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Abstract  9 

The use of 2-dimensional representations (e.g. photographs or digital images) of real-life physical objects has 10 

been an important tool in studies of animal cognition. Horses are reported to recognise objects and individuals 11 

(conspecifics and humans) from printed photographs, but it is unclear whether image recognition is also true for 12 

digital images, e.g. computer projections. We expected that horses trained to discriminate between two real-life 13 

objects would show the same learnt response to digital images of these objects indicating that the images were 14 

perceived as objects, or representations of such. Riding-school horses (N=27) learnt to touch one of two objects 15 

(target object counterbalanced between horses) to instantly receive a food reward. After discrimination learning 16 

(three consecutive sessions of 8/10 correct trials), horses were immediately tested with on-screen images of the 17 

objects over 10 image trials interspersed with five real object trials. At first image presentation, all but two horses 18 

spontaneously responded to the images with the learnt behaviour by contacting one of the two images, but the 19 

number of horses touching the correct image was not different from chance (14/27 horses, p>0.05). Only one 20 

horse touched the correct image above chance level across 10 image trials. (9/10 correct responses, p = 0.021). 21 

Our findings thus question whether horses recognise real-life objects from digital images. We discuss how 22 

methodological factors and individual differences (i.e. age, welfare state) might have influenced animals’ response 23 

to the images, and the importance of validating the suitability of stimuli of this kind for cognitive studies in horses.     24 

 25 

Keywords: image recognition, horse cognition, individual cognitive performance, equines   26 



1. Introduction  27 

Visual 2-dimensional representations (e.g. printed photos, digital images, silhouettes, videos) are used as 28 

substitutes for real-life objects, or individuals, in cognition studies of non-human animals, including horses. 29 

Screen-displayed visuals are of advantage in research as stimulus timing and presentation of identical stimuli can 30 

be repeatedly presented to the same or to different subject animals (D’Eath 1998). However, scientific evidence 31 

of object-image recognition in animals is not always consistent (reviewed in Fagot 2000; Bovet and Vauclair 32 

2000; Weisman and Spetch 2010). This might be because pictures designed for the human eye may not result in 33 

the same sensory experiences in other species with different functional visual systems (Fagot and Parron 2010; 34 

Weisman and Spetch 2010). Moreover, how images are perceived and cognitively processed is not fully 35 

understood for most animal species (Fagot 2000; Fagot et al. 2010). For instance, Fagot et al. (2010) proposed 36 

that animals could ‘read’ images using different processing modes. In a mode of confusion, images and their real-37 

life exemplars are perceived and treated as functionally and physically the same thing. Conversely, in a mode of 38 

independence, images could be perceived as different from their referents without making an association between 39 

objects and their images. In a processing mode of equivalence, images are understood as representations of their 40 

referents (i.e. images are used as referential cues for real-life objects, Fagot 2000; Fagot et al. 2010).  41 

A variety of factors, including cognitive limitations or experience with images, could influence which processing 42 

mode is deployed by animals and ultimately lead to differences in how images are treated by humans and other 43 

animal species (Fagot and Parron 2010). Therefore, the suitability of artificial representations (e.g. digital images, 44 

videos) for animal studies is likely to depend on the purpose of the stimuli. For instance, if images are used to 45 

imitate real stimuli in behavioural experiments, animals need to respond to images in a comparable way to how 46 

they respond to real stimuli (D’Eath 1998). 47 

Investigating image recognition is challenging because pictures can never be identical to their 3D referents given 48 

the lack of dimensionality, depth cues and olfactory characteristics, which results in substantial sensory 49 

differences between objects and their 2D imitations (Bovet and Vauclair 2000; Aust and Huber 2006). Prior to 50 

image processing, the perceptual abilities of the viewer also need to be considered, for instance, whether an animal 51 

is able to identify an object from an image despite the lack of depth cues or additional cues (e.g. reflectance of 52 

photographic surface, Fagot and Parron 2010). 53 

Unlike in humans, the visual field of horses is mainly monocular (i.e. visual input is received from just one eye, 54 

(Waring 2003). Binocular vision allowing depth perception is only possible within a relative small area in front 55 

of the horses’ head (55°- 65°; Hughes 1977) extending downwards along the midsagittal plane (the vertical axis 56 



dividing the head in left/right) at approximately 75°, enabling horses to view the ground in front of them with 57 

both eyes (Duke-Elder 1958). A blind spot interrupts the almost panoramic visual field in front of the horses’ 58 

forehead (Waring 2003). In addition, visual acuity is much poorer in horses compared to most other terrestrial 59 

mammals (Rørvang et al. 2020). Horses have dichromatic vision resulting in similar colour perception to humans 60 

affected by red-green blindness (Hanggi et al. 2007). However, equine vision is highly adapted to low-light 61 

conditions with a high ratio of rods to cones and a reflecting tapetum lucidum enabling scotopic vision (i.e. ability 62 

to see under low light conditions) superior to that of humans (Hanggi and Ingersoll 2009a). Given these visual 63 

differences, it appears that humans and horses see the world differently (Saslow 2002). This raises the question 64 

of whether artificial stimuli such as digital images generated through computer projections are suitable 65 

representations of real-life objects for horses and other ungulate species sharing these traits (e.g. cattle, goats, 66 

sheep; Jacobs et al. 1998). Hence, further validation whether horses recognise the content of digital stimuli is 67 

necessary.    68 

Generally, two different experimental approaches are applied to test image recognition in animals (reviewed in 69 

Bovet and Vauclair 2000; Weisman and Spetch 2010). For one, animals’ spontaneous responses to artificial 70 

representations of biologically relevant stimuli (e.g. photos of food, prey, predator or conspecifics) is tested as an 71 

indication of direct transfer (i.e. images are treated as the same as objects). In this case, the same adaptive 72 

behaviour is provoked by the artificial representations as if the real referent was present (Bovet and Vauclair 2000; 73 

Weisman and Spetch 2010). A study in sheep, another ungulate species, found that animals respond to the image 74 

of a sheep with species-specific social behaviour (e.g. sniffing of the anogenital region and the head) and the sheep 75 

image appears to have fear-reducing effects on socially isolated sheep comparable to the presence of real 76 

conspecifics (Vandenheede and Bouissou 1994). Interestingly, a human image did not result in the same fear 77 

response as elicited by a real human, suggesting that different stimuli types may be processed differently by sheep 78 

(i.e. sheep image possibly confused with a real sheep whereas the human images was not treated as a substitute; 79 

Vandenheede and Bouissou 1994). Horses also respond to 2D and 3D horse imitations (photograph, life-size 80 

model) with sniffing behaviour near the head and flank areas corresponding to their natural approach of 81 

conspecifics, while an incomplete horse drawing and a dog image were not approached (Grzimek 1943). These 82 

observations might suggest that horses are able to recognise conspecifics based on specific cues, such as social 83 

cues conveyed by a near-realistic 3D model and photograph but not a drawing. However, approach and sniffing 84 

behaviours are also associated with exploration meaning that using explorative responses as outcome measures is 85 

not specific to image recognition alone and could result from other motivations, such as gathering novel 86 



information. Similar reasoning may apply to other studies that use spontaneous approach behaviours to indicate 87 

image recognition in horses (e.g. Smith et al. 2016; Wathan et al. 2016). Physiological changes (mean heart rate) 88 

measured alongside horse behaviour were interpreted by the authors as support for horses’ ability to differentiate 89 

between emotional stimuli, although cross-validation through multiple physiological measure (e.g. HRV indices 90 

to infer autonomic response; von Borell et al. 2007) could have strengthened these findings even more.   91 

An alternative to the above-described adaptive behaviour responses is studying animals’ ability to transfer 92 

acquired (operant) responses associated with real life objects to their pictorial representations (Bovet and Vauclair 93 

2000). For example, Cabe (1976) trained pigeons to discriminate between two solid objects (one rectangular block 94 

and a cross) by pecking the rewarded stimulus. The birds spontaneously transferred the learnt discrimination rule 95 

when the objects were replaced by pictorial representations (e.g. black-and-white photographs, white-on-black 96 

silhouettes) demonstrating that pigeons are able to recognise objects from images (Cabe 1976). Using a similar 97 

approach, Hanggi (2001) reported that, after multiple presentations, horses (N=2) were able to transfer a learnt 98 

behaviour (contact object with nose for food) from real objects (various toys varying in colour, shape and size) to 99 

their pictures, indicating image recognition. However, the ability to categorise images does not automatically 100 

provide evidence of representational insight (i.e. the subject understands what the image stands for; Aust and 101 

Huber 2006). The horses might have learnt to discriminate between the images during repeated testing, e.g. based 102 

on invariant features between images (e.g. colour, shapes, or distribution of light/dark patterns) unrelated to the 103 

real objects. According to the author, this explanation seems unlikely given the large number and diversity of 104 

objects tested (Hanggi 2001). However, the same two horses were previously reported to understand shared 105 

characteristics between stimuli (pattern rules; (Hanggi 1999), indicating their ability of categorisation learning, 106 

which one animal was reported to still remember several years later (Hanggi and Ingersoll 2009b).  107 

Experimental biases and ambiguity of outcome measures can further hamper the validity of image recognition 108 

evidence. For instance, it has been reported that horses can recognise humans from images because they were not 109 

only able to differentiate between happy and angry human faces, but also appear to possess emotional memory 110 

(Proops et al. 2018). Horses were described as reacting “appropriately” following the theory of emotional 111 

lateralisation (i.e. left-eye bias for humans with angry faces and more time engaging in stress-related displacement 112 

behaviours) when encountering the real human hours after they had seen a photo of the same person displaying 113 

an angry face. Another study suggested that horses have the ability to cross-modally recognise the emotional states 114 

of familiar caretakers and stranger when presented with on-screen image of human faces and voice recordings 115 

(Nakamura et al. 2018). However, due to experimental limitations (e.g. in Proops et al. (2018), horses were kept 116 



in different conditions between tests, non-specificity of response behaviours (e.g. scratching, floor sniffing; these 117 

activities that are also expressed in other contexts (Waring 2003)) and statistical weakness (e.g. no control 118 

conditions), the robustness of these findings has been questioned (Amici 2019). Moreover, inferring evidence of 119 

recognition from emotional responses might not be straightforward in absence of control (i.e. non-emotional) 120 

comparisons. Hence, it is possible that the horses’ response could have been associated with image-inherited cues 121 

unrelated to the emotional image content (e.g. image colours, brightness or contrast). The study by Lansade et al. 122 

(2020a) reduced experimental biases by training horses first to reliably select a screen image showing one of four 123 

human faces instead of images of objects (novel objects differing on each trial), thereby priming horses to respond 124 

to content-specific information. The horses significantly discriminated between the familiar faces and a novel 125 

face. When a photo of the horses’ keeper replaced the training faces, the animals again selected the keeper image 126 

at above chance level suggesting that the keepers’ faces were also identified as familiar. Alternatively, the keeper 127 

images might have been more similar to each of the training images than the novel images. In a follow-up study 128 

using on-screen images, Lansade et al. (2020b) controlled for this and found that horses can reliably select familiar 129 

faces paired against unfamiliar faces, despite removing photo colour, external cues (hairstyle), or facial features 130 

(eyes).    131 

Overall, given a variety of experimental difficulties in this area, there is still a need for further evidence of the 132 

ability of horses to recognise the content of screen images and their relationship with real-life objects. The 133 

motivation of this study was therefore to test if horses spontaneously respond to digital images of two real-life 134 

objects, which they had previously learnt to discriminate. We predicted that horses would touch the images of the 135 

correct (rewarded) object at a level above chance if they recognised the images as real objects or representations 136 

of such. We only tested horses’ transfer ability from real-life objects to on-screen images, and not the reverse (i.e. 137 

training horses with images to test discrimination with their real-life counterparts), to gain evidence that digital 138 

images are suitable stimuli for cognitive tests in this species. For this, we developed relative simple and practical 139 

testing approach. For the same reason, we only used two real-life objects.       140 

Animals’ performance in cognitive tests can be influenced by individual characteristics, including personality 141 

(Carere and Locurto 2011; Dougherty and Guillette 2018), learning speed, and motivation to engage in the task 142 

(reviewed in Rowe and Healy 2014). In horses, age (Krueger et al. 2014), sex (Murphy et al. 2004), but also 143 

emotional state (Christensen et al. 2012; Valenchon et al. 2013), and welfare status (reviewed in Hausberger et al. 144 

2019) have been identified as sources of individual variation in cognitive performance. Therefore, we tested each 145 



horse in a total of 10 trials and assessed the effects of intrinsic (i.e. age, welfare score) and experimental factors 146 

(e.g. type of target, trial order, facility) on horses’ performance.              147 

 148 

2. Methods 149 

2.1. Ethical statement  150 

This study was approved by the Animal Welfare and Ethical Review Body of the University of Plymouth 151 

(ETHICS-41-2020). The experimental procedure complied with the UK Animals (Scientific Procedures) Act 1986 152 

(ASPA) and followed the ARRIVE guidelines 2.0. The horses belonged to two UK riding schools who consented 153 

the use of their animals. Housing, care and health check was provided by the riding schools. The animals remained 154 

at their home facility at the end of the study, except one horse that was relocated during our data collection for 155 

reasons not related to this study. Horses that did not learn the object discrimination in stage 1 were excluded from 156 

the object recognition test in stage 2.      157 

 158 

2.2. Animals and housing   159 

In total, 36 horses of mixed breeds from two UK riding schools (yard A: N=17, mean ± SD age 10.6 ± 2.5 years; 160 

yard B: N=19, 16.6 ± 6.5 years, of which three animals did not complete training at this yard as one was relocated 161 

and two became aggressive towards nearby conspecifics during training) were trained in an object discrimination 162 

test (ODT, stage 1). All horses that completed stage 1 (i.e. discrimination between the real objects; N=28) were 163 

tested in the on-screen object recognition test (ORT, stage 2). However, one horse was scared of the test setup and 164 

was therefore excluded from testing, resulting in a total of 27 horses (16 from yard A of which 6 were females, 165 

11 from yard B of which 4 were females) used in the ORT. The horses were used in riding lessons approx. 3-7h 166 

per week. In both facilities, horses were kept in single stalls, or tie-stalls, with full, or limited visual/physical 167 

contact to conspecifics during daytime (details of horses in Supplementary Information, Table 1). All horses had 168 

pasture access (in stable groups) at night and/or during parts of the day. Hay provision was restricted (i.e. facilities 169 

adjusted hay allowance based on body weight), and horses received an additional adjusted diet (at yard B, brand 170 

Thunderbrook Equestrian), or not (at yard A where horses were “on a diet” due to the lowered workload associated 171 

with COVID-19 restrictions). Water was freely accessible through automatic troughs in yard A and provided with 172 

water buckets in yard B.  173 

 174 

2.3. Experimental design  175 



The experimental design consisted of two stages summarised in Fig. 1. In stage 1, the horses were trained to 176 

discriminate between two real objects by touching the rewarded (target) object with their muzzle in order to 177 

receive a food reward before their spontaneous response to on-screen images was tested in stage 2.    178 

 179 

2.3.1. Object discrimination – stage 1 180 

All horses were first trained inside their stall by a single familiar person (experimenter SK) to respond to the real 181 

objects and discriminate between the target (rewarded) and an unrewarded object. The horses were able to move 182 

around freely (although six horses at yard B were tethered as they were kept in tie-stalls). Two objects (kongTM: 183 

red dog toy, Ø 10cm, length 16cm; ring: doughnut-shaped dog toy, Ø 20cm, depth 4cm, with dark and light blue 184 

stripes, see Fig. 1) used as target objects were mounted onto a 50 cm wooden stick to facilitate the presentation of 185 

the objects in different positions and at distance to the experimenter. Which object a horse received as target 186 

(rewarded object) was pseudo-randomly allocated, ensuring that the numbers of horses trained with the same 187 

target was evenly distributed across yards. As only horses that completed ODT and learnt the discrimination 188 

within the 5 training sessions were used in ORT, the final number of horses tested in ORT with the ring and 189 

kongTM as target object was 11 and 16, respectively.     190 

The first training step consisted of shaping horses’ response to the target object using instrumental conditioning. 191 

The experimenter moved toward the horses’ shoulder (whichever side that was most accessible) hiding the target 192 

behind her back. Standing at the shoulder height, she then slowly moved the object into view for the horse and 193 

held the target at approx. 20-30cm from the horses’ muzzle (approx. 1.0 – 1.2m above the ground depending on 194 

horses’ height). The horse could voluntarily move towards the object and contact with the object was never forced. 195 

Upon the first voluntary contact, the horse was instantly rewarded with a piece of carrot retrieved from a treat bag 196 

attached to the experimenter’s waist at her back. At the same time, the target was moved behind the experimenter’s 197 

back. Within 5s of rewarding the horse, the same motion of moving the target near the horses’ muzzle was repeated 198 

and the horse was instantly rewarded upon voluntary contact. All contacts with the object only (regardless of 199 

where on the object and with which part of the muzzle) were rewarded. The target training was repeated for 10 200 

consecutive trials. The experimenter then left the stall to refill the treat bag again with 10 pieces of carrots and 201 

repeated this training step so that each horse received a total of 20 single target trials. 202 

After a 2-min break, 10 single target trials were conducted again to remind the horses of the correct (familiar) 203 

target before a second unfamiliar object was introduced. The experimenter followed the same procedure as before 204 

to present the objects, except that now two objects were shown to the horses simultaneously for object 205 



discrimination training (ODT, see Fig.1A). For this, the experimenter moved both objects simultaneously from 206 

behind her back to in front of the horses’ head holding each object by its handle in one hand at approx. 1.0-1.2m 207 

above the ground and with objects separated approx. 0.4-0.6m. If horses touched the unrewarded object, the 208 

objects were shortly moved behind the experimenter’s back for 5s time-out before starting a new trial. If the 209 

unrewarded object was consecutively touched over three trials, the experimenter only presented the target to the 210 

horse (to remind it of the target, and guarantee that the horse received a reward and maintained motivation). The 211 

number of these forced trials was not recorded as this occurred rarely. If a horse did not touch any objects within 212 

30s, this response was regarded as incorrect, and a new trial was started. On each trial, the experimenter slightly 213 

altered her position relative to the horse, in which location and side, from the horses’ perspective, the objects were 214 

shown, and alternated the hand used to reward the horse. These changes were done to avoid the horses develop 215 

side biases, or learning by association which object to contact relative to the handler (e.g. always chose object in 216 

experimenter’s left hand). In addition, the side of object presentation was pseudo-randomly selected by the 217 

experimenter with the same object never being presented on the same side more than twice during consecutively. 218 

Depending on horse availability, each horse received a maximum of two ODT training sessions per day, each 219 

comprising four trial blocks and 10 discrimination trials per block with 2min breaks between each block. Horses 220 

were trained over a maximum of five sessions (equal to 200 discrimination trials in total), and with a maximum 221 

of three days between sessions. Training of three horses at yard 2 was interrupted due to COVID-19 restrictions 222 

and resumed 6 months later starting from ODT. For these horses, only trials conducted after the break were 223 

included in the data analysis. Learning criterion (LC) required to move to stage 2 (testing) was defined as 224 

performing eight or more correct responses per trial block over three consecutive trial blocks. The eight horses 225 

that did not reach LC within five training sessions were not tested in stage 2.  226 

 227 

2.3.2. Object recognition test - stage 2  228 

Stage 2 consisted of the on-screen object recognition test (ORT) and was divided into three steps (see Fig.1B). 229 

Pre-tests conducted in the horses’ stall (step 1) and the test arena (step 2) using the real objects serving as 230 

verification of reliable discrimination performance before the horses were tested with images in the screen test 231 

(step 3).    232 

 233 

2.3.2.1. Pre-test in stall  234 



The horses first received 10 single target trials conducted by the experimenter in the horses’ home stalls. A second 235 

unfamiliar handler (MR) then entered the horses’ stall alongside the experimenter to take hold of the lead rope, 236 

hence mimicking the handler’s presence later in the test stage. The handler stood next to the horses’ left shoulder, 237 

with his back turned to the horse and wearing noise-cancelling headphones to remain blinded to which of the two 238 

objects was the target. The experimenter presented the two objects for 10 trials as done in the ODT, except that 239 

the objects were now always presented in front of the horses’ head at approx. 1–1.5m height, i.e. at similar position 240 

as to where the images replacing the real object would later occur in the screen test. The handler’s role was to 241 

reward the horse as indicated by the experimenter (saying her name to indicate an incorrect response, or the 242 

handlers’ name to indicate a correct response) whilst remaining blind to the correct target to avoid any conscious 243 

or unconscious signalling from the handler (i.e. ’clever Hans effects’, Pfungst and Rahn 1911) during later stages 244 

of testing. If the horse performed ≥8 correct responses out of 10 in the pre-test, it was immediately taken to the 245 

test area for the screen test. Horses that did not perform as such were re-tested in the same manner after a break 246 

(of varied duration for practical reasons, e.g. horse availability).  247 

 248 

2.3.2.2. Pre-screen test (PST) 249 

The horse was led into the test area (familiar indoor riding arena) where a back-projection polyvinyl chloride 250 

screen (1.6m W x 2.5m H) was set up. A multi-coloured pole (normally used as training item and familiar to the 251 

horse) serving as visual marker was placed on the ground directly in front of the screen at approx. 50cm distance 252 

to indicate the position of the horse during testing. The horse was habituated to the screen (first turned off, then   253 

turned on not showing any images) and test equipment until it stood calmly in front of the screen. The screen was 254 

then turned off again and the handler positioned himself approx. 1m away from the ground pole by the horses’ 255 

left shoulder, turning his back towards the screen (position allowing him to stay blind to the images to be shown 256 

in the next phase). The experimenter stood in front of the horse (between the ground pole and screen) towards the 257 

right side of its head. She retrieved the real objects from a bucket and conducted 10 ODT trials following the same 258 

procedure as during the pre-test in stall (i.e. the experimenter presented the objects and indicated to the blinded 259 

handler when to give deliver the reward). This was done to test if the horse still discriminated between the real 260 

objects in this different context (arena rather than stall). After five trials, the experiment briefly moved behind the 261 



screen (out of view from the horse1) to habituate the horse to her movement and absence. After five seconds, she 262 

returned to her original position in front of the screen and conducted five more trials.  263 

If the horse performed ≥8 correct responses out of 10, the experimenter stepped behind the screen to start the 264 

screen test. If the horse performed below this level, it was led around the arena for approx. 2min and the pre-265 

screen test was repeated. In total, horses received a maximum of six pre-screen tests, with a maximum of three 266 

daily (number derived from pilot observations where one horse needed six pre-screen tests to move to the screen 267 

test). All horses performed at the required criterion within six pre-screen tests.  268 

 269 

2.3.2.3. Screen test  270 

In preparation for the screen test, each object was photographed three times using a Fujifilm X-T100 digital 271 

camera (focal lens 23mm). Images were edited to remove the background so that only the object and wooden 272 

handle were visible in the final images (see Fig.1). Three versions of computer presentations (Microsoft 273 

PowerPoint) were created, each consisting of 10 stimulus slides. Each slide contained one image of each object 274 

side-by side on white background. Within the three presentations, the location of target images was balanced (50% 275 

left) and pseudo-randomised so that the target object was shown no more than twice in a row on the same side. 276 

The order and side of images varied between the three presentations to control for order effects. Additionally, the 277 

images were randomly rotated around their horizontal plane to change the position of the wooden handle. Later 278 

on screen, the images were shown approx. 1.1-1.2m above the ground and at 0.5-0.7m distance from each other.   279 

Each stimulus slide was preceded by a white blank slide, except for the slides prior to stimulus slides 4, 7 and 9, 280 

which were black, indicating the points in the test at which real object trials were to be conducted (later described). 281 

Each horse was tested with only one out of the three presentations (equally spread across tested horses). Which 282 

presentation was projected was unknown to the experimenter at the time of testing, ensuring blindness to the target 283 

location (since the only slide she saw when starting playing the presentation was a blank slide). 284 

The screen test started immediately following the pre-screen test. The images were broadcasted from a laptop 285 

(Lenovo ThinkPad 13) via a LCD-projector (HITACHI CP-WX3030WN) placed at approx. 2.5m distance behind 286 

the screen. Standing next to the laptop, the experimenter used a remote control to start the slide show and advance 287 

the slides (thereby moving as little as possible to avoid any distracting noise). The first slide was blank but the 288 

experimenter advanced to the first stimulus slide as soon as the horses’ head was straight in front of the screen 289 

 
1 but the experimenter could observe the horse via a web cam connected to a computer (Lenovo ideapad) serving 

as monitor 



(monitored via the web cam allowing to see the horse and the screen content). As soon as the horse contacted one 290 

of the images, the stimulus slide was immediately advanced to the next blank slide. At the same time, the 291 

experimenter indicated to the blind handler whether a reward should be delivered. A trial commenced as soon as  292 

the horses’ head was straight in front of the screen again resulting in variable inter-trial intervals. The stimulus 293 

slides advanced automatically to the next blank slide after 20s if no contact was made. In case the horse moved 294 

away from the screen immediately after trial onset (approx. within <2s after stimulus onset), the presentation was 295 

moved to the previous blank slide and the trial repeated as soon as the horses’ head was back in a straight position 296 

in front of the screen.   297 

In total, 10 trials with images were conducted, interspersed with real object trials (where the experimenter returned 298 

to her position by the horse). Two object trials were conducted after image trial 3 and 6, and one object trial was 299 

conducted after image trial 8 (i.e. five objects trials in total conducted during the screen test). The real object trials 300 

were conducted as per the pre-screen test procedure, to remind the horses of the properties of the real objects, and 301 

to test whether they were still motivated to touch the objects, even if the images were not touched. To avoid that 302 

horses learnt to respond to the images when contacting the correct picture, a partial rewarding schedule was 303 

applied during the screen test (first and every third correct contact with the target image rewarded). Horses were 304 

always rewarded if they contacted the correct object on real object trials. Following the last stimulus trial (trial 305 

15), all horses received one last target trial (single object, not included in results) to ensure that all animals ended 306 

the testing with a positive experience.  Horse behaviour was recorded throughout with three GoPro cameras (Hero 307 

3+), and number of correct responses later extracted from the videos. A second naïve coder analysed 30% of the 308 

screen test videos, which were selected at random (using Excel random number generator and choosing the first 309 

8 videos after sorting in ascending order). Inter-observer reliability (Cohen's kappa) for coding the response 310 

behaviours was very high (0.94).   311 

 312 

Fig.1 Experimental design A) 2-step objects discrimination training (ODT). Horses first learnt to contact a single 313 
rewarded object (target) with their muzzle to receive food. A second (unrewarded) object was subsequently added 314 
and horses trained to discriminate between both until it touched the correct object on ≥8 trials/10 over 3 315 
consecutive 10-trials blocks. B) 3-step object recognition test (ORT). A pre-screen test was first conducted in the 316 
horse’s stall. When ≥8 correct responses were performed, the horse was moved to the test arena (illustrated as 317 
rectangle with dashed lines) and re-tested in a pre-screen test to ensure it performed reliably in the new 318 
environment. When ≥8 correct responses were performed, the horse was immediately tested with images on the 319 
screen (indicated by rectangle with solid black lines). During the screen test, the horse was presented with the real 320 
objects on five trials interspersed between the 10 image trials to test whether it was still motivated to touch the 321 
objects, even if the images were not touched    322 
  323 

2.4. Welfare assessment  324 



Previous studies have suggested that welfare status can cause great individual variation in cognitive performance 325 

(reviewed in Hausberger et al. 2019). We therefore tested the effect of welfare condition, i.e. the level of provided 326 

environmental resources (e.g. stall space, pasture access), social factors (e.g. ability and stability of social contact) 327 

and animal-based measurements (including health indicators, workload, abnormal behaviour), putatively 328 

contributing to good horse welfare on learning ability and test performance.       329 

The welfare assessment protocol was developed as part of another study (Kappel et al. in prep). Details to the 330 

protocol are provided in the Supplementary Information (Table 2). Briefly, for each factor, non-weighted 331 

numerical scores were given (0-1 indicating absence/presence of resource) and all scores combined to calculate 332 

an overall welfare score (maximum score was 20 with higher scores reflecting better welfare conditions).  333 

 334 

2.5. Statistical analysis 335 

Horses’ responses to the objects/images were extracted from footage and coded as “correct” if the horses touched 336 

the rewarded object/image, and “wrong” if the unrewarded object/image or if neither object/image was touched. 337 

Hence, responses in trials where horses did not react to the stimuli were counted as “wrong” outcome. 338 

Furthermore, the location (left/right) of the target image was recorded to assess side effects.  339 

Data were analysed in R (R Core team 2021). Age and the welfare scores of horses between the yards were 340 

compared using Wilcoxon rank sum tests. The number of trial blocks needed to reach learning criterion in ODT 341 

was assessed as a measure of learning ability and followed a normal distribution (Shapiro- Wilk’s test, p=0.09). 342 

Thus the effect of fixed factors (i.e. yard, target) and covariates (i.e. age, welfare score) on learning ability were 343 

assessed by fitting generalised linear models (glm() function with Gaussian distribution in lme4 package, Bates 344 

et al.). Predictor covariance was check with the vif() function from the car package (Fox and Weisberg 2019), 345 

which indicate that age co-varied with the other fixed factors (vif=7.08). The effect of age on learning ability was 346 

therefore separately analysed using Pearson correlation test. Sex was not used as fixed factor given the unbalanced 347 

number of females (n=10) and males (n=17) in the final sample of horses. 348 

Indication of recognition ability at group level was assessed by measuring whether the number of horses 349 

responding correctly and incorrectly on trial 1 of the screen test was significantly different from random using a 350 

Chi-square test. To test if the proportion of correct responses performed at group level in each of the ORT tests 351 

(i.e. pre-test, pre-screen test and screen test) was better than chance, one-sample Wilcoxon tests were used. 352 

Whether proportions of correct responses differed between trials following real object trial and trials following 353 



image trial was tested with a Chi-square test. Likewise, we tested the effect of reward delivery (i.e. received or 354 

withheld upon correct image contact) on subsequent trial performance using a Chi-square test.  355 

Individual performance (correct/wrong response) during the 10 image trials was modelled using generalised linear 356 

mixed models (GLMMs; glmer() function in lme4 package, binomial family) with target type (kongTM/ring), target 357 

side (left/right), and trial order (after object/not after object) as categorical fixed factors, age and welfare score as 358 

covariates, and horse ID as random factor. P-values were exacted via the anova() function from the car package 359 

and reported as significant for p≤0.05 and as trends for p<0.1.  360 

 361 

3. Results  362 

3.1. Learning ability during object discrimination training   363 

In total, 27 horses (16 out of 17 at yard A, 11 out of 16 at yard B) learnt to discriminate between the two objects. 364 

Overall, horses needed 11 trial blocks (median, Q1-Q3=7-15) to reach learning criterion. Learning ability was 365 

predicted by target and yard, with horses from yard B (vs yard A) and those trained with the ring (vs with the 366 

kongTM) needing more trials, but by not welfare level (see Table 1 for model estimates). Pearson correlation test 367 

indicated a significant positive correlation between learning ability and age (t25=4.09, r2=0.63, p=0.0003). Horses 368 

from yard A were significantly younger (mean±SD, 10.6±2.51; W=3950, p<0.0001) and had significantly lower 369 

welfare scores (14.1±1.30, W=4400, p<0.0001) than horses from yard B (age: 14.8±5.7, welfare score: 370 

15.5±1.73). 371 

 372 

Table 1 Estimated regression parameters from the GLM model. Learning ability (dependent variable) predicted 373 
by welfare score, yard and target type with information to the comparator category in square brackets. P-values 374 
≤0.05 are highlighted in bold 375 
  376 

Predictors Estimates Confidence Interval P-value 

(Intercept) 1.08 0.98 – 1.20 0.146 

welfare score 1 1.00 – 1.01 0.326 

yard [B] 0.97 0.94 – 0.99 0.008 

target [ring] 0.96 0.94 – 0.99 0.005 

Observations 27 
  

R2  0.454 
  

 377 

 378 

3.2. Objects Recognition Test  379 

3.2.1. Image recognition at first presentation   380 



When the horses were first presented with the images, 92.6 % of the horses (25/27) spontaneously reacted to the 381 

images as trained, i.e. by contacting one of the two objects’ images with their nose. However, the number of horses 382 

responding correctly by touching the target image (n=14) was not significantly different from the number of horses 383 

responding incorrectly (combining the 11 horses that contacted the image of the unrewarded object, and the 2 384 

horses that did not contact the screen at all; X2
1=0.03, p=0.8).  385 

 386 

3.2.2.  Performance during the different stages of the ORT 387 

Fig.2 shows the proportion of correct responses during the pre-test (PT) and pre-screen test (PST) leading up to 388 

the screen test. Since all horses needed to perform at least 8 out of 10 responses in the PT to move on to the PST, 389 

and in the PST to be tested with the images on screen (which all horses did, although some animals were re-tested 390 

in PST, see Table 3 in Supplementary Information), the effect of fixed factors (i.e. target, age, welfare score) on 391 

individual performance in the PT and PST tests was not further analysed. At group level, horses performed 392 

significantly better than chance (50%, V=36585, p<0.0001, see Fig.2) in PT, PST (as required) and on object 393 

trials, but significantly below this threshold during image trials (V=7340, p<0.0001).   394 

Considering individual performance over the 10 image trials, one horse performed above chance level by selecting 395 

the correct target images 9 times (p=0.021). Other horses (N=3) always contacted the correct image when making 396 

contact with the screen, but failed to touch the images on other trials (two horses did not touch the screen on four 397 

trials, one on two trials), and therefore were not considered to perform better than chance (6/10 and 8/10 correct, 398 

both p>0.1). An overview of individuals’ performance when omitting trials where horses did not make any image 399 

contacts is provided in the Supplementary Information Table 4.     400 

 401 

Fig. 2 Proportion of correct responses during each step of the object recognition test (ORT). The results of the 402 
screen test are shown separately for the 10 images trials (‘screen test (images)’) and 5 real objects trials 403 
interspersed between image trials (‘screen test (object)’). Dashed line indicates 50 % correct (chance level 404 
performance) against which group level performance was tested (one-sample Wilcoxon test, *** p<0.0001 (note 405 
that performance above chance level during PT and PST was required for the horses to move the screen test). 406 
Horses significantly performed below the 50 % threshold during screen test with images. Lines across boxplots 407 
show individual performances throughout the stages of the ORT. One horse touched the correct images 408 
significantly above chance level during screen test (images); data for this individual is indicated as bold line   409 
 410 

3.2.3.  Factors influencing response to the images  411 

Horses’ response to the images (i.e. correct/wrong) was predicted by the type of preceding trial (p<0.001, model 412 

estimates shown in Table 2). Horses were more likely to respond correctly in trials following real object trials 413 

than in trials following images trials (X2
1=8.45, p=0.004), although the proportion of horses touching the correct 414 



image was only 51.8% (Fig.3). Overall, horses did not make any image contacts on 144 trials (53.3%), whereas 415 

horses always approached the real-objects. 416 

Whether horses received a reward upon correct image contact or reward was (unexpectedly) withheld during a 417 

preceding image trial had no significant effect on horses’ performance (X2
2=0.268, p=0.874). However, images 418 

on the right side more like to result in correct responses than when the target was shown on the left (X2
1=3.85, 419 

p=0.05, model estimates in Table 2). 420 

 421 

Fig. 3 Proportion of horses out of the 27 horses responding correctly or incorrectly depending on whether the 422 
preceding trial was refreshed with objects (yes) or not (no). More horses performed correctly than incorrectly 423 
when the preceding trial was refreshed with objects (p=0.004) 424 
 425 

Table 2 Model estimates of GLMM with response as binary dependent variable (correct/wrong) and predictors 426 
with comparator information in square brackets. P-values ≤0.05 are highlighted in bold   427 
 428 

Predictors Odds Ratios Confidence Interval P-Value 

(Intercept) 0.24 0.00 – 47.44 0.6 

Yard [B] 2.12 0.60 – 7.51 0.246 

Age 1.09 0.94 – 1.27 0.254 

Welfare score 1.06 0.76 – 1.48 0.716 

Side [R] 1.79 1.00 – 3.19 0.05 

Target [ring] 0.54 0.17 – 1.74 0.304 

AfterObject [yes] 0.33 0.18 – 0.61 <0.001 

Learning ability 1.01 0.87 – 1.19 0.869 

Marginal R2 / Conditional R2 0.174 / 0.347  
 429 

4. Discussion  430 

This study investigated if horses can recognise real-life objects from on-screen images. The majority of horses 431 

initially reacted to images with the conditioned response (i.e. touching the target with their muzzle for food), but 432 

the number of horses touching the correct image was not significantly different from the number of horses 433 

contacting the wrong image. Therefore, performance at group level did not suggest that the horses recognised the 434 

real objects from their 2D representations shown on-screen. However, we found that more correct responses being 435 

performed on image trials following real object trials, suggesting that horses’ reactions to the images was not 436 

completely random. In fact, one horse selected the correct images at a level significantly above chance when tested 437 

repeatedly over 10 images trials, suggesting that this individual recognised the images either as the real object 438 

(confusion mode) or as a representation of it (equivalence mode; Fagot et al. 2010).  439 

Previous studies have reported that horses are able to recognise other individuals from photographs (Smith et al. 440 

2016; Wathan et al. 2016; Proops et al. 2018; Lansade et al. 2020a, b). As presented in the introduction, the validity 441 



of existing evidence might be hampered by experimental limitations (see Amici (2019) for discussion of Proops 442 

et al. (2018). Moreover, discrimination ability is not automatic proof of recognition (Aust and Huber 2006), and 443 

alternative mechanisms such as learning, categorisation (i.e. of biologically relevant objects such as food), or 444 

habituation might also influence animals’ responses to repeated presentation with images (reviewed in Bovet and 445 

Vauclair 2000). Here we tested if horses would spontaneously respond to on-screen images with the same learnt 446 

response that they were trained to make to real objects, using a relative low number of test trials and partial reward 447 

delivery to avoid learning. In contrast to previous reports, our horses failed to recognise the objects from images, 448 

except for one individual. Several aspects need to be considered to put our findings in context with previous 449 

findings. 450 

When exposed to the images for the first time, all but two horses spontaneously responded to the images with the 451 

conditioned response, suggesting the horses made some association between images and objects since the stimuli 452 

provoked the learnt behaviour. We trained the horses to express their choice by contacting the target with their 453 

muzzle, because this conditioned behaviour is commonly used in horses tested in two-choice discrimination tests 454 

(e.g. Flannery 1997; Hanggi 2001, 2003; Lansade et al. 2020a, b). In retrospect, we question the suitability of this 455 

behaviour as conditioned response. Horses naturally use their nose to explore unfamiliar items to gather 456 

olfactory/tactile information whilst inspecting novel objects (De Boyer Des Roches et al. 2008). Therefore, the 457 

horses might have contacted the images to explore the items rather than performing a conditioned behaviour. This 458 

might explain why we found no significant preference for either image at first presentation (trial 1). Utilising 459 

stimulus specific adaptive responses as done in studies in other species (e.g. grasping behaviour in marmosets (Oh 460 

et al. 2019), eating attempts of banana images in gorillas (Parron et al. 2008), or shaping behaviours distinctively 461 

different from normal horse behaviour (e.g. level pressing; Dougherty and Lewis 1991) could avoid this problem 462 

of ambiguity.    463 

Intriguingly, horses were nevertheless more likely to make correct responses to the images following real object 464 

trials than following image trials. Maybe responding to the real objects before seeing the images somehow 465 

facilitated horses’ ability to transfer between the stimuli, despite perceptual differences (e.g. lack of depth cues), 466 

for instance by matching them based on relational sameness (e.g. shape). In fact, Flannery (1997) observed that 467 

horses have the capacity to learn higher-order discriminations based on relation between stimuli, such as geometric 468 

shapes. It could be that horses initially confused objects and images (i.e. seeing both as the same), but once they 469 

made physical contact with the images, the mismatch in sensory feedback (e.g. olfactory/tactile feedback) between 470 

the familiar object and images resulted in independent processing of both as completely different items. Moreover, 471 



cross-modal differences (i.e. looks like target but does not smell/feel like target), might have stopped the horses 472 

from touching the images. Horses use cross-modal (visual/olfactory and auditory information) sensory input to 473 

recognise individuals (e.g. horses (Proops et al. 2009); humans (Lampe and Andre 2012; Proops et al. 2013)), but 474 

whether this is also true for identifying (familiar) objects has not been tested yet.            475 

In addition, other experimental limitations might have influenced our findings. Work by one other group used 476 

digital stimuli (computer screens (Lansade et al. 2020a, b) and projections (Trösch et al. 2019, 2020)) which is 477 

why we anticipated that this type of visual information would be suitable for the purpose of our study. However, 478 

image quality and differences in colour perception of the images resulting from the use of the LCD projector 479 

(images generated from a light signal comprised of red, blue and green components but horses cannot perceive 480 

red/green colours) may have contributed to sensory image impressions different in horses to those generated by 481 

the real object, and to what humans see in digital images. Besides, the equine eye is adapted to dim light conditions 482 

and scattered light (e.g. from a bright light source such as a projector) can lead to loss of resolution (Hebel 1976). 483 

One may wonder whether the close distance to the screen might have hindered our horses’ ability to clearly see 484 

the items in front of them given the blind spot directly in front of their forehead and limited visual acuity in close 485 

proximity (Hebel 1976; Timney and Macuda 2001, reviewed in (Rørvang et al. 2020). Our setup seems appropriate 486 

since others reported that horses successfully learn to discriminate between symbols of difference shapes and 487 

sizes, and photographs, when standing directly (≤50 cm) in front of a screen and contacting the stimuli with their 488 

muzzle (Gabor and Gerken 2012; Tomonaga et al. 2015). Varying the blinded handler position (always positioned 489 

on the left-hand side for practical reasons) should be considered for future work, since we found that targets 490 

presented on the right side were more likely to result in correct responses. The spatial relationship between cue, 491 

reward and response influences discrimination learning (Miller and Murphy 1964; Hothersall et al. 2010), which 492 

might explain why target location tended to affect performance.  493 

Maybe our results do not support previous reports of image recognition in horses because of the type of stimuli 494 

we used. From an adaptive perspective, processing visual cues of biological relevance is highly important, and 495 

images representing biologically relevant stimuli (e.g. prey, conspecifics, predators) are instrumental in studies of 496 

animal picture recognition where animals’ spontaneous (initial) response to pictorial cues is tested (Bovet and 497 

Vauclair 2000). For instance, (Kendrick et al. 1996) observed that sheep were much faster in learning to 498 

discriminate between images of conspecifics (familiar or unfamiliar) than between geometrical shape 499 

discrimination cues, possibly because sheep seem to cognitively process information associated with social 500 

familiarity (i.e. facial features of conspecifics) more efficiently than non-social cues. It seems probable that 501 



specialised sensory processing of social cues is also relevant to horses, since they show a range of postural and 502 

facial expressions for social communication (Waring 2003; Wathan et al. 2015), and understand visual cues from 503 

humans (Proops and McComb 2010). It seems therefore possible that equine studies using images of conspecifics 504 

(Wathan et al. 2016) or humans (Smith et al. 2016; Proops et al. 2018; Lansade et al. 2020b, a) tap into different 505 

sensory processing levels than when objects images are used. We chose real-life objects instead of images of 506 

conspecifics as this allowed us to train and test horses’ response more easily under controlled conditions (i.e. 507 

excluding variation within the test stimuli). We also excluded food cues since disentangling animals’ motivation 508 

to respond to food cues when food rewards are provided during repeated testing might be difficult. Nevertheless, 509 

we expected that the horses would pay attention to the on-screen stimuli if they perceive the images as equal to 510 

the real objects given that they had learnt to associate these with food (i.e. a biologically relevant resource).  511 

Digital images are increasingly applied in the study of horse cognition, but evidence that this species has the 512 

ability to recognise the content of digital images is still sparse. Hence, we investigated how horses’ spontaneously 513 

respond to on-screen images of known objects and did not consider to test the reverse (i.e. whether horses’ 514 

recognise real-life objects from images). We do encourage future research to study this further (considering 515 

cofounding factors discussed in the introduction regarding Hanggi et al., 2001), for instance, to understand what 516 

stimulus characteristics (e.g. colour (Hangii and Ingersoll, 2007), shape, or size (Tomonaga et al., 2015; Hanggi 517 

2003)) drive recognition as these could be easily manipulated in digital images. Here, we only used two real-life 518 

objects distinctively differing in colour, shape and size (stimulus features horses can generally discriminate) as 519 

using more items could have introduced more variability in individuals’ responses making the interpretation of 520 

findings more difficult. We therefore believe our findings that horses overall did not perform reliably enough to 521 

suggest image recognition using two objects are of significance. However, we must acknowledge that our 522 

observations may not be generalizable as the use of different objects could have led to different findings.                523 

Only one out of 27 horses responded to the stimuli on screen above chance level suggesting that this individual 524 

might have recognised the images as objects or representations of such. Rapid learning seems unlikely given the 525 

experimental precautions we undertook. For example, we used partial reinforcement in the screen test to reduce 526 

the possibility that horses would respond to image-related cues, i.e. exhibit the muzzle contact as new behaviour 527 

specific to the images rather than touching them because they were recognise as a replacement of the objects. 528 

Indeed, horses were not more likely to respond correctly to the images following images trials a reward was 529 

delivered upon correct response than when reward was (unexpectedly) withheld. Likewise, horses were not more 530 

likely to respond incorrectly following unrewarded trials. Still, learning cannot be completely excluded as partial 531 



reinforcement reduces, but does not exclude, acquisition of a conditioned response compared to continuous 532 

reinforcement (Gottlieb 2005; Amselme 2014). On the other hand, the performance of this particular horse might 533 

reflect a statistical Type I error (Pollard & Richardson 1987). Our study design does not allow us to draw 534 

conclusions as to how this horse recognised the images (i.e. whether images and objects were seen as the same 535 

item (i.e. confused), the images seen as functional representations (equivalent) of the target or both processed 536 

independently). Nevertheless, this finding is interesting as it highlights the importance of considering individual 537 

variation in cognitive tests. In correspondence with other findings showing that older horses learn more slowly in 538 

a social learning task (Krueger et al. 2014), we found that older horses needed more trial blocks to learn the 539 

discrimination task, but we found no association between welfare level, learning ability and test performance. 540 

Further study could investigate further inter-individual differences such as variations in personality or in 541 

perceptual abilities on performance.   542 

 543 

5. Conclusion  544 

Only one of 27 horses responded to the images suggesting it might have recognised the images as objects or 545 

representations of such, while all other horses apparently failed to do so. As a species, horses may possess the 546 

basic capability to perceive the content of artificial visual stimuli such as digital image, but our findings indicate 547 

that in horses unfamiliar with two-dimensional representations image recognition might not be an ability that can 548 

be generalised across horses and testing situations. Instead, further research is warranted in order to understand 549 

how horses perceive (at sensory level) and interpret (at cognitive level) images for the human eye, especially if 550 

they are to be utilised as representations of real-life objects, as well as inter-individual variations in such abilities. 551 

Until then, we do not know if humans and horses see eye to eye when viewing this type of artificial stimuli.   552 

 553 
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