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Inhibitory control

• Inhibitory Control = a core executive function -

controlling automatic behavioural urges.

• In humans, it is thought of as our ability to think 

before we react- pausing, and using attention and 

reasoning to respond appropriately

• A relatively difficult task, but we rely on the 

horse’s ability to do this



Consistent, reliable responses, even in 
challenging situations



How does physiological arousal (e.g. stress) 
affect a horse’s ability to do this?



Arousal and learning

• Arousal can have a positive or negative 

effect on learning.

• Too much arousal = too 

excited/stressed/frightened/frustrated 

to learn

• Too little arousal = too 

relaxed/bored/drowsy/unmotivated to 

learn
Yerkes and Dodson (1908)



Arousal and learning

Yerkes and Dodson (1908)



Arousal and learning



Stop-Signal  Task

• Stop-Signal cognitive task to test inhibitory 
control

• A conditioned response is rewarded unless 
a specified ‘Stop’ signal is given

• Can the animal inhibit (stop performing) 
the conditioned action when the Stop 
Signal is given?



Stop-Signal Task for Horses

• 20 Horses from Nottingham Trent University
• Mixed breeds, sex (13 male, 7 female), age 

(11–22 years, mean=16 ± 3) and 
backgrounds

• Horses were managed in social housing, as 
per their usual routines. Horses were 
turned out to pasture overnight and stabled 
during the day

• Horses had ad libitum access to forage and 
water. Concentrate feed was given 
according to age and workload. 



Stop-Signal Task for Horses

1. Horses were conditioned to touch a target 
(A3 laminated black or white target, 
pseudo-randomised and counterbalanced 
across sample) for a food reward

2. A Stop signal was introduced (a cyclists’ 
headlight). Light OFF = Go. Light ON = Stop.

3. A trial started when the target was 
presented.

4. 28 Go trials (Light OFF) and 12 Stop trials 
(Light ON) per session, in randomised order.

Light OFF = Go
Light ON = Stop



Physiological arousal 

• How does physiological arousal (e.g. stress) affect a 
horse’s inhibitory control performance?

• Physiological measures:
• Heart rate variability (arousal, ‘stress’)
• Infrared thermography of eye temperature (arousal, valence)
• Spontaneous eye blink rate (attention, striatal dopamine 

activity)
• Blink rate variability (pattern of blinking associated with 

learning?)



Predictors of performance

Is arousal/stress 
associated with inhibitory 
control ability in horses?

i.e. are there certain 
physiological predictors of 

performance?



The Experiment

• 20 horses
• Baseline session (undisturbed in stable for 

30 mins)
• 3 sessions of Stop-Signal task
• ECG continuously collecting heart rate data
• Eye temperature taken immediately before 

and after each session
• Blink rate measured continuously



Data collection timeline



Unfortunately, things didn’t go to plan…

• Errors of emission = touching target 

when the light was on (Stop trials)

• Horses were not waiting for the light 

to switch off before touching the 

target

• This seemed to be getting worse 

each session

• Why? Session
1
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Possible explanations

1. The task is too difficult for horses

2. Horses can do this task, but they need additional help/ 

more sessions to learn

3. Horses can do this task, but they are not motivated to 

do so because there is no cost for making errors



An opportunistic study

• Three more sessions, with the addition of cost for making 

errors

• Error of emission (touching target during Stop trials) = 10 

seconds time-out

• In time-out, the target was removed and the game paused

• Cost for making errors is loss of opportunity for reward 

(Negative punishment)

Cost Benefit



Predicted responses

What would we expect to see, if:

1. The task is too difficult for horses

2. Horses can do this task, but they need additional help/ 

more sessions to learn

3. Horses can do this task, but they are not motivated to 

do so because there is no cost for making errors



Prediction A (blue line)

• The Stop-Signal task is too difficult for 

horses, because they do not have good 

inhibitory control, or because the task 

itself was not well-designed

• Errors would remain high even after the 

introduction of time-out cost

A

B
C



Prediction B (green line)

• The Stop-Signal task is challenging, but 

the extra sessions and/or addition of 

cost helps horses learn

• Errors would gradually decrease over the 

course of sessions 4, 5 and 6 as 

experiences are cached and 

understanding improves

A

B
C



Prediction C (orange line)

• Horses understand the Stop-Signal task, 

but (consciously or unconsciously) 

choose a strategy of indiscriminate 

responding when there is no cost for 

errors

• Errors decrease immediately and 

significantly when cost is introduced

A

B
C



https://www.youtube.com/watch?v=-02_60uHbco

"GO" signal.
Horse is rewarded (+R) for touching 

target

“Stop" signal.
Horse is punished (-P) for touching 

target

https://www.youtube.com/watch?v=-02_60uHbco


Results

Immediate and significant 
(p<0.0005) reduction in 

errors when cost was added

Consistent with prediction C



Prediction C (orange line)

• Horses understand the Stop-Signal task, 

but (consciously or unconsciously) 

choose a strategy of indiscriminate 

responding when there is no cost for 

errors

• Errors decrease immediately and 

significantly when cost is introduced

A

B
C



DA

Reward Prediction Error 
Dopamine peaks when 
reward is better than 

expected (positive error)







HABITUAL 
BEHAVIOUR



DA
Reward Prediction Error 
Dopamine trough when 

reward is worse than 
expected (negative error)

Schultz, W., 2016. Dopamine reward prediction error coding. Dialogues in clinical neuroscience, 18(1), pp.23-32.





EXPLORATIVE 
BEHAVIOUR

Flexible Approach



HABITUAL 
BEHAVIOUR

Inflexible Approach



Prospection



Why is this surprising?

• First evidence consistent with model-based 

learning in horses

• Humans use prefrontal cortex (PfC) for model-

based learning, but the equine PfC is thought to be 

underdeveloped

• Suggests that horses may have higher level 

cognitive abilities than we previously thought



What about our original experiment?

Physiological measures:
• Heart rate variability (arousal, ‘stress’)
• Infrared thermography of eye temperature (arousal, 

valence)
• Spontaneous eye blink rate (attention, striatal 

dopamine activity)
• Blink rate variability (pattern of blinking associated 

with learning?)

Is arousal/stress 
associated with inhibitory 
control ability in horses?

i.e. are there certain 
physiological predictors 

of performance?



Physiological measures



Heart rate variability

• Horses with higher baseline HRV (lower arousal) 

performed better (p<0.0001)

• Horses with lower HRV (higher arousal) during the 

Stop-Signal task performed better (p<0.02)

• In challenging tasks, some physiological arousal is 

needed, but day-to-day stress should be avoided



Spontaneous eye blink rate

• Higher baseline blink rate predicted better 

performance

• Unclear whether this relates to tonic striatal 

dopamine 

• Associated with better learners generally?



What do these results mean?

• It’s possible to use physiological measures to 

predict inhibitory control performance in horses

• Further evidence that maintaining low stress day-

to-day is better for horse performance and welfare

• Interesting interaction between arousal and 

learning in horses



Cost vs No Cost for errors

• Did the addition of cost at session 4 affect 

physiological responses to the task?

• Frustration? Disappointment?



Cost vs No Cost for errors

• We didn’t measure facial expression, but we do have 

data on HRV, eye temperature and blink rate

• HRV decreases during periods of frustration, due to 

increased psychological ‘stress’

• Blink rate increases during frustration in humans 

(Ramachandran et al., 2017)

• Right eye temperature may increase due to negative 

valence- frustration is a negative emotion



Heart rate variability

• HRV was significantly higher (p<0.005) when 

cost was added (sessions 4-6) than when there 

was no cost (sessions 1-3)

• Higher HRV indicates lower arousal/stress

• Horses were more ‘relaxed’ when there was a 

punishment for making errors

**



Eye temperature

• No significant difference in eye temperature 

changes between sessions with cost and 

sessions with no cost for errors (p=0.26)

• This was the same for left and right eye

• No apparent effect of punisher on stress or 

valence (positive or negative affect)



Blink rate

• Blink rate was not significantly different in 

sessions where cost was added, compared 

to sessions with no cost (p=0.22)

• However, blink rate variability was 

significantly higher during sessions where 

cost was added (p<0.05)

*



What do these results mean?

• No evidence of frustration due to the 

addition of negative punishment (time-out) 

as a cost for making errors of emission

• Switch to discriminate responding strategy 

not linked to frustration

• Further support for model-based learning?



Conclusions

• We (eventually) were able to design a Sto-Signal task for 
horses to test inhibitory control

• Combination of positive reinforcement and negative 
punishment can be used effectively and without 
negatively impacting welfare

• No evidence of frustration

• Results are consistent with model-based learning in 
horses 
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This research would not have been possible without:



Thank you for listening 
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