
MetaLab Masters projects 2019-2020 
 

1) Neural representations of awareness of stimulus absence 
 
Primary Supervisor: Dr Stephen Fleming 
Secondary Supervisor: Dr. Nadine Dijkstra  
 
The neuroscience of consciousness has focused on neural representations of stimulus 
presence – i.e. seeing vs. not seeing a stimulus (Dehaene & Changeux, 2011). However, an 
equally important aspect of perceptual awareness is being aware of the absence of a 
stimulus. Surprisingly, very little is known about how people infer stimulus absence. Based on 
recordings in non-human primates, we hypothesise that inferring the absence of a stimulus is 
an abstract, late-stage inference that depends on dorsolateral and anterior prefrontal cortex 
(Merten & Nieder, 2012; Miyamoto et al., 2018; Fleming, 2019). This project will involve 
collecting and analysing data in humans to test hypotheses about prefrontal contributions to 
inference on absence using MEG. 
 
Student requirements: 
- Interest in the neuroscience of perception and awareness 
- Prior experience with linear algebra is strongly preferred. 
- Prior experience with Matlab or any computer programming languages is strongly 
preferred. 
- Prior experience running human subjects is preferred but not required. 
- Will require safety and operational training for MEG. 
 
Suggested background reading: 
Merten K & Nieder A (2012) Active encoding of decisions about stimulus absence in primate 
prefrontal cortex neurons. Proceedings of the National Academy of Sciences 109:6289-6294. 
Miyamoto K, Setsuie R, Osada T & Miyashita Y (2018) Reversible silencing of frontopolar 
cortex selectively impairs metacognitive judgment on non-experience in primates. Neuron 
97:980-989. 
Dehaene S & Changeux JP (2011) Experimental and theoretical approaches to conscious 
processing. Neuron 70:220-227. 
Fleming (2019) Awareness reports as inference in a higher-order state space. arXiv 
https://arxiv.org/abs/1906.00728 
 
 

2) Investigating higher-order awareness states using probabilistic graphical models 
 
Primary Supervisor: Dr. Stephen Fleming 
 
Humans have the ability to report the contents of their subjective experience – we can say to 
each other, “I am aware of X”. However, the decision processes that support reports about 
mental contents remains poorly understood. This project builds on a recently developed 
computational framework – the higher-order state space (HOSS) model (Fleming, 2019) – to 
simulate awareness reports about perceptual content. This model suggests that internal 
states supporting awareness reports, unlike those covarying with perceptual contents, are 

https://arxiv.org/abs/1906.00728


simple and abstract, varying along a one-dimensional continuum from absent to present. A 
critical feature of this architecture is that it is both higher-order and asymmetric: there is a 
vast number of perceptual states nested under “present”, but a much smaller number of 
possible states nested under “absent”. This asymmetry may provide a natural account of 
observations of “global ignition” in brain imaging studies of awareness reports (Dehaene & 
Changeux, 2011). 
 
This project will use the HOSS framework as a starting point and extend it to conduct more 
detailed simulations of the behavioural and/or neuronal signatures we would expect for 
awareness reports, and seek to account for patterns in existing behavioural data (Rausch et 
al., 2018). This is a theoretical/computational project, but if the student progresses swiftly on 
the simulations, there may be an opportunity to test new predictions that arise using 
behavioural experiments. 
 
Student requirements: 
- Interest in the neuroscience of perception and awareness 
- A working knowledge of Matlab is required for this project 
- Students with a strong quantitative / computational background are preferred  
 
Suggested background reading: 
Fleming (2019) Awareness reports as inference in a higher-order state space. arXiv 
https://arxiv.org/abs/1906.00728 
King J-R & Dehaene S (2014) A model of subjective report and objective discrimination as 
categorical decisions in a vast representational space. Phil Trans R Soc B 369:20130204 
Dehaene S & Changeux JP (2011) Experimental and theoretical approaches to conscious 
processing. Neuron 70:220-227. 
Rausch M, Hellman S & Zehetleitner M (2018) Confidence in masked orientation judgments is 
informed by both evidence and visibility. Attention, Perception & Psychophysics, 80: 134-154. 

https://arxiv.org/abs/1906.00728
https://doi.org/10.1098/rstb.2013.0204

