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Summary 

The eye offers a window into our internal world of experience. For example, pupil dilations have 
been used to infer our experience of arousal. Moreover, the amount by which we spontaneously 
blink our eyes, also called the spontaneous eye blink rate (sEBR), has been used to infer aspects of 
reward processing. In my dissertation, I combine these two eye measures to investigate whether they 
provides us with an external view of internal learning and decision-making processes based on 
reward, also known as reinforcement learning (RL). 

The results in this thesis provide evidence that measurements of pupil size and sEBR can be used as 
external markers of RL processes. I applied model-based neuroscience techniques to pupil responses 
and sEBR, thereby focusing on different levels of analysis. Using these techniques, I demonstrate that 
both pupil responses and sEBR are sensitive to cognitive processes that underlie RL. Pupil responses 
reflected choice value beliefs and reward prediction errors within a trial as well as behavioural 
variability in RL performance across individuals. Furthermore, I show that sEBR reflects an 
individual’s explore-exploit tendency, a finding that may specify the often observed relation between 
sEBR and striatal DA levels. Lastly, I demonstrate that the combined analysis of pupil responses and 
sEBR may provide insight into the parallel roles of arousal and reward during Pavlovian reward 
learning and the detection of environmental change. Together, the results in this thesis suggest more 
synergistic roles of arousal and reward in impacting the pupil both during reinforcement learning. 
These findings could inspire future studies to investigate the brain areas that are involved in eliciting 
pupil responses and the observed cognitive processes during RL.


