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Abstract 
	 In this experiment positive reinforcement was used to teach horses to select 

photos of either angry (n=2) or happy (n=2) human facial expressions as opposed to a 

neutral expression of the same individual. At the end of the experiment, two horses were 

operating at an accuracy level significantly above chance: one from the group assigned to 

angry faces (χ2 = 25, p<.001) and one from the group assigned to happy faces (χ2 = 7.84, 

p=.005). However the other horses from both angry face (χ2 = 0.16, p= 0.689) and happy 

face (χ2 = 0, p=1) groups did not exceed chance levels and they were considered to have 

not learned the task. A finding that even one horse operates significantly above chance 

indicates that the cognitive skill is within the capacity of the species.  Therefore, it is 

suggested that horses can discriminate between neutral human facial expressions and 

facial expressions of emotion. However, as only a few horses reached discrimination, 

alongside the length of time it took, demonstrates that horses are likely not highly 

sensitive to differences in facial expression. More research is needed to either support or 

refute this finding. However, if the finding stands, the result raises interesting questions 

concerning the mechanics of this differentiation, including whether this ability is innate 

or learned. It further carries practical importance for horse welfare and management. 

 

Í þessari rannsókn var jákvæð styrking notuð til þess að kenna hestunum að velja myndir 

af annað hvort reiðum (n=2) eða glaðlegum (n=2) svipbrigðum í staðinn fyrir hlutlaus 

svipbrigði sömu manneskju. Í lok rannsóknarinnar völdu tveir hestar rétta mynd yfir 

marktæknimörkum: einn úr hópnum valdi oftar reiðan svip (χ2 = 25, p<.001) og einn úr 

hópnum ánægðan svip (χ2 = 7.84, p=.005). Hinir hestarnir völdu bæði reiðan svip (χ2 = 

0.16, p= 0.689) og ánægðan svipur (χ2 = 0, p=1), voru ekki yfir marktæknimörkum og 

töldust ekki vera búnir að læra verkefnið. Uppgötvunin um að einum hesti hafi tekist að 

vinna yfir marktæknimörkum gefur til kynna að vitsmunalegir hæfileikar hans geti þýtt 

að tegundin geti það líka. Þar af leiðandi er ályktað að hestar geti gert upp á milli 

hlutlausra svipbrigða og tilfinningalegra svipbrigða hjá manneskjum. Þrátt fyrir það tókst 

aðeins fáum einstaklingum að læra að gera upp á milli svipbrigðanna og eins hve langan 

tíma það tók að kenna þeim það, sýnir fram á að hestar eru ekki mjög næmir fyrir 
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mismunandi svipbrigðum hjá fólki. Fleiri rannsókna er þörf til að styðja eða hrekja 

staðhæfinguna. Ef ályktunin stenst vekur hún upp áhugaverðar spurningar varðandi það 

hvort þessi eiginleiki að greina á milli svipbrigða sé eðlislægur eða lærður. Sú vitneskja 

er líka verulega mikilvægt fyrir notkun og velferð hrossanna. 
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1 Introduction  
Emotions, and the expression of them, are powerful tools in social communication as 

well as survival. Humans, as well as many other species of mammals, produce facial 

movements that both convey meaning and serve an adaptive function. These movements 

are broadly termed facial expressions, and the ability to read the facial expressions of 

conspecifics has a very beneficial function in the survival of social animals. Positive 

facial expressions indicate the presence of positive stimuli such as food, and encourage 

approach behavior, while negative facial expressions can indicate the presence of a threat 

to be avoided (Waller & Micheletta, 2013).  

The interpretation, affect and formation of various facial expressions has been 

extensively studied in communication between humans. However, little research has been 

carried out in relation to cross-species communication, especially through facial 

expression (Smith et al, 2016). Though morphological differences in faces can 

complicate such communication, the important role certain animals have played in the 

lives and histories of humans calls for increased investigation into such communication.  

One such species that is closely connected to us and that has been little researched 

in this field is the domestic horse. The aim of this study was to use a discrimination task 

to investigate the ability of the horse to distinguish between human neutral expressions 

and either happy or angry expression of emotion. The proposed hypothesis suggests that 

it is likely that horses will be able to discriminate between neutral and emotive facial 

expressions. However, it is also likely it will take a longer time to associate angry facial 

expressions with positive reinforcement, and thus learning will be slower in the group 

assigned the angry facial expression.  

 Research into the ability of horses to distinguish between facial expressions could 

benefit human-horse interaction. If horses are capable of expression discrimination, this 

finding could open new avenues in communication between horse and handler. In 

addition, an increased appreciation of the mental capabilities of the horse help us to 

further our respect for the intelligence of the horse, as well as stress the importance of 

safe guarding the mental welfare of the animal.  
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 If horses do not possess this capability, this draws our attention to other cross-

species communication strategies that horses could be using, which could then help to 

decrease the prevalence of miscommunication between horse and handler, thus increasing 

our ability to safeguard the welfare of the horse.  
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2 Literature review 

2.1 Cognitive Abilities in Horses 
There are many myths and misunderstandings of the cognitive abilities of horses that are 

common not only among people unfamiliar with horses, but also among those who are 

very familiar with horse behavior, such as horse trainers and even scientists. Until 

relatively recently very little research had been carried out on the cognitive abilities of the 

horse. The complex social world, suppression of natural instincts, learning of complicated 

tasks required in riding disciplines and interpretation of human signals required in the 

daily life of the horse, all require a higher level of learning and perceptual skill than many 

believed the horse was capable of. Research has begun to uncover these various cognitive 

abilities (Hanggi, 2005).  

 Classical and operant conditioning, habituation as well as desensitization are well 

known learning processes widely used in horse training. In addition, discrimination 

learning has been reported in horses since the 1930s (Gardner, 1937), however it is often 

little acknowledged. In such tasks, horses must learn that one stimulus, as opposed to 

another one, will result in a positive reward. An example of this task is one in an 

experiment conducted by Gardner (1937). He found that horses could learn to 

discriminate between a feedbox with a black cloth over it and one that was uncovered. 

Other researchers found that the horse was able to discriminate between twenty pairs of 

stimuli (Dixon, 1979). This ability to discriminate between stimuli is key in cognitive 

research in many animal species and has been used to demonstrate a wide range of equine 

cognitive abilities (Hanggi, 2005). 

 Generalization has also been demonstrated in the horse. In stimulus 

generalization, behavior previous conditioned to one stimulus is generalized to another, 

similar stimulus. Often the trained behavior will be less reliable in response to stimuli 

that are not identical to the original trained stimulus. In studies where stimuli could be 

adjusted on a gradient such as size or distance, horses demonstrated a symmetrical 

response gradient, in that they responded less and less to a stimulus the farther it moved 

from the original location or size. (Dougherty & Lewis, 1991; Dougherty & Lewis, 

1993). This is different from other generalization gradients, such as those demonstrated 
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by pigeons, who generalize only when the stimulus was larger than the original (Brush et 

al, 1952).   

  The ability of the horse to learn through observation is a subject of some 

controversy. Most research has not supported the idea that horses learn through 

observation (Baer et al, 1983; Lindberg et al, 1999; Clarke et al, 1996).  However, Baker 

and Crawford (1986) as well as Clarke et al (1996) demonstrated a decreased latency in 

approaching a feeding area after observation of horses eating in this location, suggesting 

that some learning about the general location of the food may have occurred. It is due to 

such findings as well as the social nature of the horse, that some researchers disagree with 

the assessment that horses do not engage observational learning. Instead, they argue, it is 

likely that observational learning is situation specific and a experimental protocol more 

suited to the horse’s behavior may be the key to effective examination of this ability in 

horses (Hanggi, 2005). A recent study, for example, found that horses copied “following 

behavior” after observing such behavior from a social superior, but not after observing 

the same behavior from a social inferior (Krueger & Heinze, 2008).  

 Even if observational learning itself is a matter of controversy, the horse has 

demonstrated to pick up emotional cues from conspecifics, as shown by Wathan et al. 

(2016). Horses are more likely to approach pictures of other horses showing positive, 

relaxed facial expressions and avoided those demonstrating aggression. A difference in 

patterns of heart rate changes were also shown depending on whether the horses were 

viewing positive or aggressive facial expressions in the photos. This demonstrates the 

horse’s ability to use facial expressions of other horses to obtain relevant social 

information.  

 Higher-level cognition has also been demonstrated in the horse but little research 

has been done examining these higher-level abilities. Some headway is being made 

though. One such ability is that of categorization. Sappington and Goldman (1994) 

showed in their study that horses could distinguish triangles from other shapes, however 

were unable to show evidence of categorization with novel triangles. A study by Hanggi 

(1999) conclusively demonstrated this ability, however, when horses were taught to 

categorize solid black figures versus those with open centers.  
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 A further higher-level cognitive ability is that of concept formation, which has 

also been demonstrated in the horse. As opposed to categorization learning, which is 

based upon similarity (in all above cases, visual similarity), concept learning involves 

responding to stimuli based on an overarching idea. The most studied concepts in equine 

cognition have been simple relational concepts, such as lighter or smaller (Hanggi, 2005). 

In her 2003 study, Hanggi demonstrated the ability of horses to choose the largest or 

smallest stimulus when presented with a variety of targets. Most interestingly this 

concept generalized to three-dimensional objects, despite being trained on two-

dimensional figures. These above mentioned cognitive abilities are crucial when 

considering both the horse’s ability to read human expressions and behaviors as well as 

our capability to study this capacity. 

2.2  Cross-Species Communication in Domesticated Animals 
Cross-species communication with humans has been researched in companion animals. 

The most common research subjects in this field have been dogs though cats and horses 

have also been studied in their ability to both communicate and interpret signals across 

species.  

The ability to interpret facial expressions of humans has been researched in both 

cats and dogs. Dogs have been shown to be particularly adept at distinguishing and 

interpreting human facial expression and emotion. They have been demonstrated to be 

able to discriminate between happy and angry facial expressions (Muller et al, 2015). 

Interestingly enough, however, dogs who were trained to associate a happy face with a 

food reward were much quicker than those trained to select angry facial expressions for a 

food reward. This result makes sense if the dogs had ingrained associations between 

angry faces and aversive consequences, and thus dogs might not only be able to 

distinguish expressions but may also understand their meaning to some extent. In 

addition, further research has shown that when distinguishing between fearful, happy and 

neutral emotional messages, dogs have a much easier time when the owner of the dog 

delivered the emotional message, indicating that familiarity has a part to play in 

emotional message interpretation (Merola et al, 2013). 
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This communication can even occur in the opposite direction as dogs engage in 

communication directed at their human companions. Dogs seem to request intervention 

when unable to reach a sought-after reward and monitor human behavior as a cue for 

correct action in the face of uncertainty, a concept called social referencing (Prato-

Previde & Marshall-Pescini, 2014).  

Cats too have been shown to utilize emotional information given by owners. In 

the presence of a novel object, most cats showed referential looking between the novel 

object and the owner. Furthermore, the cats changed their behavior in response to the 

given cues in the presence of this object, both in the case of a positive or negative 

emotional message (Merola et al., 2015).   

In the case of both cats and dogs, their ability to interpret and adapt to our 

emotional cues would be an advantageous adaption that would follow their ability to 

establish long-term social relationships with humans (Miklosi et al., 2005).  Considering 

their long-term domestication, it stands to reason that horses would also demonstrate an 

ability to interpret human emotional cues. Indeed, current research has begun to 

demonstrate this ability. 

2.3 Ability of Horses to Read Human Facial Cues 
There has been a lack of research into the ability of horses to interpret the facial cues of 

humans, however some research has suggested that horses may have the ability to 

distinguish human expressions of emotion.  

Proops and McCombs (2009) found that horses could distinguish between 

attentive and inattentive person when choosing whom to beg for food. One studied cue of 

attention in this test was whether the participants’ eyes were open or closed. Horses chose 

the person whose eyes were open significantly more frequently than those with closed 

eyes. This demonstrated a sensitivity of the horse to human gaze.  

Another study pertinent to this research, demonstrated the ability of the horse to 

attend to facial detail. Researchers found that horses could discriminate between 

photographed human faces with surprising accuracy, even successfully distinguishing 

between identical twins. Furthermore, when released into a pen with a pair of people, the 
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horse chose to spend more time around the person whose picture had previously been 

rewarded (Stone, 2009). 

Further research has investigated the reaction of horses to the emotional 

conditions of humans. When people with negative feelings towards animals stroked a 

horse, the horse’s heart rate increased, likely due to increased stress. However, people 

with neutral or positive attitudes towards animals did not elicit such a reaction (Hama et 

al. 1996). Another experiment demonstrating this ability showed that nervous handlers 

resulted in increased equine heart rate (Keeling et al, 2009).  

 Furthermore, a recent study investigated the response of the horse to human 

facial expressions. Smith et al. (2016) claim to have demonstrated functionally relevant 

responses to angry faces, showing an increased heart rate and tendency to look at the 

picture with the left eye, a response previously connected to the perception of negative 

stimuli (Roches et al., 2008). This response was not shown when the horse was shown 

happy faces. The researchers concluded that these data supported the hypothesis that 

horses can both recognize and respond relevantly to human expressions of emotion. 

However, this work has been disputed. In a criticism published in the same journal, 

Schmoll (2016) posed several significant concerns about the research set up as well as 

data interpretation. Namely, he found that the statistical analysis was problematic in 

general and did not take into account the possible differences between groups shown the 

different photos, as both groups were not shown both happy and angry photos. In 

addition, the experimental set up was problematic, while the experimenters interpreted 

the horse’s tendency to view the angry photo with the left eye as a sign that the horse 

found the stimuli to be fear inducing, the placement of the photo over the experimenters 

left shoulder could have predisposed the horses to use the left eye more frequently.  

2.4 Use of Discrimination Tasks in Equine Cognitive and Perception 

Research 

The use of a discrimination task, as opposed to lateralized responses, and heart rate may 

help us to investigate whether horses can distinguish between human facial expressions 

of emotion. Discrimination tasks, where the animal learns to choose one stimulus as 

opposed to concurrently presented distractors, are widely used in cognitive research, 
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especially in non-human animals. Correct response rate is monitored over time, and a 

decreased error rate indicates that learning has occurred.  

Discrimination tasks have proved invaluable in horse cognition research, especially 

into higher-level mental capabilities such as concept learning (Hanggi, 2003), and 

categorization (Hanggi, 1999) as well as perceptual abilities such as depth perception 

(Timney & Keil, 1999) and color vision (Macuda & Timney, 1999). 
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3 Material and Methods 

3.1 Test procedure 
The test procedure was largely based upon the cognitive studies of Hanggi (1999; 2003; 

2005) of the Equine Research Institute. Evelyn Hanggi has been a pioneer in adapting the 

discrimination task to the horse. In her method, the horse learns a chained series of 

behaviors. When a barrier opens the horse walks forward to a wall on which the stimuli 

are presented and indicates the selection with the nose. When an answer is correct a food 

reward is given through a slot at the bottom of the wall. The horse then returns on its own 

to the waiting area, the stimuli are switched from behind the wall, and the process is 

repeated. This set up has the added advantage of reducing inadvertent cuing by the 

experimenter (Hanggi, 2005). It is an adapted version of her protocol that will be used in 

this experiment.  

3.2 Subjects 
 

The subjects were 6 Icelandic horses; 2 geldings (Þeyr and Hljómur), 3 mares (Halla, 

Lipurtá and Álfrún) and one stallion (Spói) between the ages of seven and twelve. All 

horses were recruited from those housed at Holar University College in Iceland during 

the fall/winter of 2017. Each horse had been with their same primary rider and trainer for 

a minimum of 6 months. The group of trainers consisted of five women and one man. 

None of the horses had previously participated in cognition experiments. All horses were 

in regular training by their trainer for the duration of the experiment. Experimental 

sessions were performed with each horse 5 days a week, with the experimental schedule 

of each horse randomly determined. Each session consisted of 20 trials and lasted around 

40 minutes. Each horse was in experimental trials for a maximum of 30 days. The overall 

experimental period was planned to last for 6 weeks but lasted for 7 weeks due to 

extreme weather conditions, rendering experimentation impossible for 6 days.  All horses 

continued with its regular diet during the experimental time period and no horses were 

deprived of food before testing.  
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The six horses were randomly sorted into two groups of three using a random 

number generator. One group was trained to discriminate happy faces from neutral ones, 

while the other group was trained to discriminate angry and neutral faces.  

One horse, the gelding, Hljomur, did not reach the proper threshold to continue past 

stage 1. He was furthermore extremely variable in his accuracy rate, and often showed a 

bias towards either left or right. It was therefore decided to drop him from the 

experiment. Because of this a mare (Alfrun) was dropped from the group trained on 

happy faces in order to maintain balance in number for both the groups as well as gender. 

Therefore, only four horses, Spoi, Þeyr, Halla and Lipurtá, were used in the majority of 

the experiment.  

3.3 Apparatus 

The apparatus used for the experiment consisted of a wall (dimensions shown in figure 2) 

and a waiting area for the horses between trials. Four one-meter high poles were placed 

approximately three meters away from the front of the wall in the shape of a rectangle 

with a plastic band hung on either side in order to form a barrier (see figure 3). This 

served as a waiting area for the horses between trials.  A wooden bar was hung at the 

front of the poles in order to prevent forward motion until each trial was prepared. This 

bar was attached to a string threaded such that it 

could be pulled open from behind the wall. At the 

beginning of each trial stimuli consisting of two 

pictures were hung from left to right from nails 

above two openings in the wall. The pictures were 

hung such that they swung loosely and the horse 

could push through the opening to receive a treat 

at the other side. The openings themselves were 

large enough to display a photo of A3 size.  

 

Figure 1: Photo shows one subject (Þeyr) waiting 

in the waiting area in front of the wall. 
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Figure 2: The dimensions of the front view of the wall used in the experiment  

 

 
Figure 3: Drawing of apparatus as viewed from above while the horse is waiting for the next trial to begin 

3.4 Stimuli 

The stimuli for each individual horse consisted of five laminated pictures printed on A3 

sized paper. One “training distractor”, used for all horses in the experiment was a 

computer generated black oval. The other four photos consisted of two neutral and two 

expressive faces. These four photos were unique to each horse and were of the horse’s 

primary trainer and rider, due to previous canine research suggesting the importance of 

Stimulus 2 
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familiarity in reacting to facial expressions (Merola et al, 2013). Therefore, there were 25 

photos in total used in this experiment.  

For each person four photos were taken, two of the expression to which the horse 

was assigned and two neutral photos (see examples in figure 4). Each photo was run 

through facial expression detection software, Microsoft Azure´s (2017) Emotion API 

software. This program gives a percentage rating to facial expressions based on how well 

the expression fits a certain emotion. Photos were only used if they received a rating of 

over 85% for their respective emotion. Some photos were altered in Photoshop to ensure 

consistent lighting, size and facial alignment. In two cases, when photos had to be retaken 

on different days, Photoshop was also used to ensure all four photos depicted the same 

clothing.  

 

Figure 4: Sample photos. The two photos on the left depict ones used for a member of the group trained to select happy 

faces. On the right are two photos used in a horse trained to select angry faces.  

3.5 Trial procedure 

Before the start of each trial, the horse was led between the poles and both the front and 

side barriers were closed. The experimenter then walked behind the wall, removing the 

pictures from the previous trial from right to left. All the experimenter’s movements were 

unable to be seen by the horse, and efforts were made to keep noises either to a 

minimum, or equal on both sides.  Each picture was cleaned with a mixture of cleaning 

solution and water. Pictures were then rehung from left to right. Order of the pictures 

were randomly determined and balanced such that the correct stimuli appeared in equal 

number on the left and the right.  
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The following figure (figure 5) demonstrates the steps taken once the photos were 

rehung. The horse was allowed to look at the pictures for at least five seconds before the 

string opening the front barrier was pulled.  

 

 
 

Figure 5: This figure 

depicts the trial 

procedure. The horse 

waits first is the waiting 

area (A) until the barrier 

is opened (B). The horse 

then walks to the wall 

and selects the picture 

by putting his nose 

through the opening 

where, if correct, they 

receive a treat (C). The 

horse is then led back to 

the waiting area (D).  

 

3.6 Data Collection 
At the end of each trial it was recorded whether or not the horse correctly chose 

the right stimuli. Answers were never ambiguous as the horse either put his nose through 

the correct opening or did not. At the end of every session the percent accuracy rate for 

the entire session was calculated in order to give the researcher an indication of the 

horse´s progress.  In addition, notes were taken on possible distracting influences, such as 

passing cars or loud sounds.  

3.7 Training and experimental stages 
This experiment was divided into two stages. Stage one was intended to teach the horses 

the principles of a discrimination task as well as familiarize them with the procedure. It 

also served to act as a test of the procedure, as well as to weed out any horses unsuited to 

the task. This stage lasted a total of seven days, four of which were training days, and 

A B 

C D 
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three of which involved data collection for a test of accuracy level. Stage two acted as the 

main experimental stage from which data was drawn in order to investigate the 

experimental question. This stage lasted a total of 23 days and included 2 training days 

and 21 days of experimental sessions. The experiment thus lasted a total of 30 days.  

3.7.1 Stage 1: Experimental training stage 

In this stage the horses were taught both the experimental procedure as well as the fact 

that the images determined whether food was given after the nose was stuck through the 

opening. This stage consisted of five training days followed by an experimentation stage 

where data was recorded  

Day 1 and 2: Familiarization with the testing area  

The first two days focused on familiarizing the horses with the testing area. The first step 

was to lead the horse around the area. Next the horses were led to the wall and received a 

treat for putting the nose through the opening. The horse was then brought to the waiting 

area and were stroked and petted there. The barrier was then closed and the experimenter 

went behind the wall and opened the barrier. In this stage the photos were not yet 

introduced in order that the horse could see through the openings and associate easily 

putting a nose through the opening with treats. The horse was fed at one of the openings 

after approaching. Finally, the experimenter repeated the previous step but alternating 

standing behind each of the two windows. The experimenter’s position was changed 

three times before stopping for the day.  

On the second day the last two steps were repeated from the day before, with the 

experimenter changing their position in an AABB pattern. Once the horse chose the 

correct window five times in a row the session was ended.  

Days 3, 4 and 5: Stimuli training  

On these days the photo of the expressive facial expression was used, as well as the 

training distractor. On day 3 the correct photo began on the right side. If the horse picked 

the correct picture three times the positions were switched and this procedure was 

repeated. This step was then repeated with two correct answers, then one. On this day the 

horse was given a reward even if they picked the correct window second. On day 4 this 
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procedure was repeated except that a reward was only given if the horse picked the right 

window the first time. Day 5 was the first day that data was recorded. On this day the 

pictures were switched in an AABB pattern. A new trial was not begun until the horse 

picked the correct image.  

Experimental stage 1  

Starting on day 6 the order of the photos arrangement was randomized according to a 

random list generator. Each horse completed 20 trials, taking approximately 40 minutes. 

A minimum of 80% accuracy on two consecutive days qualified the horse to move to the 

next stage. Two horses were dropped from the experiment at this time (see chapter 3.1). 

3.7.2 Stage 2: Neutral versus emotional expression stage 

In this stage the neutral expression photo was added to the set up.  

Stage 2: Training stage 

In the training stage the picture order was arranged in an ABBABAAB pattern. On the 

first day if the horse made an incorrect choice the trial was repeated until the correct 

photo was selected. On the second day incorrect trials were not repeated. On both days 

data was collected, and were named Training Day 1 and Training Day 2 for the purposes 

of graphing the data.  

Experimental stage 2 

In this stage photo arrangement order was randomized using a computer program and 

data was collected on whether the horse made the correct choice in each trial. Percent 

accuracy was recorded at the end of each session.   

As before in stage 1, the threshold in order to end this stage was set at 80%. However, in 

this case, this would have to be reached for three consecutive sessions, as opposed to the 

two consecutive sessions required in stage 1. If the horses did not reach this threshold, the 

experiment was continued until each horse had a maximum of 30 sessions total, 7 days of 

stage 1 sessions, 2 days of stage 2 training sessions and 21 days of stage 2 experimental 

sessions.  

In this stage, there existed one deviation from the trial procedure described in chapter 3.6. 

In the case that the horse chose the same side five times in a row with less than 60% 
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correct, the training distractor was hung on the side that had repeatedly been chosen, and 

the correct stimulus was hung on the side that had not been repeatedly chosen. Two such 

trials were performed before continuing with the experiment itself, in order to prevent 

biased side choice.  

 

3.8 Statistical Analysis 

Each day the percent accuracy rate was tallied in order to monitor the horse´s 

progress. Regardless of whether or not the discrimination threshold to end the experiment 

was reached, the accuracy rate of the final five days was compared to that of the chance 

value of 50%. This was done using a Chi-squared analysis for each of the four horses. 

The data from which this analysis draws can be seen in Appendix A. If the result was 

significant, it was surmised that a certain amount of learned discrimination between the 

faces had taken place. Bonferroni’s correction was used to adjust the significance level to 

account for multiple tests of significance. All statistics were analyzed using the program 

Statistical Package for the Social Sciences (SPSS) version 21 for Mac computers, 

produced by IBM (2012).   
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4 Results 
 

In stage 1 all horses but one rapidly acquired the selection task (see figure 6), 

reaching the discrimination threshold on average on the sixth day of the experiment (the 

second day of data collection). The one horse who did not achieve the threshold within 

this time period, Hljómur, was cut from the experiment, as well as one mare from the 

opposing group, Alfrún, in order to ensure balance (full explanation can be seen in 

chapter 3.1) 

 
Figure 6: This graph demonstrates the percent accuracy of all horses over the three days of experimental trials in stage 

1. The green dotted line represents the discrimination threshold.  

Of the four horses who began stage 2 of the experiment, only the stallion, Spoi, 

which was assigned to learn to touch angry faces, reached the 80% threshold required to 

stop the experiment. This occurred on day 4 of the experimental trials in this stage (day 

13 of the whole experiment). In this subject’s last five sessions an accuracy rate of 75% 

was recorded (see figure 7).  When a Chi-squared test was performed this was found to 
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be significantly above chance rates at the 0,05 level (χ2 = 25, p<0,001). The mare 

assigned to the angry group, Lipurta, had an accuracy rate of 48% in the last five 

sessions, not significantly different from the chance level of 50% (χ2 = 0,16, p= 0,689). 

(see figure 7). The accuracy rates of the two individuals in the group were compared 

using a Chi-Squared test for comparison of proportions. It was found that the accuracy 

rate of the stallion, Spoi, was significantly higher than that of the mare, Lipurta (χ2 = 

15,317, p<0,0001). 

  

 
Figure 2: This graph demonstrates the percent accuracy of horses trained to select angry faces as opposed to neutral 

over time for the entirety of stage 2, a total of 23 days (2 training days and 21 experimental days). The green dotted line 

represents the threshold to end the experiment as dictated by the procedure. The black dotted line shows chance level.  

In the group trained to select happy faces as opposed to neutral ones, the mare, Halla, 

had an accuracy rate of 64% in the last five sessions. This was significantly above chance 

(χ2 = 7,84, p=0,005). The gelding in the same group had a 50% accuracy rate in the last 

five sessions, not significantly different from chance (χ2 = 0, p=1). (See figure 8). The 

accuracy rates of the two individuals in the group were compared using a Chi-Squared 

test for comparison of proportions. It was found that the accuracy rate of the mare, Halla, 

was significantly higher than that of the gelding, Þeyr (χ2 =3,978, p=0,046). 
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Figure 3: This graph demonstrates percent accuracy of horses trained to select happy faces as opposed to neutral over 

time for the entirety of stage 2, a total of 23 days (2 training days and 21 experimental days). The green dotted line 

represents the threshold to end the experiment as dictated by the procedure. The black dotted line shows chance level. 

In a follow up test, it was decided to examine whether the two horses showing 

accuracy rates significantly above chance differed from each other. The stallion´s 

performance accuracy (75%) was higher than of the mare’s from the happy face group 

(64%), this difference was not significant (χ2 =2,84, p=0,09). 

As seven statistical tests were run, Bonferroni’s correction was used to control for 

Type I errors. With this correction, p should be less than 0,007 to be considered 

significant, as opposed to the initially, generally accepted significance threshold of 0,05. 

At this level, the performance accuracy of both the stallion and the mare from the happy 

face group are still significantly above chance. The difference between the percent 

accuracy of the stallion and the mare from the angry group also remains significant. 

However, the difference between the performance accuracy of the mare and gelding from 

the group trained on happy faces loses its significance.  

In this analysis it was decided to forgo statistical analysis to compare accuracy rates 

based on age or gender, as well as to see if the break taken due to inclement weather had 
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an effect on the data. This is because the small number of subjects renders statistical 

significance unlikely and thus such analysis would likely only serve to decrease statistical 

power without giving further information.  
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5 Discussion 

5.1 Review of the Data 
The results reported here seem to suggest that there may be validity to the hypothesis that 

horses are able to distinguish between neutral human facial expressions and facial 

expressions of emotion. Two horses not only were significantly above chance levels, but 

also were statistically distinct from the individual in their same group who was not 

significantly above chance. This demonstrates a clear difference between individuals that 

learned the discrimination task and those that did not. While only two horses reached 

significance in the task, a finding demonstrating this in any one horse implies that this 

ability is within the cognitive capabilities of the species (Pepperberg & Brezinsky, 1991).  

However, despite the finding that it is likely horses posses the ability to discriminate 

between neutral human facial expressions and facial expressions of emotion, the fact that 

only one horse quickly grasped the concept (see figure 7), and the other horse who 

reached significance took 18 days to reach an accuracy rate consistently above chance 

(see figure 8), renders it likely that horses are not especially sensitive to facial expression 

differences in humans. Additionally, the fact that two of the horses did not operate 

significantly above chance seems to signify that differences in facial expression are not 

obvious to the horse. The exception presented by the stallion in the angry group, through 

his quickness in reaching the set discrimination threshold, could be explained by the 

extremeness of the facial expression presented in the photographs. However, there was no 

significant difference in the accuracy rate of Spoi, the stallion assigned to angry facial 

expressions who quickly reached the threshold, and Halla, who operated significantly 

over chance levels for the last five days of trials.  That the difference between the facial 

expressions was not obvious to most of the horses becomes especially apparent when 

compared to the speed with which almost all of the horses reached the threshold in stage 

1 of the experiment, with five of the six horses reaching 80% accuracy within seven days. 

This demonstrates to us that though the differences in facial expression may be visible to 

horses, the difference may not be obvious enough to use in daily life in acquiring relevant 

emotional information from humans. 
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This result suggesting the possibility of this facial expression discrimination ability 

in horses provides a basis for both ideas of possible mechanisms of this ability as well as 

future research. However, despite this, the lack of sensitivity to facial expression 

differences, except when facial expressions are extreme, makes it likely that horses 

primarily utilize other sources of emotional information than facial expressions in their 

daily interactions with human managers and trainers.  

5.2 Possible mechanisms for expression differentiation 

There are three possible mechanics by which horses could have developed the suggested 

ability to distinguish neutral expressions from facial expressions of emotion in humans: 

the use of local cues, innate ability and learned ability.  

It could be possible that in order to distinguish the neutral and expressive face the 

horses relied on simple local cues such as focusing on the difference in the size of the 

mouth or the shape of the eyes. Though this has shown not to be the case in dogs (Müller, 

2015) it is entirely possible that horses in this study used this method to solve the 

discrimination problem. Evidence for this exists in a small way in this study, as the one 

horse reaching the 80% threshold was trained on pictures with very extreme local cues, 

such as a very open mouth. However, this observation is inconclusive without further 

testing and may be more connected to the low-acuity vision of the horse (Timney & Keil 

1992), making more extreme facial expressions substantially easier to distinguish from 

neutral ones.  

Alternatively, horses may have adapted an innate ability to recognize and respond 

to emotional expressions of conspecifics and then transferred this ability, through their 

domestication and recent evolution, to the morphologically different human (Smith et al, 

2016). Support for this in part can be found in the ability of horses to differentiate 

between facial expressions of emotion of conspecifics as well as a demonstrated 

preference for non-negative expressions, indicating an ability to classify by meaning 

(Wathan et al, 2016). An argument can be made that such an adaptation would be 

advantageous to survival, as Miklosi et al. (2005) argue in reference to the ability of cats 

and dogs to read our emotional cues.  
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 A third theory is that horses have learned to distinguish facial expressions through 

life time interaction with humans, drawing on memories of human facial expressions to 

perform the discrimination task (Smith et al, 2016; Müller et al, 2015). Support for this 

theory can be found in two research studies in dogs. Müller et al (2015) predicted that life 

experience of human faces allowed for discrimination due to the longer time needed to 

learn a discrimination task if required to touch an angry face, which is consistent with the 

theory that dogs consider angry expressions to be aversive. This would indicate that the 

dogs have learned something about the behavior of the human or the emotional state the 

dog perceives shortly after the expression occurs. In addition, the finding of Marcola et 

al. (2013) that dogs were quicker to differentiate emotional expressions when the photos 

were of a familiar person suggests that learning in the animal’s lifetime plays a role in 

facial expression differentiation.  

In order to determine if the second or third theory is more applicable to the ability 

of horses to discriminate facial expressions of emotion, more research is needed. 

Specifically, it may be helpful to examine horses with very little interaction with humans 

(such as feral horses) in comparison to those used to humans in order to determine if the 

ability to distinguish neutral human facial expressions from facial expressions of emotion 

is innate or learned.  

5.3 Implication of the finding 

This finding that the horse may have the ability to discriminate neutral human facial 

expressions from facial expressions of emotion has implications for the understanding of 

the psychology capabilities of horses as well as practical use for horse professionals. 

Increased awareness of the horses cognitive abilities add to our understanding of equine 

cognition. As Hanggi (2015) argues if the cognitive abilities of the horse are not properly 

understood, either through under or overestimation, treatment of the horse may also be 

inappropriate. Therefore increased understanding of a horse’s ability to learn contributes 

to the horse’s welfare.  

However, despite the evidence of an ability to differentiate neutral facial 

expressions and facial expressions of emotion, the lack of high sensitivity to human facial 

expressions demonstrated by our data (see chapter 5.1) seems to indicate that horses 
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likely use other sources in acquiring emotional information from humans. Possible 

sources of this information could be body language, such as posture and movement 

patterns, or the tone of voice used by the handler. Further research is needed to ascertain 

this.  

5.4 Possible sources of error 
Despite efforts made to limit possible sources of error in this experiment there still do 

exist possible sources of error. The main possible source of error in this experiment is 

that of accidental experimenter influence. Though the use of the wall does greatly limit 

the possibility that the experimenter unintentionally influenced the subjects, there was 

direct interaction between the experimenter and subject between trials, which may have 

allowed for a degree of influence on the subject. In addition, though the photos were 

cleaned between each trial it is possible that smells lingered on the photos, skewing the 

results. In addition, a six-day pause, necessary due to inclement weather, could have an 

effect on the horse´s progress, likely hampering their learning. However, only one horse 

demonstrated a significant difference between accuracy rates before and after the break, 

and she showed a significantly higher accuracy rate. Despite this, it is impossible to know 

if this has any connection to the break itself, or was simply a coincidence.  

5.5 Limitations of the study 

Pictures of the primary rider and trainer were used in this study due to the finding of 

Marcola et al (2013) that the expressions of familiar people were easier to distinguish in 

an experiment conducted on dogs. However, the limitation of the stimuli to only the 

horse´s primary rider and trainer limits the study’s generalizability. It is unknown 

therefore whether this ability would extend to unfamiliar people and expressions or if this 

likely ability to discriminate between expressions would lend itself to an ability to 

categorize faces by expression, an ability shown by dogs (Müller et al, 2015). 

 In addition, the small number of subjects could be argued to limit the 

generalizability of the finding. However, as is often argued in such animal cognitive 

research, finding the ability in one horse in each group suggests that the ability is present 

in horses in general due to the large improbability of finding the only two horses able to 
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learn the task (Pepperberg & Brezinsky, 1991; Hanggi, 1999). The size of the study, 

however does limit our ability to examine the effect of variables such as gender and age.  

5.6 Suggestions for further research 

Even though this study suggests that horses may have the ability to distinguish neutral 

and expressive facial expressions of emotion further research is needed to fully 

investigate the limitations, generalizability and implication of this ability.  

One way this research could be furthered is through its performance with more 

subjects, in order to either further support or refute this finding with stronger statistical 

backing than is possible with only two horses having learned the discrimination task.  

In addition, further experiments could investigate the mechanism by which horses 

discriminate human facial expressions. Specifically, experiments could be conducted to 

investigate whether horses rely on local cues, innate ability or learned experience. 

Experiments similar to those conducted by Müller et al (2015) in their experiment on 

dogs ability to distinguish human facial expressions of emotion, could demonstrate or 

refute the possibility that horses rely on simple local cues.  In order to investigate whether 

the ability is innate or learned, a further experiment could examine the response of young, 

or feral horses with little exposure to humans in comparison to horses with frequent 

human contact.  

Furthermore, the emphasis on pictures of static expressions relies on detail-

oriented vision. This is biased toward the high visual acuity human visual system, and 

may be unsuited to the movement sensitive (Ver Hoeve et al, 1999), low visual acuity 

(Timney & Keil 1992) visual perception of the horse. More significant results may be 

obtained with stimuli more suited to the visual system of the horse, such as videos of 

movement and expressions of people exhibiting varying emotions.  

Additionally, this research suggests that other sources of emotional information 

apart from facial expressions are likely more important to the horse. Thus it would be 

prudent to examine the ability of horses to discriminate differences in other possible 

emotional cues, for example tone of voice or body language.  

  



 28 

 

6 Conclusion 
In both groups of two horses, one horse was able to distinguish between neutral human 

facial expressions and facial expressions of emotion at a rate significantly above chance. 

The result of this study therefore suggests that horses may have the ability to distinguish 

between neutral human facial expressions and facial expressions of emotion, both happy 

and angry. A finding that even one horse operates significantly above chance indicates it 

is within the capacity of the species. However both the low number of horses operating 

above significance, as well as the time taken, shows that this distinction is not obvious to 

the horse and is thus not likely to be used in daily life and interactions with humans. 

More research should be done with a higher sample size in order to either support or 

refute this finding. However, if the suggested result of this study holds, it lends itself to 

further research into not only the possible mechanisms of this discrimination ability, but 

also into its generalizability to people beyond the primary trainer. Further research may 

also investigate other sources of information concerning the emotional state of humans 

that may be more obvious to the horse. Research of this ability specifically, and cross 

species communication in general, allows us to further understand equine cognition.    
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Appendix A: Results from last five days of testing for each 

horse from which data was drawn for analysis 

Happy Face Group 

Þeyr 

Day 17 

Trial # Left Side Right Side Correct? 

Trial 1 Happy 2 Neutral 2 Yes 

Trial 2 Happy 1 Neutral 2 No 

Trial 3 Happy 1 Neutral 2 Yes 

Trial 4 Neutral 2 Happy 1 Yes 

Trial 5 Neutral 1 Happy 2 No 

Trial 6 Happy 2 Neutral 1 No 

Trial 7 Neutral 1 Happy 1 No 

Trial 8 Happy 1 Neutral 1 Yes 

Trial 9 Happy 2 Neutral 1 No 

Trial 10 Neutral 1 Happy 1 Yes 

Trial 11 Happy 2 Neutral 1 Yes 

Trial 12 Neutral 1 Happy 1 Yes 

Trial 13 Neutral 2 Happy 1 Yes 

Trial 14 Happy 1 Neutral 1 No 

Trial 15 Happy 1 Neutral 1 No 

Trial 16 Happy 2 Neutral 2 Yes 

Trial 17 Neutral 2 Happy 2 No 

Trial 18 Neutral 2 Happy 1 Yes  

Trial 19 Neutral 1 Happy 2 Yes 

Trial 20 Neutral 2 Happy 2 Yes 

 

Day 18 
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Trial # Left Side Right Side Correct? 

Trial 1 Happy 1 Neutral 1 No 

Trial 2 Happy 1 Neutral 2 No 

Trial 3 Happy 2 Neutral 2 Yes 

Trial 4 Neutral 1 Happy 2 Yes 

Trial 5 Neutral 2 Happy 2 Yes 

Trial 6 Neutral 1 Happy 1 Yes 

Trial 7 Neutral 2 Happy 2 Yes 

Trial 8 Happy 2 Neutral 1 Yes 

Trial 9 Happy 1 Neutral 1 Yes  

Trial 10 Happy 1 Neutral 1 No 

Trial 11 Neutral 2 Happy 1 Yes 

Trial 12 Neutral 1 Happy 1 No 

Trial 13 Happy 1 Neutral 2 Yes 

Trial 14 Neutral 2 Happy 1 No 

Trial 15 Neutral 1 Happy 2 Yes  

Trial 16 Happy 2 Neutral 1 No 

Trial 17 Happy 2 Neutral 2 No 

Trial 18 Neutral 2 Happy 1 No 

Trial 19 Neutral 1 Happy 1 No 

Trial 20 Happy 1 Neutral 1 Yes 

 

Day 19 

Trial # Left Side Right Side Correct? 

Trial 1 Happy 1 Neutral 2 No 

Trial 2 Happy 2 Neutral 1 No 

Trial 3 Neutral 1 Happy 1 No 

Trial 4 Neutral 2 Happy 1 No 

Trial 5 Neutral 2 Happy 2 Yes 

Trial 6 Neutral 1 Happy 1 No 
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Trial 7 Happy 2 Neutral 2 No 

Trial 8 Neutral 2 Happy 2 No 

Trial 9 Neutral 1 Happy 2 Yes 

Trial 10 Happy 1 Neutral 1 No 

Trial 11 Happy 1 Neutral 1 Yes 

Trial 12 Happy 1 Neutral 1 Yes 

Trial 13 Happy 2 Neutral 1 Yes 

Trial 14 Happy 2 Neutral 2 No 

Trial 15 Neutral 2 Happy 1 No 

Trial 16 Neutral 2 Happy 1 No 

Trial 17 Neutral 1 Happy 1 Yes 

Trial 18 Happy 2 Neutral 1 No  

Trial 19 Happy 1 Neutral 2 No 

Trial 20 Neutral 1 Happy 2 No 

 

Day 20 

Trial # Left Side Right Side Correct? 

Trial 1 Neutral 2 Happy 1 Yes 

Trial 2 Happy 2 Neutral 1 No 

Trial 3 Neutral 1 Happy 1 No 

Trial 4 Happy 1 Neutral 1 No 

Trial 5 Happy 2 Neutral 1 Yes 

Trial 6 Happy 2 Neutral 1 Yes 

Trial 7 Happy 1 Neutral 2 Yes 

Trial 8 Happy 2 Neutral 2 Yes 

Trial 9 Neutral 1 Happy 1 No 

Trial 10 Happy 1 Neutral 2 No 

Trial 11 Happy 1 Neutral 1 Yes 

Trial 12 Neutral 2 Happy 1 No 

Trial 13 Neutral 2 Happy 2 Yes 
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Trial 14 Happy 1 Neutral 1 No 

Trial 15 Neutral 2 Happy 1 Yes 

Trial 16 Neutral 1 Happy 2 Yes 

Trial 17 Neutral 1 Happy 2 No 

Trial 18 Neutral 2 Happy 2 Yes  

Trial 19 Happy 2 Neutral 2 No 

Trial 20 Neutral 1 Happy 1 Yes 

 

Day 21 

Trial # Left Side Right Side Correct? 

Trial 1 Happy 2 Neutral 2 No 

Trial 2 Happy 1 Neutral 2 No 

Trial 3 Neutral 2 Happy 1 No 

Trial 4 Neutral 2 Happy 1 Yes 

Trial 5 Neutral 1 Happy 2 Yes 

Trial 6 Happy 1 Neutral 1 No 

Trial 7 Happy 2 Neutral 1 No 

Trial 8 Neutral 2 Happy 2 Yes 

Trial 9 Happy 2 Neutral 1 No 

Trial 10 Happy 2 Neutral 1 No 

Trial 11 Neutral 2 Happy 1 Yes 

Trial 12 Neutral 1 Happy 1 Yes 

Trial 13 Happy 1 Neutral 2 No 

Trial 14 Happy 1 Neutral 1 Yes 

Trial 15 Happy 2 Neutral 2 Yes 

Trial 16 Happy 1 Neutral 1 Yes 

Trial 17 Neutral 1 Happy 1 No 

Trial 18 Neutral 2 Happy 2 No 

Trial 19 Neutral 1 Happy 2 Yes 

Trial 20 Neutral 1 Happy 1 Yes 
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Halla 

Day 18 

Trial # Left Side Right Side Correct? 

Trial 1 Neutral 1 Happy 1 Yes 

Trial 2 Happy 2 Neutral 2 Yes 

Trial 3 Happy 2 Neutral 1 No 

Trial 4 Neutral 1 Happy 2 No 

Trial 5 Neutral 2 Happy 1 Yes 

Trial 6 Neutral 1 Happy 1 Yes 

Trial 7 Happy 2 Neutral 1 No 

Trial 8 Happy 2 Neutral 1 Yes 

Trial 9 Neutral 1 Happy 2 No 

Trial 10 Happy 1 Neutral 1 Yes 

Trial 11 Neutral 2 Happy 1 Yes 

Trial 12 Neutral 2 Happy 2 Yes 

Trial 13 Happy 1 Neutral 2 Yes 

Trial 14 Neutral 1 Happy 1 Yes 

Trial 15 Happy 1 Neutral 2 Yes 

Trial 16 Happy 2 Neutral 2 No 

Trial 17 Neutral 2 Happy 1 Yes 

Trial 18 Happy 1 Neutral 1 No 

Trial 19 Happy 1 Neutral 1 Yes 

Trial 20 Neutral 2 Happy 2 No 

 

Day 19 

Trial # Left Side Right Side Correct? 

Trial 1 Neutral 1 Happy 1 No 

Trial 2 Happy 1 Neutral 1 Yes 
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Trial 3 Neutral 2 Happy 2 Yes 

Trial 4 Happy 2 Neutral 1 No 

Trial 5 Neutral 2 Happy 1 Yes 

Trial 6 Happy 2 Neutral 1 Yes 

Trial 7 Happy 2 Neutral 2 No 

Trial 8 Happy 2 Neutral 2 Yes 

Trial 9 Happy 1 Neutral 1 No 

Trial 10 Happy 2 Neutral 1 Yes 

Trial 11 Neutral 1 Happy 2 No 

Trial 12 Happy 1 Neutral 2 No 

Trial 13 Happy 1 Neutral 2 No 

Trial 14 Neutral 2 Happy 2 Yes 

Trial 15 Neutral 2 Happy 1 Yes 

Trial 16 Neutral 1 Happy 2 Yes 

Trial 17 Happy 1 Neutral 1 No 

Trial 18 Neutral 1 Happy 1 Yes  

Trial 19 Neutral 2 Happy 1 Yes 

Trial 20 Neutral 1 Happy 1 Yes 

 

Day 20 

Trial # Left Side Right Side Correct? 

Trial 1 Neutral 2 Happy 1 Yes 

Trial 2 Happy 1 Neutral 2 No 

Trial 3 Neutral 2 Happy 1 Yes 

Trial 4 Happy 2 Neutral 1 No 

Trial 5 Neutral 1 Happy 2 Yes 

Trial 6 Neutral 1 Happy 1 Yes 
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Trial 7 Neutral 1 Happy 2 Yes 

Trial 8 Happy 1 Neutral 1 No 

Trial 9 Happy 2 Neutral 2 No 

Trial 10 Neutral 2 Happy 1 Yes 

Trial 11 Neutral 1 Happy 1 Yes 

Trial 12 Happy 1 Neutral 1 No 

Trial 13 Happy 2 Neutral 2 No 

Trial 14 Happy 1 Neutral 1 Yes 

Trial 15 Happy 1 Neutral 2 No 

Trial 16 Neutral 2 Happy 2 Yes 

Trial 17 Neutral 1 Happy 1 Yes 

Trial 18 Neutral 2 Happy 2 Yes  

Trial 19 Happy 2 Neutral 1 Yes  

Trial 20 Happy 2 Neutral 1 No 

 

Day 21 

Trial # Left Side Right Side Correct? 

Trial 1 Neutral 2 Happy 2 Yes 

Trial 2 Happy 2 Neutral 2 No 

Trial 3 Neutral 1 Happy 2 Yes  

Trial 4 Neutral 2 Happy 2 Yes 

Trial 5 Happy 2 Neutral 1 No 

Trial 6 Neutral 1 Happy 1 Yes 

Trial 7 Happy 1 Neutral 1 No 

Trial 8 Neutral 2 Happy 1 No 

Trial 9 Happy 1 Neutral 2 No 

Trial 10 Neutral 2 Happy 1 Yes 

Trial 11 Happy 2 Neutral 2 Yes 

Trial 12 Happy 1 Neutral 1 Yes 

Trial 13 Neutral 2 Happy 1 No 
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Trial 14 Neutral 1 Happy 1 No 

Trial 15 Happy 1 Neutral 1 Yes 

Trial 16 Neutral 1 Happy 1 Yes 

Trial 17 Happy 2 Neutral 1 Yes 

Trial 18 Happy 2 Neutral 1 Yes  

Trial 19 Neutral 1 Happy 2 Yes 

Trial 20 Happy 1 Neutral 2 Yes 

 

Angry Face Group 

Lipurtá  

Day 18 

Trial # Left Side Right Side Correct? 

Trial 1 Angry 2 Neutral 2 No 

Trial 2 Neutral 2 Angry 2 No 

Trial 3 Neutral 1 Angry 2 No 

Trial 4 Angry 2 Neutral 2 Yes 

Trial 5 Angry 1 Neutral 1 Yes 

Trial 6 Neutral 2 Angry 1 Yes 

Trial 7 Angry 2 Neutral 1 No 

Trial 8 Neutral 1 Angry 1 No 

Trial 9 Neutral 2 Angry 2 Yes 

Trial 10 Neutral 2 Angry 1 Yes 

Trial 11 Angry 1 Neutral 1 Yes 

Trial 12 Angry 2 Neutral 1 No 

Trial 13 Angry 1 Neutral 2 No 

Trial 14 Angry 1 Neutral 2 Yes 

Trial 15 Angry 2 Neutral 2 Yes 

Trial 16 Angry 1 Neutral 1 Yes 

Trial 17 Neutral 1 Angry 1 No 
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Trial 18 Neutral 1 Angry 2 Yes  

Trial 19 Neutral 1 Angry 1 Yes 

Trial 20 Neutral 2 Angry 1 No 

 

 

Day 19 

Trial # Left Side Right Side Correct? 

Trial 1 Angry 1 Neutral 1 Yes 

Trial 2 Neutral 1 Angry 1 Yes 

Trial 3 Angry 2 Neutral 2 No 

Trial 4 Angry 1 Neutral 2 No 

Trial 5 Neutral 2 Angry 1 Yes 

Trial 6 Neutral 1 Angry 2 Yes 

Trial 7 Angry 1 Neutral 1 No 

Trial 8 Angry 2 Neutral 1 Yes 

Trial 9 Angry 2 Neutral 2 No 

Trial 10 Neutral 1 Angry 1 Yes 

Trial 11 Angry 2 Neutral 1 No 

Trial 12 Angry 1 Neutral 1 No 

Trial 13 Neutral 2 Angry 1 Yes 

Trial 14 Neutral 2 Angry 1 Yes 

Trial 15 Angry 1 Neutral 2 No 

Trial 16 Angry 2 Neutral 1 No 

Trial 17 Neutral 2 Angry 2 Yes 

Trial 18 Neutral 2 Angry 2 No 

Trial 19 Neutral 1 Angry 1 No 

Trial 20 Neutral 1 Angry 2 No 

 

Day 20 

Trial # Left Side Right Side Correct? 
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Trial 1 Angry 2 Neutral 1 Yes 

Trial 2 Neutral 1 Angry 1 Yes 

Trial 3 Angry 2 Neutral 1 Yes 

Trial 4 Angry 1 Neutral 2 Yes 

Trial 5 Neutral 2 Angry 2 No 

Trial 6 Neutral 2 Angry 1 No 

Trial 7 Neutral 1 Angry 2 Yes 

Trial 8 Angry 2 Neutral 2 No 

Trial 9 Neutral 1 Angry 1 No 

Trial 10 Angry 2 Neutral 2 No 

Trial 11 Angry 1 Neutral 1 No 

Trial 12 Neutral 1 Angry 1 No 

Trial 13 Angry 1 Neutral 1 Yes 

Trial 14 Angry 2 Neutral 1 Yes 

Trial 15 Neutral 2 Angry 2 No 

Trial 16 Neutral 2 Angry 1 Yes 

Trial 17 Angry 1 Neutral 1 Yes 

Trial 18 Neutral 1 Angry 2 No  

Trial 19 Angry 1 Neutral 2 No 

Trial 20 Neutral 2 Angry 1 No 

 

Day 21 

Trial # Left Side Right Side Correct? 

Trial 1 Angry 1 Neutral 2 Yes 

Trial 2 Neutral 1 Angry 1 No 

Trial 3 Neutral 2 Angry 1 Yes 

Trial 4 Neutral 1 Angry 1 Yes 

Trial 5 Angry 1 Neutral 1 Yes 

Trial 6 Neutral 1 Angry 2 Yes 
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Trial 7 Neutral 2 Angry 1  Yes 

Trial 8 Neutral 1 Angry 2 Yes 

Trial 9 Angry 2 Neutral 2 No 

Trial 10 Neutral 2 Angry 1 No 

Trial 11 Angry 1 Neutral 1 No 

Trial 12 Neutral 2 Angry 2 No 

Trial 13 Angry 2 Neutral 1 No 

Trial 14 Angry 2 Neutral 1 Yes 

Trial 15 Angry 1 Neutral 2 Yes 

Trial 16 Neutral 1 Angry 1 Yes 

Trial 17 Neutral 2 Angry 2 No 

Trial 18 Angry 1 Neutral 1 Yes  

Trial 19 Angry 2 Neutral 1 No 

Trial 20 Angry 2 Neutral 2 Yes 

 

Spói 

Day 2 

Trial # Left Side Right Side Correct? 

Trial 1 Angry 2 Neutral 1 Yes 

Trial 2 Neutral 1 Angry 2 No 

Trial 3 Neutral 1 Angry 2 No 

Trial 4 Neutral 2 Angry 1 No 

Trial 5 Neutral 2 Angry 2 Yes 

Trial 6 Neutral 2 Angry 1 No 

Trial 7 Neutral 1 Angry 1  No 

Trial 8 Angry 1 Neutral 2 Yes 

Trial 9 Angry 2 Neutral 2 Yes 

Trial 10 Angry 2 Neutral 2 No 

Trial 11 Neutral 1 Angry 1 No 
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Trial 12 Angry 2 Neutral 1 Yes 

Trial 13 Neutral 2 Angry 2 No 

Trial 14 Angry 1 Neutral 1 No 

Trial 15 Angry 1 Neutral 1 Yes 

Trial 16 Neutral 2 Angry 1 No 

Trial 17 Angry 1 Neutral 1 Yes 

Trial 18 Angry 2 Neutral 2 Yes  

Trial 19 Angry 1 Neutral 2 Yes 

Trial 20 Neutral 2 Angry 2 No 

 

Day 3 

Trial # Left Side Right Side Correct? 

Trial 1 Angry 1 Neutral 1 No 

Trial 2 Neutral 1 Angry 2 Yes 

Trial 3 Angry 1 Neutral 2 No 

Trial 4 Neutral 1 Angry 2 Yes 

Trial 5 Neutral 2 Angry 1 Yes 

Trial 6 Angry 2 Neutral 2 Yes 

Trial 7 Neutral 2 Angry 2  Yes 

Trial 8 Angry 2 Neutral 1 No 

Trial 9 Angry 1 Neutral 1 No 

Trial 10 Neutral 2 Angry 1 Yes 

Trial 11 Neutral 1 Angry 2 Yes 

Trial 12 Angry 1 Neutral 1 No 

Trial 13 Neutral 2 Angry 2 Yes  

Trial 14 Angry 1 Neutral 2 Yes  

Trial 15 Neutral 1 Angry 1 Yes 

Trial 16 Neutral 1 Angry 1 Yes 

Trial 17 Neutral 1 Angry 1 Yes 

Trial 18 Angry 2 Neutral 1 No 
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Trial 19 Angry 1 Neutral 2 Yes 

Trial 20 Angry 2 Neutral 2 No 

 

Day 4 

Trial # Left Side Right Side Correct? 

Trial 1 Neutral 2 Angry 2 Yes 

Trial 2 Neutral 1 Angry 1 Yes 

Trial 3 Angry 1 Neutral 1 Yes 

Trial 4 Neutral 1 Angry 2 Yes 

Trial 5 Neutral 1 Angry 2 Yes 

Trial 6 Neutral 1 Angry 1 Yes 

Trial 7 Neutral 2 Angry 2 Yes 

Trial 8 Angry 2 Neutral 2 No 

Trial 9 Angry 1 Neutral 2 Yes 

Trial 10 Neutral 2 Angry 1 No 

Trial 11 Angry 1 Neutral 2 Yes 

Trial 12 Angry 1 Neutral 1 Yes 

Trial 13 Angry 1 Neutral 2 Yes 

Trial 14 Neutral 1 Angry 1 Yes 

Trial 15 Angry 2 Neutral 2 Yes 

Trial 16 Neutral 1 Angry 2 No 

Trial 17 Angry 2 Neutral 1 Yes 

Trial 18 Angry 1 Neutral 1 Yes  

Trial 19 Neutral 2 Angry 1 Yes 

Trial 20 Angry 2 Neutral 1 No 

 

Day 5 

Trial # Left Side Right Side Correct? 

Trial 1 Angry 2 Neutral 2 Yes 

Trial 2 Angry 1 Neutral 1 Yes 
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Trial 3 Neutral 2 Angry 1 No 

Trial 4 Neutral 2 Angry 2 Yes 

Trial 5 Angry 1 Neutral 1 Yes 

Trial 6 Angry 1 Neutral 2 Yes 

Trial 7 Angry 1 Neutral 1  Yes 

Trial 8 Angry 1 Neutral 2 Yes 

Trial 9 Neutral 2 Angry 1 Yes 

Trial 10 Angry 2 Neutral 2 Yes 

Trial 11 Neutral 1 Angry 2 No 

Trial 12 Neutral 1 Angry 1 Yes 

Trial 13 Angry 2 Neutral 1 Yes 

Trial 14 Neutral 1 Angry 2 No 

Trial 15 Neutral 1 Angry 2 Yes 

Trial 16 Angry 1 Neutral 2 Yes 

Trial 17 Neutral 2 Angry 2 Yes 

Trial 18 Neutral 1 Angry 1 Yes  

Trial 19 Neutral 1 Angry 1 Yes 

Trial 20 Angry 2 Neutral 1 Yes 

 

Day 6 

Trial # Left Side Right Side Correct? 

Trial 1 Angry 2 Neutral 2 Yes 

Trial 2 Angry 1 Neutral 2 Yes 

Trial 3 Neutral 1 Angry 1 Yes 

Trial 4 Neutral 1 Angry 1 Yes 

Trial 5 Neutral 1 Angry 2 Yes 

Trial 6 Neutral 1 Angry 1 Yes 

Trial 7 Angry 1 Neutral 2  Yes 

Trial 8 Angry 2 Neutral 2 Yes 

Trial 9 Angry 1 Neutral 1 No 
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Trial 10 Neutral 2 Angry 1 Yes 

Trial 11 Neutral 2 Angry 1 Yes 

Trial 12 Neutral 2 Angry 2 Yes 

Trial 13 Angry 1 Neutral 1 Yes 

Trial 14 Angry 2 Neutral 1 Yes 

Trial 15 Angry 2 Neutral 1 Yes 

Trial 16 Neutral 1 Angry 2 Yes 

Trial 17 Angry 1 Neutral 1 Yes 

Trial 18 Angry 1 Neutral 2 Yes  

Trial 19 Neutral 1 Angry 2 Yes 

Trial 20 Neutral 2 Angry 2 Yes 

 

 


