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Keynote Speaker Abstracts 

 

Dr Rosalyn Moran (King's College London, Centre for Neuroimaging Science) 

Active Inference in Gaming Environments for Computational Psychiatry 

The normative rules by which brains make decisions, act and interact with their environments 
can be formally expressed by mathematical and computational principles. This supports 
neuroscience efforts, for example in neuroimaging, by providing detailed and latent descriptions 
of behaviour. It further supports the understanding of abnormal behaviour and its treatment e.g. 
in the context of psychiatric disorders. 

Under Active Inference (Friston 2009), a decision – such as that to move ones’ eyes - is driven 
by the imperative to minimise a bound on surprise known as the Free Energy. In the context of 
partially observable Markov decision processes (POMDPs), a model-based framework in which 
we can cast naturalistic decision-making tasks; the Free Energy of a policy (a sequence of 
actions) can be understood as a drive to both minimize cost (maximise the likelihood of achieving 
a goal) while maximising the information return from a given set of actions. This scheme has 
been used to model decision making in tasks such as ‘the urn task’ and also in reading. 

In my talk I will explain technical framework of Free Energy minimization in the context of brain 
connectivity. I will describe the use of online gaming environments (designed to test artificial 
intelligence algorithms) and present data from decision-making simulations. For example, how 
would ‘optimal’ brains play the game ‘Doom’ and compare agents trained under Active Inference 
to agents trained to maximise reward. Linking these simulations to putative neurobiological 
substrates I will describe the potential links from brain and neuroimaging to the underlying drives 
that influence decisions. I will focus on two results from our simulated agents that describe 
normative rules to understand aging and anhedonia. 

 

Dr Ryota Kanai (Founder and CEO of ARAYA Brain Imaging, external champion of Sussex's 

Leverhulme Doctoral Scholarship Programme) 

Information Generation as a Core Function of Consciousness 

The notion that consciousness is a natural phenomenon suggests that consciousness is subject 
to a set of yet to be uncovered laws of nature. However, conditions in which consciousness 
occurs remain elusive. Here, we review existing literature in psychology and neuroscience to 
discern possible functions of consciousness. Drawing upon empirical literature, we propose that 
a key function of consciousness might be the ability to internally generate sensory 
representations of events even when they are not happening at the present moment. Such 
counterfactual representations can be constructed by generative models that an agent learned 
through sensory-motor interactions with the environment. This ability endows an agent with a 
variety of cognitive functions related to consciousness such as intention, imagination, planning, 
short-term memory, attention, curiosity, and creativity, all of which contribute to behavioural 
flexibility and efficient learning. Using variational autoencoder (VAE) as an example, we illustrate 
how information generation and processing respectively corresponds to decoding and encoding, 
or data decompression and compression in artificial neural networks. In biological neural 
networks, information generation corresponds to top-down prediction, which is compatible with 
the common observation that feedback is more relevant for consciousness than feedforward 
processing. Taken together, the information generation theory provides new perspectives on the 
relationship between information and consciousness. 

 



Dr Katerina Fotopoulou (UCL, Research Department of Clinical, Educational and Health 
Psychology) 

Mentalising Homeostasis: The Social Origins of Interoceptive Active Inference 

According to recent, active inference models of self-awareness, interoception has a central role 
in our sense of self. In this interdisciplinary talk, I will defend the claim that even some of the 
most minimal aspects of selfhood, namely the feeling qualities associated with being an 
embodied subject, are fundamentally shaped by embodied, 2nd-person, interactions with other 
people in early infancy and beyond. Human infants cannot satisfy homeostatic imperatives 
themselves. Instead, interoceptive predictions are formed only on the basis of interactions with 
caregivers. Such embodied interactions allow the developing organism to ‘close the loop’ in 
interoceptive inference. In other words, caregiving interactions are not only keeping an infant 
alive but they are also the only way for an infant to build predictive mental models of its 
physiological states, i.e. make interoceptive inferences. To support these theoretical claims I will 
present a set of neuropsychological and neuroimaging studies with healthy individuals, 
neurological patients with right-hemisphere damage and patients with anorexia nervosa, showing 
how self-experiences that rely on epistemically private (interoceptive and proprioceptive) and 
exteroceptive signals can dissociate and their integration relies on proximal, embodied 
experiences of affective congruency that act as the ‘emotional glue’ of the senses. Without such 
integration, self-awareness is either dominated by egocentric, interoceptive priors (as in 
anosognosia for hemiplegia), or third-person judgements lacking in affective anchoring to the 
body (as in anorexia nervosa). 

 

Professor Andy Clark (University of Sussex, Department of Philosophy, Cognitive Philosophy) 

Bayesing Qualia: Consciousness as Inference, not Raw Datum 

The meta-problem of consciousness is the problem of explaining the set of behaviors and verbal 
reports that constitute the so-called ‘hard problem of consciousness’. In this talk, I present and 
defend a solution to the meta-problem, and tentatively suggest that it makes progress with the 
first-order hard problem too. The solution takes as its starting point recent work in cognitive and 
computational neuroscience that depicts the human brain as a complex, multi-layer prediction 
engine. Such a device is constantly striving to generate the sensory signal ‘from the top-down’ 
using stored probabilistic knowledge about the world. In so doing, it crunches together prior 
expectations and sensory information from many sources including the physiological state of the 
body, our own current states of ‘action-readiness’, and distal states of affairs. The detail of this 
mix (though not the result) is hidden from introspection. This opacity, I argue, explains much that 
seems puzzling about so-called ‘qualia’. I show, in addition, how it is that advanced agents of this 
stripe obtain a grip on counterfactual scenarios in which perceptual appearance and reality come 
apart. Perhaps we being fooled by a Cartesian demon, or are locked in the Matrix? Such agents 
are then led to represent some of their own highly certain mid-level sensory re-codings as deeply 
special – known with great certainty while not quite fixing how the world really is - becoming 
increasingly puzzled and opening the door to all the demons of the Cartesian mindset. 

 

 
 

 

 



Short Talk Abstracts 
 

Presenting Author: Lina Skora (University of Sussex, Sackler Centre for Consciousness 

Science, School of Psychology) 

Investigating subjective conscious experience as prediction of own responses 

Skora, Lina 1,2, Campbell-Meiklejohn, Daniel 2, Seth, Anil. K.1,3, & Scott, Ryan. B.1,2 

1. Sackler Centre for Consciousness Science, University of Sussex, Brighton, UK 
2. School of Psychology, University of Sussex, Brighton, UK 
3. School of Informatics, University of Sussex, Brighton, UK 

A growing body of work, rooted in the predictive processing framework, suggests that perception 
and sensory experience are heavily influenced by beliefs or predictions about the world. In this 
framework, conscious experience has been proposed to derive from the model that best 
suppresses the prediction error (Hohwy, 2016; Seth et al., 2016). Interestingly, the best 
prediction error-suppressing model can be construed as the model that is the most efficient at 
predicting the sensory consequence or response – be it visual, tactile, affective, or active – to a 
given stimulus (Clark, 2016). Here, we investigate this proposal, focusing on agents’ active, 
dynamic interactions with the environment. 
 
We tested the idea that an internal predictive model of cue-action contingency will shape 
conscious visual experience. In one experimental session, instrumental conditioning was used to 
build the predictive model of the associations between distinct cues and actions, whereby 
participants were rewarded for a correct response to a given cue, and punished for an incorrect 
one. Conditioning was immediately followed by a breaking continuous flash suppression (bCFS) 
task, measuring the speed of breakthrough into awareness, for each cue-action pairing 
(congruent, incongruent, no-action, unseen). 
 
In the analysis using mixed-effects modelling, we found that speed of access to consciousness in 
bCFS was unaffected by the correspondence between the action used to make the response and 
the cue it was conditioned on. As such, the predictive model of the congruent response did not 
speed up access to visual awareness, relative to the incongruent, competing model. Surprisingly, 
both produced longer breakthrough times than the unseen cue. This contribution helps to 
elucidate the minimal necessary conditions for action to influence conscious experience in a 
simple sense, whereby the prediction of mere response is insufficient to modulate it. We discuss 
the implications for the idea that action can facilitate experience as contingent on the agent’s 
interactions with the world within the context of predictive processing, and propose future 
directions. 
 
References 
 
Clark, A. (2016). Surfing uncertainty. Oxford, UK: Oxford University Press. 
Hohwy, J. (2013). The predictive mind. Oxford, UK: Oxford University Press. 
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O’Regan, J. K. (2016). Action-oriented understanding of consciousness and the structure of 
experience. The pragmatic turn: Toward action-oriented views in cognitive science (pp. 262-281). 
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Presenting Author: Reny Baykova (University of Sussex, Sussex Neuroscience, Department of 

Informatics) 

Influence of sensory precision on regression to the mean and context decoding in time 
perception 

Baykova, Reny 1, Roseboom, Warrick 1  

1. Department of Informatics, University of Sussex, Brighton, UK 

Bayesian models of perception propose that the extent to which perception is biased towards our prior 
expectations depends on the precision of the incoming sensory information – the more precise the 
sensory likelihood, the weaker the bias towards the prior. The precision of the sensory likelihood 
depends on the observer’s ability to accurately detect the presented stimulus. Therefore, observers 
with greater sensory precision should experience smaller bias towards the prior, than participants with 
lower sensory precision.  
 
The bias of perception towards a perceptual prior can be quantified in behaviour by regression to the 
mean effects, wherein behavioural reports are biased towards the mean of previously presented 
stimuli. Regression to the mean effects have been reported in many perceptual domains 
(Hollingworth, 2010), including time perception (also known as Vierordt’s law; Lejeune & Wearden, 
2009). This effect is range specific – the same duration will be underestimated if it is longer than the 
mean but overestimated if it is shorter than the mean stimulus (Jazayeri, & Shadlen, 2010). As for 
many aspects of Bayesian perceptual accounts, the neural bases of regression to the mean remain 
unclear. In this study, we sought to understand how regression to the mean effects interact with 
neural representations of duration magnitude.  
 
Participants complete a duration-reproduction task in which stimuli are drawn either from a range of 
short (340-626ms) or long durations (626-1152ms), in separate blocks. Regression to the mean is 
quantified as the difference in reproduction times of the stimulus present in both conditions – _626ms. 
Data simulated using a Bayesian ideal observer model (Acerbi, Wolpert & Vijayakumar, 2012) shows 
that the difference in duration reproduction is greater with high, compared to low, sensory precision 
(Mean difference = 57.42, SE = 8.00, BF = 2.47x1010), providing preliminary support for the 
hypothesis that sensory precision affects regression to the mean In addition, behavioural data 
collected to date successfully replicates the range effects reported previously – participants 
overestimate the duration of the 626ms stimulus when presented in the longer context and 
underestimate when presented in the shorter context.  
 
We are currently conducting a neuroimaging experiment to complement these behavioural findings, 
investigating whether sensory precision equally affects our (experimenter’s) ability to decode 
stimulus-context (short or long range) based on the EEG event-related responses to the same 
physical stimulus, 626ms. Previous research suggests that the same physical stimulus generates a 
different response depending on the variance of the underlying stimulus distribution (Garrido, Sahani, 
& Dolan, 2013). In the current experiment, participants with low sensory precision should exhibit 
stronger bias toward the prior and therefore perceive the same stimulus more differently under 
different stimulus distributions, which would allow us to decode context with higher accuracy (and 
vice-versa). Together, the results of these experiments will provide some of the first evidence 
explicitly linking classic behavioural and neural indices of Bayesian effects in perception, providing a 
deeper understanding of one of the most fundamental aspects of human perception and cognition. 

References 
Acerbi, L., Wolpert, D. M., & Vijayakumar, S. (2012). Internal representations of temporal statistics 
and feedback calibrate motor-sensory interval timing. PLoS computational biology, 8(11), e1002771.  
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Presenting Author: Alberto Mariola (University of Sussex, Sussex Neuroscience, Department 

of Informatics) 

Clear Evidence for Neurophysiological Signatures of Duration and Rhythm Prediction, but 
not across Sensory Modalities 

Mariola, Alberto 123, Baykova, Reny 123, Chang, Acer. Y.C.4, Seth, Anil. K. 123, & Roseboom, 
Warrick 12 

1. Department of Informatics, University of Sussex, Brighton, UK 
2. Sackler Centre for Consciousness Science, University of Sussex, Brighton, UK 
3. Sussex Neuroscience, School of Life Science, University of Sussex, Brighton, UK 
4. Department of Neuroinformatics, Araya, Tokyo, 105-0003, Japan 

The ability to predict the timing of events is fundamental for adaptive behaviour. An 
electrophysiological marker, known as (temporal) Mismatch Negativity, is often found in response 
to violations of expected temporal pattern in an event sequence (Chen, Huang, Luo, Peng & Liu, 
2010). A confounding factor in ‘temporal mismatch’ paradigms is that violations of expected 
interval in a sequence are typically accompanied by violations in feature or rhythmic pattern (e.g. 
Tse & Penney, 2006). Recently, Chang and colleagues (2017) disentangled duration and rhythm 
by presenting pairs of visual or auditory stimuli whose distance in time could be constant 
(rhythmic) or sampled from a random distribution (arrhythmic). Combining this novel behavioural 
paradigm with multivariate pattern analysis of EEG data revealed the well-known 
neurophysiological signatures of violations of rhythmic pattern, but additionally demonstrated 
evidence for violations specifically of duration prediction. Further, temporal generalisation 
analysis (King & Dehane, 2014), showed that signatures of duration prediction violation 
generalise across sensory modality. These results were based on only 15 participants, and 
reported only accuracy of decoder performance, which is understood to not accurately represent 
differences. To address these issues, we first re-analysed the data. Analysis of the original 
dataset using linear discriminant analysis confirmed that the brain seems to encode predictions 
about duration in the auditory modality, and that these generalize across rhythmic (arrhythmic) 
presentation. However, we found no evidence that these predictions generalized to the visual 
modality. These results raise questions about the more interesting conclusions of the original 
study. Consequently, we will now run an appropriately powered replication of the study to resolve 
the precise nature of the neurophysiological correlates of temporal prediction. 
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Presenting Author: Alexander Tschantz (University of Sussex, Sackler Centre for 

Consciousness Science) 

Implementing the Predictive Mind at Scale 

Tschantz, Alexander 1, Seth, Anil. K. 1, & Buckley, Christopher. L. 2 

1. Sackler Centre for Consciousness Science, University of Sussex, Brighton, UK 
2. Evoluntionary & Adaptive Systems Research Group, University of Sussex, Brighton, UK 
 

In recent years, converging theories from the brain sciences have come to view the brain as a 
“prediction machine”; a system whose functional purpose is to predict its incoming sensory data. 
This perspective has generated a wealth of empirical and theoretical insights into how humans 
perceive, learn and act in an uncertain world. 

One of the most influential accounts of the predictive brain is active inference, which prescribes a 
set of normative rules which brains should adhere to. However, up until now, computational 
models of active inference have been limited to low-dimensional and discrete environments, 
leaving open the question as to whether the theory scales to more realistic domains. 

In this talk, we develop and present a new process theory for active inference that scales to high-
dimensional (i.e. pixel-based) and continuous domains. The resulting model bears marked 
resemblance to a number of recent models in machine learning, and performs competitively with 
state-of-the-art reinforcement learning algorithms. 

We present data from our model in a number of simulated domains, illustrating hallmark 
behaviours that arise when active inference is applied at scale. We discuss the implications of 
these findings for machine learning, as well as for theories of conscious perception that 
emphasise sensorimotor interactions, affordances, and perceptual control.  

 

Presenting Author: Paloma Manguele (University of Sussex, School of Psychology) 

Intentional capture by salient intrusive thoughts 

Manguele, Paloma 1, Forster, Sophie 1 

1. School of Psychology, University of Sussex, Brighton, UK 
 
While daily life distractions may include both external stimuli and our own thoughts, previous 
research has overwhelmingly focused on external distraction. Recent research has implicated 
shared roles of frontal top-down control mechanisms in avoiding both external distraction and 
internal forms of distractions such as intrusive thoughts and mind wandering. Here we examined 
whether a form of distraction from salient internal stimuli (intrusive thoughts) also draws on the 
same ‘bottom up’ mechanisms implicated in external distraction. Specifically, we sought to 
investigate whether attentional capture by spontaneous intrusive thoughts involves recruitment of 
parietal regions implicated in capture by external stimuli. We further tested whether the likelihood 
of a particular intrusive thought capturing attention can be experimentally manipulated using a 
value-training paradigm that has previously been established to manipulate the salience of 
external stimuli. Participants first completed a value-training task, in which they were trained to 
associate faces with high and low rewards. They then attempted to suppress thoughts of the 
faces in the scanner during a sustained attention task. Participants reported significantly more 
thoughts of the high-value face versus the low-value face. Among the majority of those 
participants experiencing intrusive thoughts, FFA activation was observed in association with the 
thoughts at the single subject level. Hence, we demonstrate a stimulus specific neural signature 
of a spontaneous intrusive thought. Further analysis will focus on examining connectivity 
between this FFA seed region and regions expected to modulate saliency (the reward network 
and parietal saliency map.) 
 



Key words: internal distraction; salience; attentional capture; spontaneous thoughts; fMRI 
 

Presenting Author: George Deane (University of Edinburgh, School of Philosophy, Psychology 

and Language Sciences) 

Deane, George 1 

1. School of Philosophy, Psychology and Language Sciences, University of Edinburgh, UK 
 

Consciousness and the self in hierarchical active inference 

Here, I advance a preliminary sketch of the relationship between the self-model, consciousness, 
and emotion within an active inference framework. The relationship between consciousness and 
the self, while thought to be intimate, has remained elusive in philosophy and cognitive science. I 
argue that important clues can be gleaned through grounding the self in predictive or anticipatory 
modes of biological regulation, “allostasis”; instantiated by temporally deep and counterfactually 
rich models of the consequences of action in hierarchical active inference. To begin, is useful to 
reanimate James’ (1890) distinction between “I” and “Me”, that has been making a comeback in 
cognitive science, largely under the guise of “self-as-object’ and “self-as-subject” (Wozniak, 
2018). Wozniak (2018), argues that the “Me” or self-as-object reflects the phenomenology of 
selfhood and corresponds to what is known as the sense of self of phenomenal selfhood – the 
experience of being a self. The “I” or ‘self-as-subject’ by contrast arguably refers to subjectivity of 
consciousness itself, or the subject of experience. Predictive processing and the free energy 
principle seem amply equipped to deal with the ‘self-as-object’ as being the product of 
unconscious inference, and typically this has been the explanatory target in the literature. On this 
view, the sense of self arises due inferential self-modelling mechanisms arising from modelling 
expected the consequences of action (Friston, 2018). This is best cashed out in terms of 
hierarchical active inference, where inferences about the self on different timescales inform and 
constrain each other and function to inform actions, or sequences of actions (policies). Less 
clear, however, is how the self-as-object relates to consciousness and the self-as-subject, and 
indeed Wozniak (2018) argues that while predictive processing and the free energy principle can 
account for self-as-object, they encounter a ‘dead end’ in accounting for the self-as-subject. I 
argue this view is misguided, and that self-as-object in hierarchical active inference plays a 
critical role in shaping subjective experience. I argue that, when considering selfhood as 
fundamentally grounded in allostasis and interoception (the sense of bodily states) (Seth & 
Tsakiris, 2018), inferences about the state of the self-as-object on multiple interpenetrating layers 
‘colour’ subjectivity, inform the allocation of precision in the generative model, and direct 
engagement with the affordance landscape (the possibilities for action in the environment). In 
other words, the model of the self-as-object determines perceived content and affective content 
in experience – e.g. an organism that models itself as hungry will find the smell of food to be 
motivationally salient. Supplementing this account with hierarchically motivated control (Pezzulo 
et al. 2018) places emotion as interoceptive inference (context-dependent inference about bodily 
states) as a means of engaging the organism with affordances on different timescales, and 
enables organisms to effectively arbitrate and trade-off between multiple competing demands. 
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Poster Abstracts 
Presenting Author: Clémence Compain (PSL University, Laboratoire des systèmes perceptifs, 

Département d’études cognitives) 

Integration of sensory information during decision process could alter perception 

Compain, Clémence 1, Mamassian, Pascal 1 

1. Laboratoire des systèmes perceptifs, Département d’études cognitives, École normale supérieure, PSL 
University, CNRS, 75005 Paris, France 
 
The predictive coding theory, growing in popularity during the past decades, arises as an 
extension of the Bayesian observer theory, to explain perception in both the cognitive and 
neurophysiologic way. However previous studies measured the effect of expectations at the 
end of the decision process, after both the formation of the prediction and the integration of 
sensory information conveyed by the stimulus. In our study, we investigated whether the 
incorporation of sensory information during the formation of the decision alters the 
perception of the external stimulus. Participants had to respond on the location of a 
randomly timed stimulus, as fast as possible after a go signal, even if the stimulus was not 
yet presented on the screen. When the response is given before the appearance of the 
stimulus, or is in preparation before its appearance, the answer may not correspond to the 
stimulus, which is an incongruent situation, or may correspond to the stimulus, which is a 
congruent situation. The stimulus can be also taken into account for the response when it is 
used to make the final choice, or not taken into account when the stimulus is not used to 
make the decision. Afterwards, participants had to report if the stimulus that appeared was 
less or more contrasted than a comparison stimulus. We hypothesize that when the stimulus 
is not incongruent with the prepared response, the prediction error should be high. This over 
emphasis on the sensory evidence should lead to an overestimation of the stimulus contrast. 
Conversely, when the stimulus is congruent with the prepared response, the prediction error 
should be small, and lead to an underestimation of stimulus contrast. Furthermore, the 
biases should be increased when the stimulus is not taken into account for the response 
because the sudden appearance of sensory information should up-weight the prediction 
error. We fitted a particular accumulation of evidence model to the data, based on response 
time, appearance time of the stimulus, and correctness of trials, allowing us to predict which 
trials were congruent/incongruent and taken into account / not taken into account for the 
answer. We computed the psychometric functions of each category with the proportion of 
“more contrasted” responses, and the contrast level of the stimuli as the explanatory 
variable. We then extracted the point of subjective equality (PSE) that indicates the bias of 
the participant to report that the target is more or less contrasted than the new stimulus. We 
then compared the PSE in each category to the reference PSE (evaluation of the contrast 
without experimental manipulation). We found that the stimulus is perceived significantly as 
more contrasted in the congruent / not taken into account case compare to the congruent / 
taken into account case. This result supports our hypothesis that when the stimulus is not 
taken into account for the response, the sudden appearance of sensory information 
up-weights the prediction error. 
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Presenting Author: James Mulcahy (Brighton and Sussex Medical school, Psychiatry, 

Neuroscience) 

Interoceptive awareness mitigates deficits in emotional prosody recognition in Autism 

Mulachy, James, S. 1, 2, Davies, Matthew 2, Quadt, Lisa 1, 2, Critchley, Hugo. D. 1, 2, 3, 4 & Garfinkel, 
Sarah. N. 1, 2, 3, 4 
1. Psychiatry, Brighton and Sussex Medical School, Falmer, BN1 9RR, UK 
2. Neuroscience, Brighton and Sussex Medical School, BN1 9RR, UK  
3. Sackler Centre for Consciousness Science, University of Sussex, Falmer, BN1 9RR, UK 
4. Sussex Partnership NHS Foundation Trust, Brighton, BN2 3EW, UK 

 
The sensing of internal bodily signals, a process known as interoception, contributes to 
subjective emotional feeling states that can guide empathic understanding of the emotions of 
others. Individuals with Autism Spectrum Conditions (ASC) typically show an attenuated intuitive 
capacity to recognise and interpret other peoples’ emotional signals. Here we test directly if 
differences in interoceptive processing relate to the ability to perceive emotional signals from the 
intonation of speech (affective prosody) in ASC adults. We employed a novel prosody paradigm 
to compare emotional prosody recognition in ASC individuals and a group of neurotypical 
controls. Then, in a larger group of ASC individuals, we tested how recognition of affective 
prosody related to objective, subjective and metacognitive (awareness) psychological 
dimensions of interoception. ASC individuals showed reduced recognition of affective prosody 
compared to controls. Deficits in performance on the prosody task were mitigated by greater 
interoceptive awareness, so that ASC individuals were better able to judge the prosodic emotion 
if they had better insight into their own interoceptive abilities. This data links the ability to access 
interoceptive representations consciously to the recognition of emotional expression in others, 
suggesting a crossmodal target for interventions to enhance interpersonal skills. 
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Synaesthesia is most often associated with positive rather than negative outcomes. Recently 
however, several studies have noted links between synaesthesia and clinical conditions. 
Previously, we conducted the a large-scale screening of the general population in which we (a) 
objectively identified grapheme-colour synaesthetes and (b) elicited information about a range of 
health conditions. Our initial study screened 3742 people (95 synaesthetes and 3647 controls) 
and found that grapheme-colour was significantly comorbid with anxiety disorder and obsessive 
compulsive disorder (OCD). However, we realised a potential confound: by using the standard 
diagnostic of synaesthesia we likely elevated rates of OCD in synaesthetes. Specifically, non-
synaesthetes simply had to answer one question (Do you have coloured graphemes?) while self-
declared synaesthetes had to additionally perform a long, repetitive, attention-demanding test to 
objectively verify their self-reports of coloured graphemes. Finding that synaesthetes show higher 
traits of OCD in particular might therefore be because our test caused a higher drop-out rate for 
less compulsive synaesthetes. In a second study we therefore screened a 120 new synaesthetes 
and 166 non-synaesthetes, but this time tested both groups with the attention-demanding 
diagnostic for synaesthesia. We no longer found an effect of OCD but replicated our finding that 



grapheme-colour synaesthetes have higher rates of anxiety disorder than non-synaesthetes. We 
consider our co-morbidity finding within a mental health framework for synaesthesia. 
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People with synaesthesia experience unusual colours, tastes, and other sensations when 
engaged in everyday activities like reading or listening to music (see Simner & Hubbard, 2013). 
Synaesthetes show a number of cognitive differences (e.g., Simner & Bain, 2018) and some 
personality differences. Previous research into personality and synaesthesia has focused on 
adult populations and yielded mixed results. One particular challenge has been to distinguish 
traits associated with synaesthesia, from traits associated with the ways in which synaesthetes 
were recruited. In the current study we looked at the synaesthetic personality in childhood, and 
resolved prior sampling issues by screening the student bodies of 22 primary schools in the 
South East of England (n= 3387; children aged 6 to 11 years old). We screened children for two 
types of synaesthesia (grapheme-colour synaesthesia and sequence-personality synaesthesia) 
and tested their personalities using both child-report and parent-report measures. We found 
strong support for synaesthesia being associated with high Openness to experience, a 
personality trait linked to intelligence and creativity. Both synaesthesia subtypes showed this 
feature, supporting previous research in adults (Banissy et al., 2013; Chun & Hupé, 2016; Rouw 
& Scholte, 2016). We additionally found low Extraversion in grapheme-colour synaesthetes and 
high Conscientiousness in sequence-personality synaesthetes. We discuss our results with 
reference to earlier recruitment issues, and as to how perceptual differences such as 
synaesthesia might link to trait-differences in personality. 
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Research has established that possessing prior knowledge of visual stimuli facilitates their entry 
into awareness. However, different methods are used to manipulate priors. For example, prior 
expectations can be induced via cueing, perceptual priming, predictive context, or mental 
imagery. In the present study we adopted an individual differences approach to explore whether 
a tendency to ‘see the expected’ is general or method specific. We administered a binocular 
rivalry task with Gabor patches and manipulated expectations via selective attention (i.e. 
instructing participants to focus on a particular stimulus), predictive context (i.e. presenting a 
sequence that predicts the next stimulus), self-generated imagery (i.e. asking participants to 
visualise the stimulus), expectancy cues (i.e. instructing that a stimulus is probable), and 
perceptual priming (i.e. repeating a stimulus). All prior manipulation conditions lead to an 
increased tendency to see the biased percept in the binocular rivalry display. Correlations and an 
exploratory factor analysis revealed that the influence priors exert on visual awareness is closely 
related to attentional control. Furthermore, we investigated whether predictive processing biases 
can predict variability in the experience of everyday visual world. For example, could a tendency 
to ‘see the expected’ predict the ability to detect visual changes, distractibility, vividness of 
mental imagery, and the experience perceptual anomalies? Some prior manipulations were 
found to predict perceptual experiences and traits such as change detection in naturalistic 
scenes and perceptual anomalies. 
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Satiety (the feeling of being full) is crucial to appetite control. Traditionally, it was thought that 
satiety was controlled by a variety of physiological factors, however, more recently the 
importance of cognition has been recognised (Benelam, 2009). Perceptual load theory is a major 
framework of attention and cognition; it determines the conditions under which stimuli are 
attended and passed on for further processing (Lavie, 2005). Specifically, the theory predicts that 
stimuli can only be processed when perceptual capacity is available, and, therefore, perceptually 
demanding tasks can interrupt several aspects of cognition. The aim of this study was to test 
whether perceptual load also reduces awareness of and ability to respond to satiety (measured 
by energy compensation and self-reported ratings).  
 
Using a between-subjects design, one-hundred and twenty participants consumed either a low or 
high energy beverage, which was delivered via an intra-oral infusion device, while simultaneously 
completing a visual search task. Load was manipulated by increasing the set size: under low 
perceptual load, participants searched for a target (X or N) which was presented alongside small 
circular non-target letters whereas under high perceptual load five angular non-target letters were 
used. Participants were continuously engaged in the task during delivery of the preload beverage 



and for thirty minutes after consumption (the period when satiety would normally develop). Then, 
they completed visual analogue ratings of appetite, and were given a disguised snack intake test.  
 
Participants who consumed the beverage under low perceptual load showed typical 
compensatory intake behaviour: subsequent snack intake and rated appetite was reduced in 
response to consumption of the high energy compared to the low energy beverage. Under high 
perceptual load, there was no evidence of energy compensation. The results indicate that, 
despite the multitude of physiological signals triggered by a high energy beverage, participants 
could not detect them when engaged in a perceptually demanding task. This has definite 
implications for both theories of appetite control and attention. In addition, our findings could 
inform practical weight-management advice, particularly given the increasing prevalence of 
distracted eating (e.g. eating in front of the television) in our modern environment. 
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Zebrafish (Danio rerio) is a popular model animal in vision research. Both adults and larvae are 
tetrachromats with four cone photoreceptors sensitive to UV, blue, green and red. Our previous 
work showed how they use these four cones to build a rich internal representation of 
wavelengths with a good match to the spectral statistics of their natural visual world 
(Zimmermann et al., 2018). However, larval zebrafish also feature a pronounced hotspot of UV 
sensitive circuits in their ventro-temporal retina (“strike zone”) that is not predicted by the data 
from static natural scenes. Instead, this part of the retina is critical for visually guided prey 
capture behaviour of UV bright microorganisms, such as paramecia.  
 
Previous work on zebrafish prey capture demonstrated how this behaviour can be triggered by 
small, light moving spots on a dark background (Semmelhack et al., 2014). However, to what 
extent the stimulation of UV cones underlies in the detection of an individual paramecium 
remains untested. Moreover, a direct demonstration of paramecia’s appearance under water with 
illumination from the sun is lacking. Here, we present our ongoing efforts to establish the role of 
ventro-temporal UV sensitive circuits in the context of natural prey capture behaviour.  
 
In addition to prey capture, UV vision may also contribute to predator avoidance (Cronin and 
Bok, 2016). Short wavelength light like UV scatters strongly in the upper part of the water column 
creating a largely masked background for the UV channel. This background can be used to 
detect dark silhouettes such as approaching predators in the foreground. By combining 
behavioural experiments with natural imaging we also test if and how predator avoidance circuits 
use the light gathered in the UV band. 
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The cone photoreceptors in the outer layer of the retina have the task of encoding visual 
information and transmitting it across the first synapse of the visual pathway. Ultimately, this 
enables us to perceive features including contrast, luminosity and colour.  
 
How do ribbon synapses of cone photoreceptors recode the graded voltage signals generated in 
the outer segment for transmission to post-synaptic neurons? Using zebrafish, we are 
investigating how synaptic vesicles are used to encode luminance and contrast by imaging 
glutamate release in vivo.  
 
We focused on red-cones, as in zebrafish these are likely the most important for luminance 
vision. Using rapid (1 kHz) multiphoton recordings of iGluSnFR expressed in the dendrites of 
post-synaptic horizontal cells we optically isolate the output from individual cone synapses to 
detect light-driven glutamate release. A full field light stimulus (590 nm) was delivered to drive 
tonic vesicle release close to zero. Steps of 100% contrast (<100 ms) were applied to elicit 
single- and multi-vesicle release events. Histograms of event amplitudes displaying equally 
spaced peaks indicate the transients of different amplitudes are composed of multiples of a unit. 
These amplitude distributions allow us to quantise the amplitudes, and count the number of 
quanta per event (James et al., 2019)  
 
Preliminary data suggests that cones use multivesicular release to linearly encode 100% dark-
flashes of 10-20 ms duration. We observed saturation of multivesicular release at around 7 
quanta, and we recorded sustained vesicle release in response to dark flashes >50ms.  
 
Strikingly, the specific response amplitudes to a given stimulus duration were highly constant. 
This is in contrast to the synaptic output of downstream bipolar cells, where failures are more 
frequently recorded using the same stimulus protocol.  
 
Future work will focus on comparing information encoding of red cones to that of green, blue and 
UV cones, and across different positions in the eye. 
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