknown conspe-
cifics’ positive faces than negative faces, which is an appropriate 
response to avoid social conflict, possibly reflecting an adaptive 
behaviour in this social-living species. However, approach/avoidance 
response behaviours are controlled by stages of cognitive processing that 
follow initial attentional processing and stimulus appraisal (i.e., stim-
ulus relevance to the individual) before an appropriate response is 
determined (Scherer, 1999). Hence, our findings are not necessarily 

Fig. 2. Absolute duration (A) and proportion of time (B) horses attended to stimulus pairs for the first time. Boxplots show data at group level and dots show in-
dividual data points. Wilcoxon signed rank test, p>0.05 for all stimulus pairs. 
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comparable with the previous horse study, as we tested responses in 
horses held by an experimenter and putatively linked to different stages 
of stimulus processing (i.e., looking here versus approaching/avoiding in 
Wathan et al., 2016). 

Familiarity of the horses used as stimuli might also have influenced 
our results. In goats, images of negative faces of familiar conspecifics 
were attended to for longer than positive faces (Bellegarde et al., 2017), 
and videos of familiar sheep in agonistic interactions were attended to 
more (i.e., longer time spent head turned with ears forward to the 
screen) than videos of sheep whilst ruminating (Vögeli et al., 2015). In 
contrast, our horses were presented with images of unfamiliar in-
dividuals which likely present important information; horses naturally 
live in stable groups and the introduction of new group members in-
creases aggression (Fureix et al., 2012). It is therefore possible that 
subjects attended all images equally because the pictures of unknown 
individuals conveyed important non-emotional information, e.g., 
face-based signals such as identity, sex, and age (Bruce and Young, 2012; 
Burke and Sulikowski, 2013). It would thus be interesting to see whether 
images of familiar horse faces would lead to different results, consid-
ering e.g., that chimpanzees and bonobos show preferential attention to 
familiar over unfamiliar conspecifics, although only when viewing in-
dividuals of the dominant sex suggesting that socioecological factors 
modulate social attention in these species (Lewis et al., 2021). If so, this 
would suggest that emotional cues might be less salient than familiarity 
cues, which is important to consider when choosing visual stimuli in 
similar test paradigms in future. 

In addition to familiarity, other facial characteristics (e.g., coat 
colour, head shape, facial markings) might contribute to preferential 
attention unrelated to emotional state. We used four different stimulus 
horses and found that stimulus horse ID had significant effects on total 
attention duration (considering both stimuli combined). Horses looked 
longer at stimulus horse B (dark brown coloured horse face with two 
small white areas on its forehead and muzzle) than stimulus horse D 
(chestnut-coloured horse face with a wide white vertical stripe covering 
(blaze) most of its head). Mean luminosity values did not significantly 
differ between the images of these horses. It is possible that horse D was 
more difficult to identify as a horse face compared to horse B given its 
wide strip of white merging with the white background. Bellegarde 
et al., (2017) also observed that face images of one goat were more 
attended than those of the other three stimulus goats (regardless of 
emotional information the faces conveyed), although instead of facial 
characteristics, social rank might have influenced goats’ attention in this 
study as the stimulus goats were familiar conspecifics. It could also be 
that slight differences in the head angle, and the fact that horse faces 
were shown in absence of the rest of the horse’s body further influenced 
horses’ perception of these stimuli. Interestingly, two independent 
groups of raters (n=5 and n=6, with varying degrees of expertise in 
horse behaviour) showed relatively low interobserver reliability when 
independently rating blind the stimuli based on the descriptions of 
valenced facial expressions described in Wathan et al., (2016) (Krip-
pendorff’s alpha coefficients: α=0.55 and α=0.49). This suggests that 
photographic displays may not convey all the intended information. 

It is also possible that, beyond the putative valence of the facial 
expression, the horses did not recognise the images as conspecific faces 
overall (Kappel et al., 2023). Our test stimuli were computer-generated 
projections, i.e., artificial images made for the human eye while equine 
vision differs from ours (Rørvang et al., 2020). Several studies have re-
ported that horses can successfully discriminate between artificial im-
ages such as printed photos of objects (Hanggi, 2001), horses (Wathan 
et al., 2016) and humans (Proops et al., 2018; Smith et al., 2016), screen 
images of humans (Lansade et al., 2020), and videos of human-horse 
interactions (Trösch et al., 2020). Existing evidence of image recogni-
tion in horses should nonetheless be approached with caution because 
previous findings might have alternative explanations (e.g., rapid 
learning and generalisation in (Hanggi, 2001), lack of control conditions 
and statistical weaknesses in Proops et al., 2018 addressed by Amici 

2019, discussed in further detail in Kappel et al., 2023) and do not fully 
explain whether animals learn to discriminate between visual stimuli or 
perceive images as representations of real individuals. A recent study in 
goats found no spontaneous preference for approaching images of 
familiar over unfamiliar herd members suggesting that goats did not 
perceive the images as representations of real conspecifics (Langbein 
et al., 2023). Furthermore, goats showed no difference in learning per-
formance when trained to discriminate between familiar and unfamiliar 
conspecific images in a 4-choice discrimination task indicating that they 
used the images solely as visual stimuli with no reference to the real 
conspecifics (Langbein et al., 2023). Similarly, in a follow-up study using 
some of the same horses, we found that after learning to discriminate 
between two real-life objects of different colours and shapes, only one 
horse spontaneously approached the rewarded object when presented 
with on-screen images of these objects (Kappel et al., 2023). However, 
that the horses were not able to reliably transfer from inanimate objects 
to images in our follow-up study does not eliminate the possibility that 
horses might recognise biologically more important cues (such as 
conspecific faces) from images. 

The finding that absolute attention duration to the negative stimuli 
was modulated by overall welfare and the health score might support 
this argument. Contrary to our predictions, horses with lower welfare/ 
health scores attended to negative face images for shorter durations 
compared to horses with higher welfare scores. Avoidance of threat cues 
has been described in other animals. Macaques direct their attention 
away from social threat stimuli (conspecific faces) following a stressful 
handling procedure, although they show sustained attention to aggres-
sive conspecific faces during enriched housing (Bethell et al., 2012). In 
sheep, the pharmacological induction of anxiety-like states decreased 
attention to threat (live dog) compared to controls (Monk et al., 2018), 
although Lee et al., (2016) found the opposite, and (Monk et al., 2019) 
found no significant effects. In humans affected by social phobias, 
avoidance of anxiety-eliciting stimuli (e.g., social situations) is a form of 
coping (Chen et al., 2020). Hence, horses with putatively poorer welfare 
might have disengaged from the negative faces faster to avert further 
negative experiences. In order to test attentional avoidance of certain 
types of stimuli more accurately, a similar approach to the operant 
conditioning conducted by Raoult and Gygax, (2018), who trained 
sheep to turn on/off videos to avoid seeing valenced social stimuli, could 
be helpful. Alternatively, measuring eye preference in response to 
valenced stimuli (i.e., visual lateralisation) might be useful when 
interpreting animals’ affective responses to emotional stimuli (reviewed 
in e.g., Leliveld et al., 2013), although monocular vision is difficult to 
assess in animals with laterally positioned eyes and a wide visual field 
(Raoult and Gygax, 2018). 

We also assessed whether horses showed AB to the positive stimulus 
in relation to the neutral stimulus, as prioritised attending to positive 
information over neutral information might also be of biological sig-
nificance (Gupta, 2019; Pool et al., 2016). However, horses attended to 
both types of stimuli equally and none of the welfare scores modulated 
attention to positive images. Nevertheless, when paired with the posi-
tive, stimulus horses’ attention to the negative stimulus was significantly 
longer than when paired with the neutral stimulus. This observation 
might suggest that attentional processing for potential threat could be 
influenced by the type of competing emotional information. Maybe 
horses recognised the emotional valence of positive faces more rapidly, 
and hence attended to the negative stimulus for longer, compared to 
when viewing the neutral faces that might be perceived as more 
ambiguous in terms of the emotional information conveyed, therefore 
may have required longer attentional processing leaving less time to 
attend to the paired negative stimulus. We are not aware of any other 
animal studies testing the varying effects of positive and comparatively 
more neutral stimuli on animals’ attention to threat. However, Belle-
garde et al., (2017) tested goats with morphed images (merging negative 
and positive goat faces at different gradations, i.e., 25%, 50%, or 75% 
positive) putatively presenting intermediate cues to positive and 
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negative goat faces and found that the merged stimuli did not signifi-
cantly differ in the time they were attended compared to the original 
faces. 

Our inference of horses’ affective valence was necessarily indirect 
and we should acknowledge that inferring affect from our overall wel-
fare score, and its subscores (social, health and environment scores), 
were only approximations of the likelihood that animals were experi-
encing negative/positive affective states. The presence (or absence) of 
certain resources may not determine animals’ experience of their envi-
ronment to the same extent and furthermore variations in individuals’ 
coping abilities may influence their perception of their environmental 
conditions, and ultimately their emotional state. However, we did find 
that better health scores, in line with better results from the overall 
welfare score, significantly predicted longer attention to negative 
stimuli whereas environment and social scores had no significant effects. 
Horses did not differ much in the latter two scores since most animals 
from the same facility were kept in similar conditions, so lack of varia-
tion in these measures may have limited the likelihood of finding sig-
nificant relationships. Although we planned to use manipulations likely 
to directly influence affective state (e.g., exposing horses to sudden 
novel stimuli directly before AB test (negative manipulation), or 
rewarding stimuli such as food (positive manipulation) as done in pre-
vious AB studies, our experimental plans were significantly affected by 
Covid-19 restrictions. COVID-19 also prevented us from achieving our 
estimated sample size. Nonetheless, our final sample size was bigger 
than that of Wathan et al., (2016) reporting significant behavioural 
differences (approach/avoidance) to valenced stimuli when testing a 
maximum of 13 horses. We therefore expected to see significant effects 
of overall attention to the valenced stimuli. It is possible that our anal-
ysis of welfare-mediated AB effects might have been underpowered. 
Thus, testing a larger number of animals might have led to different 
findings. 

We also found that, facility, but not any of the welfare scores, had a 
significant effect on how long both images were attended. Although 
welfare scores differed significantly between facilities, no interaction 
between both factors was found. This implies that non-welfare-related 
factors varying between facilities, such as environmental conditions 
during test (e.g., lighting, noise), disparities in the test setup, or other 
yard differences that we could not measure, may have induced varia-
tions in horses’ attention to the stimuli (see e.g., Rosenberger et al., 2021 
showing that goats’ cognitive performance can be influenced by 
research site). Furthermore, the presence of the experimenter could have 
altered horses’ response to the stimuli since horses’ might modify their 
behavioural response in emotional situations while being handled 
(Squibb et al., 2018). 

We did not apply a standardised stimulus duration (which is the 
general procedure for human and other animal AB studies), but instead 
allowed the horses to attend to the images until they directed their 
attention away from the screens. Pilot horses varied greatly (few seconds 
to more than 2 min) in attending to the images and setting an arbitrary 
stimulus cut-off time could have meant that the images disappeared 
while the horses were still attending to the stimuli, potentially resulting 
in confounded AB results. If eye tracking was available in horses, more 
precise measures such as initial attention capture (i.e., which stimulus is 
attended first) or latency to disengage from stimuli, a more detailed 
assessment of attentional processing could be conducted. 

5. Conclusion 

The current study is the first to investigate affect-related AB in 
horses. Overall, we found no significant evidence of attentional biases 
when horses viewed image pairs of unfamiliar conspecifics’ showing 
negative, positive, or comparatively more neutral facial expressions. 
However, attention to the negative emotional stimuli was modulated by 
overall welfare score and health score, with horses assessed as having 
putatively lower welfare and poorer health attending to the negative 

stimuli significantly shorter than horses with putatively better welfare 
and health. In addition, emotion-unrelated stimulus characteristics as 
well as experimental circumstances associated with testing location may 
have influenced their response to visual stimuli. Our findings highlight 
refinements to experimental designs needed to test attention bias in 
horses, including a continuing need to further understand horse 
perceptual abilities in order to allow development of AB tests with better 
species-appropriate stimuli. 
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