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Abstract 

 
Over the course of my PhD I have investigated issues related to two main areas of research in 

cognitive science, Schizophrenia and Metacognition. My dissertation is divided in two parts: 

the first part includes three experimental studies (two studies in healthy subjects and one 

study in people with schizophrenia) and two theoretical studies addressing specific aspects of 

schizophrenia; the second part includes four theoretical studies addressing the role of 

metacognition in specific debates in the philosophy and the cognitive science of perception.  

 I have explored two symptomatic expressions of schizophrenia, thought insertion and 

experiences of activity, as well as a potential cognitive bias, namely the potential presence of 

perceptual persistence biases. With respect to metacognition, I have investigated ways in 

which consideration of the role of metacognitive feelings (the experiential output of 

metacognitive processes) could shed new light on important current debates in analytic 

philosophy and cognitive science. The issues I have focused on are: the problem of 

hallucinations, the debate about cognitive penetrability (i.e., whether or not higher-order 

cognitive states may influence perceptual processes/states), the perception of absences, and 

sensory substitution. 

 
Key-words: 
 
Thought insertion; experiences of activity; persistence biases in schizophrenia, metacognitive 

feelings; hallucinations; cognitive penetrability; absence perception; sensory substitution 
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Résumé 

 
Au cours de mon programme doctoral j’ai mené plusieurs recherches, à la fois conceptuelles 

et empiriques, se rapportant à deux champs d’investigation importants des sciences 

cognitives : la schizophrénie et la métacognition. Ma dissertation se divise en deux grandes 

parties. La première partie inclue trois études expérimentales (deux études menées sur des 

échantillons de sujets sains et une étude menée sur des individus atteints de schizophrénie) 

ainsi que deux études théoriques adressant des aspects spécifiques de la schizophrénie. La 

seconde partie présente quatre études théoriques portant sur l’apport de la métacognition dans 

certains débats vigoureux présents au sein de la philosophie analytique et des sciences 

cognitives.     

 En particulier, j’ai exploré deux symptômes de la schizophrénie –l’insertion de la 

pensée et les expériences d’activité– ainsi qu’un potentiel biais cognitif, à savoir, la présence 

de phénomènes aberrants de persistance perceptive. En ce qui concerne le thème de la 

métacognition, j’ai examiné la manière dont les sentiments métacognitifs (l’output 

phénoménologique des processus métacognitifs) pouvaient éclairer d’une nouvelle lumière 

certains débats importants de la philosophie et des sciences cognitives. Je me suis ainsi 

concentré tour à tour sur le problème des hallucinations ; sur le débat concernant la 

pénétrabilité cognitive (l’hypothèse que nos croyances peuvent influencer profondément nos 

expériences perceptives) ; sur la perception des absences et sur le cas de la substitution 

sensorielle.    

 
Mots-clefs : 
 
Insertion de pensée ; expériences d’activité ; biais de persistance dans la schizophrénie ; 

sentiments métacognitifs ; hallucinations ; pénétrabilité cognitive ; perception des absences ; 

substitution sensorielle 
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General Introduction 

 

SCHIZOPHRENIA: TWO RECENT NEUROCOGNITIVES APPROACHES 

 
Schizophrenia is a psychiatric disorder afflicting approximately 0.5-1.5% of the world’s adult 

population (Diagnostic and Statistical Manual of Mental Disorders, 4th edition, DSM-IV, 

1994). It is characterized by a set of symptomatic expressions (e.g., DSM-IV) and cognitive 

disturbances (Harvey & Sharma, 2002).  

The different symptoms of schizophrenia are mainly classified into positive and 

negative symptoms (DSM-IV, 1994). The first category is characterized by the abnormal 

presence of phenomena that are absent (or less present) in healthy people while the second 

category is characterized by the absence or by the impairment of normal functions. Here are 

some instances of positive symptoms: hallucinations (i.e., people have the compelling 

impression that they perceive things e.g., voices, that, however, have no external reality, 

Peyroux, Thibaut and Franck, 2013 for a review); delusions (people form beliefs that are 

inconsistent with the available evidence) including thought withdrawal (other people actively 

take thoughts out of the patient’s mind), delusions of influence (the patient’s actions are 

controlled by some external agency) and so on; disorganized speech (words are not linked 

together in a normal way, but are strung together based on e.g., free associations). Here are 

some instances of negative symptoms: flattened affect (patients show little emotional reaction 

to disturbing situations or images); reduced speech; avolition (i.e., lack of initiative). 

Among the different cognitive disruptions present in schizophrenia we may find: 

attentional deficits, long-term/episodic/working memory deficits, perceptual deficits (namely 

in the spatial organization of stimuli), executive or planning deficits among others (for an 

extensive review, see the book of Harvey and Sharma, 2002).  

However, until quite recently no systematic bridges had been built between these two 

sides of schizophrenia i.e., between cognitive deficits and symptomatology. With what is now 

referred to as cognitive neuropsychology (e.g., Frith, 1992), contemporary cognitive science 

tries to identify the potential cognitive disruptions underpinning and triggering the different 

symptoms of schizophrenia (Box 1 below shows the different (neuro)cognitive approaches of 

hallucinations as an illustration of this). 
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Two recent neurocognitive approaches of schizophrenia try to account for both the 

cognitive deficits and symptoms present in schizophrenia. These two approaches constitute 

the background of the research I conducted on schizophrenia. The first approach proposes that 

the central deficit characterizing schizophrenia is a deficit of context-sensitive gain control 

mechanisms (i.e., a deficit in the integration of the contextual information normally 

modulating the sensory response to a specific target (Phillips & Silverstein, 2003; Silverstein 

& Uhlhaas, 2004; Uhlhaas & Silverstein, 2005). The second approach proposes that this 

central deficit is best characterized as a deficit of predictive/Bayesian mechanisms arguably 

sustaining a range of cognitive functions (in particular, perception) (Corlett et al., 2007; 2009; 

2010; Fletcher & Frith, 2009; Keefe & Kraus, 2009; Kraus, Keefe, & Krishnan, 2009; 

Krishnan, Kraus & Keefe, 2011; Moore & Fletcher, 2012) (As I will try to show in Chapter 

ten, these two approaches are complementary rather than rivals, Phillips & Silverstein, 2013). 

For simplicity, let me call the first approach, the ‘context-deficit hypothesis’ and the second 

approach the ‘predictive-deficit hypothesis’.   

On the one hand, the context-deficit hypothesis starts with the observation that people 

with schizophrenia manifest a subjective fragmentation of the experienced world, especially 

at the perceptual level. In particular, they are highly impaired in forming coherent and global 

representations of perceptual events beyond their elemental parts (Silverstein & Uhlhaas, 

2004; Uhlhaas & Silverstein, 2005).  

In the perceptual domain and in normal conditions the integration of contextual 

information enables the coordination of the different local (bottom-up) streams of sensory 

processing through recursive (i.e., top-down) and horizontal neuronal connections and is thus 

essential to having coherent and unified perceptual experiences (Butler et al., 2008). For 

instance, the specific response of a neuron to a particular stimulus can normally be amplified 

or reduced (i.e., modulated) according to the level of stimulation the neighbouring neurons 

receive (representing the contextual information of the target neuron). These optimizing 

processes of reduction or amplification of signals belong to the so-called gain control 

mechanisms ‘‘that allow sensory systems to adapt and optimize their responses to stimuli 

within a particular surrounding context’’ (Butler, Silverstein, & Dakin, 2008: 41). According 

to Phillips and Silverstein (2013) context-sensitivity gain-control mechanisms are equally 

crucial for Gestalt grouping (Wertheimer, 1923) and other Gestalt-type perceptual 

organizations.  

In this respect, a number of studies show that people with schizophrenia have 

disturbed Gestalt organizational processes. For instance, grouping processes appear to be 
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impaired in both the visual (Place & Gilmore, 1980) and the auditory modalities (Silverstein, 

Matteson, & Knight, 1996), as well as in closure (Doniger, et al., 2001) and other Gestalt 

processes (Keefe & Kraus, 2009) (see Chapter one). According to the context-deficit 

hypothesis, these perceptual organization impairments result from a lack of integration of 

contextual information. In fact, people with schizophrenia are known to have difficulties in 

processing contextual information in many cognitive domains: in the perceptual domain 

(Butler et al., 2008); in the linguistic domain, where, for instance, patients integrate to a lesser 

degree the semantic context related to target words or sentences (Bazin et al., 2000; 

Passerieux, 2004); in the memory domain where they show a deficit in the integration of the 

contextual elements related to the target event to be memorized during the encoding process 

(Danion, Rizzo, & Bruant, 1999); in the executive domain (Chambon et al., 2008) and so on 

(see Chapter one). Beyond accounting for the perceptual and cognitive deficits of people with 

schizophrenia, the contextual-deficit hypothesis, as I will show, also accounts for certain 

symptomatic expressions of schizophrenia.  

On the other hand, the predictive-deficit hypothesis considers that the predictive 

mechanisms sustaining a large set of cognitive and perceptual skills are impaired in people 

with schizophrenia (Fletcher & Frith, 2009; Keefe & Kraus, 2009; Kraus, Keefe, & Krishnan, 

2009; Krishnan, Kraus & Keefe, 2011; Moore & Fletcher, 2012).  

In perception, for instance, and in normal conditions, predictive mechanisms are 

essential to having stable, unified and meaningful experiences of the world. Predictions are 

partly based on implicit knowledge of the world or priors (e.g., Bubic et al., 2010). Priors 

organize and constrain sensory inputs and, eventually, this set of implicit knowledge 

constitutes a “working model” (Keefe and Kraus, 2009) through which our perceptual system 

interprets the world. Predictive mechanisms may serve both as a “filter” in giving the system 

the ability to ignore the irrelevant information (precisely, the information that is predicted) 

and as a learning driver when prediction errors are triggered. Prediction errors make the 

information at stake salient and, as a consequence, further processing is allocated to this 

information.  

Strong evidence supports the claim that people with schizophrenia have predictive 

deficits (Corlett et al., 2007; 2009; 2010). As a result of these deficits, they produce 

systematic false prediction errors and are assailed by an overflow of information that appears 

salient, and then relevant, while in fact it is intrinsically irrelevant. Therefore, people with 

schizophrenia try to account for these salient events (i.e., engage in a learning process) and 

form irrelevant associations between, or false inferences from, these events (Fletcher & Frith, 
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2009). These predictive deficits do not only account for the perceptual and cognitive 

disturbances present in schizophrenia but could also constitute the basis for the development 

of certain symptoms (see Chapter two).  

The context-deficit hypothesis and the predictive-deficit hypothesis constitute the 

framework within which I studied three aspects of schizophrenia: in the first chapter, I 

propose an explanation of thought insertion (a positive symptom of schizophrenia, see below) 

in terms of a deficit of context-sensitive gain control mechanisms (Martin & Pacherie, 2013); 

in the second chapter, I propose to account for experiences of activity (another positive 

symptomatic expression of schizophrenia, see below) in terms of predictive deficits (Martin, 

2013);  

 

Box 1 | The neurocognitive approaches of hallucinations 

 
Hallucinatory experiences can have many sources (see e.g., Peyroux, Thibaut, Franck, 2013). 

Among them we find specific neurological conditions such as Parkinson’s disease (e.g. 

Diederich et al., 2009), migraine or epilepsy (e.g., Russell & Olesen, 1996); sensory 

deprivations (Pascual-Leone & Hamilton, 2001) or sensory impairments including Charles 

Bonnet syndrome (Fenelon, 2013); substance abuse, for example lysergic acid diethylamide 

(LSD), peyote (cactus from Mexico) or mescaline (peyote alkaloid); transitional states to and 

from sleep (i.e. hypnagogic and hypnopompic hallucinations respectively) and, finally, 

psychiatric conditions like schizophrenia (Esquirol, 1838).  

  

Hallucinations are one of the most frequent symptoms in schizophrenia, especially 

auditory-verbal hallucinations (AVHs); approximately 60-70% of patients suffer from 

hallucinatory episodes in the course of their disease (Sartorius et al., 1974).  

 

In contemporary cognitive science, many mechanisms have been hypothesized in order to 

account for the genesis of hallucinatory experiences.  

 

First, some researchers hypothesized that schizophrenia patients would have an aberrant 

mental imagery in the sense that “it might be more perceptual-like in patients prone to 

hallucinations, which could lead to confusions between percepts and images” (Aleman et al., 

2003, p 176; see also, Mintz & Alpert, 1972).  

 

Second, Hoffman (1986) proposed that AVHs might result from a disorganization in speech 

planning. In particular, he conjectured that some pieces of non-intentional linguistic 

representations are integrated in the discourse of patients. Such abnormal representations 

appear incoherent, strange and alien in comparison to the rest of the discourse, and would 

lead to hallucinatory experiences.  

 

Third, many studies have attempted to show that schizophrenia patients might have some 

impairments in the monitoring processes that enable us either to sort out the cognitive 

mode of a specific mental state (e.g. perceptual vs. imaginative) –source-monitoring (e.g. 

Johnson et al., 1993; Keefe et al., 2002)– or to sort out whether an event has been internally 

or externally generated –reality-monitoring (e.g. Mintz and Alpert, 1972) (the latter ability is 

close to what is now referred to as self-monitoring, see below).   
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Fourth, Frith (e.g. 1992, 2005) developed a now very famous model of hallucinations 

according to which they would result from a disruption of online self-monitoring processes 

(for a review see Farrer & Franck, 2007). The view is based on the comparator model 

originally developed to account for motor actions (Sperry, 1950). Chris Frith (1992), 

however, invoked it to explain delusions of control – where agents experience their own 

actions as controlled by some external entity – as well as several other delusions of passivity 

in schizophrenia. Roughly, “preparation for the motor act entails a prediction of its 

consequences, and efferent information [an efference copy or corollary discharge] is sent to 

the sensory cortex to suppress its response” (Fletcher & Frith, 2009, p 51). In other words, 

when we intentionally produce bodily actions, the sensory consequences resulting from 

these actions are attenuated (e.g., Blakemore et al., 2003). Sensory attenuation would be 

one of the cues the system uses to recognize an action as self-generated rather than 

externally generated (Frith et al., 2000; Helmholtz, 1866). Frith (1992) assumed that 

thinking and, in particular, inner speech could be treated as an action (Jackson, 1958). As a 

consequence, Frith applied the comparator model to hallucinations: in short, when patients 

produce inner speech events, in some cases, the consequences of these events are not 

dampened and some inner speech events feel like external speech events.  

 

Finally, Jeannerod and colleagues (e.g. Georgieff & Jeannerod, 1998; Franck et al., 2001) 

argued that hallucinations might result from a deficit of the processes enabling us to 

recognize the origin of an action. This model is based on the idea of shared representations 

between observed and self-executed actions (e.g. Grèzes & Decety, 2001). In particular, 

there is strong evidence that self-executed and observed actions share a common neuronal 

network. Therefore, a specific mechanism designed to sort out the origin of actions might 

appear necessary. More precisely, Jeannerod and colleagues (e.g., Jeannerod & Pacherie, 

2004) hypothesized that self-executed actions recruit additional specific brain networks, 

which would enable this mechanism to tag the self as the origin of these actions. Concerning 

hallucinations, the proposition is that during the generation of inner speech events there 

would be a disturbance of the specific additional representations usually linked to the 

execution of these events and an excess of the common representations shared by the 

observation and the execution of speech events. As a consequence, patients misattribute 

these speech events to an external origin.  

 

Note that the mental imagery hypothesis seems now empirically disconfirmed (see e.g. 

Oertel et al., 2009) as well as Hoffman’s proposition (e.g. Peyroux, Thibaut, Franck, 2013). A 

review of the source-monitoring hypothesis suggests that empirical findings are not 

unequivocal with regard to this hypothesis (Ditman & Kuperberg, 2005). Frith and 

Jeannerod hypotheses have received many empirical confirmations but present a number of 

conceptual limitations. As an illustration, they do not explain why only some specific inner 

speech events are experienced as hallucinatory nor why hallucinatory experiences have the 

contents they have (Peyroux, Thibaut, Franck, 2013). 
 

the third chapter is dedicated to an experimental study in auditory hysteresis in healthy people 

addressing the influence of specific vocal emotions on one’s perceptual persistence processes 

(Martin, Dezecache, Dokic & Grèze, in revision). This study serves as a preliminary study to 

the fourth chapter where I use a protocol of auditory hysteresis to investigate experimentally a 

potential cognitive bias in schizophrenia: the presence of aberrant perceptual persistence 
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phenomena for both neutral and emotional stimuli (Martin, Dezecache, Pressnitzer, Dokic, 

Bruno, Nuss, Pacherie & Franck, submitted). I interpret the results of this study –confirming 

that patients suffering from schizophrenia have aberrant perceptual persistence phenomena– 

in terms of Bayesian deficits (to be clear, the experiments have not been designed in a 

“Bayesian manner”, I only interpret the results within this framework). In the final chapter of 

Part I, I adapted a protocol of perceptual hysteresis in audiovisual simultaneity that I tested in 

healthy people (Martin, Kosem & van Wassenhove, unpublished data). I suggest that this 

protocol could be adapted to test potential time persistence biases in schizophrenia that could 

contribute to time perception deficits present in this population.   

I now briefly present the content of the five chapters comprising Part I. 

 

Thought insertion (Chapter one) 

 
Thought insertion is a first-rank diagnostic symptom of schizophrenia (Schneider, 1959). In 

thought insertion ‘‘the subject experiences thoughts that are not his own intruding into his 

mind. The symptom is not that he has been caused to have unusual thoughts, but that the 

thoughts themselves are not his’’ (Wing, Cooper, & Sartorius, 1983; see also, Mullins & 

Spence, 2003). There is currently a lively debate as to whether thought insertion is best 

characterized as primarily reflecting a deficit of the sense of agency –the sense that one is the 

causal generator of a (physical or mental) action– as argued by the partisans of the so-called 

"standard approach", or rather a deficit of the sense of ownership –the sense that our body or 

our thoughts belong to us  (e.g., Stephens & Graham, 2000). While patients’ reports suggest 

that they lack a sense of ownership for some of their thoughts, some partisans of the standard 

approach take this to be a logical impossibility: how would it be possible to subjectively 

introspect a thought (i.e., access it from a first person point of view) and, at the same time, to 

deny that it is one's own thought (e.g., Stephens & Graham, 2000; Young, 2008)? As a 

consequence, they claim that thought insertion primarily involves a disruption of the sense of 

agency instead: patients do not experience some of their thoughts as a product of their own 

agency.  

However, the standard approach raises many difficulties. In view of these difficulties, 

I propose that thought insertion primarily involves a disruption of the sense of ownership for 

thoughts and that the lack of a sense of agency is but a consequence of this disruption (Martin 

& Pacherie, 2013). I defend the hypothesis that this disruption of the sense of ownership 

stems from a failure in the online integration of the contextual information related to a 
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thought, in particular contextual information concerning the different causal factors that may 

be implicated in their production. Loss of unity of consciousness, manifested by incoherent 

subjective experiences is a general phenomenal characteristic of schizophrenia. This loss of 

coherence has been hypothesized to reflect a generalized deficit in the integration of 

contextual information not conveyed by, but related to, a target event (Phillips & Silverstein, 

2003, Uhlhaas, Haenschel, Nikolic ́, & Singer, 2008; Uhlhaas & Singer, 2006, 2010). This 

deficit is manifested across many cognitive domains. I argue that it is also manifested in the 

process of thinking itself, resulting in causally decontextualized thoughts that are experienced 

as inserted thoughts.  

 

Experiences of activity (Chapter two)  

 
Some people are convinced and feel that they are exercising some control on other people or 

things just by thinking. These delusional experiences belong to the so-called ego disorders, 

and can be found in schizophrenia patients, (Stanghellini & Monti, 1993). More precisely, in 

experiences of activity, “patients... intentionally transmit their thoughts... [and] intentionally 

exert control on objects and events of the outside world” (Stanghellini & Monti, 1993, quoted 

by Mullins and Spence, 2003, p.297). Experiences of activity manifest an aberrant sense of 

agency in that patients have the feeling that they can cause and control some events in the 

world by thought alone. Based on these experiences of activity schizophrenia patients 

construct delusional beliefs of e.g. telekinesis. Interestingly, experiences of activity constitute 

the mirror image of experiences of passivity where people with schizophrenia regard some of 

their (mental or physical) actions as not being the result of their own will and, usually, as 

being controlled by outside forces.  

All first rank symptoms of schizophrenia (Schneider, 1959), including thought 

insertion, manifest experiences of passivity e.g., hallucinations, delusions of control, 

influencing thinking, and so on. Research on the neurocognitive underpinnings of 

schizophrenia symptoms pertaining to ego disorders has therefore essentially focused on 

experiences of passivity. In comparison, experiences of activity have received relatively less 

attention. My aim was to correct to some extent for this imbalance by trying to conceptually 

identify the possible cognitive dysfunctions at the basis of experiences of activity.     

I argue that experiences of activity result from patients being prone to aberrantly infer 

causal relations between unrelated events in a retrospective way owing to widespread 

predictive deficits (Martin, 2013). Moreover, I suggest that experiences of activity might be 
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further sustained by an intentional binding effect i.e., the subjective compression of the 

interval between an intentional action and its external effects (Haggard et al., 2002). In 

particular, it might be that the patients' thoughts or intentions are bound to the external events 

they aimed to control, thus producing a subjective temporal contiguity between these two 

components. This subjective temporal contiguity would reinforce or sustain the (causal) 

feeling that their mind is directly causally efficient. 

 

The influence of specific vocal emotions on auditory perceptual persistence 
mechanisms (Chapter three)  

 
Both clinical and empirical evidence shows that people with schizophrenia manifest what I 

will call persistence biases (see the following section). However, such persistence biases have 

been essentially demonstrated at the level of beliefs, i.e., the fact that patients present 

difficulties in updating their beliefs in view of contradictory evidence and persist, rather, in 

their initial beliefs (e.g., Woodward et al., 2008). In contrast, we lack experimental evidence 

for the presence of such persistence biases in the perceptual domain. By perceptual 

persistence biases, I mean the difficulty in updating one’s perceptual states. The presence of 

such online perceptual persistence biases in schizophrenia might contribute to the formation 

of certain delusions as well as to the social cognition deficits present in this disease (Cook et 

al., 2012). On the one hand, a patient could come to aberrantly persist in the sensory 

interpretation that some person is looking at her (while in fact this person has been looking at 

someone else for some time). This could contribute, for instance, to the formation of 

persecutory delusions (Freeman & Garety, 2004). On the other hand, in an emotional context, 

a patient could aberrantly persist in the perceptual interpretation that people look, for 

example, threatening or angry while in fact they are not. In healthy subjects, online perceptual 

persistence is investigated using perceptual hysteresis protocols. Hysteresis is defined as the 

« persistence of a percept despite parameter change to values favouring the alternative 

pattern » (Hock et al., 1993, p 63). Therefore, I designed an auditory hysteresis protocol to 

explore the potential presence of perceptual persistence biases in people with schizophrenia.  

However, before testing the hypothesis that patients would have online perceptual 

persistence biases for both neutral and emotional stimuli, I wanted to investigate whether in 

healthy subjects emotions would already affect perceptual persistence mechanisms (Martin, 

Dezecache, Dokic, Grèzes, in revision).  
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 The way people detect auditory emotions has been essentially studied with “classical” 

detection paradigms where a single non-noisy signal is displayed in each trial. In contrast, 

hysteresis is usually investigated using designs comprising "ascending" and "descending" 

sequences. In our study, each ascending and descending sequence consisted of a fixed number 

of steps composed of bursts of white noise of constant intensity. Emotional or neutral auditory 

signals would then progressively emerge from the noise (i.e., in ascending sequences) or fade 

away in the noise (i.e., in descending sequences), through a gradual increase or decrease of 

the signal-to-noise ratio, respectively. This design was intended to reproduce (maybe 

partially) the increase and decrease of the auditory signal-to-noise ratio happening in a context 

of sources and receptors moving in a noisy environment (imagine, for instance, that you are in 

the middle of a panicking crowd).  

While there already exists quite strong evidence that emotionally significant stimuli 

are usually better detected or identified compared to neutral stimuli in “classical” detection 

paradigms (Zeelenberg, Wagenmakers & Rotteveel, 2006), it had not yet been investigated (to 

the best of my knowledge) whether vocal non-verbal emotions in a noisy dynamic setting are 

detected more easily (in ascending sequences) and maintained for a longer time (in 

descending sequences) than neutral stimuli. My collaborators and I provide strong evidence 

that this is the case. Our findings suggest that within a noisy dynamic setting the auditory 

system can prioritize evolutionary and ecologically relevant information such as emotional 

information. 

 

Perceptual persistence in schizophrenia (Chapter four) 

 
As indicated in the previous section, there is empirical evidence that people with 

schizophrenia have a stronger tendency, compared to control subjects, toward belief 

inflexibility i.e., they tend to disregard evidence that could invalidate their belief(s) and to 

consider only evidence that seem to confirm it (them) (Chadwick, 2007). To take just one 

example, in the study of Woodward et al., (2008) patients with schizophrenia and control 

participants were given scenarios presenting an initial statement (e.g., “Heike is very thin”) 

followed by four potential explanations (e.g., “Heike is homeless” (true), “Heike is a model” 

(lure), “Heike is suffering from an eating disorder” (lure), “Heike has lost her false teeth” 

(absurd)). Then, participants had to give an initial rating of each explanation according to the 

probability that they were true. Participants were then presented with a second statement (e.g., 

“Heike has had a hard life”) and asked whether they would like to revaluate their initial 
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ratings. Finally, they were presented with a last statement (e.g., “Heike does not even have a 

home”) and again asked whether they would like to revise their ratings. The main finding of 

this study was that when patients initially rated highly an explanation they were less likely 

than control subjects to revise their ratings after the additional statements showing a bias 

against disconfirmatory evidence or BADE (see e.g., Buchy et al., 2007; Kaliuzhna et al., 

2012; Speechly et al., 2010; Wooward et al., 2006).   

At the clinical level too we may observe that many symptoms have persistence traits 

among their main characteristics. For instance, deluded patients often persevere in their 

delusional beliefs in the absence of evidence supporting them or even in the presence of 

disconfirmatory evidence (Chadwick, 2007; Fletcher and Frith, 2009). Similarly, 

hallucinations, when they occur, persist for a time while no external sensory evidence 

supports them.  

  However, as stated in the previous section, we still lack empirical evidence directly 

demonstrating persistence biases in patients suffering from schizophrenia in the perceptual 

domain. While the presence of such biases might contribute to the formation of certain 

delusions, to the altered perception of reality characteristic of people with schizophrenia and 

to their social cognition deficits, no experiment (as far as I know) has specifically explored 

the potential presence of online perceptual persistence biases in schizophrenia patients.  

 With a protocol of hysteresis very similar to the protocol described in the previous 

section, my co-workers and I provide strong evidence for aberrant online perceptual 

persistence phenomena in patients with schizophrenia compared to control participants for 

both neutral and emotional stimuli (Martin, Dezecache, Pressnitzer Dokic, Bruno, Nuss, 

Pacherie, & Franck, submitted). I interpret these results within a Bayesian framework; in line 

with recent theories suggesting that people with schizophrenia have predictive/Bayesian 

deficits (Corlett et al., 2007; 2009; 2010; Fletcher & Frith, 2009; Keefe & Kraus, 2009; 

Kraus, Keefe, & Krishnan, 2009; Krishnan, Kraus & Keefe, 2011; Moore & Fletcher, 2012) 

and with studies giving a Bayesian interpretation of hysteresis (Schwiedrzik et al., 2012). The 

Bayesian account of hysteresis says that the primed perception of one of two possible 

perceptual alternatives results in an adjustment of priors toward this alternative. In this 

framework, the aberrant perceptual persistence phenomena in people with schizophrenia 

might result from an abnormal weight put on prior expectations.   
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Schizophrenia, time perception and hysteresis in audiovisual simultaneity (Chapter 
five) 

 
In this last study, I conducted an experiment in healthy subjects on audiovisual simultaneity 

(Martin, Kösem & van Wassenhove, unpublished data) that could be adapted in the future to 

investigate time perception deficits in schizophrenia and, in particular, perceptual persistence 

biases in this domain. (see Chapter five and Chapter ten). 

To accurately perceive the synchrony of visual and auditory events, the brain has to 

compensate for the difference in the speeds of light and sound. This compensation may be 

accomplished by temporal recalibration, a mechanism through which subjects become more 

tolerant of constant audiovisual (AV) asynchrony by virtue of adaptation (Di Luca, Machulla 

& Ernst, 2009; Fujisaki, Shimojo, Kashino, & Nishida, 2004; Harrar & Harris 2008; Miyazaki 

et al., 2006; Roach et al., 2011; Roseboom & Arnold, 2011; Vroomen et al., 2004). In the 

study we conducted, we investigated whether recalibration still occurs in the context of 

progressively synchronizing or desynchronizing AV stimuli (hysteresis condition), a situation 

occurring in ecological contexts when the source is moving towards, or away from, the 

observer. This hysteresis condition is compared to a “constant” condition where the test 

stimuli are now preceded with AV stimuli with constant temporal lags. The nature of the task 

was also manipulated: participants were asked to judge the synchrony of the last AV stimulus 

of the sequence, which was either cued by a visual signal –prospective condition– or not cued 

–retrospective condition.  

We show that perceptual hysteresis governs synchrony judgments in the retrospective 

condition and does so independently of the statistical properties of the adapted stimuli 

(dynamic or constant). Conversely, in the prospective condition, reports tend to be biased 

toward classical temporal recalibration. These findings suggests that knowing when to judge a 

stimulus property has a crucial impact in perceptual temporal decisions. I interpret these 

results in terms of Bayesian theory, and suggest that in retrospective judgments participants 

used past stimuli to change the prior of the perceptual outcome, while in prospective 

judgments only the likelihood of the stimulation is modified with time.  

 

I now turn to the presentation of the studies comprising Part II of this dissertation. 

These studies address certain theoretical issues in relation to metacognition –one’s ability to 

evaluate and control one’s first-order cognitive processes. While the studies grouped in Part I 

and part II are relatively independent, the two areas –schizophrenia and metacognition– are by 
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themselves strongly related, as attested by the first chapter of Part II offering a metacognitive 

interpretation of hallucinatory phenomena.  

For instance, there is strong evidence that people with schizophrenia present general 

and/or specific metacognitive deficits (Bruno et al., 2012; Frith, 1992, 2005; Johnson, 1993; 

Keefe et al., 2002). As an illustration, some of this evidence suggests that the persistence trait 

of delusions in schizophrenia (i.e., the fact that delusions persist even when confronted with 

proofs of their falsity) might result from a deficit of the metacognitive ability to evaluate the 

validity of one’s beliefs or knowledge (Bruno et al., 2012). As indicated in Box 1, based on 

empirical evidence, two related metacognitive explanations of hallucinations have been 

developed. On the one hand, studies have shown that the metacognitive skill referred to as 

source-monitoring, which enable us to sort out the cognitive mode of a specific mental state 

(e.g. perceptual or imaginative), is impaired in schizophrenia (e.g. Ditman & Kuperberg, 

2005; Johnson, 1993; Keefe et al., 2002). On the other hand, other studies have shown that 

another metacognitive ability called reality/self-monitoring, which is the ability to identify 

whether a specific sensory event has been internally or externally generated, is also impaired 

(Frith, 1992; 2005; Frith et al., 2000; Blakemore et al., 2003; Fletcher & Frith, 2009).  

In addition, as discussed in the concluding remarks of Chapter four, there is a link 

between self-monitoring and hysteresis in schizophrenia patients. A modified version of the 

perceptual hysteresis protocol might be used to test the self-monitoring abilities of patients 

and, in particular, their ability to know whether in descending trials the signal is really present 

or whether it is internally maintained.   

Part II focuses on certain lively debates present in analytic philosophy and cognitive 

science of perception: hallucinations; cognitive penetrability; perception of absences and 

sensory substitution. I argue that taking into account the metacognitive dimension of the 

phenomena at stake can yield new insights and provide a fresh perspective on these debates.  

 

METACOGNITION: METACOGNITIVE FEELINGS 

 
The study of metacognition is the discipline exploring how human primates, non-human 

primates and some other species come to “know about”, evaluate and control their own 

cognitive (e.g., memory) and perceptual skills (e.g. Beran et al., 2012; Dienes & Perner, 2002; 

Hampton, 2001; Koriat, 2000; 2007; 2012; Nelson & Narens, 1990; Proust, 2007; Schwartz, 

1994; Smith et al., 2003), hence the prefix meta in the term metacognition. Beyond being 
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conscious of things that surround us, we also know that we are conscious of these things. For 

instance, the study of metamemory, a type of metacognition, investigates the ability of people 

to evaluate their memory or knowledge states and the control strategies employed, for 

instance, to aid memory (Nelson & Narens, 1990). Evaluation involves monitoring processes 

(see below) and a flow of information going from the lower level to the meta-level. Control 

involves strategies to regulate the lower level and a thus flow of information going from the 

meta-level to the lower level. For instance, a student having studied her lessons may judge or 

feel (see below for this distinction) that her knowledge is still imprecise (monitoring) and, as a 

result, she may decide to spend more time studying them (control). Many different tasks have 

been designed to determine the accuracy of metamnemonic judgments, the informational 

sources used by subjects to make such judgments and the processes/mechanisms 

underpinning them (Schwartz, 1994). As an illustration, in typical metamemory tasks 

involving judgments of learning, subjects in the study phase are presented, for instance, with a 

list of words and are asked to evaluate their ability to recognize these words when mixed with 

new words (prospective monitoring) (Begg et al., 1989).1 The aim of metamemory research is 

to determine, inter alia, the cues used by people to make these metamnemonic judgments by 

manipulating certain potentially relevant factors (Koriat, 2000). For instance, by manipulating 

the level of familiarity of the words in the list (e.g., high versus low frequency words) we may 

determine to which extent familiarity is a cue people use when rating the latter recognisability 

of these words.        

The field of Metaperception, the type of metacognition that will be the focus of Part II, 

explores the ability of people to evaluate their perceptual states and the control strategies they 

employed to improve perception (Barthelmé & Mamassian, 2010; Levin, 2002; 2004; 

Loussouarn, 2010; Mamassian & Barthelmé, unpublished data). More precisely, 

metaperception refers both to the resources that enable an individual to evaluate the quality of 

her perceptual state, that is whether or not it correctly reflects the environment, and to the set 

of controlling strategies deployed by the subject to improve its quality if the perceptual state 

is evaluated as being too underspecified to be taken at face value (for instance, the perceptual 

conditions are degraded and the subject moves closer to the perceived object in order to 

optimize her visual experience). Metaperception is usually investigated with experimental 

paradigms involving judgments of confidence about one’s perceptual performance (e.g., 

                                                
1 There exist many other types of metamemory judgments that have been tested; the judgments can be produced 
either at the acquisition phase (like the judgments of learning) or at the retrieval phase (like the feeling of 
knowing judgments or confidence judgments) (see e.g., Schwartz, 1994).  
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Barthelmé & Mamassian, 2010; Loussouarn, 2010).2 The aim of metaperception is to 

determine the cues people use to make confidence judgments. Some evidence suggests that 

visual confidence does not co-vary exclusively with the level of stimulus uncertainty but also 

with the observer’s internal uncertainty (Barthelmé & Mamassian, 2010; Mamassian & 

Barthelmé, unpublished data). In other words, perceptual confidence might be dissociated 

from the objective performance of subjects.   

According to an important view in metacognition (e.g. Koriat, 2007) there are two 

possible bases for metacognitive judgements (i.e., judgments about our own knowledge states, 

perceptual states, cognitive aptitudes and so on). One can distinguish between theory-based 

judgments on the one hand and experience-based judgments on the other hand. Theory-based 

judgments are conclusions of explicit inferences from encyclopaedic background knowledge 

or from knowledge that we have about our own cognitive skills while experience-based 

judgments result from a specific kind of affective experience sometimes referred to as an 

epistemic, a metacognitive or a bodily feeling (e.g., Koriat, 2000; 2007). For instance, the 

judgment that one knows what the capital of Madagascar is can be based on explicit reasoning 

from independent premises, such as the premise that one has learnt in school the names of the 

main capital cities. However, this judgment can also be based on the feeling that one knows 

what the capital of Madagascar is. In metamemory, metacognitive feelings such as feelings of 

knowing would constitute the output of implicit monitoring processes involving implicit 

inferences from a set of internal cues, such as the availability of partial information or the 

fluency with which such information is retrieved (e.g., Koriat, 2000; 2007).  

The distinction between theory-based and experience-based judgments can also be 

applied to judgments about one’s own perceptual experiences i.e., to metaperception. For 

instance, the judgment that one has seen the person at the bar before can be based on one’s 

feeling of familiarity. The judgment that one is unsure about whether the perceived sample is 

orange rather than red can be based on one’s feeling of uncertainty. Finally, the judgment that 

one is not hallucinating can be based on one’s background knowledge that hallucinations are 

rare, but it can also be based on one’s feeling of reality. Feelings of reality, for instance, are 

not parts of the sensory contents of perception, but help to distinguish perception from 

imagination and memory (Matthen, 2005; 2010). When one imagines or even remembers 

something, one does not have the feeling of reality which one has when one perceives 

                                                
2 Interestingly, some evidence shows that certain non-humans species (e.g., dolphins and specific monkey 
species) are able to monitor their states of perceptual uncertainty (e.g., Smith et al., 1997; Smith & Washburn, 
2005; see, however, Metcalfe, 2008 for a nice critical examination of animal metacognition).  
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something. Just as feelings of knowing result from implicit monitoring processes that monitor 

the quality of first-order memory processes, metaperceptual feelings (such as feelings of 

reality) result from implicit monitoring processes that monitor the quality of first-order 

perceptual processes. More specifically, one can conceive of these mechanisms as a form of 

on-line reality or self-monitoring (Frith, 1992). As described above, in cognitive science, 

reality monitoring is a cognitive system’s ability to ‘know’ whether an informational state has 

been generated internally or externally (Frith, 1992; 2005; Helmholtz, 1866). In the same 

way, the system must be able to ‘know’ which cognitive mode it was, or is, in (e.g., 

perception, imagination, memory, etc.) referred to as source-monitoring. (Ditman et al., 2005; 

Mitchell & Johnson, 2009). On this view, feelings of reality, for instance, with respect to what 

is perceived are the conscious result of low-level monitoring processes whose function is to 

‘tag’ first-order informational processes as being generated from the external world. As 

indicated in Box 1, one of the neurocognitive theories of hallucinations in schizophrenia 

suggests that these reality or self-monitoring processes are disturbed so that people with 

schizophrenia would have difficulties knowing whether, for instance, a verbal event has been 

generated internally (inner speech) or externally (overt speech of someone else) resulting in 

auditory hallucinatory experiences (Frith, 2005; Fletcher & Frith, 2009; Ford & Mathalon, 

2004).  

Part II of this dissertation addresses certain lively debates in cognitive science but 

essentially in contemporary analytic philosophy of perception and tries to show that taking 

into account the metacognitive dimension of the phenomena at stake can shed new light on 

these debates. Part II is divided into four chapters each addressing in turn one specific debate: 

Chapter six addresses the challenge posed by hallucinations; Chapter seven addresses the 

debate on cognitive penetrability; Chapter eight addresses the question of the perception of 

absences and, finally, Chapter nine addresses issues relating to sensory substitution. In the 

remainder of this introduction I briefly present each debate.  

 

The problem of hallucinations (Chapter six)  

 
In the analytic philosophy of perception there is a lively debate on whether the subjective 

quality (i.e., the phenomenology) accompanying perceptual states is the consequence of a 

relation between the perceiving subject and the physical perceptible objects (e.g., Campbell, 

2002; Fish, 2009; Martin, 2004; 2006) or, alternatively, the outcome of representational states 

achieved by the perceptual and cognitive system (see below) (e.g., Crane, 2006, 2011; Smith, 
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2002; Tye, 1995). According to the first view, called direct realism, the environment itself is, 

so to speak, a main constituent of perceptual experiences. At first glance, this might seem 

obvious in that perceptual systems process information from the environment. However, 

partisans of the second view, called representationalism, stress situations where people 

undergo perceptual-like experiences in the absence of any external reality. For instance, some 

specific conditions may lead to hallucinatory or illusory experiences. In hallucinations, 

subjects have compelling impressions of perceiving something in the absence of any actual 

objects having stimulated the relevant peripheral organs (Blom, 2009; Esquirol, 1838; 

Peyroux, Thibaut & Franck, 2013).  

To the extent that hallucinatory experiences are subjectively indiscriminable from the 

corresponding veridical perceptual experiences, the seemingly obvious statement that the 

environment is a main or necessary constituent of perceptual experiences might not be so 

obvious after all. The environment could simply be a ‘contingent fact’ if we can have 

perceptual experiences in the absence of any actual reality. Representationalism offers as a 

solution that, ultimately, what determines or constitutes the subjective quality associated with 

perceptual states, are not the physical objects themselves but the content of these states i.e., 

the way a perceptual experience represents the world (Crane, 2011). In both hallucinations 

and veridical perceptions there is a way the world is represented, simply in the first case the 

representation is veridical whereas in the second case it isn't. 

The first chapter investigates the potential contribution of metacognition to this 

philosophical debate about hallucinations. In particular, in the context of an advanced review 

I defend a version of disjunctivism based on a metacognitive approach of hallucinations 

(Dokic & Martin, 2012). Disjunctivism is a theory that vindicates a version of direct realism 

known as naïve realism. This is the view that the phenomenology associated with veridical 

perceptions (i.e., perceptions that are not hallucinations) is exhausted and shaped by the 

layout of the environment the subject is presented with in her perceptual experience (perhaps 

along with additional perspectival properties, see Fish, 2009; Nudds, 2009) rather than by 

representations of this layout. Of course, since hallucinations do not have concrete objects as 

referents, their phenomenology must be essentially different from that of veridical 

perceptions, even if this difference is not manifest from a first-person point of view. 

Therefore, to save naïve realism, disjunctivism (or at least one specific version of 

disjunctivism, see Martin, 2004; 2006) considers that hallucinations have no perceptual 

phenomenology but only the relational and negative property of being indiscriminable from 

perceptions. 
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 We can see, then, that the disjunctivist description of hallucinatory cases presupposes 

the intelligibility of a specific notion of indiscriminability, namely that of a metacognitive 

error or confusion (e.g., Ditman & Kuperberg, 2005). If reflection identifies the psychological 

mode of first-order conscious states, that is, whether the latter are cases of perception, 

imagination or memory, then it might mistakenly classify a case of hallucination as a case of 

perception. I defend the view that hallucinations might result from a metacognitive confusion 

so that they are indiscriminable from veridical perceptual states, not because they instantiate 

an identical perceptual phenomenology, but because low-level monitoring mechanisms have 

mistakenly tagged non-perceptual first-order processes as genuinely perceptual processes. In 

particular, a deficit in reality/self-monitoring (Frith, 1992; Ditman & Kuperberg, 2005; 

Johnson et al., 1993) mechanisms might generate illusory feelings of reality/presence so that 

the hallucinating subject feels like she is perceptually in contact with the world itself whilst 

she is not undergoing any perceptual states. In other words, the hallucinating subject feels that 

she is experiencing a perceptual state while she is not. 

 

Cognitive penetrability (Chapter seven) 

 
In this chapter, I investigate how metacognition and the feelings of familiarity and confidence 

might bring insight into the issues relative to cognitive penetrability (Martin & Dokic, article 

prepared for a forthcoming collection, OUP). Cognitive penetrability is the general hypothesis 

that high-level cognitive states (beliefs, desires, and preferences, perhaps imaginings) can 

“penetrate”, i.e., influence or modify, perceptual phenomenology and in particular perceptual 

content (what is perceived, or perceptually represented) (e.g. Pylyshyn, 1999; Raftopoulos, 

2009). I criticize what I see as a dubious premise implicitly or explicitly endorsed in many 

discussions about cognitive penetrability, either pro or contra. Roughly, this premise validates 

the transition from relevant differences at the level of perceptual phenomenology (namely 

those that are supposed to result from the influence of different cognitive states) to differences 

pertaining to perceptual content. In other words, no difference in perceptual phenomenology 

without a difference in perceptual content. Once this premise is exposed, the questions of 

whether cognitive states can influence perceptual phenomenology and, if there is such an 

influence, what its epistemological implications are, take a rather different form. 

 The advocates of cognitive penetrability usually argue that the putative penetrating 

states (e.g., beliefs) modify or penetrate the contents of perceptual experiences. In contrast, I 

will argue that the overall phenomenology of perception possesses another crucial aspect, 
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namely an affective aspect, constituted by various kinds of metacognitive feelings and that at 

least in central cases, the phenomenological changes that the partisans of CP construe as 

being caused by penetrating states concern not the content of perception proper but its 

affective side 

 

Perception of absences (Chapter eight) 

 
So far the cognitive science of perception has essentially focused on the way the brain 

encodes ‘concrete’ objects (their attributes, properties and so on). Recently, however, 

cognitive philosophy has begun to investigate the status of perceptual absences i.e., our ability 

to detect the absence of things that were expected (e.g., Farennikova, 2012; Martin & Dokic, 

2013). Everyday situations suggest that, in fact, we are very good at detecting the absence of 

things, especially of things that were (implicitly or explicitly) expected to be present. As an 

illustration, you expected to find your bag just there on this chair but it is not there and you 

are able to rapidly detect and ‘perceive’ its absence. Similarly, we often find ourselves saying 

things like ‘I see that Jack is absent’ or ‘I see that my keys are missing’.  

What exactly do such sentences refer to? In this chapter I discuss a recent view 

defended by Farennikova (2012) according to which we literally perceive the absence of 

things in much the same way as we perceive present things. I criticize and reject the 

perceptual interpretation of absence experiences but I also reject the cognitive view which 

reduces them to beliefs. I propose an intermediary, metacognitive account according to which 

absence experiences belong to a specific kind of affective experience, involving the feeling of 

surprise (Martin & Dokic, 2013).  

 

Sensory Substitution (Chapter nine)  

 
Chapter nine focuses on sensory substitution and the debate between dominance and 

deference (Martin & Le Corre, submitted). A sensory substitution device (SSD) gives access 

via a modality (e.g., audition or touch) –referred to as the substituting modality– to a set of 

information that is normally accessed by another modality (e.g., vision) –referred to as the 

substituted modality. As an illustration, the Tactile Visual Sensory Substitution (TVSS) device 

makes use of a head mounted camera capturing visual information, which is transduced into 

systematic proximal pin vibrations on one part of the body (e.g., back) (Bach-y-Rita, 1969). 
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Partisans of the deference view claim that perceptual experiences acquired through a 

SSD are qualitatively closer to the substituted modality than to the substituting modality 

(Bach-y-Rita, 1969; Hurley and Noë, 2003; Noë, 2004; O’regan and Noë, 2001, Renier, 

2005a). Partisans of the dominance view make the opposite claim (Block, 2003; Prinz, 2006).  

The deference view argues that in TVSS the acquired perceptual experiences are 

qualitatively closer to unmediated vision in that, roughly, after training with a SSD an 

experiential shift happens: SSD-users report not feeling the proximal tactile stimulations 

anymore and being directly aware instead of the relevant objects in the 3D-space. In other 

words, TVSS would be closer to visual perception because subjects access a kind of spatial 

information that is normally only accessible through the visual modality. In particular, with 

training, subjects become able to access the shape of objects they feel at a certain distance 

from them (Bach-y-Rita, 2003). Although distance information alone might be accessed by 

audition and shape information alone by touch, information combining shape plus distance 

seems to be a kind of information only accessible through vision. In contrast, the dominance 

view argues that TVSS gives rise to perceptual experiences qualitatively closer to the tactile 

modality. However, this modality, with training, becomes able to access information that is 

normally more easily accessed through vision.   

In this last chapter, I defend an alternative view that is intermediate between the 

deference and the dominance view. It agrees that with training the substituting modality gains 

a certain expertise with the processing of certain information but argues that the resulting 

experiences are better characterized as being amodal rather than, for instance, tactile or 

auditory (at least for what concerns the experience of distality).  In this view, the substituting 

modality would have a causal rather than a “phenomenological” role in enabling the 

instantiation of an amodal spatial experience of distality. As briefly suggested by Block 

(2003): TVSS-perception could be “a case of spatial perception via tactile sensations” (286), 

and not a case of visual perception via tactile sensations (O’Regan & Noë, 2001).    

However, once one has determined the nature of the perceptual states acquired through 

a SSD after training, one still has to explain the mechanisms underpinnings the experiential 

shift happening after training. In Chapter ten, I sketch a metacognitive account of this 

experiential shift, in particular of the feelings of presence that are instantiated with this 

experiential shift.  

Finally, in Chapter ten I stress certain limitations of the different proposals presented 

all along this work and I call attention to potentially fruitful future lines of empirical 

investigation.  
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Chapter One  

OUT Of NOWHERE: THOUGHT INSERTION, OWNERSHIP AND CONTEXT‐INTEGRATION 

(A THEORETICAL STUDY) 

 
 
This study has been published as: Martin, J.-R., & Pacherie, E. (2013). Out of nowhere: 
Thought insertion, ownership and context-integration. Consciousness and Cognition, 22, 111-
122 (see Appendix 1). 
 
 
We argue that thought insertion primarily involves a disruption of the sense of ownership for 

thoughts and that the lack of a sense of agency is but a consequence of this disruption. We 

defend the hypothesis that this disruption of the sense of ownership stems from a failure in the 

online integration of the contextual information related to a thought, in particular contextual 

information concerning the different causal factors that may be implicated in their production. 

Loss of unity of consciousness, manifested by incoherent subjective experiences is a general 

phenomenal characteristic of schizophrenia. This loss of coherence has been hypothesized to 

reflect a generalized deficit of contextual information integration not conveyed by, but related 

to, a target event. This deficit is manifested across many cognitive domains. We argue that it 

is also manifested in the process of thinking itself, resulting in causally decontextualized 

thoughts that are experienced as inserted thoughts. 

 
 

GLOSSARY  
 
IFT: influenced thinking  
SoA: sense of agency  
SoO: sense of ownership  
TI: thought insertion  
UT: unbidden thought  
WM: working memory 
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1.1 INTRODUCTION 

 
Imagine that you are walking in the streets of Paris and that, while walking by Notre Dame de 

Paris, a thought suddenly pops in your mind, say, ‘‘Kill God’’ (Frith, 1992). Imagine also that 

this thought does not feel like your own, but feels like it is somebody else’s that has been 

inserted in your mind. For some people such an experience can feel as real as, say, their 

experience of the church of Notre-Dame in front of their eyes. The presence of such 

delusional experiences is a first-rank diagnostic symptom of schizophrenia (Schneider, 1959), 

a symptom called Thought Insertion (henceforth, TI). More precisely, in TI ‘‘the subject 

experiences thoughts which are not his own intruding into his mind. The symptom is not that 

he has been caused to have unusual thoughts, but that the thoughts themselves are not his’’ 

(Wing, Cooper, & Sartorius, 1983, our emphasis; see also, Mullins & Spence, 2003). The 

following reports are instances of TI: 

 

1. I look out the window and I think that the garden looks nice and the grass looks cool, 

but the thoughts of Eamonn Andrews come into my mind. There are no other thoughts 

there, only his. [. . .] He treats my mind like a screen and flashes thoughts onto it like 

you flash a picture (Mellor, 1970, p. 17).  

 

2. Thoughts are put into my mind, like ‘Kill God’. It is just like my mind working, but it 

is not. They are not my thoughts. They belong to this guy, Chris. They are his thoughts 

(Frith, 1992, p. 66).  

 

3. [S]he said that sometimes it seemed to be her own thought ‘but I don’t get the feeling 

that it is’. She said her ‘own thoughts might say the same thing’, ‘but the feeling isn’t 

the same’, ‘the feeling is that it is somebody else’s’ (Allison- Bolger, 1999, #89).  

 

As both the above definition and these examples suggest, prima facie TI seems to 

affect at least two phenomenal properties that normally accompany our episodes of thinking: 

first, the feeling or sense that our thoughts belong to us –sense of ownership (henceforth, 

SoO)– and, second, the feeling or sense that we are the causal generator of our thoughts –

sense of agency (henceforth, SoA). 

In trying to explain TI, we are confronted with several issues. First, we need to 

determine whether TI is best characterized as primarily a disorder of the sense of thought 
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agency, a disorder of the sense of thought ownership or a disorder reflecting a disruption of 

both the sense of agency and the sense of ownership for thought. Second, as pointed out by 

Gallagher (2004), patients do not experience all their thoughts as inserted thoughts. An 

account of TI should therefore also explain its episodic nature. Third, inserted thoughts are 

not just negatively characterized by loss of the SoA and/or the SoO, but also positively by an 

attribution to an external entity postulated by patients to be the actual possessor or initiator of 

these special thoughts (e.g., ‘‘... the thoughts of Eamonn Andrews come into my mind’’, 

Mellor, 1970, our emphasis).3 

With respect to the first issue, TI is often viewed as reflecting a disturbance of the SoA 

rather than of the SoO. Following Sousa and Swiney (2011), we call this view the standard 

approach. In Section 1.2, we will explain why we think this approach is inadequate. In the 

following sections, we will argue for an alternative view according to which TI essentially 

reflects a deficit of the SoO. We will propose the hypothesis that during the formation of 

some occurrent thoughts the causal factors (what we call the causal–contextual information) 

that produce them are not dynamically integrated by the system. As a result, these thoughts 

seem to come out of nowhere (we will argue that this constitutes the phenomenological basis 

of TI). Before presenting our main hypothesis (Section 1.4), we will review empirical 

evidence showing that schizophrenia patients present systematic integration deficits (Section 

1.3). Finally (Section 1.5), we will discuss how, on this hypothesis, further distinctive features 

of TI could be accounted for. 

 

1.2 THE STANDARD APPROACH CRITICIZED 

 
According to the standard approach, TI reflects a disturbance of the SoA for thoughts but 

leaves intact the SoO. One can identify two main motivations for this approach and its denial 

that in TI the SoO is disturbed. One motivation for this approach comes from the very 

influential role played by the comparator model of positive symptoms in schizophrenia 

proposed by Christopher Frith (1992). The second motivation comes from the inseparability 

thesis. 

The comparator-model was originally developed to explain motor actions (e.g., 

Sperry, 1950). Chris Frith (1992), however, invoked it to explain delusions of control – where 

                                                
3 Gallagher also points out the need to explain why inserted thoughts seem circumscribed to specific contents. 
This point will be not addressed here, however. 
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agents experience their own actions as controlled by some external entity – as well as several 

other delusions of passivity in schizophrenia, including TI (see also Campbell, 1999). 

According to the comparator-model, delusions of control reflect an impairment of the sense of 

agency for actions but leaves intact their sense of ownership for the movements that constitute 

these actions: patients with delusions of control claim that some external force controls their 

movements but do not deny that the movements thus controlled are movements of their own 

body.4 Frith (1992) assumed that thoughts could be analyzed as inner speech and hence could 

be treated as an action and applied the comparator model to thought insertion (see also 

Chapter two). Over the last 20 years, the comparator model of delusions of control has 

become far more sophisticated and has received significant empirical support. However, 

during the same period, the extension of the comparator-model from action to thought has 

been largely criticized5 and even the current partisans of the standard approach usually reject 

the comparator-model for TI (e.g., Gallagher, 2004; Peacocke, 2007; Proust, 2008; Young, 

2008). Therefore, in the remainder of this section we will concentrate on the second 

motivation. 

The second main reason motivating the standard view is the claim made by several 

authors that the so-called inseparability thesis is not challenged by TI and that therefore the 

SoO should not be disrupted in TI (see, e.g., Stephens & Graham, 2000; Young, 2008). The 

argument from the inseparability thesis runs as follows. First, the inseparability thesis says 

that if I am introspectively aware of a thought I am de facto experiencing this thought as 

occurring within my own psychological boundaries, that is, in my own subjectivity: ‘‘By 

                                                
4 Both the SoA for motor actions and the SoO for our body depend on the integration of multiple factors. On the 
one hand, the SoA is thought to rely on factors like the sensory attenuation of proprioceptive reafferences from 
voluntary movements, the perceptual effects of our actions and whether these effects were expected or not, the 
efferent signals linked to action initiation, the intention(s) preceding voluntary actions, the sense of effort 
experienced when executing an action and, finally, the control we have on the ongoing action (Pacherie, 2010). 
On the other hand, the SoO results from the multisensory integration of inputs coming from different modalities 
(e.g., from vision and proprioception) (Ehrsson, 2012). There is a partial overlap between the factors that 
determine the SoA and those involved in the SoO and, in ordinary situations and in some neurological 
conditions, such as somatoparaphrenia, there is a close interplay between the SoA and the SoO (Jeannerod & 
Pacherie, 2004, de Vignemont, 2010). Nonetheless, we can find striking dissociations between these two 
feelings, with a preserved SoO despite an impaired SoA, both in schizophrenia patients (Frith, 2005) and in 
healthy subjects (Kalckert & Ehrsson, 2012). This indicates that the SoA may not be necessary for the SoO. In 
addition, a recent study with healthy subjects provides evidence that the presence or absence of a SoA over an 
action does not modulate the SoO for the relevant body part – i.e., the SoO is not stronger when the SoA is 
present than when it is absent –, and also that, in contrast, the presence or absence of a SoO for a particular body 
part modulates the SoA over the relevant action – i.e., the SoA is stronger when the SoO is present than when it 
is absent – (Kalckert & Ehrsson, 2012). This suggests that the SoO may be more crucial for the SoA than the 
SoA for the SoO. 
5 See for instance, Bortolotti & Broome, 2009; Gallagher, 2004; Proust, 2008; Synofzik, Vosgerau, & Newen, 
2008a; Synofzik, Vosgerau, & Newen, 2008b; Vosgerau & Newen, 2007. Frith (2012) also recognizes that the 
comparator approach does not provide a plausible account of TI. 
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being introspectively aware of (my) thoughts [. . .], I am, in virtue of this, aware of what 

constitutes the boundaries of my mental activity (what amounts to my subjective 

experience)’’ (Young, 2008: 849). In other words, introspective awareness (of thoughts) is 

inseparable from the sense of subjectivity, understood as the sense that my thoughts are 

localized within the boundaries of my inner space and therefore private. Second, the 

inseparability thesis identifies (collapses) the SoO with the sense of subjectivity: ‘‘my 

awareness has inherent and inseparable subjectivity such that I cannot be aware of a thought 

without being likewise aware that it is my thought’’ (Young, 2008: 849). In other words, the 

sense of subjectivity is itself inseparable from the sense of ownership. Let us call the first 

inseparability claim (I1) and the second (I2). 

Now, people with schizophrenia are introspectively aware of their inserted thoughts. 

Therefore, according to (I1) they experience these inserted thoughts as occurring within the 

boundaries of their own subjectivity, and, according to (I2), in virtue of this subjectivity, they 

also experience these inserted thoughts as their own. Therefore, TI cannot express a disturbed 

SoO; instead it should manifest a disturbed SoA: patients do not experience some of their 

thoughts as a product of their own agency (this is precisely the claim of the standard 

approach). 

We think that (I2) is unwarranted and that it is wrong to identify the sense of 

ownership with the sense of subjectivity. First, it should be noted that unless one can produce 

independent reasons for thinking that the sense of ownership is preserved in TI, the argument 

is simply begging the question in favour of (I2). In addition, the phenomenology reported by 

patients suffering from TI seems to provide evidence against (I2). Patients with TI strongly 

feel inserted thoughts as not being their own: ‘‘the subject experiences thoughts which are not 

his own intruding into his mind. The symptom is not that he has been caused to have unusual 

thoughts, but that the thoughts themselves are not his’’ (Wing et al., 1983, quoted by Mullins 

& Spence, 2003: 296, our emphasis). Indeed, what appears to be very troubling with TI is the 

fact that some introspected thoughts that occur within the subjective space of patients are not 

felt as being their own (Bortolotti & Broome, 2009). If anything, TI seems to provide 

evidence that having a sense of subjectivity for a thought is not a sufficient condition for 

having a SoO for this same thought. 

Second, there is also evidence, independently of TI cases, for the separability between 

subjectivity and ownership. Thought broadcasting is another positive symptom of 

schizophrenia, where patients ‘‘[. . .] experience [their] thoughts as escaping silently; [these] 

may or may not be available to other people’’ or ‘‘thoughts are perceived as leaving the 
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subject’s head/mind’’ (Pawar & Spence, 2003: 288, our emphasis).6 In other words, in 

thought broadcasting, patients experience their own thoughts escaping from their head and 

being broadcast, or available, to others. In thought broadcasting, therefore, patients have 

introspective access to their broadcasted thoughts, but these thoughts are not experienced as 

localized within their own psychological boundaries. The experience of these patients is thus 

a counter-example to (I1). Yet, these patients experience their broadcasted thoughts as being 

their own thoughts. Despite lacking a sense of subjectivity for their broadcasted thoughts, they 

retain a sense of ownership for these thoughts. Hence, broadcasted thoughts are also counter-

examples to (I2). 

To sum up, the identification of the SoO with the sense of subjectivity is not a 

necessary move. On the contrary, evidence from both TI and thought broadcasting suggest 

that they can dissociate and that the inseparability thesis is incorrect. 

Another general objection to the standard approach7 concerns its coarse-grainedness. 

The standard approach characterizes TI as involving a disturbed SoA together with a 

preserved SoO, but cannot explain what distinguishes TI from other cases where people lack a 

SoA for a thought yet retain a SoO for it. It therefore fails to accurately capture its unique 

phenomenology. 

First, the standard approach cannot readily account for the difference between TI and 

the normal case of unbidden thoughts (hereafter, UT). UTs are unwilled thoughts that ‘‘strike 

us unexpectedly out of the blue; and thoughts that run willy–nilly through our heads’’ 

(Frankfurt, 1976: 240). We lack a SoA for UTs, insofar as we do not experience ourselves as 

the causal source or causal generator of these thoughts, and yet we retain a SoO for them. But 

then, the standard theory seems bound to characterize both UTs and TI in the same way – the 

absence of a sense of agency in the presence of a sense of ownership. It cannot account for the 

difference between the relatively normal experience of unbidden thoughts and the 

pathological experience of thought insertion.8 In addition, the standard approach also lacks the 

resources needed to differentiate between TI and influenced thinking, another symptom where 

                                                
6 Note that thought broadcasting, while perhaps the most characteristic, is not the only symptom whereby 
patients feel their thoughts leaving their mind. In thought withdrawal, for instance, patients feel that some of 
their thoughts are withdrawn by an external agency such that their own thoughts are felt as leaving their head 
(Koehler, 1979; Pawar & Spence, 2003). 
7 The following remarks apply to the standard approach in general, whether inspired by the comparator-model or 
not. 
8 For Gallagher (2004), what differentiates UT from TI is the attributive side of the latter where thoughts are 
attributed to an external agency. However it will be shown in the last section that this attributive process is not 
systematic and that when it occurs it is as a result of the loss of the SoO in TI. 
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the SoA is disturbed but not the SoO. In influenced thinking ‘‘the patients OWN thoughts. . . 

are being controlled or influenced by an outside force’’ (Koehler, 1979; quoted by Mullins & 

Spence, 2003: 297). Once again, if TI only affects the SoA, how do we explain the difference 

between TI and influenced thinking?9 

The difficulties the standard approach is confronted with make us prefer a second 

option. In what follows we will defend the view that TI reflects a basic deficit of the SoO and 

that the loss of SoA for inserted thoughts is but a consequence of this primary deficit. We 

propose that the SoO for thoughts depends on online dynamical processes of causal–

contextual information integration and that the disturbance of the SoO in TI can be explained 

by a disruption of these information integration processes. We start with a review of the 

clinical and experimental evidence showing that people with schizophrenia manifest a 

generalized deficit of integration information (especially of the contextual information) in 

many, if not all, cognitive domains. 

 

1.3 SCHIZOPHRENIA: THE FRAGMENTED MIND  

1.3.1 Gestalt processes in schizophrenia 

 
Consciousness manifests itself as an integrative experience. Unity and coherence seem to be 

basic characteristics of subjective experiences. Our perceptual experiences as well as our 

thought experiences do not appear disparate, sparse or incoherent but deeply harmonious, 

unified and connected. However in some pathological circumstances like schizophrenia this 

unity of consciousness is lost. Schizophrenia is characterized phenomenally by very chaotic 

subjective experiences. Patients experience the outside world as well as their inner mental 

world as deeply fragmented (Silverstein & Uhlhaas, 2004; Uhlhaas & Silverstein, 2005). 

Both clinical and experimental data suggest that patients have impaired Gestalt 

organizational processes. We first present these impairments in the perceptual domain, 

namely in perceptual organization: the ability of perceptual systems to form coherent and 

global representations of perceptual events beyond their elemental parts through some 

organizational rules, e.g., proximity, similarity, closure and good continuation (Wertheimer, 

1923). 

                                                
9 Sousa and Swiney (2011) distinguish between two notions of SoA. This seems to give them the tools to 
differentiate between the two symptoms. 



 40 

Ariety describes the experience of one patient in the following way: ‘‘She 

remembered that she could not look at the whole door. She could only see the knob or some 

corner of the door. The wall was fragmented into parts’’ (Arieti, 1962, p. 85, quoted by 

Silverstein & Uhlhaas, 2004: 264). Chapman reports another patient’s own description of 

their visual experience: ‘‘Everything I see is split up. It’s like a photograph that’s torn in bits 

and put together again. If somebody moves or speaks, everything I see disappears quickly and 

I have to put it together.’’ (Chapman, 1966, p. 229, quoted by Silverstein & Uhlhaas, 2004: 

264). 

Many experimental studies have shown that patients have perceptual organization 

deficits (for a review, see Uhlhaas & Silverstein, 2005). In a famous study, Place and Gilmore 

(1980) had schizophrenia patients and healthy controls count the number of lines in 

tachistoscopically presented arrays comprising two to six horizontal or vertical lines at the 

points of an imaginary hexagon. The lines were either coherently organized (e.g., only 

vertical or only horizontal lines) or randomly mixed. Their hypothesis was that patients would 

have impaired Gestalt organizational processes, and they predicted that they would be worse 

than control subjects in the ‘‘coherent’’ condition but better in the ‘‘mixed’’ condition at 

counting the lines. These two predictions were confirmed. Later studies have replicated and 

extended these results, showing, for instance, that grouping is also impaired in the auditory 

modality (Silverstein, Matteson, & Knight, 1996) and that other perceptual organization 

processes, such as closure, are also disturbed (Doniger, Silipo, Rabinowicz, Snodgrass, & 

Javitt, 2001; Keefe & Kraus, 2009). To sum up, both clinical and experimental data confirm 

that the perceptual world of patients is subjectively fragmented and presents basic deficits in 

the perceptual organization processes that normally bind elements into a context-appropriate 

coherent whole (see Chapter four for an experimental study showing another perceptual 

disturbance in people with schizophrenia, namely the presence of sensory persistence biases). 

 

1.3.2 Schizophrenia and the contextual information integration deficit hypothesis  

 
The fact that patients present perceptual organization disturbances suggests an information 

integration deficit: they fail to coordinate (i.e., bind together) different elements related to a 

single current particular event in a coherent way (Phillips & Silverstein, 2003, Uhlhaas, 

Haenschel, Nikolic, & Singer, 2008; Uhlhaas & Singer, 2006, 2010). More specifically, 

patients appear to be impaired at coordinating the surrounding contextual information related 

to a target event with the information strictly conveyed by the content of this target. Such a 
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contextual information integration deficit modifies the quality of the final outcome of a 

processed target (Bazin, Perruchet, & Hardy-Bayle, 2000; Phillips & Silverstein, 2003, 

Silverstein & Uhlhaas, 2004; Uhlhaas & Silverstein, 2005). Whether contextual information is 

correctly integrated or not will not change the informational content strictly conveyed by the 

target state; however, it will modulate the salience, the valence, or the relevance of the target 

event, and thus its phenomenological quality. 

As pointed out by Uhlhaas and Silverstein (2003), Gestalt theorists did not conceive of 

Gestalt laws as applying only to perceptual organization in vision, but as general laws 

governing cognitive and brain processes. These Gestalt conceptions find an echo in current 

theories of cognitive function and brain organization. Besides perceptual grouping, many 

cognitive functions, such as attention-dependent stimulus selection, subsystem integration, 

working memory, and consciousness, depend on contextual coordination between and within 

streams of processing. Recent theories in cognitive neuroscience have proposed that neural 

oscillations and their synchronization may represent a versatile functional mechanism to 

realize flexible communication within and between cortical areas (Singer, 1999; Uhlhaas & 

Singer, 2006, 2010; Uhlhaas et al., 2008). In line with this conception, Uhlhaas and 

Sylverstein propose that ‘‘abnormal perceptual organization in schizophrenia is one 

manifestation of a larger disturbance in the combining of context-related stimuli’’ (2003: 14). 

Uhlhaas et al., (2008) further suggest that this larger disturbance may be explained by the 

widespread deficit in the generation and synchronization of rhythmic activity schizophrenia is 

associated with. There is indeed empirical evidence of contextual information integration 

deficits across many cognitive domains in schizophrenia. 

First, in the perceptual domain the contextual information integration deficit is already 

present at very low levels. The specific response of a neuron to a particular stimulus can 

normally be amplified or reduced (i.e., modulated) according to the (level of) stimulation the 

neighboring neurons receive (representing the contextual information of the target neuron). 

These optimizing processes of reduction (or amplification in other cases) of signals belong to 

the so-called gain control mechanisms ‘‘that allow sensory systems to adapt and optimize 

their responses to stimuli within a particular surrounding context’’ (Butler, Silverstein, & 

Dakin, 2008: 41). Such optimizing processes are partially disturbed in schizophrenia patients 

(e.g., Butler et al., 2005). Second, patients have impaired abilities to process contextual 

information related to linguistic stimuli. Several experiments have shown that, compared to 

controls, patients integrate to a lesser degree the semantic context related to target words or 

sentences (Bazin et al., 2000; Passerieux, 2004). Third, some authors have proposed that the 
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auto-biographical and episodic memory impairments10 of patients could result from a deficit 

in the integration of the contextual elements related to the target event to be memorized 

during the encoding process (Danion, Rizzo, & Bruant, 1999; Passerieux, 2004). Four, 

contextual information integration deficits have also been invoked to explain the difficulties 

encountered by schizophrenia patients in correctly identifying the intentions, beliefs and 

desires of others (Chambon et al., 2011; Passerieux, 2004). Finally, executive dysfunctions in 

schizophrenia appear to reflect a specific problem with contextual control. The difficulties 

they present in organizing or selecting appropriate actions in relation to internal goals have 

been empirically shown to result from an inability to take into account (perceptual) contextual 

information in order to select the appropriate action among competing options (Chambon et 

al., 2008). 

The presence of a contextual information integration deficit across many cognitive 

domains in schizophrenia patients could therefore explain the fragmentation of their 

subjective experience (Phillips & Silverstein, 2003; Silverstein & Uhlhaas, 2004; Uhlhaas et 

al., 2008). 

We propose that contextual information integration also plays an essential role in the 

process of thinking itself. That is the coordination of the contextual information related to a 

thought with its content would be essential in order to experience coherent and unified 

episodes of thinking. The specific kind of contextual information we are concerned with 

consists of the causal factors that trigger and/or constrain such episodes. A breakdown of 

these coordination process(es) would result in our thoughts appearing abnormal, incoherent 

and fragmented. In the next section, we describe these different causal factors and show how 

TI may stem from a deficit in the integration of these factors. 

 

1.4 INSERTED THOUGHTS AS DECONTEXTUALIZED THOUGHTS  

1.4.1 Where do our thoughts come from? 

 

A variety of internal and external factors can trigger thoughts or constrain their contents. 

Typically, when we have a thought, we do no just have access to its content. We can also 

have access to surrounding information about what triggered this thought, although this 

information may sometimes be difficult or even impossible to retrieve (see below). We refer 

to this information as the causal factor(s) of thoughts and we argue that these factors 

                                                
10 For an overview of the memory impairments in schizophrenia see for instance, Harvey & Sharma (2002). 
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constitute a specific kind of contextual information, related to, but not conveyed by, the strict 

content of this thought. We will argue that when, in an episode of thinking, this causal–

contextual information is not properly integrated, the phenomenology associated with the 

thought, but not the meaning of its strict content, is affected. First, however, let us consider 

(some of) the factors that can trigger our thoughts. 

 

1.4.2 External factors  

 

Very often thoughts are driven by external factors. That is, one or many specific events in the 

world trigger the thought you currently have. For instance, while looking through the window 

I see a bird and I think: ‘‘yet another pigeon!’’ Such instances of externally-driven thoughts 

are very common. 

 

1.4.3 Internal factors  

 

Our thoughts can of course also be triggered by purely internal events: internally-driven 

thoughts. The cases of ‘‘thought association’’ are obvious instances. For example, while I am 

thinking about something (e.g., about pigeons), this thought triggers in me some memories 

(e.g., of having seen huge numbers of pigeons in Venice), which, in turn, generate some 

further thoughts (e.g., that pigeons are a threat to monuments). 

Furthermore, thoughts can also be selected as a function of some internal goals (e.g., 

problem solving, action planning etc.).11 Thought selection in relation to internal goals 

involves the deployment of specific executive processes (Koechlin, Ody, & Kouneiher, 2003; 

Koechlin & Summerfield, 2007). These executive processes monitor, inter alia, the current 

context and your memory. Imagine you have just finished giving a talk about, say, the co-

evolution of pigeons with their urban environment. Now comes the question period. You 

answer a first question and are then asked a second question almost identical to the first one. 

Getting this second, almost identical question can make you suspect that your first answer 

was not clear enough. So, the thoughts that will be selected for your second answer should 

take into account this current context and the words used for the first response. In other 

words, your worries about the clarity of your first answer, ‘‘define a new episode with its own 

‘episodic’ control signals (or rules), which have to be integrated with those owing to 
                                                
11  For some authors, these are instances of mental-actions where thoughts are not passively but actively 
produced (Peacocke, 2007, 2008; Proust, 2008). 
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sensorimotor and contextual control in the service of action [or thought] selection’’ (Koechlin 

& Summerfield, 2007: 230). Instead of simply repeating your initial answer, you try to 

formulate a, hopefully, clearer answer. 

 

1.4.4 Further modulating factors  

 

A thought originally externally- or internally-driven can be modulated by supplementary 

(internal or external) factors eventually determining what will be the content of a thought. 

Take the thought in the first example given above, namely while looking through the window 

I see a bird and I think: ‘‘yet another pigeon!’’, as the ‘prototypical’ thought the subject 

would have while looking through the window and seeing a pigeon perching on a branch right 

in front of the window, all other things being equal. Then the following list contains (at least 

some of) the factors that can modulate and possible change that prototypical thought. 

I. Perceptual constraints: The current perceptual conditions (i.e., the current signal-to-

noise ratio) can also affect your thoughts. For instance, suppose I see the same bird 

while looking through a very dirty window, the thought ‘‘yet another pigeon!’’ may be 

replaced by the thought ‘‘ is it a pigeon or a blackbird?’’. 

II. Situational constraints: similarly, according to the current situational conditions your 

thought could also be different: in my room in Toronto, while looking through the 

window I see a bird and I think: ‘‘what! Even here there are pigeons!’’. 

III. Doxastic background constraints: our thoughts are always generated within a personal 

background of beliefs and knowledge. Suppose, for instance, that I believe that in 

Toronto there are no pigeons, only turtledoves. While looking through the window I 

see a bird and I think: ‘‘Haaaa. . . here’s a turtledove!’’. This particular thought is 

triggered by the view of the pigeon. The set of possible thoughts your system can 

produce is a function of your knowledge and set of beliefs. With a different doxastic 

background, the thought would have been different.12 For instance, if I am very 

ignorant about birds, then while seeing a bird through the window, I could maybe 

think, ‘‘yet another pigeon!’’; but I could not think, as a bird-watcher would, ‘‘yet 

another Rock pigeon!’’. 

IV. Immediate internal constraints: a particular thought can also depend on the thought(s) 

                                                
12 Of course, all thoughts are generated within a doxastic background. Nevertheless the crucial point is the 
weighting of the different factors within the current situation. So, the doxastic background will have more or less 
weight in the determination of the current thought according to the current situation. 
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that just precede it. My thought(s) about a specific perceptual object may differ 

according to my immediately preceding thought(s): I am thinking that golden eagles 

are endangered, and, while looking through the window I see a bird and think: ‘‘at 

least there will always be pigeons!’’ 

V. Memory constraints: a thought about a specific stimulus or an internal event can 

depend on a particular memory context. For instance, while looking through the 

window I see a bird and I think: ‘‘I must not forget to feed the birds tonight’’. 

VI. Emotional constraints: your current affective state can also influence the content of 

your thought. For some reason, today I am particularly happy and seeing a bird 

through the window I think: ‘‘Actually, pigeons are not so ugly!’’. 

VII. Volitional constraints: the subject has the possibility to reject the thought(s) she 

currently has. That is to say, she can exert metacognitive control over her thought(s) 

and decide whether to go on with it or not (sometimes, of course, it is not as easy as 

we suggest). Suppose I am writing a paper, see a bird through the window and start 

thinking about pigeons. I may exert metacognitive control to abort this thinking about 

pigeons and go back to my writing. 

In what follows we will try to show that TI may result from an integration deficit of 

some of these external, internal and modulating factors. 

 

1.4.5 Causal coherence determines SoO  

 
Figure 1.1 summarizes our hypothesis about thought insertion. Our ‘‘stream’’ of thinking (as 

well as our stream of consciousness in general) appears unified and coherent and strange 

intrusions or serious incoherence are relatively infrequent. What are the processes that 

underlie this ‘cohesive’ phenomenology? We just explained that a thought does not arise out 

of nowhere; rather a number of factors contribute to its emergence. The integration of these 

causal–contextual factors with the content of thoughts is necessary to obtain a cohesive 

phenomenology within our episodes of thinking. However, this coherence is a form of causal 

coherence rather than semantic coherence. A specific thought will be said to be causally 

coherent if the system integrated its causal source(s) so that the presence of this thought 

within our stream of consciousness will feel ‘‘natural’’ and normal, independently of its 

semantic content. This causal coherence determines a specific phenomenology of coherence 

that does not depend on the (semantic) content of thoughts but on some functional processes 

that underlie the mechanisms of thought production. In contrast, semantic coherence depends 
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on the information conveyed by the thoughts. It depends, inter alia, on the degree of match 

between the semantic content of the current thought and the semantic expectations/predictions 

of what its content would be based on the semantic contents of the preceding thoughts (see 

below). However, causal coherence may or may not co-occur with semantic coherence. 

Consider first the case in which the two kinds of phenomenology co-occur. For 

instance, when you are running an inner soliloquy about a specific subject matter (e.g., 

solving a math problem), each particular thought is, at least partially, constrained by (usually 

implicit) semantic expectations (or semantic predictions) derived from the preceding 

thought(s).13 In this case causal coherence and semantic coherence co-occur. More precisely, 

during such an inner soliloquy the integration process of causal–contextual information 

integrates or coordinates each previous thought with the next thought, which, in this case, was 

precisely triggered by this preceding thought (what we called the immediate internal 

constraints). The phenomenal output of this coordination process is a causal coherence in that 

the presence of the upcoming thoughts feels normal. In addition, the semantic predictions of 

the upcoming thoughts formed upon the preceding thoughts provide a phenomenology of 

semantic coherence. This is phenomenally manifested as follows: when your current thoughts 

match the predictions derived from the previous thoughts, their semantic contents are not as 

salient as when there is some mismatch. Read the following sentence: ‘‘The election of B. 

Obama was a great historical moment, since he was the first president of the United States to 

be white’’. You were probably surprised by the last word of this sentence and its 

unexpectedness made it very salient. Experimentally, when subjects have to identify the sense 

of a target word, they are faster to recognize its sense if it was preceded by a close semantic 

context (Harvey & Sharma, 2002; Passerieux, 2004). Physiologically, this priming effect is 

manifested by a reduction of the N4000 amplitude, when the word is preceded by a close 

semantic context. The N400 is an event-related potential ‘‘arising in all linguistic situations, 

between 250 and 450 ms after target word presentation; its amplitude changes according to 

the facility to access at word meaning’’ (Passerieux, 2004). This process is disturbed in 

schizophrenia patients, who show a reduced priming effect, physiologically expressed by a 

                                                
13 The system of course also integrates other information, as the broader context in which the soliloquy is taking 
place. That is about what it is (i.e., the ‘‘superordinate task’’ the subject is executing), such as the solving of a 
mathematical problem. This broader context will drive the general line of your soliloquy, selecting the more 
appropriate thoughts according to (at least) the current situation. In this respect, if you are fully concentrated on 
your problem, the sentences you will silently utter will be coherent with the superordinate task. Other things 

being equal, a sentence such as ‘‘Pythagoras was not right about this’’ will appear coherent with your solving 
problem task, but the sentence ‘‘this bread is delicious’’ will not. 
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smaller reduction of the N400 when the target word is preceded by a close semantic context. 

To recap, by a kind of semantic priming effect one thought blends smoothly into the next and 

they appear to form a coherent sequence. Inversely, when the semantic content of a thought 

does not match our expectations, it automatically becomes salient and appears incoherent or 

incongruent with respect to our preceding thoughts. 

Take now the case in which the phenomenology of causal coherence and the 

phenomenology of semantic coherence come apart. While you are performing an activity 

(e.g., exercising at the gym) and thinking about your current performance, suddenly the 

thought ‘‘I must not forget my laptop for tonight’s meeting’’ pops in your mind. In this case, 

the information conveyed by the thought (i.e., its semantic content) will appear salient to the 

extent that it was not expected or predicted from the preceding thoughts. Nonetheless, the 

presence of this thought does not feel abnormal. Why? The reason is that in this particular 

case, the system integrated the (implicit or explicit) memory factor, namely your prospective 

memory of tonight’s meeting, that triggered or constrained the content of your thought (what 

we called the memory constraints). The factor could also have been a perceptual event (i.e., 

what we called an external factor), such as your glimpsing your laptop through the open door 

of the locker room. This perceptual event would have been dynamically coordinated (i.e., 

integrated) with your occurrent thought with the result that, once again, the presence of the 

thought would not have seemed abnormal (even if you were unable to retrieve this perceptual 

information later). 

To recap, to produce phenomenal causal coherence the system must integrate the 

causal source(s) (i.e., the causal–contextual information) of thoughts with the thoughts 

themselves. Now, we propose that the SoO for thoughts directly follows from the production 

of phenomenal causal coherence (and not from semantic coherence). The establishment of 

causal coherence is what prevents the irruption of a sense of non-ownership or dis-

ownership.14 When this integration process is disrupted, a thought, while occurring, will be 

disconnected from its causal source(s). It will then be experienced as coming out of nowhere. 

Imagine now that you experience some of your thoughts as coming out of nowhere; their 

                                                
14 The phenomenology of thought-ownership is difficult to characterize positively. It is not a vivid and highly 
salient part of our experience of thinking; rather, it is better described as recessive, occupying the margins of 
consciousness and involving a diffuse and harmonious sense that our thoughts are part of some harmonious flow 
and do not come out of nowhere. In addition, it is difficult to decide if TI is phenomenally characterized only by 
an absence of ownership (i.e., non-ownership) or more specifically by the presence of a negative sense of dis-
ownership. However, these issues are not primordial for the present paper, so they are postponed for another 
occasion. 
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presence will likely feel strange and abnormal so that your sense of ownership for these 

thoughts could be seriously disturbed. We suggest that this is precisely what happens in TI. In 

other words, we hypothesize that in patients with TI, the processes responsible for the online 

integration or coordination of the causal–contextual information pertaining to a thought with 

the thought itself is impaired. That is to say, the link between causal context and thought is 

not dynamically maintained. As the result, these thoughts would be experienced as coming 

from nowhere, and we would lack a SoO for them. In our view then, considering inserted 

thoughts as decontextualized thoughts constitutes the better way of describing the 

phenomenological substrate of thought insertion. 

In this view, the SoO for thoughts depends essentially on the integration of relevant 

causal–contextual information with the occurring thought(s). This causal information may 

(but need not) include conscious causal factors (e.g., voluntarily produced thoughts). 

Additional factors, such as logical or semantic coherence may modulate the strength of the 

SoO. Nevertheless, we claim that causal integration is a necessary and sufficient condition for 

ownership, so that if it is absent the SoO will be undermined. 

But now what could be the functional impairment responsible for the disturbed 

integration of causal–contextual information in the production of episodes of thinking? 
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FIGURE 1.1| THOUGHT INSERTION. Semantic priming (e.g., a thought preceding the target thought) 

allows us to predict the content of the incoming thought. When the prediction bears out, the 

unproblematic integration of the occurrent thought with the semantic context generates what we called a 

phenomenology of semantic coherence where one thought blends smoothly into the next and they appear 

to form a coherent sequence (upper left). When the occurrent thought fails to cohere with the semantic 

prime or context and no semantic integration is possible, the occurrent thought may feel as coming out the 

blue (lower left). This may lead to the normal phenomenon of unbidden thoughts (dotted arrow). More 

precisely, unbidden thoughts are likely to occur when the semantic context is not integrated with the (here 

implicit) causal factor (green box) that triggered the thought at stake. In addition, when difficulties in the 

integration of the semantic context are systematic some forms of formal thought disorder (i.e., 

disorganized thinking) may follow (dashed arrow). When causal-contextual information integration goes 

smoothly, this leads to what we called a phenomenology of causal coherence. The phenomenology of 

causal coherence would be the necessary condition for having a sense of ownership for one’s thoughts 

because it provides the system with information about the source of one’s thoughts (upper right). 

However, when causal-contextual information is not integrated with the occurring thought, owing to 

integration deficits, causal coherence is lost and the thought at stake feels as coming out of nowhere. This 

constitutes, or so we argued, the phenomenological substrate of thought insertion (double line). The sense 

of ownership for thought is disturbed as a result. And together with a process of recontextualization, by 

which patients confabulate a “new” causal source to their thoughts, integration deficits of causal-

contextual information lead to the delusion of thought insertion proper (lower right). Finally, we argued 

that the deficit people with schizophrenia have in integrating causal-contextual information could be 

sustained by a working memory deficit (white box).  
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1.4.6 Abnormal causal coherence: a working memory deficit?  

 
The deficit of perceptual binding between the contextual information and the stimulus in 

schizophrenia (see Section 1.3) can be explained by deficits in both ‘‘postattentive working-

memory-based linkages of features across time’’ and ‘‘preattentive concurrent modulation 

from surrounding stimulus features across space’’ (Uhlhaas & Silverstein, 2005: 110). 

However, to the extent that the conscious flow of thoughts is essentially, though not 

exclusively, a temporal phenomenon, the disturbed function is likely to be a function centrally 

involved in the linking of features across time. So, we suggest that the integration deficit of 

causal–contextual information in the process of thought production is principally the result of 

working memory impairments. 

We can roughly define working memory (henceforth, WM) as the ability to maintain, 

manipulate and coordinate online a definite quantity of information for a short period of time. 

An efficient WM is necessary, inter alia, for the efficient online coordination of post-attentive 

information across time needed for the production of coherent representations of objects and 

events and well-unified experiences. In the case of thinking, it is very likely that actually it is 

WM that enable us to link (or maintain the link of) thoughts with what we called their 

surrounding causal–contextual information. Indeed, there is strong evidence that patients have 

global WM impairments, affecting its verbal as well as its visuo- and non-visuo-spatial 

components (Conklin, Curtis, Katsanis, & Iacono, 2000; Gooding & Tallent, 2004; Harvey & 

Sharma, 2002, chap. 4; Lee & Park, 2005). 

Compared to healthy people, patients maintain typically less information in WM, and 

their performances are not improved by decreasing the delay between the presentation and the 

test phase in a delayed response task (Lee & Park, 2005). These WM impairments could 

therefore constitute a main cause of the failure of online integration between thoughts and 

their causal–contextual information. As pointed out by Lee and Park (2005) the patients’ WM 

deficits could result from disruptions at different levels or stages in the process of a given 

WM task since, ‘‘to perform a working memory task successfully, one has to ‘encode’ the 

target, internally represent the target, maintain the mental representation of the target while 

inhibiting irrelevant information, and retrieve the mental representation at the right moment’’ 

(p. 603). Interestingly, patients have deficits at almost all these sub-processes supporting WM. 

First, they present encoding deficits, notably in the context of memory tasks and specifically 

concerning the encoding of contextual information (Passerieux, 2004). Evidence shows that 

contextual information is not sufficiently processed at the encoding stage, and as a much less 
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available for future processes, including the manipulation and coordination of this information 

within WM (Lee & Park, 2005). Second, patients are very impaired at inhibiting irrelevant 

information. They tend to over-process irrelevant information at the expense of relevant 

information, and as a result their mind is systematically assailed by a non-structured flow of 

information (Fletcher & Frith, 2009; Keefe & Kraus, 2009; Kraus, Keefe, & Krishnan, 2009; 

Moore & Fletcher, 2012; more on this in Chapter two). In addition, selective attention is 

disrupted, which further contributes to the systematic intrusion of irrelevant information in 

their flow of consciousness (Harvey & Sharma, 2002, chap. 6). Finally, schizophrenia patients 

present deficits in the retrieval process itself (Harvey & Sharma, 2002, chap. 3; Lee & Park, 

2005). All these WM deficits could contribute to impeding causal–contextual information 

integration processes. In the first place, relevant contextual information may remain un-

encoded or be insufficiently encoded. If it is encoded, it may be encoded along with irrelevant 

information, which may make its latter retrieval more difficult. Finally, even if all goes well at 

the encoding stage, the retrieval process itself may be impaired. To sum up, we argued that 

the WM disturbances could account for the schizophrenia patients’ failure to coordinate some 

of their thoughts with relevant contextual information, resulting in a disturbed causal 

coherence and yielding decontextualized episodes of thinking for which the SoO is lacking. 

 

1.5 THOUGHT INSERTION FURTHER EXPLAINED  

 
We have argued so far that TI is best characterized as primarily a disorder of the sense of 

thought ownership. However, an account of TI should also explain the episodic nature of TI; 

i.e. why patients do not experience all their thoughts as inserted and it should explain why the 

disowned thoughts are attributed to some alien agency. In addition, in Section 1.2 we 

criticized the standard approach for failing to distinguish TI from related phenomena such as 

UT and IFT. We now turn to these further challenges and discuss how they can be addressed 

on the present model, starting with the third one. 

 

1.5.1 The case of unbidden thought 

 
While the standard approach failed to distinguish TI from other specific cases like UT and 

IFT, the present model provides the tools needed to distinguish them. According to our 

hypothesis, TI is essentially a deficit of the SoO. We can therefore say that what distinguishes 
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that in IFT and UT, the former the SoO is preserved but the SoA is lacking. However, this 

answer needs further elaboration, since TI is in a way very similar to UT, i.e., in both cases 

thoughts seem to arise in your mind automatically or spontaneously and are experienced as 

unwilled and unexpected. Prima facie then, unbidden thoughts look like cases of 

decontextualized thoughts. Why is it that we still own these thoughts? 

The intuitive answer is to say that UTs come out of the blue, because they lack 

semantic coherence with the thoughts that precede them, but do not come out of nowhere, 

because causal coherence is retained (see Figure 1.1). That is to say, the causal–contextual 

information is integrated at the time of occurrence of the (unbidden) thought. This is what we 

suggested with the example of the man who suddenly had the thought ‘‘I must not forget my 

laptop for tonight’s meeting’’ pop in his mind while exercising at the gym: the thought felt as 

coming out of the blue but not out of nowhere because the system integrated the (implicit or 

explicit) memory factor that triggered this thought (see, Section 1.4).15 Now, we need to detail 

how this works. 

Imagine you tell me, ‘‘I think that Sarkozy was not a good president’’, and I ask you, 

‘‘Why are you thinking that?’’. In this case there are at least two possibilities: either you are 

able to retrieve the causal–contextual information, say, ‘‘I just saw someone carrying a 

newspaper with a picture of Sarkozy on the FrontPage’’ or you are not able to retrieve such 

information and you reply, ‘‘just like that, I don’t know’’ (UT). In both cases, however the 

thought feels like your own thought and feels coherent. Why? 

A first possibility is to insist that in UT, some causal–contextual information may still 

be retrievable and exploited by a fallback mechanism. Take the following example of UT: 

while I am attending a boring talk the thought, ‘‘I hate pigeons!’’, pops in my mind. Then if 

you ask me why I was thinking that, I could at least reply, ‘‘Because I really hate pigeons’’. 

In a case of inserted thought, this response may not be available. The suggestion would then 

be that in the case of UTs but not of ITs, individuals may still be able to relate the thought to 

                                                
15 One anonymous reviewer for the present paper asked whether the explanation we offer for thought insertion 
could be extended to the case of primary delusions. Primary delusions are usually defined as delusions which 
arise ‘‘out of the blue’’ with no morbid antecedents or as beliefs that are not preceded by any other ideas or 
events. If we follow these definitions, perhaps the distinction between ‘‘out of nowhere’’ and ‘‘out of the blue’’ 
we draw in the paper is relevant to this issue. A thought (or a set of thoughts) will be said to be coming ‘‘out of 
nowhere’’ if causal coherence is lacking (leading to a disturbed sense of ownership), and ‘‘out of the blue’’ if 
semantic coherence is lacking. So, we may hypothesize that the phenomenological side of primary delusional 
beliefs (i.e., their lack of coherence with the person’s belief system) may be explained by a disturbed semantic 
coherence (resulting, e.g., from a deficit in the prediction of upcoming thoughts), while causal coherence is 
preserved (explaining why patients do not disown their thoughts in this case). Why primary delusions have the 
contents they have and why they become firmly held beliefs are other matters, that fall outside of the scope of 
the present paper. 
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elements of their personal background of beliefs and other attitudes. The unavailability of 

immediate causal–contextual information would account for the feeling of surprise and 

unexpectedness that accompany them, but a fallback mechanism of self-interpretation would 

insure that their ownership is not challenged. This echoes the hypothesis defended by 

Stephens and Graham (2000) who argue that TI results from the inability of patients to 

explain some of their episodes of thinking in terms of their own beliefs or desires, that is, in 

terms of their own self-conception: ‘‘A person denies that is the agent of a given thought 

because she finds that she cannot explain its occurrence in terms of her theory or conception 

of her intentional psychology’’ (2000: 162). This explanation, however, suffers from two 

important limitations. First, unbidden thoughts do not always easily fit one’s self-conception. 

I may be kept wondering why on earth the thought ‘‘I hate pigeons’’ came to my mind, given 

that I like birds in general and do not harbour any particular ill feelings against pigeons. 

Moreover, unbidden thoughts can also be disturbing, unpleasant and seriously at odds with 

one’s self-conception and we should expect the kind of fallback mechanism just sketched to 

lead us to disown them in such cases. Second, and conversely, inserted thoughts are not 

necessarily outlandish; they can also be very mundane or at least not obviously in conflict 

with the patient’s self-conception. Indeed, schizophrenia patients may acknowledge that their 

inserted thoughts are thoughts that could have been theirs, as in the case of this patient quoted 

by Allison-Bolger: ‘‘She said her ‘own thoughts might say the same thing’, ‘but the feeling 

isn’t the same’, ‘the feeling is that it is somebody else’s’’ (Allison-Bolger, 1999: 89). This 

may lead us to suspect that the preservation of the sense of ownership for UB and its loss in 

TI do not fundamentally depend on whether these thoughts do or do not fit our self-

conception. Something more basic seems to be at stake. 

A second possibility is that in UT, but not in TI, some causal–contextual information 

was actually integrated with the relevant thought by online contextual integration processes. 

However this information would not be retrievable after the time of occurrence of the relevant 

thought. The suggestion then is that in UT the contextual information that triggered the 

thought is not processed extensively enough to be explicitly retrievable by the subject later in 

time, but nonetheless processed to such an extent that the system integrates it with the 

relevant thought at the time around its occurrence. Turn back to the example of Sarkosy. 

Perhaps your thought was originally triggered by a glimpsed picture of Sarkosy. However the 

amount of processing this information received was not sufficient for it to be maintained in 

working memory long enough to be retrievable later when I asked you the reason for which 

you were thinking that. Now it is sufficient that the system maintained and coordinated the 
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relevant causal–contextual information at the time the thought was generated for there to also 

occur a concurrent, albeit transient, sense of causal coherence. 

Of course, different quantitative/qualitative levels of contextual information 

processing will have consequences for long-term integration, and so for the sense of 

ownership as well. The less the contextual information is processed, the less the integration 

will be maintained through time and the more the sense of ownership will disappear as time 

passes. Suppose again your (unbidden) thought was actually triggered by a briefly glimpsed 

picture of Sarkosy. If 1 week later, I ask you whether you still think that Sarkozy was a bad 

president, you could be astonished by my question and reply, ‘‘I never said that!’’. You could 

have no memory of ever having thought that and, in appropriate terms here, insist that it is not 

your own thought. Conversely, the more the causal–contextual information was processed the 

more the integration will be maintained through time and the less the sense of ownership will 

disappear as time passes. If your thought, ‘‘Sarkozy was not a good president’’, was triggered 

by a lively debate where your interlocutor argued, against you, that Sarkozy actually was a 

very good president, even several weeks later, you likely will still be prone to self-ascribe this 

thought. 

Finally, there is evidence that subliminal information (i.e., the prime) presented before 

a target event can, in certain conditions, bias your behaviour al response for this target (e.g., 

Naccache, 2006). This means that some integration between the unconscious information (the 

prime) and conscious information (the target) was achieved. So, a third possibility is that in 

UT the causal–contextual information that triggered your thought was never consciously 

accessible (not just irretrievable later in time). However, the (unconscious) contextual 

information would still be integrated with the content of your present thought at the time of its 

occurrence. To put it metaphorically, in UT I may not know where the thought comes from, 

but my brain knows it and, as a result, I know it is mine. The three possibilities we delineated 

are not mutually exclusive and each may contribute to explaining the preservation of the sense 

of ownership in episodes of UT. 

Now, in TI the concern is about thoughts that are not accompanied by a sense of 

ownership at the time of their occurrence. The concern is not about the question of self-

ascription at longer term that engage other processes involving, inter alia, the relation 

between the encoding processes and the long term memory. As just shown, UTs are 

accompanied by a sense of ownership at least at the time of their occurrence. This is 

explained by the fact that (as the extreme case of subliminal priming shows) the online 

integration between the content of thoughts and their non-accessible or non-retrievable 
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causal–contextual information is possible within a limited time window. So, we can argue that 

in TI even this very limited form of integration is not achieved. The online binding between 

the (retrievable, irretrievable or inaccessible) causal–contextual factors related to a thought 

and the thought itself is either absent or not maintained long enough to produce even a 

minimally cohesive phenomenology and thus support a sense of ownership. 

 

1.5.2 The episodic nature of TI explained 

 
A disruption of the WM could also account for the episodic nature of TI. Schizophrenia 

patients with TI do not experience all their thoughts as inserted (Gallagher, 2004). This 

episodic character of TI must be explained. WM processes support the online binding of 

contextual information.16 While WM processes are disturbed in schizophrenia, their failure is 

not complete. For instance, the intrusion of irrelevant information is very frequent but not 

systematic. Moreover, the amount of noise created by this intrusion of irrelevant information 

is not always important enough to disrupt the coordination of information or it may lead to 

spurious coordination of information, but coordination nonetheless. In addition, we have seen 

that patients present impairments at the encoding phase of the WM too and that these 

impairments could negatively affect the integration of the causal–contextual information 

(Section 1.4). Yet, there is also evidence that the performance of patients at this encoding 

phase can be improved by making the relevant information more salient and thus preventing it 

from being drowned in the noise produced by the intrusion of irrelevant information (Harvey 

& Sharma, 2002, chaps. 4 and 5). We can therefore expect that in cases where the relevant 

causal–contextual information is by itself highly salient, integration may still operate. 

 

1.5.3 Sense of agency in thought insertion  

 
While we argue that TI is primarily characterized by a disturbed SoO, this does not mean that 

we take patients with TI to have a preserved SoA over their inserted thoughts. Rather, we take 

it that lack of a SoA is normally a consequence of lack of SoO. However, we cannot go as far 

as to say squarely that having a SoO over a thought is a necessary condition for having a SoA 

over this thought. In Section 1.2, we drew a threefold distinction between SoO, SoA, and 
                                                
16 Note that the idea that TI is a phenomenon involving a feeling that the thought has come out of nowhere and 
that this may be caused by some problem with the temporal dynamics of cognition and working memory is also 
suggested by Gallagher (2005). 
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sense of subjectivity and argued that they can dissociate. In particular, one can have a sense of 

agency over a thought, while lacking both a sense of subjectivity and a SoO for that thought, 

as in experiences of activity where patients feel that they control the thoughts of others 

(Mullins & Spence, 2003; experiences of activity are the topic of Chapter two). This 

phenomenon suggests that SoO is not a precondition of SoA. However, it does not seem 

possible to have both a sense of subjectivity and a SoA over a thought, while lacking a SoO 

over that thought. This suggests that when one has a sense of subjectivity over a thought, 

having a SoO over that thought is indeed a necessary condition for also having a SoA. Insofar 

as the sense of subjectivity is preserved in TI, the lack of SoO implies a lack of SoA. 

 

1.5.4 The attribution of TI to an external entity: a process of recontextualization  

 
There remains the problem of attribution: patients (sometimes) attribute their inserted 

thoughts to another (not always identified) agent, as exemplified in the following, often 

quoted, patient’s self-report, ‘I look out of the window and I think the garden looks nice and 

the grass looks cool, but the thoughts of Eamonn Andrews come into my mind. There are no 

other thoughts there, only his. [. . .] He treats my mind like a screen and flashes his thoughts 

onto it like you flash a picture’ (Mellor, 1970: 17). Accordingly, we should distinguish in TI 

the negative sense of non-ownership, ‘‘it is not my thought’’, from the positive sense of 

alienation, ‘‘it is the thought of someone else’’ (e.g., Stephens & Graham, 2000). It seems that 

TI not only manifests an abnormal sense of ownership but also involves an experience of 

alienation. Our hypothesis that inserted thoughts are decontextualized thoughts seems to 

explain the lack of a proper sense of ownership but not the positive attribution of agency. 

Note first that while patients attribute their inserted thoughts to some alien agency, 

they do not systematically think of this agency as an identified human agent. Some attribute 

the source of their inserted thoughts to unknown agents, others to supernatural entities (God, 

spirits, devils. . .); others yet to machines such as radios or televisions. Various causal 

mechanisms are also reported by patients, for instance hypnosis or electrical signals (Mullins 

& Spence, 2003). So, the attribution to a specific human agent seems to be one kind of 

interpretation among others of the source of inserted thoughts rather than a fundamental 

experiential characteristic of TI and cultural factors may influence patients’ interpretations. 

We therefore propose a two-step account: first, inserted thoughts are decontextualized 

thoughts and this decontextualization accounts for the loss of sense of ownership 

characteristic of TI (i.e., accounts for the experiential part of TI); second, the attributional 
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element in inserted thoughts is the result of an attempt at interpretation patients engage into in 

order to try and make sense of this strange experience. Indeed, if inserted thoughts present 

themselves as decontextualized thoughts, then it is almost normal to search for an explanation 

of the reason why these thoughts are there, in your head. The different kinds of attribution that 

patients make could therefore be understood as attempts to recontextualize these thoughts that 

first seemed to come out of nowhere. The fact that patients often opt for extraordinary 

explanations could result in part from the extraordinary phenomenology of TI as 

decontextualized thoughts. Extraordinary events call for extraordinary explanations, so to 

speak. In addition, the loss of general coherence that affects schizophrenia patients would not 

make them very good judges of the weirdness of the explanation they are giving for their 

inserted thoughts. 

 

1.6 SUMMARY  

 
We first argued that viewing the phenomenon of thought insertion in schizophrenia as merely 

reflecting a disruption of the sense of agency fails to adequately capture its phenomenology. 

We proposed instead that thought insertion primarily involves a disruption of the sense of 

ownership and we defended the hypothesis that this disruption stems from a failure in the 

online integration of the contextual information related to a thought, in particular contextual 

information concerning the different causal factors that may be implicated in its production. 

We argued that this failure could be explained by deficits in post-attentive working-memory-

based processes involved in the linkage of features across time. This failure would result in 

very chaotic subjective experiences of thinking characterized by a lack of phenomenal causal 

coherence. Accordingly some thoughts would be experienced as coming out of nowhere (i.e., 

as decontextualized thoughts) lacking even a minimally cohesive phenomenology. This would 

constitute the phenomenological basis of TI (i.e., sense of non-ownership). We also argued 

that the episodic nature of thought insertion could be explained by the fact that disruptions of 

the working-memory-based information integration are not systematic in nature. Finally we 

pointed out that the attribution of inserted thoughts to another agent is not systematic and 

proposed that it should be viewed as the result of an attempt to recontextualize these thoughts. 

In the next chapter, I investigate another symptom of schizophrenia –experiences of 

activity (EoA)– in which some of the thoughts of patients are associated with what can be 

characterized as an unusual excessive sense or feeling of agency (SoA). Here, I refer to the 
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SoA as the experience of being the causal generator of an action or a thought or, again, as the 

experience of controlling one’s own actions and thoughts. It is well known that people with 

schizophrenia manifest some disturbances of their sense of agency (e.g., Frith, 1992) as 

expressed by a specific set of symptoms. In particular, one common characteristic shared by 

first rank symptoms
17

 (Schneider, 1959) of schizophrenia such as delusional influence, 

thought insertion, hallucinations and so on, is a lack of sense of agency: patients do not 

recognize themselves as the authors of self-generated thoughts and actions. For instance, in 

hallucinations patients attribute to other people self-generated inner speech and in delusional 

influence patients attribute to some other agency self-generated bodily actions (e.g., Farrer & 

Franck, 2007; Frith, 2005). In other words, some of the patients’ own actions and thoughts are 

associated with an experience of passivity instead of an experience of activity. In contrast, in 

EoA some of the thoughts or mental actions of patients are associated with an experience of 

activity when they should not. Instead of an agentive deficit, EoA are characterized by an 

excessive or aberrant SoA.  

The SoA is thought to rely on many cues: the perceptual effects of our actions and 

whether these effects were expected or not, the sensory attenuation of proprioceptive 

reafferences from voluntary movements, the efferent signals linked to action initiation, the 

intention(s) preceding voluntary actions, the sense of effort experienced when executing an 

action and, finally, the control one has over the ongoing action (Pacherie, 2010). For 

experiences of passivity in first rank symptoms it has recently been proposed that the 

predictive processes leading to the sensory attenuation of proprioceptive reafferences of self-

generated actions are disturbed in patients with schizophrenia, so that self-generated actions 

feel like they were externally generated (e.g. Blakemore et al., 2003; Frith, 1992; 2005; 

Fletcher & Frith, 2009). I proposed that EoA result from patients being prone to 

retrospectively infer causal relations between events in the world (including causal relations 

between some of their thoughts and external happenings) owing to widespread perceptual 

predictive deficits concerning not their own actions but external events. 

 

 

                                                
17 First rank symptoms (Schneider, 1959): Acoustico-verbal hallucinations; audible thoughts; thought 
broadcasting; thought insertion; thought withdrawal; made affect and feelings; somatic passivity, delusions of 
influence; alien control; delusional perception. 
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Chapter Two  

EXPERIENCES OF ACTIVITY AND CAUSALITY IN SCHIZOPHRENIA: WHEN PREDICTIVE 

DEFICITS LEAD TO RETROSPECTIVE OVER‐BINDING (A THEORETICAL STUDY) 

 
 

This study has been published as: Martin, J.-R., (2013). Experiences of activity and causality 
in schizophrenia: When predictive deficits lead to a retrospective over-binding. 
Consciousness and Cognition, 22 (4), 1361-1374 (see Appendix 2).  
 
 
In this paper I discuss an intriguing and relatively little studied symptomatic expression of 

schizophrenia known as experiences of activity in which patients form the delusion that they 

can control some external events by the sole means of their mind. I argue that experiences of 

activity result from patients being prone to aberrantly infer causal relations between unrelated 

events in a retrospective way owing to widespread predictive deficits. Moreover, I suggest 

that such deficits may, in addition, lead to an aberrant intentional binding effect i.e., the 

subjective compression of the temporal interval between an intentional action and its external 

effects (Haggard et al., 2002). In particular, it might be that patient’s thoughts are bound to 

the external events they aimed to control producing, arguably, a temporal contiguity between 

these two components. Such temporal contiguity would reinforce or sustain the (causal) 

feeling that the patient mind is directly causally efficient.  

 
 

GLOSSARY  
 
EoA: experiences of passivity  
EoP: experiences of activity 
SoA: sense of agency  
IB: intentional binding  
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2.1 INTRODUCTION: DEFINING EXPERIENCES OF ACTIVITY 

 
Imagine that you become able to directly control some events in the world by means of your 

mind alone. Imagine that you can now control all the behaviour of the US president, such as 

his gestures, his words, his thoughts and so on; or, again imagine that your thoughts control 

the flight of the pigeon escaping the kicking of a child. Some people are convinced and feel 

that they are exercising some control on people or things just by thinking. The presence of 

such delusional experiences belong to the so-called ego disorders referred to as Experiences 

of Activity (henceforth, EoA), and can be found in people with schizophrenia, (Stanghellini & 

Monti, 1993). More precisely, in EoA, “patients... intentionally transmit their thoughts... [and] 

intentionally exert control on objects and events of the outside world” (Stanghellini & Monti, 

1993, quoted by Mullins & Spence, 2003, p.297). Kraepelin (1919) equally stated about 

schizophrenia: “(…) The patient sometimes knows the thoughts of other people (...). He can 

also think for others, he passes on the thoughts, carries on conversations, dialogues with his 

companions, with the people in other houses” (quoted by Stanghellini & Monti, 1993, p. 5). 

As a final example, Georgieff & Jeannerod (1998) say that in some cases “patients are 

convinced that their intentions or actions can affect external events, for example, that they can 

influence the thoughts and the actions of other people” (p. 474; see also Daprati et al., 1997). 

Based on these experiences of activity people with schizophrenia construct delusional beliefs. 

One may distinguish different delusional beliefs in EoA, 1) what I will call the primary belief 

that people with schizophrenia caused the event at stake by thinking and 2) what I will call the 

secondary (more elaborated) belief expressing grandiose delusions (for a review, see 

Knowles, McCarthy-Jones & Rowse, 2011).18 For instance, the belief that patients are 

omnipotent or have telekinesis powers. Here are some instances of EoA:  

 

1. “I can make you move just now, doctor. I  can make you touch a table” (How can you 

do that?)  “You did it. I pointed my finger there and you pointed  yours. I moved my 

finger just now and you were looking  at my finger and studying it and the brain came 

from my finger and you put your finger down there just now as if I was guiding it” 

                                                
18 With respect to the mechanisms leading to the construction of a delusion, it is usually postulated to involve 
two steps, a neuropsychological impairment leading to an abnormal or non-common experience and a delusional 
inference (the delusion itself) based on this abnormal experience. Such inference is sometimes considered as a 
rational non-pathological response to the abnormal experience and sometimes the inferential process itself is 
taken to be impaired (e.g., Coltheart et al 2010; Maher, 1999; Mckay, 2012). In the present study I will mainly 
concentrate on the neuropsychological impairment(s) of EoA, therefore on the experiential part of this symptom 
and I postpone the discussion about the delusional construction itself to another occasion. However, at some 
time, the primary delusional belief will be discussed.  
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(Chapman and McGhie, 1964, p. 371).19 

2. Stanghellini & Monti (1993) relating the experience of a patient suffering from 

schizophrenia: “once he was calling inside himself one of his friends and this friend 

turned his head towards him; when he tried again, his friend turned a second time 

towards him, confirming that he could hear the patient's thoughts. The patient 

concluded that he was able to actively transmit his own thoughts” (p 6). 

3. Chapman and McGhie (1964) describing the experience of another patient: “She 

expressed bizarre ideas concerning the function of her brain and also delusions 

referring to other people reading and controlling her thoughts” (p. 368).  

4. “But I also hear (...) the people that I look at, I make them have my own thoughts (...). 

I can also read in men's souls without mistaking” (Binswanger, 1965, quoted by 

Stanghellini & Monti, 1993, p. 6).  

5. As a final example, we can quote Weitbrecht (1968) also relating the experience of a 

patient with schizophrenia: “sometimes the patient also experiences an equivalent 

magic omnipotence, so that he himself can influence other people and even the 

cosmos in a supernatural way” (quoted by Stanghellini & Monti, 1993, p. 6).  

 

As such, EoA are a manifestation, among others, of grandiose delusions i.e., the false 

beliefs about “having inflated worth, power, knowledge or a special identity which are firmly 

sustained despite undeniable evidence to the contrary” (Knowles et al., 2011, p. 685; see 

American Psychiatric Association, 2000). As an illustration, a patient confided herself in the 

following way:  “I can communicate and have a special relationship with God. I am also the 

cousin of Tony Blair and I can fly” (Smith et al., 2005, quoted by Knowles et al., 2011, p. 

685). In schizophrenia, grandiose delusions are one of the most common delusions after 

persecutory delusions (Stompe, Karakula, Rudaleviciene et al., 2006).20 The frequency of 

grandiose delusions is cross-culturally consistent (Stompe et al., 2006; see, however, Yamada 

et al., 2006), but the specific expression of these delusions may vary from one culture to 

another (Suhail & Cochrane, 2002).21  

Actually we can find two types of ego disorders in schizophrenia, which are mirror 

images of each other (Georgieff & Jeannerod, 1998). As we just saw EoA constitute one type; 

                                                
19 I would like to thank an anonymous reviewer for indicating me this reference.  
20 Grandiose delusions are also strongly present in manic states such as bipolar disorder (Appelbaum et al., 1999) 
but the present discussion will only focus on schizophrenia.  
21 For a complete assessment of the prevalence of grandiose delusions in schizophrenia and other psychiatric 
populations see the Section 3 of Knowles et al., (2011).  
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the other type being Experiences of Passivity (hereafter, EoP) where people with 

schizophrenia regard some of their (mental or physical) actions as not being the result of their 

own willing and, usually, as being controlled by outside forces. All first rank symptoms of 

schizophrenia (Schneider, 1959) manifest EoP, e.g., hallucinations, delusions of control, 

influencing thinking, thought insertion (see Chapter one) and so on. Research on the 

neurocognitive underpinnings of schizophrenia symptoms pertaining to ego disorders has 

essentially focused on the latter. In comparison, EoA have received relatively less attention. 

One likely reason for this “omission” is that EoA are usually less common than EoP 

(Stanghellini & Monti, 1993). The latter, but not the former, are expressed by a large set of 

symptoms. Furthermore, Stanghellini & Monti (1993) argue that in some cases EoA are 

transitory phenomena expressing a dynamic evolution to EoP. The transitory character of 

EoA, they suggest, might have participated to the underestimation of this symptom. The 

present paper aims at correcting to some extent the imbalance between activity and passivity 

experiences by trying to conceptually identify the possible cognitive dysfunctions at the basis 

of EoA.  

Based on the available reports as those given above it is not clear whether in EoA 

people with schizophrenia (i) form an intention to control some relevant external event and 

think that their intention has been efficient if this event occurs in the way they sought; (ii) 

have a thought (that is not necessarily an intention) perhaps about the external event at stake 

(but not necessarily and/or not very specifically) and based on what happens they eventually 

“conclude” that their thought actually was an intention and that the event occurred in 

accordance with this intention. Anyway, the cognitive dysfunction I suggest constitutes the 

basis of EoA can accommodate these two possibilities.  

Recently, positive symptoms of schizophrenia such as delusions and EoP in first rank 

symptoms (e.g., hallucinations, delusions of alien control) have been hypothesized to result 

from a dysfunction of the predictive brain i.e., of predictive mechanisms arguably sustaining 

perception, action and cognition (Corlett et al., 2010; Fletcher and Frith, 2009; Frith and 

Friston, 2013) (see Section 2.2). In the present work, I propose to apply this hypothesis to 

EoA. In particular, I propose that EoA result from people with schizophrenia having an 

aberrant and abnormal tendency to infer causal relations between independent events owing to 

generalized and systematic perceptual predictive deficits.  

On the one hand, there is evidence that people suffering from schizophrenia actually 

have an increased tendency, compared to healthy people, to perceive causal relations between 

unrelated events (Tschacher & Kupper, 2006; Blakemore et al., 2003). On the other hand, 
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there is also substantial empirical evidence that schizophrenia patients are characterized by 

deficits of prediction in many cognitive domains viz. in perception, action, reasoning and so 

on (Corlett et al., 2010; Fletcher & Frith, 2009; Keefe & Kraus, 2009; Kraus, Keefe, & 

Krishnan, 2009; Krishnan, Kraus & Keefe, 2011; Moore & Fletcher, 2012). In a nutshell, 

predictive deficits lead to systematic false error predictions, that make external events appear 

abnormally salient and, thus, ‘calling for an explanation’. As a consequence, predictive 

deficits lead people with schizophrenia to see meaningful events and (false) contingencies 

everywhere (Chadwick, 2007). Furthermore, such predictive deficits cause patients to be 

essentially stimulus-guided, i.e. their interpretation of the world is principally driven by the 

incoming information and the external events because such events were unpredictable for 

them. I will defend the view that the increased tendency of people with schizophrenia to infer 

causal relations result from their predictive deficits making the co-occurrence of unrelated 

events abnormally salient and, therefore, preparing the ground to the elaboration of causal 

inferences. Moreover, I will show that such aberrant causal inferences are retrospectively 

rather than predictively construed. I propose that EoA arise when people with schizophrenia 

produce retrospective aberrant causal inferences between their thought(s) or intention(s) and 

the event at stake.  

In addition, some findings show that schizophrenia patients have an aberrant 

intentional binding effect (Haggard et al., 2003) i.e., the subjective compression of the 

temporal interval between an intentional action and its external effects (Haggard, 

Aschersleben, Gehrke, & Prinz, 2002). Interestingly, intentional binding is based on both 

predictive and retrospective components (Moore and Haggard, 2008). In people suffering 

from schizophrenia, the predictive component of intentional binding is absent and the excess 

of binding is thus generated retrospectively (Voss et al., 2010). So, a quite intuitive suggestion 

following our hypothesis of a retrospective causal inference between patient’s thought(s) or 

intention(s) and the event at stake is that the phenomenal experience of causality or feeling of 

efficiency associated with EoA –the feeling that thoughts or intentions are causally efficient– 

might be reinforced or sustained by a temporal binding between these thoughts or intentions 

and the external events at stake.  

In the second section, I describe the predictive deficits present in schizophrenia and 

the consequences that follow from such deficits. In the third section, I present my main 

proposal about EoA. In the last section, I give some arguments in favour of the idea that EoA 

might be reinforced by an intentional binding phenomenon.  
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2.2 PEOPLE WITH SCHIZOPHRENIA: BAD PREDICTORS 

2.2.1 The predictive brain 

 
Several current models of schizophrenia converge on the idea that such disease might 

primarily reflect a generalized deficit of predictive mechanisms implemented in our brains 

and sustaining a range of cognitive and perceptual abilities (Fletcher & Frith, 2009; Keefe & 

Kraus, 2009; Kraus, Keefe, & Krishnan, 2009; Krishnan, Kraus & Keefe, 2011; Moore & 

Fletcher, 2012). In perception, predictive mechanisms are essential to have stable, unified and 

meaningful experiences of the world. Predictions are based on implicit knowledge of the 

world (or priors in the terminology of the Bayesian approach (Fletcher & Frith, 2009; 

Mamassian et al., 2002) and memories in the terminology of the memory-prediction model 

(Keefe & Kraus, 2009)) acquired by the system through experience (although some implicit 

knowledge is presumably innate) and on the sensory evidence. Priors organize and constrain 

sensory inputs and, eventually, this set of implicit knowledge constitutes a “working model” 

(Keefe and Kraus, 2009) through which our perceptual system interprets the world (see also 

the discussion of Chapter four). One of the functional roles of predictive processes consists in 

giving to the perceptual system the ability to filter out (or ignore) irrelevant information 

(precisely, the predicted information), preventing the system from being exposed to 

information overload. However, when the current event or information is not predicted (what 

is referred to as a prediction error) it becomes salient and attracts our attentional resources. 

For example, if you expect stimulus A to be followed by stimulus B, but stimulus C happens 

instead, a prediction error signal is generated. The prediction error signal makes salient the 

non-predicted information so that the attentional system is alerted that it should engage 

further processing of this information. In a next step, if that seems relevant for your learning 

system, you will form a new association between stimulus A and stimulus C (e.g., the 

occurrence of the event, “A followed by C” is repeatedly experienced). In other words, when 

stimulus A will occur you will (implicitly or explicitly) form the prediction that stimulus C 

will follow. By forming this new association your working model of the world is updated. 

 According to some authors, the predictive mechanisms are thought to be organized in 

a specific hierarchic way (Friston, 2010; Friston et al., 2006): roughly, the feedforward flow 

would be constituted by error signals sent to higher areas from lower areas and the feedback 

flow by predictions sent to lower areas from higher areas providing, in addition, the priors 

beliefs for lower areas. When a prediction error is generated with a sufficient reliability this 

indicates that the existing working model was not optimal to account for the relevant input(s). 
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The prediction error then is sent to the next level (where the predictions are potentially more 

precise) and a readjustment may reduce the error signal. If the prediction error persists it is 

sent to a still higher-level and so on and so forth.  

 

2.2.2 Evidence for predictive deficits in schizophrenia  

 
Strong empirical evidence indicates that people with schizophrenia manifest important and 

systematic predictive deficits (for reviews see, Corlett et al., 2010; Fletcher & Frith, 2009; 

Keefe & Kraus, 2009; Kraus, Keefe, & Krishnan, 2009; Krishnan, Kraus & Keefe, 2011; 

Moore & Fletcher, 2012) or deficits in what Krishnan et al., (2011) call learning-dependent 

predictive perception. As a consequence, the irrelevant information is not ignored and 

becomes salient so that their attention is grasped and an additional and scrutinizing processing 

of this information is then engaged. In other words, people suffering from schizophrenia 

produce false prediction errors and, therefore, are assailed by an overflow of information. An 

important outcome of systematic aberrant prediction error signalling is that people with 

schizophrenia will tend to see all the irrelevant information as meaningful and to form 

irrelevant associations between, or false inferences from, events (Fletcher & Frith, 2009). For 

instance Chadwick (1993), a psychologist who suffered from a schizophrenic breakdown, 

reports that in the course of the disease he saw almost all things as “uncanny coincidences” 

that should be explained, all things around him became relevant and seemed to have a 

meaning: “the "feeling of meaning" was so intense that pretty well everything said around me 

at that time seemed at least "relevant"” (Chadwick, 1993, p. 7).  

In addition, the fact that prior knowledge normally constrains the way one interprets 

how events are related has some behavioural consequences. For example, a characteristic of 

this constraining system is that it can be inflexible in some circumstances and ignore what 

actually constitutes relevant information. This can be captured, inter alia, by a phenomenon 

known as latent inhibition (e.g., Lubow, 1973). Latent inhibition is a measure of reduced 

learning about a stimulus to which there has been prior exposure without any consequence. 

This means that it will be more difficult for the subject to associate it with another stimulus at 

a later stage. Some studies show that patients suffering from schizophrenia “learn more 

rapidly than control subjects in response to stimuli to which they have previously been 

exposed” (Fletcher & Frith, 2009, p. 53). These findings suggest that the cognitive/perceptual 

system of people with schizophrenia is less constrained by prior knowledge than our own 

cognitive/perceptual system is. Another example labeled blocking effect shows that the 
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learning of potential new associations between stimuli is partly driven by the level of surprise 

their co-occurrence expresses (Kamin et al., 1969). That is, once again, it is driven by 

prediction errors. When people learn to associate stimulus Q to reward R, if another stimulus 

P is coupled with Q at a later stage, P will fail to acquire the power to predict R. In other 

words, P does not predict R because R is already fully predicted by Q and then subjects learn 

nothing about P. As a consequence, when P is presented alone at a later stage and R follows 

it, a prediction error is triggered (i.e., people are “surprised” by this sequence) because, once 

again, subjects did not form the prediction that P could be followed by R. This blocking effect 

was shown to be reduced in the group of patients with schizophrenia suggesting an abnormal 

process of prediction error driven learning, and thus disturbed predictive mechanisms (Jones, 

Hemsley, Ball et al., 1997). Recent fMRI studies have replicated these findings showing that 

schizophrenia patients with e.g., delusional beliefs (Corlett et al., 2007) and healthy subjects 

with unusual or delusional-like beliefs (Corlett & Fletcher, 2012) have increased brain 

activity in specific brain areas coding prediction errors (e.g., prefrontal/frontal areas and 

striatum) when P is presented with Q (i.e., the blocking effect is attenuated) and reduced brain 

activity when, at a later stage, P is presented alone and followed by R (i.e., the prediction 

error normally associated with this sequence is attenuated), compared to control subjects.22  

 Another consequence of the predictive deficits present in people with schizophrenia is 

that their perceptual processes become essentially driven by incoming sensory information 

(Keefe & Kraus, 2009; Kraus, Keefe, & Krishnan, 2009; see, however, the discussion of 

Chapter four and footnote 23). More precisely, in normal conditions the perceptual processes 

of healthy individuals are guided both by bottom-up stimulus-based processes and system-

based processes (including predictive mechanisms). In people suffering from schizophrenia, 

the system-based processes are impaired, so that bottom-up sensory processing is less 

constrained and then becomes the main guide for their behaviour. In other words, patients are 

stimulus-guided.23  

As a result, when stimuli are degraded, context-dependent or ambiguous, people with 

schizophrenia have difficulties processing them (i.e., extracting the meaning or the 

information conveyed by such stimuli) (Phillips & Silverstein, 2003; Silverstein & Uhlhaas, 

2004; Uhlhaas & Silverstein, 2005). Qualitatively, this is manifested by an abnormal salience 

                                                
22 More precisely, in the study on healthy people the design was not an inter- but an intra-group protocol and 
authors correlated brain activity with e.g., the more or less strong presence of unusual beliefs (Corlett & Fletcher, 
2012).  
23 In the discussion of Chapter four I suggest that, in fact, people with schizophrenia are stimulus-guided when 
they do not form prior online expectations. However, once they form such prior online expectations they become 
“prior-guided” (Chambon et al., 2011) rather than “stimulus-guided”.  
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or valence of details at the expense of the global configuration of stimuli. The following 

report of an individual suffering from schizophrenia expresses the phenomenology associated 

with this deficit: “Everything I see is split up. It’s like a photograph that’s torn in bits and put 

together again. If somebody moves or speaks, everything I see disappears quickly and I have 

to put it together.’’ (Chapman, 1966, p. 229, quoted by Silverstein & Uhlhaas, 2004: 264).  

 Experimental work also provides evidence that the perceptual states of people with 

schizophrenia are stimulus-driven (for a review, see e.g., Keefe & Kraus, 2009). For instance, 

in a pursuit task the group of patients with schizophrenia was better than the control group at 

tracking the target during the period around the change of an unpredictable directional shift 

(Hong et al., 2005). This suggests that the pursuit abilities in healthy subjects are constrained 

by extra retinal predictive processes while in people with schizophrenia they are only driven 

by retinal error signals. In perceptual closure tasks, participants are presented with fragmented 

images and have to recognize what they represent. Results show that patients suffering from 

schizophrenia need more complete images than controls to be able to recognize what the 

figure represents (Doniger et al., 2001). Furthermore, people with schizophrenia are usually 

less sensitive to some perceptual illusions than healthy people (although this is not always the 

case) (Kantrowitz et al., 2009; Butler et al., 2008). As an illustration, patients are less misled 

than controls by the hollow-mask illusion in which a concave face appears as a normal 

convex face (Keefe & Kraus, 2009). To recap, in healthy people perceptual experiences are 

constrained both by stimulus-based processes and system-based processes (like predictive 

processes). In contrast, the perceptual experiences of people with schizophrenia are 

principally driven by stimuli themselves.  

So far I have described the predictive deficits present in people with schizophrenia and 

the consequences of these deficits. Recent accounts of positive symptoms of schizophrenia 

(especially, delusions and EoP in first rank symptoms) rest on these predictive deficits 

(Corlett et al., 2010; Fletcher & Frith, 2009; Frith & Friston, 2013). 

 

2.2.3 From predictive deficits to delusions 

 
On the one hand, owing to malfunctions of predictive mechanisms delusions would start with 

patients producing systematic false perceptual prediction errors about the structure of the 

external world –because their perceptual system, maybe, is not constrained anymore by priors 

so that the world appears, so to speak, erratic (Krishnan et al., 2011). Importantly, it is not the 

abnormal production of prediction errors by itself that would be disturbed but the fact that, in 
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addition, the system generates these prediction errors with high precision (Frith & Friston, 

2013) in the sense that they are attached a strong value (or weighting) while the information at 

stake actually is irrelevant. As a next step, the system would then try to resolve the conflict. 

However, given the falsity of the prediction errors, complete resolution could never be 

achieved. In this framework, delusions can be interpreted as further attempts to give some 

meaning to these (falsely relevant) events (Corlett et al., 2010). More precisely, when a signal 

error in people with schizophrenia is sent to the next level of the hierarchy it is not reduced 

because it is false, then the signal is sent further away up to very abstract levels. Because the 

prediction errors cannot be accounted for by the existing “traditional” working models of the 

world, people with schizophrenia give up these models for other models (i.e., delusions) 

potentially more able to make sense of this unpredictable and strange world. These delusional 

models, in turn, will serve as new priors constraining the way incoming information is 

interpreted leading, therefore, to a self-entrenching process (Clark, 2013; Corlett et al., 2010; 

Flecther & Frith, 2009). Delusions give sense to a senseless world: “The improbable 

(telepathy, conspiracy, persecution etc) then becomes the least surprising, and - since 

perception is itself conditioned by the top-down flow of prior expectations - the cascade of 

misinformation reaches back down, allowing false perceptions and bizarre beliefs to solidify 

into a coherent and mutually supportive cycle” (Clark, 2013, p. 17).  

On the other hand, EoP (e.g., hallucinations, delusions of control) would result from a 

deficit of mechanisms predicting the sensory consequences of one’s self-generated actions so 

that these sensory consequences are not attenuated and the phenomenology of activity usually 

associated with self-generated actions is replaced by a phenomenology of passivity 

(Blakemore et al., 2000; Frith, 1992; 2005). More precisely, the view is based on the 

comparator model originally developed to account for motor actions (Sperry, 1950). Frith 

(1992, 2012), however, invoked it to explain delusions of control –where agents experience 

their own actions as controlled by some external entity– as well as several other delusions of 

passivity in schizophrenia (see also Section 1.2 of Chapter one). Roughly, “preparation for the 

motor act entails a prediction of its consequences, and efferent information [an efference copy 

or corollary discharge] is sent to the sensory cortex to suppress its response” (Fletcher & 

Frith, 2009, p. 51, see also Frith et al., 2000). In other words, when we personally produce 

actions, the sensory consequences resulting from these actions are attenuated (e.g., Blakemore 

et al., 2000), for instance the proprioceptive feedback. Sensory attenuation would be one of 

the cues the system uses to recognize an action as self-generated rather than externally 

generated (Frith et al., 2000; Helmholtz, 1866). Now, a deficit of these mechanisms would 
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imply that when people with schizophrenia produce an action its sensory consequences are 

not attenuated and, therefore, this action instantiates a phenomenology similar to the 

phenomenology of an externally generated action (Blakemore et al., 2000) leading, arguably, 

to EoP (i.e., to delusions of control when bodily actions are at stake or hallucinations when 

inner speech is24, Ford & Mathalon, 2004).  

In the next section, I will show that such predictive deficits might equally constitute 

the functional deficit underpinning the excessive tendency of people suffering from 

schizophrenia to perceive/infer causal relations between unrelated events and, I shall argue, 

between some of their thoughts and external events –leading to EoA.  

 

2.3 EXPERIENCES OF ACTIVITY EXPLAINED   

2.3.1 The increased tendency in people with schizophrenia to perceive causal 
relations between events  

 
Some findings suggest that people with schizophrenia have an increased tendency to perceive 

or infer causal relations between events. This tendency has been found in what it can be 

categorized as two different types of causal relation, involving either agentive objects 

(intentional causality) or non-agentive objects (objectual causality), in both sides of the 

relation. On the one hand, in the study of Blackmore et al., (2003) participants were presented 

with videos displaying two “agentive” simple shapes, the “Prime Mover” and the “Reactive 

Mover”. In each of the four conditions designed for the experiment, the “Prime Mover” 

moves and interacts in different ways with the “Reactive Mover”. Participants had to say if, in 

their view, there was a causal relation between the movements of the two shapes and to rate 

the strength of this causal relation. Here, only two of the four conditions are reported, “the 

animate contingent condition” and the “animate non-contingent condition”. In the first 

condition, the “Reactive Mover” moves at “the view” of the “Prime Mover” as if the latter 

was the cause of the “intentional” movement of the former. In the second condition, the 

“Reactive Mover” moves whereas the “Prime Mover” is “out of view” as if the two 

movements where only co-occurrent without causal links between them. Both psychiatric 

                                                
24 Indeed, Frith (1992) assumes that thinking and, in particular inner speech, could be treated as a full action. 
Therefore, Frith applied the comparator model to hallucinations: in short, when patients produce inner speech 
events, in some cases, the consequences of these events are not dampened and some inner speech feel like 
external speech. Ford & Mathalon (2004) conducted EEG (electroencephalography) studies and showed that the 
activity of patients’ auditory cortex is not dampened when they produce self-generated overt- or inner-speech in 
comparison to passively listening playback of their own voice while it is in control subjects.  
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controls and healthy subjects rated the strength of the causal relation between the two shapes 

higher in the animate contingent condition compared to the animate non-contingent condition. 

In contrast, the group of schizophrenia patients with delusions of control rated the two 

conditions at the same level. In other words, these patients thought that there was a causal 

relation between the “Prime Mover” and the “Reactive Mover” not only in the animate 

contingent condition but also in the animate non-contingent condition. Some patients reported 

that in the animated non-contingent condition the “Reactive Mover ‘heard’, ‘felt ’ or ‘received 

magnetic information about the Prime Mover” (Blackmore et al., 2003, p. 1438).  

 On the other hand, in the study of Tschacher & Kupper (2006) patients suffering from 

schizophrenia were tested with the stream-bounce illusion (Sekuler et al., 1997). In this 

illusion, two moving discs on a monitor screen are moving toward one another. At the 

collision point this display generates an ambiguous percept, either the discs appear to ‘‘stream 

through’’ or to ‘‘bounce off’’ one another. The “bounce off” percept, but not the ‘‘stream 

through’’ percept, displays a causal relation. In addition, the probability to see the ‘‘bounce 

off’’ percept is much higher when a beep sound is added at the time of the collision point 

(Scheier et al., 2006). Tschacher & Kupper (2006) manipulated the time at which the beep 

sound was played, namely slightly before, after or at the same time the discs collide (called 

this, the time condition). Results show a strong effect of the time condition on the perception 

of causality (i.e., on the probability to see the “bounce off” percept) but there was no 

significant difference between control subjects and the group of patients with schizophrenia. 

However, there was a strong correlation between the kind of symptoms expressed by patients 

and perceived causality. In particular, perceived causality increased in the presence of positive 

symptoms.  

 

2.3.2 Experiences of activity and the retrospective nature of causal perception in 
schizophrenia 

 
Figure 2.1 summarizes my view about experiences of activity. The increased tendency of 

people with schizophrenia (at least with positive symptoms) to infer causal relations between 

events might result from the kind of predictive deficits described in the preceding section. We 

saw that such deficits make events abnormally salient. In the case of unrelated but co-

occurrent events, the co-occurrence may acquire an abnormal saliency (i.e., an abnormal 

weighting or precision) indicating that the events at stake are related in some ways. The 

perceived link between these events prepares the ground for causal inferences and leads 
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people with schizophrenia to see co-occurrent events as being causally related. Therefore, at 

the place where healthy subjects would simply see independent co-occuring events, people 

with schizophrenia might see causally related events (Moore & Fltecher, 2012).  

In addition, in healthy people causal inferences are primarily sustained by predictive 

processes (Moore & Fltecher, 2012). For instance, when playing 8-pool billiard you are 

confident that the movement of the white ball caused the movement of the red ball because 

the resulting effect accurately matches your expectation(s). However, in some circumstances, 

causal inferences are produced through postdictive processes, especially when the predictive 

processes are not available or too noisy (e.g. Moore & Haggard, 2008; Wegner, 2002). In this 

case, subjects rely more on the external event itself. For instance, if you closed your eyes at 

the time you hit the white ball and when opening your eyes you see that a yellow ball is 

rolling you will likely retrospectively infer that the movement of the white ball caused the 

movement of the yellow ball. Nevertheless, usually predictive processes prevent us from 

being too liberal in making postdictive causal inferences because if the external events fit our 

predictions/expectations there is no reason to retrospectively find an alternative cause. We do 

this in specific circumstances when, for instance, our predictions were erroneous, resulting in 

prediction errors.      

 Now, recall that people with schizophrenia, owing to predictive deficits, are essentially 

stimulus-guided. That is to say, they make systematic (false) prediction errors (Fletcher & 

Frith, 2009) and, therefore, the production of postdictive causal inferences is, so to speak, 

disinhibited. The increased tendency of patients to make causal inferences might primarily 

rely on retrospective rather than predictive elaborations. I suggest that EoA result 

from patients retrospectively inferring aberrant causal relations between their thought(s) or 

intention(s) and the external event at stake. This retrospective elaboration of causal inferences 

may occur in at least two types of situation: first, the thought in question is originally an 

intention, the external event at stake is incorrectly predicted and becomes abnormally salient 

as a result, thus triggering a retrospective causal inference process; second, the thought is not 

an intention, it occurs in close time with the external event at stake, the chance co-occurrence 

of the thought and the event takes an abnormal saliency (because the external event is 

incorrectly predicted and/or because the thought itself is salient) and this triggers a 

retrospective causal inference process (in this case the thought is not necessarily a thought 

with a highly articulated and structured content, it can be a simple idea. The internal event at 
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stake might even be more similar to a feeling or an impression than to a contentful thought).25 

As an illustration, in the case 2. presented in the introduction, one may suggest that the 

patient, owing to predictive deficits, is not able to predict the behaviour  of her friend.26 When 

she tries to call her friend by thinking and the friend (coincidentally) turns her head, the 

patient is now “free” to retrospectively infer that she caused this action. In other cases, when 

there is no intentional trying or ‘mental action’ preceding the relevant event but only an 

occurring thought, the mere co-occurrence of the thought and the event may be sufficiently 

salient to trigger a retrospective inference of causality. (Another possibility is that there is no 

prior thought or intention before the event happens and based on the unpredictable character 

of this event the subject infers that he caused it).  

Importantly, the present paper has focused on the cases where people with 

schizophrenia have the impression they control external events by means of their mind alone. 

However, as suggested by the quotations of the first paragraph of the introduction as well as 

by the case (1) of EoA given in the introduction, people with schizophrenia may have the 

impression they control external events still “at a distance” but through physical actions. The 

present hypothesis explains these cases exactly in the same way as before: either the 

individual intends to control the external event through a physical action or she produces a 

physical action without intending to control the external event. In the first case, the external 

event at stake is incorrectly predicted, it takes an abnormal saliency, and this triggers a 

retrospective causal inference process. In the second case, the physical action occurs in close 

time with the external event at stake, the co-occurrence of the action and the event takes an 

abnormal saliency because the external event is incorrectly predicted (and perhaps in certain 

situations the action itself is also salient) and the retrospective causal inference is based on 

this salient co-occurrence. 

 The present hypothesis fits well with current suggestions and empirical findings 

showing that people with schizophrenia “rely more strongly on external cues for agency” 

(Frith, 2012, p. 2 see also Synofzik et al., 2010 and Voss et al., 2010). In other words, the 

agency that people with schizophrenia attribute to their own actions is essentially based on the 

actual sensory outcomes rather than on predictive cues.  

                                                
25 Moore and Fletcher (2012) remind us that already Schneider (1930) in his time “commented on a pronounced 
tendency to see connections both between coincident external events and between simultaneously occurring 
external event and internal ‘‘impressions’’ or percepts” (p. 65, my emphasis).  
26 Many studies show that patients have theory of mind deficits, manifesting difficulties in identifying the 
intentions, desires and beliefs of others (Chambon et al., 2011; Frith, 1992; Passerieux, 2004).  
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 This phenomenon is well captured by the cue integration approaches of the SoA 

(Moore and Fletcher, 2012).27 Based on empirical and conceptual considerations, the cue 

integration approaches reconcile the view arguing that attribution of agency relies on purely 

internal (motoric) –predictive– signals (Frith et al., 2000) and the view according to which it 

exclusively relies on external or contextual –retrospective– cues (Wegner, 2002). The cue 

integration approaches argue that predictive signals and retrospective cues are integrated 

when they are congruent (i.e., redundant) and combined when they are not congruent. 

Crucially, these integration or combination processes are influenced by the relative a priori or 

contextually determined reliability/weighting of each of these signals. In healthy people, 

empirical evidence shows that predictive signals and retrospective cues interact: when 

predictive signals are uncertain (e.g., noisy) they lose in reliability and the weighting is put on 

the relevant external cues which are thus preferred to agency attribution and, conversely, 

when external cues are uncertain the weighting is put on internal signals (Moore & Haggard, 

2008; Moore et al., 2009). According to the cue integration approaches, the predictive 

mechanisms being disrupted in people with schizophrenia, the corresponding signals are very 

noisy. As a result, they are so unreliable that the weighting is aberrantly put on external cues 

(Moore & Fletcher, 2012) and agency or causality attribution is essentially based on 

retrospective inferences.   

My proposal about EoA gives several predictions: First, in causal tasks such as the 

kind of tasks designed in the experiments of Tschacher & Kupper (2006) and Blakemore et 

al., (2003), one might predict that people with schizophrenia manifesting EoA would show 

stronger causal biases than control subjects including patients with positive symptoms but 

without EoA. Second, causal inferences can be construed at higher as well as lower cognitive 

levels. It would be interesting to know at which level(s) people suffering from schizophrenia 

(with and without EoA) produce aberrant causal inferences. In this regard, a recent 

experiment conducted by Rolfs, Dambacher, & Cavanagh (2013) shows that after prolonged 

exposure to (videos displaying) causal collision events between (stimuli representing) little 

marbles, a negative aftereffect occurs: for subsequent presentations of these collision events 

subjects judged them as non-causal. This adaptation effect strongly supports the idea that 

causality for perceptual events does not simply result from higher-level cognitive inferences 

but would be implemented by low-level visual routines. If people with schizophrenia, in 

general, show a stronger negative aftereffect than healthy subjects that would mean that their 

                                                
27 I would like to thank an anonymous reviewer who encouraged me to insist on this point.  
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increased tendency to produce causal inferences is already present in low-level perceptual 

processing. If so, a further prediction would be that people with schizophrenia having EoA 

should show a stronger negative aftereffect than people with schizophrenia who do not have 

EoA. 28 Third, in source monitoring tasks (for a review, see Ditman and Kuperberg, 2005) 

where participants are asked to retrospectively tag the source of an event (e.g., whether a 

word was produced by the subject or the experimenter), one might predict that patients with 

EoA would show a stronger self-directed bias than control subjects by over attributing the 

source of events to themselves.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
28 Based on this theoretical rationale, the perceptual/cognitive-based treatments for patients with schizophrenia 
(Keefe & Kraus, 2009) would show their efficacy in reducing the symptomatic expression of EoA or, at least, in 
reducing the tendency of people with schizophrenia to infer false contingencies between events (I thank an 
anonymous reviewer concerning this point).   
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FIGURE 2.1| EXPERIENCES OF ACTIVITY. In the context of normal predictive abilities (left) and 

predictions about the causal structure of the environment, the current prediction or expectation is 

compared to the current sensory evidence. If there is a match (blue arrow) the causal inference directly 

follows from and fits with the prediction. If there is a mismatch (red arrow and white box) postdictive 

mechanisms are engaged in order to determine the actual cause of the relevant event. Disturbed predictive 

abilities such as the ones we can find in schizophrenia (right) generate a systematic production of (false) 

prediction errors. The right hand side of the figure begins at the level where a prediction error is 

generated in the left hand side of the figure (see white boxes). The systematic production of aberrant or 

false prediction errors then causes a disinhibition (dotted arrow) of postdictive mechanisms leading to 

aberrant causal inferences. In specific circumstances, this may lead to experiences of activity where people 

feel that they have caused some events at a distance. Experiences of activity may be further sustained by 

retrospectively generated aberrant intentional binding processes through which some external event, for 

instance, is perceived as having occurred earlier than it did (dotted box and see Section 2.4). Experiences 

of activity lead to the delusional belief that one caused this event by means of one’s mind alone –delusional 

causal belief. In addition, the experience of activity plus the delusional causal belief may lead to certain 

types of grandiose delusions (e.g., omnipotence delusion or telekinesis delusion). In parallel to the 

disinhibition of postdictive mechanisms, predictive deficits lead to deficits in the integration of the actual 

factors having caused the event at stake (dashed arrow). This may result in confirmation biases toward 

the delusional causal belief.   
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2.3.3 The primary causal belief sustained by confirmation biases 

 
Moreover, the primary delusional belief, namely the belief that people with schizophrenia 

caused the external event at stake at a distance, might be further maintained through 

confirmation biases (Wason, 1960). Schizophrenia patients have a stronger tendency, 

compared to control subjects, to disregard the elements that could invalidate their belief(s) 

and to consider only the elements that could confirm it (them). As Chadwick reports: 

“confirmation bias was massively amplified, everything confirmed and fitted the delusion, 

nothing discredited it. Indeed, the very capacity to notice and think of refutatory data and 

ideas was completely gone” (2007, p. 170). In this regard, it has been shown that deluded 

patients present some anomalies in probabilistic learning (see e.g., Garety et al., 1991, 

Woodward et al., 2008). For instance, presented with two urns, one containing 80% of blue 

balls and the other 80% of red balls, patients must decide, from a sequence of balls taken of 

one urn, which urn they are confronted with. Results show “that patients reach their 

conclusion on the basis of significantly less evidence than control participants and express 

more confidence in their decisions. Once a belief has become sufficiently strong, deluded 

patients show an abnormal bias against disconfirmatory evidence” (Fletcher & Frith, 2009, p. 

51; Chapter four shows that people with schizophrenia present also difficulties in the updating 

of sensory evidence).  

 In the case of EoA, the specific primary delusional belief might be maintained because 

people with schizophrenia disregard the causal factor(s) that actually caused the relevant 

external event and look for the elements that might confirm their belief. Within the 

framework of the theory of apparent mental causation (e.g. Wegner, 2002; 2003) one might 

say that confirmation biases would support the inference that thoughts or intentions (or 

actions) of people suffering from schizophrenia have caused the resulting effects in favouring 

the principles upon which such inference is drawn. According to this theory, causal inferences 

rest upon three principles: priority, consistency, and exclusivity. In other words, you will 

draw the inference that you have caused something “when a thought appears in consciousness 

just before an action (priority), is consistent with the action (consistency), and is not 

accompanied by conspicuous alternative causes of the action (exclusivity)(…)” (Wegner, 

2003, p. 67). Now, in EoA patients have a thought that (usually) precedes the (unpredicted) 

event –priority–; this event is consistent with the content of their thought –consistency–; and, 

crucially, because patients have difficulties to integrate the actual factor(s) that caused the 

event at stake owing to predictive deficits (prediction error) and a tendency to disregard 
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alternative causes (confirmation bias), they “conclude” that their thought is the only possible 

or available explanation –exclusivity–.  

To conclude this section, we may insist that experiences of activity constitute the 

mirror image of delusions of control. In the latter case, people with schizophrenia feel that an 

external agency is controlling her own actions (EoP) while in the former case they feel that 

their own ‘internal agency’ is controlling the actions of another agent or the behaviour of an 

external event (EoA). Both symptoms reflect, inter alia, what some people describe as an 

exaggerated tendency to perceive agency (Blakemore, Sarfati et al., 2003; Frith, 2005). Note 

that this excessive tendency is not systematically linked to specific symptoms (Haggard, 

Martin, Taylor-Clarke, Jeannerod, & Franck, 2003). However, in EoP the exaggerated 

tendency to perceive agency is coupled with a deficit in the ability to predict the sensory 

consequences of self-generated actions (e.g., Frith, Blakemore, & Wolpert, 2000) while in 

EoA it is coupled with a deficit in the ability to predict and ‘perceive’ the actual causes of 

external events such as, for example, the intentions behind other-generated actions. The 

exaggerated tendency to perceive agency ‘fills the gap’ in both cases: in EoP, a self-generated 

action for which the patient does not experience a conscious sense of control appears, 

however, intentional and then agency is attributed to an external entity; In EoA, in contrast, an 

observed action of e.g., another agent is not perceived by the patient as the result of the 

intention(s) of this external agent but appears, nonetheless, intentional and then agency is 

attributed to the patient herself. 

 In the last section, I suggested that the causal inferences people suffering from 

schizophrenia with EoA draw between their thoughts and the external events at stake might be 

further experientially sustained by a temporal binding between these two elements. I now 

discuss this possibility in more detail.  

 

2.4 EXPERIENCES OF ACTIVITY AND INTENTIONAL BINDING  

2.4.1 Intentional Binding and the sense of agency  

 
The feeling of efficiency associated with patients’ thoughts or intentions reflects an excessive 

and abnormal Sense of Agency (or SoA)– here, the sense that one is the causal generator of a 

specific action. That is, people suffering from schizophrenia manifest an excessive tendency 

to think that they can control some external events at will. There are many cues the cognitive 

system uses to tag an event as being self-generated or under self-control and to produce a SoA 
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(Moore & Fletcher, 2012): the perceptual effects of our actions and whether these effects 

were expected or not, the sensory attenuation of proprioceptive reafferences from voluntary 

movements, the efferent signals linked to action initiation, the intention(s) preceding 

voluntary actions, the sense of effort experienced when executing an action and, finally, the 

control one has on the ongoing action are all potential agency cues (Pacherie, 2010).  

In addition, a supplementary factor, known as intentional binding (henceforth, IB), is 

thought to strongly concur to the SoA (e.g., Haggard et al., 2002). Intentional binding refers 

to the subjective temporal compression happening between an intentional action and the 

perceptual effect following this action. In the IB classical paradigm subjects execute a 

keypress, which is followed by a tone after a short delay (a few milliseconds, e.g., 250 ms). 

When the key press is intentionally performed the tone (i.e., the effect) is perceived by the 

agent as having occurred earlier than it did and the action is perceived by the agent as having 

occurred latter than it did. In contrast, the binding effect is reversed when the button press is 

involuntary (e.g., triggered by a TMS pulse), that is cause and effect are perceived as further 

apart in time than they actually are (Haggard et al., 2002). In the case of EoA, I suggest that a 

similar temporal compression might happen between the “mental action” (or, in certain cases, 

the physical action) performed by the patient (e.g., the transmitting of her thoughts) and the 

following external event (e.g., the turning head of the “receptive” subject of these thoughts) –

especially through the effect being perceived as having occurred earlier than it did.  

 Haggard et al., (2002) already suggested such a possibility: “Schizophrenic patients 

with hallucinations and delusions [of e.g., megalomania] may attribute external events to their 

own agency or may attribute their own action to external sources. We speculate that these 

misattributions may reflect excessive or impoverished intentional binding, respectively” (p. 

385, my emphasis). Similarly, Corlett et al., (2010) conjecture that “this maladaptive 

perception of contiguity between actions and outcomes [i.e., the fact that schizophrenia 

patients show a stronger IB effect, see below] would seem to offer an explanation for bizarre 

beliefs about telekinesis or enhanced predictive abilities” (p. 359). More precisely, I propose 

that people suffering from schizophrenia with EoA abnormally bind the resulting behaviour of 

external agents or objects with their intentions or thoughts retrospectively (see below) 

producing a temporal contiguity between patients’ own thoughts and the external event at 

stake. Such abnormal IB effects might reinforce and contribute to the feeling of efficiency and 

the sense of causality that people with schizophrenia expressing EoA experience toward their 

efficient thoughts i.e., to the spurious SoA associated with such thoughts. In other words, the 

predictive deficits leading to a retrospective causal elaboration between their thoughts or 
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intentions and the external event at stake might be reinforced at the experiential level in 

generating an aberrant intentional binding effect. I now present some data that can be adduced 

in favour of this hypothesis.  

 

2.4.2 Aberrant intentional binding effects in people with schizophrenia 

 
It has been shown that people with schizophrenia have disturbed IB processes (Haggard et al., 

2003; Voss et al., 2010). On the one hand, they manifest a stronger IB effect than control 

subjects (Haggard et al., 2003; Voss et al., 2010). On the other hand, this enhanced IB is 

generated in a retrospective way (Voss et al., 2010). The common view about IB considers 

that such a binding relies on motor predictions, which, through the generation of an efference 

copy, predict the specific sensory consequences of a given action (Haggard, 2002; for 

reviews, see Hughes et al., 2013 and Moore & Obhi, 2012). When predicted and actual 

sensory consequences match, the link between action and effect is strengthened, inducing a 

temporal shift in events perception and thus a subjective compression of their temporal 

interval. This suggests that IB may occur only in the presence of a physical action (at least in 

the presence of motor signals). 29  

However, Moore and Haggard (2008) showed that IB can also be generated through 

postdictive mechanisms. In this study, the authors studied only the subjective temporal shift 

of action onset and varied the probability with which key presses were followed by tones. In 

high predictability blocks, the tone occured in 75% of the trials and was thus highly 

predictable whereas in low predictability blocks the tone occurred in only 50% of the trials 

and was thus less predictable. Roughly, findings show that in high predictability blocks a shift 

of actions toward the expected tone happens even when the tone does not actually occur, 

confirming the role of predictive mechanisms in IB. In contrast, in low predictability blocks 

only a minimal shift was observed when the tone did not occur. Nonetheless, in these blocks, 

for trials where the tone occurred, a greater shift was observed in comparison to trials where 

the tone did not occur. Concerning high predictability blocks, for trials in which the tone 

occurred no greater shift was observed in comparison to trials in which the tone did not occur. 

                                                
29 In fact, for the IB effect to occur it may not be necessary to personally produce an action, but only that the 
action be intentional (Frith, 2005; Wohlschläger, Haggard, Gesierich, & Prinz, 2003). More precisely, a subject 
will see the initiation of an action (e.g., a key press) and its effect (e.g., a tone) as being closer than they actually 
are, whether she intentionally produces the action or observes someone else intentionally produce it. Conversely, 
the effect does not happen when she passively produces the action or sees a mechanical device produces it 
(Wohlschläger, Haggard, Gesierich, & Prinz, 2003). In the case of an other-generated action one might still 
argue that the binding is produced by motor simulations (Wolpert, Doya, & Kawato, 2003). 
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These findings suggest that IB can rely on postdictive mechanisms based on the actual 

presence of the sensory effect (here a tone), especially when predictive mechanisms are ruled 

out (Moore & Haggard, 2008).  

 Interestingly, using a similar paradigm, Voss et al. (2010) found that the group of 

patients suffering from schizophrenia showed a temporal shift of their actions toward the 

expected tone, when the tone was absent, both in high and low predictability blocks 

confirming that patients have predictive mechanism deficits. Crucially, patients (with 

delusions and hallucinations) expressed an exaggerated retrospective IB whenever the tone 

occurred, confirming together their excessive tendency to infer causal relations in a 

retrospective way and the idea that “the patients’ experience of agency relies excessively on 

the sensory outcomes of their actions” (Frith, 2012, p. 2).30 Based on these findings one can 

speculate that patients with EoA bind the external event at stake with their mental action or 

occurrent thought(s) in a retrospective way. A simple prediction is that people suffering from 

schizophrenia with EoA would show a stronger IB than control groups (people suffering from 

schizophrenia without EoA), and, crucially, would show an IB effect even in the cases where 

the movement (e.g., key press) is involuntary produced (e.g., by the experimenter or a TMS 

pulse). In other words, the intention to produce the effect would be sufficient to generate a 

shift of this effect (e.g., a tone) based on postdictive mechanisms. The existence of 

retrospective IB effects suggests that the presence of a physical action may not be necessary 

for IB to happen, in that postdictive mechanisms essentially rely not on the action itself but on 

the external sensory effect.  

 

2.4.3 Alternative views of intentional binding 

 
Other evidence may support the hypothesis that an intentional binding effect may occur in 

absence of a physical action. Some researchers have argued that IB does not rely on motor 

predictions (Hughes et al., 2013) or need not even rely on the presence or not of an intentional 

action (e.g., Buehner and Humphreys, 2009). On the one hand, Hughes et al. (2013) give 

some arguments showing that IB might be the result of temporal predictions rather than motor 

predictions. Motor predictions are based on efference copies predicting the specific sensory 

consequences related to specific actions; therefore the presence of a physical action is 

                                                
30 For completeness, I shall indicate that a study by Chambon, Pacherie et al (2011) shows that patients with 
positive symptoms manifest an excessive confidence over their internal templates while patients without positive 
symptoms manifest an abnormal dependence on external events (see also Chapter four). 
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required. In contrast, temporal predictions “defined as the ability to predict the point in time at 

which a sensory event will occur” (Hughes et al., 2013, p. 3) are not specific of the motor 

system but of all systems capable of making temporal predictions, including our sensory 

systems in general. If Hughes et al., (2013) are right, this opens the possibility of a temporal 

binding in absence of a physical action. In their framework, one could say that the IB between 

the effect and the patient’s thought or mental action would be retrospectively produced 

because patients present specific temporal prediction deficits. On the other hand, Buehner 

(2012); Buehner & Humphreys (2009, 2010); Humphreys & Buehner (2009, 2010) conducted 

a series of experiments suggesting that IB does not even require the presence of an intentional 

action at all but essentially relies on the perceived causal relation between the action and the 

external effect. On this view, causality is the essential factor contributing to the subjective 

temporal compression between actions and their sensory consequences. According to Hume 

(1777/1788), we infer causal relations between events through some principles: principles of 

contingency, temporal contiguity and spatial contiguity: “the closer two events follow one 

another in time and space, the more likely they are to be causally related, especially if the 

pairing occurs frequently” (Buehner, 2012, p. 1490). The causal view of IB suggests that a 

Bayesian mechanism “reverses” the Humean principles: two events that are causally related 

are more likely to be temporally and spatially closer than unrelated events. A direct prediction 

of this model is that temporal binding may occur in situations other than those involving an 

intentional action, because an intentional action is simply a kind of cause among others (e.g., 

Buehner & Humphreys 2009, 2010; Buehner, 2012). For instance, by contrasting two types of 

causal action (a self versus a machine key press) against a non-causal observational baseline 

condition, Buehner (2012) found that a temporal binding occurred in the two causal 

conditions in comparison to the baseline condition (the external effect was a flash in this 

study). If the causal view of IB is right the possibility of a temporal binding without the 

presence of a physical action is then possible. In this framework, the temporal binding in EoA 

between the patient’s mental action or thought and the following external event would simply 

result from the fact that the patient abnormally and aberrantly inferred a causal relation 

between her thought(s) and this external event.31 

                                                
31 In addition, one might argue that IB is only a special case of a more general phenomenon of subjective time 
compression. In the literature on time perception, temporal compression has been shown to occur in many 
different situations (for reviews on time perception see Grondin, 2010; Van Wassenhove, 2009). For instance, 
the valence of stimuli or the level of expectation as well as the level of attention are factors that can influence the 
perceived duration of a temporal lag (Chambon, Gil, Niedenthal, & Droit-Volet, 2005; Droit- Volet, Brunot, & 
Niedenthal, 2004; Grondin, 2010). Similarly, Buehner and Humphreys, (2012) suggest that “in binding [i.e. in 
IB] time perception itself is affected” rather than being a consequence of motoric processes. If we agree that IB 
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Finally, the common view about IB (i.e., that it depends on efference copies) may 

accept that such a binding between the thoughts of people with schizophrenia and the relevant 

external events happens to the extent that some factors known to influence the level of IB in 

healthy subjects are abnormal and aberrant in these people. In other words, while such factors 

are (likely) not sufficient to generate an IB in healthy people they might turn to be in people 

with schizophrenia to the extent that these factors are abnormal. To begin with, Moore & 

Obhi (2012) claim that the perceived causality between actions and their sensory 

consequences, while not being sufficient to produce a temporal binding (against Buehner & 

Humphreys) is, however, an important necessary component. For instance, in the Cravo et al., 

(2009)’s study, using a launching paradigm where a visual disk is, for instance, launched to 

the right of the screen because another disk, coming from the left, collided with it –causal 

condition– or because it moved by “itself” –non-causal condition–, they found that IB 

occurred only in the causal condition and when the movement of the launcher disk was 

generated by the subject itself (trough a key press) rather than by the laptop (see also Moore 

et al., 2009). One may speculate that because people suffering from schizophrenia have a 

strong and aberrant tendency to perceive causal relations between events, this tendency is 

strong enough (i.e., sufficient) to make possible a (retrospective) temporal binding between 

their thoughts and the external event at stake.  

In addition, it has been shown that the strength of the temporal binding is modulated 

by high-level cognitive states such as the belief that the subject is the agent (i.e., the causal 

factor) of the external effect (Desantis et al., 2011; Haering & Kiesel, 2012). Roughly, in 

Desantis et al., (2011)’s study, when agents hold the belief that they are the cause of the 

external effect, e.g. a tone, they show a stronger IB than when they believe that it is someone 

else that causes it, while in both cases they actually produced the tone. Based on these 

findings, one may conjecture that the delusional belief of people with schizophrenia that they 

can cause events in the world by thinking might, a posteriori, reinforces the perceived 

causality between their thoughts and the external event at stake and then the possible binding 

between them.   

 

                                                                                                                                                   
might be reduced to a simple case of subjective temporal compression, temporal compression, as just described, 
is not something that depends on the presence of (actual or simulated) efference copies. Accordingly, the 
possibility of an IB (i.e., of a temporal compression) between a mental action and an external event is an open 
possibility. Interestingly, we know that schizophrenia patients show time perception deficits (for a review, see 
e.g., Bonnot et al., 2011). In some cases, patients have a tendency to judge target intervals shorter in comparison 
with control subjects. 
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2.5 SUMMARY AND PERSPECTIVES  

 
I proposed that experiences of activity result from an exaggerated tendency of people with 

schizophrenia to retrospectively infer causal relations between unrelated events and that this 

tendency is itself a consequence of systematic predictive deficits. These predictive deficits 

impact perceptual and cognitive processes and lead to systematic false error predictions, 

making external events and their chance coincidence appear abnormally salient and fraught 

with meaning. Moreover, these deficits imply that people suffering from schizophrenia are 

essentially stimulus-guided, thus making it likely that causal inferences are retrospectively 

rather than predictively construed (see, however, the discussion of Chapter four). In addition, 

I suggested that EoA might be further experientially sustained by an intentional binding effect 

between patients’ thoughts or intentions and the external events they aim at controlling. This 

intentional binding induces a compression of the subjective time interval between these two 

components, making them appear temporally contiguous and thus reinforcing or sustaining 

the feeling that their mind is directly causally efficient. 

In the present work, I tried to concentrate on the most basic (neuro)cognitive 

disturbances potentially underpinning EoA. However, other factors are known to influence or 

modulate the specificity of grandiose delusions.  

First, there is an influence of the immediate sociocultural environment on the content 

and phenomenology of grandiose delusions as well as other kinds of delusions. Indeed, some 

studies show that the specificity of delusions, including grandiose delusions, varies from one 

culture to another (Suhail & Cochrane, 2002).  

Second, there is an influence of personal affective states on the development of 

grandiose delusions (as well again as other kinds of delusions). Some researchers have argued 

that grandiose delusions might constitute either a defence against negative affective states 

(e.g., low self-esteem, see Freeman et al., 1998) or, conversely, an exaggerated response to 

positive affective states (e.g., high self-esteem, see Smith et al., 2005). In addition, the 

specific content of grandiose delusions usually varies from one individual to another.  

Is the predictive hypothesis equipped to account for these two factors? 

Within the predictive framework it is postulated that the “concepts and categories we 

have learned through experience can influence what we perceive” (Corlett et al., 2010, p. 

351). This allows for (minor) sociocultural and personal variations in the way we interpret the 

incoming information at least at higher levels of processing (e.g., at the level of 

categorization) (Pylyshyn, 1999). In other words, beyond the impersonal and acultural priors 
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(hereafter, universal priors) constituting a common working model of the world for all 

people, one should add what one might call culture-specific and idiosyncratic priors leading 

to slight variations within this working model between cultures and individuals. With this in 

mind, the predictive model of delusions can easily explain why a single deficit may lead to 

different kinds of delusions (e.g., grandiose delusions, persecutory delusions and so on) and, 

within a specific kind, to different contents.  

Abnormally salient events resulting from predictive deficits –perhaps because the 

incoming information is not constrained anymore by universal priors (Keefe and Kraus, 

2009)– would lead to a particular symptom (e.g., delusions, hallucinations and so on) and/or 

to a particular kind of delusion according to the specific dysfunction within the predictive 

apparatus32 (Corlett et al., 2010; Krishnan et al., 2011; see Section 2.2) and, finally, a delusion 

of a given kind will take a specific content according to the culture-specific and idiosyncratic 

priors held by the individual. As Krishnan et al., (2011) state, “the formation and storage of 

invariant representations [i.e., of universal priors] at higher hierarchical levels is insufficient 

[and] this reduction […] affords the opportunity for arbitrary internally generated 

interpretations of reality to intrude upon perception and thought” (p. 312, my emphasis). In 

future research, the predictive hypothesis of delusions would have to take into account 

culture-specific and idiosyncratic priors in the hope of giving a full explanation of delusions. 

Third, one should also consider the dynamic character of EoA/grandiose delusions and 

comorbidity.  As briefly stated in the introduction, EoA may have a dynamic and transitory 

character and eventually be replaced by EoP (Stanghellini & Monti, 1993). Interestingly, 

grandiose delusions usually co-occur with persecutory delusions and people with 

schizophrenia may shift from the former to the latter or from the latter to the former many 

times in the course of the disease (Knowles et al., 2011).  

Within the framework of the predictive hypothesis, delusions might be further 

described as a process of re-learning (Corlett et al., 2009). More precisely, faced with a 

strange and unpredictable world, people suffering from schizophrenia would form new 

(incorrect) associations between events. These associations reinforce as abnormally salient 

events eventually fit these new predictions developed by people with schizophrenia. Now, if 

predictive deficits, for instance, become more extensive or expand to new domains as the 

disease progresses the abnormal salience phenomena may move from a certain category of 

events to another. As an illustration, if the abnormal salient events move from the world to the 

                                                
32 For instance, according to the specific cortical areas in which the predictive deficits are instantiated (Corlett et 
al., 2010).  



 86 

body, EoA may turn into EoP and delusions of e.g., telekinesis give way to e.g., delusions of 

alien control (Stanghellini & Monti, 1993). In other words, in view of these new abnormal 

experiences people with schizophrenia re-learn i.e., form novel associations (i.e., new 

delusions), which better explain these experiences than the old (delusional) associations. As a 

whole, more work is needed to understand the dynamic character of delusions and, in 

particular, of EoA/grandiose delusions. 

Another potential worry concerns the fact that grandiose delusions (as other delusions) 

are not specific of schizophrenia. In particular, these delusions are very common in patients 

with bipolar disorder (Knowles et al., 2011). Future research should investigate whether the 

present hypothesis applies to other pathologies than schizophrenia. To the extent that the 

neurocognitive view of delusions (especially the predictive view) is a symptom-based 

approach rather than a categorical-based approach (Frith, 1992), one would predict that 

people with different diagnoses but expressing similar symptoms should present the same (or 

at least very similar) deficits (Corlett et al., 2010).33 

Finally, Chambon et al. (2012) sketch a proposal to account for EoA/grandiose 

delusions (e.g., delusions of omnipotence) according to which these phenomena would result 

from an excessive reliance on signals generated during action selection process. They argue 

that another important cue for the sense of agency is the online sense of control people 

experience when action selection processes are fluent. This cue is prospective rather than 

retrospective in that action selection processes occur before the actual execution of the action 

and thus before the system receives any sensory feedback. In this view, EoA would result 

from an aberrant prospective sense of agency rather than from an aberrant retrospective sense 

of agency as hypothesized here. 

I think that the prospective suggestion faces some problems. For instance, EoA may 

only involve “mental actions” (e.g., the patient tries to control the behaviour of others by 

thinking) and not necessarily physical actions. In this case, it is far from obvious that the 

signals generated during the action selection process for physical actions are also generated 

when mental actions are involved (at least for the kinds of mental action present in EoA 

                                                
33 In this context, several research groups are currently focusing on specific circuit to symptom relationships that 
may potentially supersede the current diagnostic entities. In particular, a group within the National Institute of 
Mental Health in the United States as well as external researchers are developing a project called the ‘Research 
Domain Criteria’ project (e.g., Morris & Cuthbert, 2012) whose aim is “to define basic dimensions of 
functioning (such as fear circuitry or working memory) to be studied across multiple units of analysis, from 
genes to neural circuits to behaviour, cutting across disorders as traditionally defined” 
(http://www.nimh.nih.gov/research-priorities/rdoc/index.shtml) (I would like to thank an anonymous reviewer 
who drew my attention to the RDoC project).  
 



 87 

which consist to try to control external events by thinking) (Vosgerau & Newen, 2007). It is 

even possible that in EoA there are no action selection processes involved at all in that as I 

indicated in the introduction it is possible that in some cases of EoA patients had no prior 

intentions regarding the external event at stake before this event happened. In other words, it 

is possible that EoA, in some cases, do not involve proper action at all, either mental or 

physical.  

In addition, the prospective suggestion and the retrospective hypothesis are not 

necessarily mutually exclusive. It might be that EoA involve both abnormal retrospective and 

prospective components, as these components contribute together to the sense of agency in 

normal conditions (Chambon et al., 2012). As a whole, more clinical and experimental 

investigations are necessary to both precisely describe the nature of EoA and uncover the 

precise neurocognitive dysfunctions that underlie these experiences.  

 

I now turn to the third aspect of schizophrenia I have investigated, namely the 

potential presence of perceptual persistence biases in people with schizophrenia. Both clinical 

and empirical evidence suggest that some positive symptoms of schizophrenia have 

persistence traits among their main characteristics. For instance, delusions often persist 

despite counter evidence (e.g., Kaliuzhna, Chambon, Franck et al., 2012; Woodward et al., 

2008). However, persistence biases in the perceptual domain have not been investigated. The 

presence of perceptual persistence biases might contribute to reality distortion phenomena 

present in people with schizophrenia, to the construction of some delusions and to their social 

cognition deficits (Cook et al., 2012). My collaborators and I have developed a protocol of 

auditory hysteresis, which is a good way to test the « persistence of a percept despite 

parameter change to values favouring the alternative pattern » (Hock et al., 1993, p. 63). We 

hypothesized that people with schizophrenia would show aberrant hysteresis patterns 

compared to healthy people. Furthermore, if perceptual persistence biases do indeed 

contribute to social cognition deficits in people with schizophrenia, we would expect these 

people to show aberrant perceptual persistence phenomena for emotional stimuli as well. 

Therefore, in addition to neutral stimuli, we used emotional stimuli.  

However, before looking at the differences of hysteresis patterns between patients and 

control participants, we first had to explore whether emotional stimuli already affect 

perceptual persistence mechanisms in healthy people. Chapter three presents the study 

conducted with healthy people.  

 



 88 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 89 

Chapter Three 

PRIORITIZATION  OF  EMOTIONAL  SIGNALS  BY  THE  HUMAN  AUDITORY  SYSTEM: 

EVIDENCE FROM A PERCEPTUAL HYSTERESIS PROTOCOL (AN EXPERIMENTAL STUDY) 

 
 
This study is currently in revision for Evolution and Human Behavior as: Martin, J-R., 
Dezecache, G., Dokic, J., & Grèzes, J. Prioritization of emotional signals by the human 
auditory system: evidence from a perceptual hysteresis protocol.  
 
 
Natural environments present the human auditory system with a tremendous flow of 

information, and it is expected that natural selection has endowed our auditory apparatus with 

the capacity to adaptively prioritize information that is crucial for survival and reproduction, 

such as vocal emotional signals emitted by our conspecifics. Moreover, environments are 

noisy and dynamic (signals progressively emerge or fade away in noise as conspecifics move 

towards or away from us) and this poses an additional adaptive challenge for our auditory 

apparatus. Emotional signals should be detected more easily (i.e., at lower signal-to-noise 

levels) and be retained for a longer time (i.e., persisting in your sensory system at greater 

distance from the physical source) than signals bearing no emotional content. In the present 

study, we tested this hypothesis using a perceptual hysteresis protocol. Trials consisted of 

neutral or emotional (i.e., laughter and screams) signals progressively emerging from white 

noise (ascending trials) or progressively fading away in white noise (descending trials). We 

demonstrated that vocal emotional signals were significantly detected at lower signal-to-noise 

levels than emotionally neutral signals in both ascending and descending trials, suggesting 

that the human auditory system prioritizes signals bearing adaptive value. 
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3.1 INTRODUCTION 

 
Emotional vocal signals are part of the behavioural repertoire of many mammal species 

(Altenmüller, Schmidt, & Zimmermann, 2013; Hauser, 1997), including humans (Sauter & 

Eimer, 2010; Sauter, Eisner, Ekman, & Scott, 2010; Scherer, Johnstone, & Klasmeyer, 2003), 

and are known to play a prominent role during social interaction. Among these vocalizations, 

screams and laughter, calls that signal distinct adaptive challenges in the environment 

(respectively, threat-related or agonistic contexts, and rewarding, social-bonding or playful 

interactions) seem to have been preserved throughout phylogeny (Davila Ross, Owren, & 

Zimmermann, 2009; Morton, 1977; Vettin & Todt, 2005). It is therefore expected that 

mechanisms favouring the production of attuned screams and laughter bouts (so as to produce 

signals that are effective in selectively affecting recipients) have co-evolved with mechanisms 

allowing for the accurate perception of these signals, resulting in the emergence of 

mechanisms allowing perceivers to prioritize auditory information that is crucial for 

adaptation, particularly in noisy and dynamic environments, where signals are progressively 

emerging from or fading away in noise.    

So far, research on the detection of vocal emotional signals (as well as of visual 

emotional signals) has primarily focused on the detection of static stimuli (Scherer, Clark-

Polner, & Mortillaro, 2011; Sacharin et al., 2012), that is to say, on the detection stimuli for 

which the amplitude does not evolve over time (Calvo & Esteves, 2005; Hock et al., 1993). In 

addition, vocal emotions detection has seldom be studied under noisy conditions (Schuller, 

Arsić, Wallhoff et al., 2006; Tawari & Trivedi, 2010). More crucially, the detection of signals 

whose amplitude evolves over time in noise has received even less (if any) consideration. If 

studies addressing emotion detection with static stimuli (in the sense just described) mirror 

situations where the emitting source and the observer are fixed in space in a non-noisy 

environment, the present protocol mirrors more realistic or ecological situations where 

sources and observers are moving in a noisy environment: a source moving in a noisy space 

away from (or towards) an observer would lead to a progressive decrease (or increase) of 

signal-to-noise ratio (hereafter SNR). 

In this research, we tested the hypothesis that the auditory sensory system prioritizes 

vocal emotional signals of fear (scream) and amusement (laughter) when they are presented 

within a noisy dynamic setting. We predicted that emotional signals would be detected more 

easily (i.e., at lower signal-to-noise ratio) and maintained for longer (i.e., at lower signal-to-
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noise ratio too) than neutral signals. To test our predictions, we used an auditory protocol of 

hysteresis which provides a very effective way to test the « persistence of a percept despite 

parameter change to values favouring the alternative pattern » (Hock et al., 1993, p. 63).   

In addition, if the function of hysteresis, as it has been suggested (Kleinschmidt et al., 

2002), consists in stabilizing perceptual states against continuously changing sensory data, 

this stabilization could be even more efficient when the signals at stake are highly 

ecologically relevant. However, in Chapter four, I will show that people with schizophrenia 

have aberrant persistence effects for both neutral and emotional signals. And such aberrant 

persistence effects for emotional signals could have harmful consequences for their social 

interactions. People’s emotional expressions change quite often over time and, consequently, 

updating processes of one’s current sensory interpretations of other’s emotional expressions 

have to be efficient to permit smooth social interactions (Sacharin et al., 2012).  A deficit in 

these updating processes could lead to altered perceptions of other emotional states in 

persisting to perceive a type of emotional expression that, in fact, has changed to another type. 

Hysteresis shows that the content of one’s perception at time t depends on the recent 

history of the perceptual system. In previous research, hysteresis effects have been shown to 

occur in many contexts: bistability (Gepshtein & Kubovy, 2005; Hoch et al., 1993; 1997; 

Schwiedrzik et al., 2012), form perception (Large et al., 2005), letter recognition 

(Kleinschmidt et al., 2002), stereopsis and binocular rivalry (Buckthought et al., 2008), 

sentences (Raczaszek et al., 1999), speech categorization (Tuller et al., 1994) and facial 

emotions (Sacharin et al., 2012). Of particular interest here, Sacharin et al., 2012 showed that 

when subjects are presented with certain facial emotional expressions evolving over time 

from a particular emotion to another, they persist in perceiving the original emotion. For 

instance, when presented with faces evolving from the expression of anger to that of disgust, 

and from disgust to anger in a subsequent trial, the threshold at which subjects stop reporting 

seeing anger is lower in anger-to-disgust trials, than the threshold at which they report starting 

perceiving anger in disgust-to-anger trials. 

Hysteresis is usually investigated using designs comprising "ascending" and 

"descending" sequences, that is, sequences ordered in terms of a certain physical parameter. 

Here, ascending and descending sequences consisted of many steps with different signal-to-

noise ratio between a target and a mask. The mask was composed of bursts of white noise of 

constant intensity. The targets were short emotional or neutral auditory signals. The SNR was 

progressively increased in ascending sequences or progressively decreased in descending 

sequences. A similar methodology has been used in previous experiments, notably in the 
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visual domain (e.g., Kleinschmidt et al., 2002), and is known to efficiently produce hysteresis 

effects in subjects. 

The use of this methodology revealed, in our experiment, significant greater detection 

at lower SNR for emotional signals compared to neutral ones, in both ascending and 

descending trials, suggesting that the human auditory system can prioritize signals bearing 

adaptive value. 

 

3.2 MATERIALS AND METHODS 

3.2.1 Participants 

 
Eight participants (7 females, mean age of 25.25 years +/- 0.619 SEM) participated in the 

study after having given their informed consent. None of our participants reported history of 

hearing problems and all were naive regarding the purpose of the experiment. All participants 

were recruited from the database of the ‘Relais d’Information sur les Sciences de la 

Cognition’ (RISC, Paris, France). They received a compensation of 50€ for their participation.  

 

3.2.2 Experimental Setup 

 
The experiment was conducted in a quiet experimental room. Stimuli were delivered by a 

MacBook Pro, processor 2,53GHz, Intel Core i5 equipped with a professional external sound 

card (One by APOGEE; A/D and D/A conversion, 44, 1/48 kHz, 24-bit) and presented 

through a pair of headphones (HD 250 linear II). All stimuli were displayed using Matlab 

(MathWorks Inc R2009b) with the Psychophysics toolbox extensions.  

 

3.2.3 Stimuli 

 
Emotional stimuli consisted of five fear (i.e., screams) and five amusement stimuli (i.e., 

laughter) produced by the same two women, and compiled by Sauter and colleagues (Sauter 

& Eimer, 2010) that we shortened to be of the same length (duration = 600 ms). From pilot 

studies, it appeared that 600 ms was a good tradeoff between recognition of the emotion, and 

the length of trials (in pilot experiments, trials that were too long induced inattention in 
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subjects). As shown below, stimuli were well categorized in their respective category and the 

length of a single trial did not exceed 30 seconds.  

The neutral stimuli consisted of spectrally-rotated versions of the emotional stimuli: 

they were low-pass filtered at 3.8 kHz and were then spectrally rotated around 2 kHz (Blesser, 

1972; Green et al. 2013; Sauter & Eimer, 2010). Figure 3.1. shows the spectra of one fear and 

one laughter stimulus as well as the spectra of their spectrally-rotated versions.  

Spectral rotation transforms “the high-frequency energy to low-frequency energy and 

vice versa” around a specific frequency (Blesser, 1972, p. 5) so that spectra of rotated stimuli 

are mirror images of original stimuli spectra (see Figure 3.1). From previous investigations 

(Green et al., 2013; Sauter & Eimer 2010; Scott et al., 2000; Warren et al., 2006), it is 

acknowledged that spectral rotation preserves certain physical features present in original 

stimuli (i.e., duration, amplitude envelop and, perhaps more speculatively, pitch (Blesser, 

1972)) but radically alters their global configuration, intelligibility and, crucially, their 

emotional significance (spectrally rotated stimuli are perceived as being affectively neutral). 

This resulted in five neutral stimuli (henceforth, f-neutral) matched to the fear stimuli and five 

neutral stimuli matched to the amusement stimuli (henceforth, a-neutral). (Here is a link to a 

file in which you will find an example of a fear and laughter stimulus and an example of their 

spectrally-rotated versions: https://www.dropbox.com/sh/x8x1ex7jbgv2ib1/ZLYbAErylH). 
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Figure 3.1. Examples of original and spectrally-rotated stimuli spectrograms. Figure 3.1a shows 

spectrograms of an original fear stimulus (top) and its spectrally-rotated version (bottom). Figure 3.1b 

shows spectrograms of an original laughter stimulus (top) and its spectrally-rotated version (bottom). The 

neutral stimuli consisted of spectrally-rotated versions of the original emotional stimuli: low pass filtering 

at 3.8 kHz followed by spectral rotation around 2 kHz (Blesser, 1972; Green et al., 2013). This acoustic 

manipulation suppresses the emotional character of the original emotional signals but results in stimuli 

with a similar level of acoustic complexity. The rotated sounds were matched to the original sounds in root 

mean square amplitude.   
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3.2.4 Affective manipulation check 

 
To make sure that neutral stimuli were actually perceived as affectively neutral and that 

emotional stimuli were well recognized as belonging to the fear or amusement category we 

conducted two pre-test experiments. In the first pre-test experiment, participants (n = 11) were 

presented with the five fear and five amusement stimuli and the spectrally rotated versions of 

these 10 stimuli in a random order and were asked, in a forced-choice task, to categorize each 

stimulus in one of the three following categories: fear, amusement or neutral. Participants 

categorized stimuli above chance-level (t10 = 5,724, p < .001 for fear; t10 = 13,895, p < .001 

for f-neutral; t10 = 9,682 p < .001 for amusement; t10 = 5,073; p < .001, for a-neutral). In the 

second pre-test experiment, to ensure that rotated-stimuli could not convey any fear or 

amusement tones, another group of participants (n = 10) was presented with only the 

spectrally rotated stimuli; they were asked to classify each stimulus in one of two categories, 

i.e., fear or amusement, in a forced-choice task. We found that participants classify stimuli at 

chance-level (t9  = 1.097, p > .1 for f-neutral; t9  = 0.178, p > .1 for a-neutral), confirming that 

rotated stimuli are perceived as affectively neutral. 

In addition (as a Control condition), and to further confirm that any differential effects 

in hysteresis and detection thresholds that we might find between emotional signals and 

spectrally rotated stimuli (see below) are indeed due the emotional content of emotional 

stimuli, rather than to their human character (given that rotated stimuli might be perceived as 

“robotic sounds”), the same subjects performed the Control condition session investigating 

hysteresis levels for additional neutral stimuli, these stimuli consisting of auditory letters (E, 

U, O, X, K, T, Z, B, H) that were recorded in a soundproof room by a female student.  

All stimuli were displayed using Matlab (MathWorks Inc R2009b) with the 

Psychophysics toolbox extensions. 

 

3.2.5 Procedure 

 
To design our hysteresis protocol, we used the modified method of limits (Hock & Schöner, 

2010), which contrasts with the traditional method of limits (Fechner, 1860). While this latter 

method also produces hysteresis-like phenomena, the difference in detection thresholds 

between ascending and descending trials that characterize hysteresis has been attributed to a 

number of artefacts (Woodworth and Schlosberg, 1938), including (1) perseveration in 
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response, and (2) inference production from trial duration. The first bias results from the fact 

that ascending and descending trials were not randomly displayed in the traditional methods 

of limits. Therefore, the persistence effect might have simply reflected persistence or 

habituation in the response of subjects. The second bias is a consequence of the unequal 

duration of (ascending as well as descending) trials. In other words, each value to reach had a 

specific number of steps. In this context, the responses of subjects could be essentially based 

on the duration of the current trial, longer sequences (for instance) being more likely to reach 

values where the percept has changed. The modified method of limits avoids the two biases 

by, respectively, randomizing the presentation of ascending and descending trials and by 

equalizing the duration of all trials (the progressive increasing or decreasing of values 

beginning at different times within the trials according to the final value to reach). Finally, 

and importantly, in the modified method of limits, contrary to the traditional method, 

participants respond at the end of each trial and not during the current sequence of ascending 

or descending steps avoiding specific decision or response-time biases (Hock & Schöner, 

2010). In sum, the modified method of limits has been specifically designed to show authentic 

persistence or hysteresis effects, that is, persistence effects not attributable to certain artefacts 

but, instead, indicating the presence of specific processes (Hock et al., 1993; Hock & 

Schöner, 2010).  

In the present study, participants were presented with sequences composed of 16 steps 

(Inter-stimulus interval (ISI) = 600 ms). A step consisted of a specific (neutral or emotional) 

stimulus embedded in a burst of white noise (60 dBSPL).  

Two main types of condition or types of trial were tested. In “Ascending” trials, the 

SNR measured in dB was progressively increased by steps of 1dB. In “Descending” trials, the 

SNR was progressively decreased by steps of 1dB too. At the end of the Ascending and 

Descending sequences, participants had to make a judgment about the presence or absence of 

the signal in noise for the last 16th step.  

The progressive increase or decrease of SNR in a trial began at a specific step within a 

trial according to the final value of intensity the stimulus should reach. Nine SNR values were 

tested (-30, -25, -24, -23, -22, -20, -19, -18, -16) and repeated 20 times (10 times within 

ascending sequences and 10 times within descending sequences) for each kind of stimulus 

(fear, f-neutral, amusement, a-neutral). The choice of the values was encouraged by 

unpublished pilot data.  
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Ascending and descending trials as well as the different SNR values were randomly 

presented. Table 3.1 sums up the characteristics of the different ascending and descending 

trials. 

The experiment was composed of two hysteresis blocks (block A and B) repeated 

twice (= four sub-blocks). Together with the control condition session, the order of blocks 

was counterbalanced across participants. Block A was composed of fear and f-neutral stimuli 

presented in two sub-blocks; block B of amusement and a-neutral stimuli in two other sub-

blocks. To be clear, each sub-block was composed of ascending and descending trials; blocks 

and sub-blocks differed only in terms of the types of stimuli they displayed. Participants did 

not perform more than one block per day thus four days were necessary to complete the entire 

experiment (total duration = about 5 hours). The control condition session followed the exact 

same procedure.  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

  



 98 

 

 

Table 3.1. Sequences of SNR levels for the different conditions. Table shows the series of SNRs in dB from 

stimulus 1 to 16 (stimulus 16 was the test stimulus for the detection judgments) across the different trials 

types. All Ascending sequences started with a SNR of -30 dB. All Descending sequences started with a 

SNR of -14 dB. The grey region in each row indicates the beginning of increment (in Ascending 

Sequences) or decrement (in Descending Sequences) of the signal-to-noise ratio. 

 

3.2.6 Statistical analysis 

 
To explore differences in perceptual persistence across conditions, we fitted detection curves 

upon Sigmoid functions so as to determine, for each participant and for each condition (Fear, 

f-neutral, Amusement, a-neutral), SNR values where detection rates cross 75%. Before doing 

so, we made sure that sigmoid functions provided a reasonable fit of our participants' data 

(mean R2 = 0.657; range = 0.406 - 0.923). Then SNR values were submitted to an ANOVA 

with Blocks (Block fear/f-neutral, Block amusement/a-neutral), Content (Emotion, Neutral) 

and Direction (Ascending, Descending) as within-participant factors. Bonferroni corrections 

were also employed to account for multiple testing. Post-hoc comparisons (two-tailed t-tests) 

were performed for the analysis of 3-way interaction.  

   1  2   3  4  5  6   7   8   9  10  11  12  13  14  15  16 
Ascending 
Sequences 

-30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 

 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -29 -28 -27 -26 -25 
 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -29 -28 -27 -26 -25 -24 
 -30 -30 -30 -30 -30 -30 -30 -30 -30 -29 -28 -27 -26 -25 -24 -23 
 -30 -30 -30 -30 -30 -30 -30 -30 -29 -28 -27 -26 -25 -24 -23 -22 
 -30 -30 -30 -30 -30 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20 
 -30 -30 -30 -30 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20 -19 
 -30 -30 -30 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20 -19 -18 

 -30 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20 -19 -18 -17 -16 
Descending 

Sequences 
-14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -15 -16 

 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -15  -16 -17 -18 
 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -15  -16 -17 -18 -19 
 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -15  -16 -17 -18 -19 -20 
 -14 -14 -14 -14 -14 -14 -14 -14 -15  -16 -17 -18 -19 -20 -21 -22 
 -14 -14 -14 -14 -14 -14 -14 -15  -16 -17 -18 -19 -20 -21 -22 -23 
 -14 -14 -14 -14 -14 -14 -15  -16 -17 -18 -19 -20 -21 -22 -23 -24 
 -14 -14 -14 -14 -14 -15  -16 -17 -18 -19 -20 -21 -22 -23 -24 -25 
 -14  -16 -17 -18 -19 -20 -21 -22 -23 -24 -25 -26 -27 -28 -29 -30 
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3.3 RESULTS 

 
Figure 3.2 shows the SNR value for which the different categories of stimuli reach (ascending 

sequences) and drop below (descending sequences) 75% of detection. We directly analysed 

differences between emotions and neutral stimuli in terms of detection (at which thresholds 

stimuli reach 75% of detection for ascending sequences) and persistence (at which thresholds 

stimuli drop below 75% of detection for descending sequences) (see Figure 3.2). The 

ANOVA revealed main effects of Direction (F1,7 = 34.728, p = .001) (stimuli show 75% of 

detection rate at lower thresholds in descending trials), Blocks (F1,7 = 18.728, p = .003) 

(stimuli show 75% of detection rate at lower thresholds in Block fear/f-neutral), and Content 

(F1,7 = 127.061, p  < .001) (stimuli show 75% of detection at lower thresholds for emotional 

stimuli). We also found a double interaction between factors Block and Content (F1,7 = 

22.178, p = .002). 

Of main interest here, statistical analysis showed a triple interaction between Block, 

Content and Direction factors (F1,7 = 12.396, p = .01). Post-hoc tests revealed that, in 

ascending trials, detection of fear stimuli reach 75% of detection at lower SNR-levels 

compared to f-neutral stimuli (t7 = -5.274, p = .001); similarly, detection of amusement 

stimuli reach 75% of detection at lower SNR-levels compared to a-neutral stimuli (t7 = -

14.413, p < .001). In descending trials, fear stimuli dropped below 75% of detection at lower 

SNR-levels compared to f-neutral stimuli (t7 = -2.938, p  < .05) and amusement stimuli 

dropped below 75% of detection at lower SNR values compared to a-neutral stimuli (t7 = -

6.065, p = .001).  

More specifically, in ascending trials fear reaches 75% of detection from the simulated 

SNR value -23.29 (+/- 0.38 SEM); f-neutral from -21.55 (+/- 0.59 SEM); amusement from -

22.59 (+/- 0.81 SEM); a-neutral from -16,47 (+/- 0.82 SEM). In descending trials, fear drops 

below 75% of detection from the SNR value -27.70 (+/- 1.33 SEM); f-neutral from -25.27 (+/- 

0.81 SEM); amusement from -26.26 (+/- 0.64 SEM); a-neutral from -22.60 (+/- 0.75 SEM).  

One might argue that the effects we found were due to the non-human character of 

rotated stimuli, and that the effects we found for emotional stimuli could have simply been 

obtained using stimuli that carry any sort of human information. To investigate this 

possibility, we compared estimated SNR values obtained for emotional stimuli and we 

compared them with those obtained when participants were presented with another type of 

neutral stimuli, namely auditory letters. We found that, for ascending trials, 75% of detection 

was reach at lower SNR values for fear stimuli compared to letters (t7 = -6.953, p < .001), and 
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for amusement stimuli compared to letters (t7 = -4.038, p = .005); for descending trials, 

detection dropped below 75% at lower SNR values for fear stimuli compared to letters (t7 = -

3.157, p < .05), and for amusement stimuli compared to letters (t7 = -3.788, p  < .01). In 

ascending trials, letters reach 75% of detection from the SNR value -20,14 (+/- 0.34 SEM) 

and, in descending trials, letters drop below 75% of detection from the SNR value -23.14 (+/- 

0.68 SEM) (see Figure 3.2).     

 
 

 

Figure 3.2 Ascending and descending detection curves for each category of stimuli. The figure shows the 

SNR value for which the different categories of stimuli reach 75% of detection (dashed line) in ascending 

sequences (left) and the SNR value for which the different categories of stimuli drop below 75% of 

detection in descending sequences (right). 

 

3.4 DISCUSSION 

 
We designed an experiment in which the amplitude of specific signals evolved monotonically 

over time in noise. We found that emotional signals are detected more easily than neutral 

signals and maintained for longer over noise compared to neutral signals. Indeed, they were 

detected at lower signal-to-noise ratios in both ascending and descending sequences compared 

to neutral stimuli. The present findings support the idea that within a noisy dynamic setting 

the auditory system prioritizes evolutionary and ecologically relevant information such as 

emotional information.  

Emotional signals possess an ecological value that neutral signals do not exhibit. 

Vocal emotional stimuli expressing threat are crucial signals for survival: for instance, a 

scream is typically produced in response to a threat within the close environment (Sauter et 

al., 2010). Similarly, vocalizations expressing amusement can signal social bonding 
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opportunities (Dunbar et al., 2012; Mehu & Dunbar, 2008) or playful interactions (Davila-

Ross, Allcock, Thomas, & Bard, 2011; Vettin & Todt, 2005). Consequently, being equipped 

with a perceptual system capable of detecting such emotional stimuli at low SNR-levels and 

to maintain them at low-SNR levels over a noisy environment is likely to be highly beneficial 

in terms of fitness consequences.  

The better detection of emotional stimuli compared to neutral stimuli could result in 

an enhancement of perceptual processing in presence of emotional stimuli, rather than to a 

bias favouring the detection of emotional stimuli over neutral stimuli. This is consistent with 

evidence showing that emotions trigger enhanced perceptual processing (Calvo & Esteves, 

2005; Zeelenberg, Wagenmakers & Rotteveel, 2006). However, in using perceptual hysteresis 

protocols enabling the measure of d-prime and confidence, future studies should explore 

whether the higher detection rate for emotional signals actually result from an enhanced 

perceptual sensitivity in presence of emotional signals (and, as a consequence, in increased 

confidence judgments), or from the fact that judgments of confidence themselves are 

modulated (with higher proportion of false positives or false alarms for emotional than for 

neutral signals). If such prioritization of emotional signals were merely a matter of decision 

rather than that of an enhanced perceptual sensitivity, it would nonetheless be an interesting 

finding. In particular, when the signal is disappearing (in descending sequences) or appearing 

(in ascending trials), the production of more false positives for emotional signals than for 

neutral signals would be actually ‘advantageous’ in avoiding misses that would be evidently 

more disadvantageous when signals convey crucial information. In short, emotional signals 

would make subjects more liberal than neutral signals do. 

However, as it will be discussed in the next chapter within the context of 

schizophrenia, abnormal persistence effects resulting in systematic false alarms would have 

harmful consequences for both one’s sensory interpretation of the world and one’s social 

cognition. 

A potential shortcoming of the present study is that the low-pass filter of 3.8 kHz 

could eliminate some of the acoustic information used in voice perception, such as the upper 

formant frequencies (F4+) making the neutral stimuli relatively less discriminable than the 

emotional signals. However, vocal letters do possess these upper frequencies (a spectral 

analysis of letters reveals that they have even more high-frequency components than 

emotional signals). Therefore, our results cannot be accounted for by the fact that neutral 

stimuli were less discriminable than emotional stimuli. Future studies should investigate in 

more details the impact and the contribution of the various acoustic parameters in perceptual 
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persistence, thus bringing insight into the relevant acoustical features that make certain 

signals particularly suitable for the conveyance of adaptive information.  

Another limitation of this study is the over-representation of females in our sample of 

participants (7 females vs. 1 male only). Women are known to be more responsive that men to 

emotional stimuli (Barrett, Lane, Sechrest, & Schwartz, 2000; Bradley, Codispoti, Sabatinelli, 

& Lang, 2001; Hall, 1978, 1990). This could have induced stronger persistence biases in our 

results which would not then be representative of a mixed human population. For example, 

men could perceive fear stimuli as less arousing (and therefore show less persistence). 

Conversely, laughter bouts produced by the opposite sex could signal reproductive 

opportunities (Grammer, 1990). Again, they could have been perceived as conveying an 

increased level of emotion (if they were compared with the same vocalizations when 

produced by men) and this could also have an effect on persistence of emotional stimuli 

compared to that of neutral stimuli. In any case, further work is needed to measure the extent 

to which the over-representation of females in our sample and in our stimuli influenced the 

greater persistence of emotional content.  

Finally, future research should try to replicate the present findings with different 

procedures than the modified method of limits. This method has been mainly designed in the 

context of bistable stimuli (Hock et al., 1993; 1997; Hock & Schöner, 2010) but we faithfully 

adapted it in a context of detection. We preferred the modified method of limits to a staircase 

procedure for the following reasons: first, the modified method of limits has been specifically 

designed in the context of perceptual hysteresis; second, staircase procedures precisely 

suppress hysteresis effects. Of course, we could adapt a staircase procedure so that we have 

progressively decreasing or increasing SNR levels in trials, but here comes the third reason. In 

such a staircase procedure, ascending and descending trials should be blocked rather than 

randomly displayed trial per trial, potentially leading to the habituation bias described in the 

procedure section and/or to inter trials hysteresis effects. If we modify the procedure so that 

ascending and descending trials are randomly displayed trial per trial the procedure, in fact, 

becomes very close to the modified method of limits. However, this is ultimately a question 

that has to be explored empirically.   

 

I now turn to the study conducted on people with schizophrenia in order to test the 

hypothesis of perceptual persistence biases in this clinical population for both neutral and 

emotional stimuli. As it will be explained in the next chapter, the presence of such biases 
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might contribute to the reality distortion phenomena as well as to the social cognition deficits 

present in schizophrenia and to the construction of certain delusions 
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Chapter Four  

PERCEPTUAL  HYSTERESIS  UNCOVERS  THE  PRESENCE  OF  SENSORY  PERSISTENCE 

BIASES IN SCHIZOPHRENIA (AN EXPERIMENTAL STUDY) 

 
 
This study has been submitted to Neuropsychology as: Martin, J-R., Dezecache, G.,  
Pressnitzer, D., Dokic, J., Bruno, N., Nuss, P., Pacherie, E., & Franck, N. Perceptual 
hysteresis uncovers the presence of sensory persistence biases in schizophrenia.  
 
 
When confronted with a lack of supporting sensory evidence, people tend to give up their 

current perceptual interpretation of the world and adopt a new one, potentially better able to 

make sense of the novel situation. Clinical records and empirical evidence suggest that this 

cognitive process of updating is impaired in patients suffering from schizophrenia, leading to 

what may be termed persistence biases. For example, patients with schizophrenia manifesting 

delusions often persist in their delusional interpretation of the world in spite of contrary 

evidence. However, to date we still lack empirical demonstrations of perceptual persistence 

biases in schizophrenia. Here, we address this issue with a protocol of auditory hysteresis, 

intended as a direct measure of perceptual persistence. Trials consisted in either neutral or 

emotional sounds, progressively emerging from white noise –ascending trials– or 

progressively fading away in white noise –descending trials. Results showed that patients 

presented significantly more hysteresis than control subjects, as evidenced by a higher rate of 

perceptual reports in the descending trials, for both neutral and emotional stimuli.  The 

presence of perceptual persistence biases might contribute both to the patients’ altered 

perception of reality and the formation of some delusions. In addition, the present findings 

suggest that tests of perceptual hysteresis may be a new evaluative and training tool for 

clinical purposes.  
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4.1 INTRODUCTION 

 
Clinical and empirical evidence shows that schizophrenia patients exhibit what may be termed 

persistence biases (see Gepshtein & Kubovy, 2005 for a different use of this term).   

Clinical observations usually report the presence of persistence traits among the main 

characteristics of certain positive symptoms of schizophrenia. For instance, deluded patients 

often retain their odd beliefs despite an absence of supporting evidence or even despite the 

presence of strong counter-evidence (e.g., Corlett et al., 2009; 2010; Chadwick, 2007; 

Fletcher & Frith, 2009). Thus, beyond their characteristic odd or irrational contents, delusions 

also show persistence abnormality. Similarly, when hallucinatory percepts occur in patients 

with hallucinations, these false perceptions persist during a period of time despite the absence 

of environmental sensory evidence supporting them or, once again, despite the presence of 

sensory counter-evidence (see Spence & David for a review of the cognitive neuropsychiatry 

of auditory verbal hallucinations). Beyond the lack of sense of agency that characterizes them 

(Frith, 1992), hallucinations also show persistence abnormality at the time of their occurrence.  

Experimental investigations also provide clues showing the presence of persistence 

biases in schizophrenia patients with regard to their beliefs (Bruno, Sachs, Demily et al., 

2012; Garety et al., 1991; Warman, 2008; Woodward, Moritz, Menon et al., 2008). For 

instance, deluded patients present anomalies in probabilistic learning (Garety et al., 1991). 

They “jump to conclusions” and do not easily update their beliefs in the light of new data 

contradicting their initial conclusions (Garety et al., 1991; see also Warman, 2008; see also 

Chapter two). In other words, “patients reach their conclusion on the basis of significantly less 

evidence than control participants and express more confidence in their decisions. Once a 

belief has become sufficiently strong, deluded patients show an abnormal bias against 

disconfirmatory evidence” (Fletcher & Frith, 2009, p. 50; our emphasis). It is not entirely 

clear, however, whether the inflexibility of delusional beliefs reflects a general deficit in 

belief revision processes as it has been hypothesized (Woodward et al., 2008), or a more 

specific deficit concerning only, for instance, certain categories of beliefs (Kaliuzhna, 

Chambon, Franck et al., 2012).   

As a whole, people with schizophrenia thus present some difficulties in the updating 

of their beliefs and persist for an abnormal long time in their initial cognitive and/or sensory 

convictions. However, we still lack direct experimental evidence showing persistence biases 

in schizophrenia in the perceptual domain. To the best of our knowledge, no experiment has 

been specifically designed to test online perceptual persistence in schizophrenia.  
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In the present study, we tested a sample of schizophrenia and control participants with 

an auditory protocol of perceptual hysteresis. For reasons we will further develop in the 

discussion, the presence of perceptual persistence biases in patients suffering from 

schizophrenia could play an important role in their altered perception of reality that is 

characteristic of this disease (e.g., Silverstein & Uhlhaas, 2004; Keefe & Krauss, 2009) and 

contribute to the construction of some delusions. To take just one example, a patient could 

come to aberrantly persist in the sensory interpretation that some person is looking at her 

(while in fact this person has been looking at someone else for some time) which could 

contribute, for instance, to the formation of persecutory delusions (Freeman & Garety, 2004) 

or to delusions of reference (APA, 2000). In addition, perceptual persistence biases 

(especially for emotional stimuli, see below) could also contribute to social cognition deficits 

present in schizophrenia (Cook et al., 2012) and to patients’ social withdrawal: for example, a 

patient could aberrantly persist in the perceptual interpretation that people look threatening or 

angry while they don't (see the results and discussion sections).  

For perception, hysteresis can be viewed as a direct measure of the « persistence of a 

percept despite parameter change to values favouring the alternative pattern » (Hock et al., 

1993, p. 63). The function of hysteresis consists, arguably, in stabilizing perceptual states 

against continuously changing sensory data. As an illustration, when people are presented 

with a letter progressively emerging from, or fading away in, a high-density random dots 

field, the mean level of contrast needed to report the letter is less important in the fading away 

trials than in the emerging trials (Kleinschmidt et al., 2002). This means that people persist in 

the letter percept in the first case whereas they persist in the high-density dots field percept in 

the second case (see also, Hock & Schöner, 2010; Schwiedrzik et al., 2012).  

Perceptual hysteresis is usually investigated using designs comprising "ascending" and 

"descending" sequences, that is, sequences ordered in terms of a certain physical parameter. 

In the present study, we developed an auditory protocol and each ascending and descending 

sequence consisted of many steps with different signal-to-noise ratio between a target and a 

mask (see Chapter three). The mask was composed of bursts of white noise of constant 

intensity. The targets were short emotional or neutral auditory signals. The signal-to-noise 

ratio was progressively increased in ascending sequences or progressively decreased in 

descending sequences. We incorporated neutral but also emotional stimuli for two reasons. As 

mentioned above, perceptual persistence biases might participate to the social cognition 

deficits present in patients. Therefore, we may expect patients to show perceptual persistence 

biases for emotional stimuli. Second, schizophrenia patients present some deficits in the 
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processing of emotional signals (e.g., Chambon, Baudouin, & Franck 2006 and see Cook et 

al., 2012 for a review).  

According to the clinical and experimental evidence that people with schizophrenia 

would have persistence biases in general, we expected schizophrenia patients tested in the 

present study to show aberrant perceptual persistence patterns in comparison to healthy 

people and, indeed, we found evidence of aberrant perceptual persistence phenomena in 

schizophrenia patients, thus providing a direct demonstration of perceptual persistence biases 

in this clinical population. 

 

4.2 MATERIALS AND METHOD  

4.2.1 Participants 

 
Table 4.1 gives a description of patients PANSS scores as well as antipsychotic treatments. 

The psychiatric sample consisted of stabilized chronic outpatients with no known hearing 

disturbances. Patients were essentially recruited from the Service Universitaire de 

Réhabilitation (Lyon, France) and a few of them from the Saint Antoine Hospital (Paris, 

France). All patients (except one that was excluded from data analysis) met the diagnostic and 

statistical manual of mental disorders (DSM-IV) criteria for schizophrenia, with no other 

psychiatric diagnosis on DSM-IV-TR Axis 1). A senior psychiatrist from each institution of 

recruitment established the psychiatric diagnosis. All patients but one were receiving 

antipsychotic medication (unchanged at the time of the study as well as during the month 

preceding the study) and were clinically stable at the time of testing. None of the included 

patients (and controls) presented a history of neurological disorders or alcoholic or substance 

dependence. Even if we did not necessarily expect correlations between the level of 

perceptual hysteresis and the clinical score of patients on specific symptoms, we included 

patients with varied clinical symptoms and each patient completed the positive and negative 

syndrome scale (PANSS).  

Control subjects were recruited from the database of the ‘Relais d’Information sur les 

Sciences de la Cognition’ (RISC, Paris, France). None of the control subjects presented a 

history of mental disorder. All participants gave their informed consent. Seventeen 

schizophrenia patients (2 women; mean age of 34 +/- 7.53 SD) and sixteen control subjects (7 

men; mean age of 29 +/- 3.74 SD) took part in the present study. All participants gave their 
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written informed consent for the study, which was approved by the local Ethical Committee 

(Comité de Protection des Personnes, no. AFSSAPS: 2011-A01581-40).  

 

 

 Patients (n = 17) Controls (n = 16) 
Age  34 (7.53) 29 (3.74) 
PANSS positive  18.23 (6.15) - 
PANSS negative  18.70 (7.09) - 
PANSS general  42.47 (8.81) - 
PANSS total 79.41 (14.94) - 
Medication  Quétiapine (12%) 

Aripiprazole (29%) 
Amisulpride (12%) 
Risperidone (18%) 
Paroxétine (12%) 
Olanzapine (6%) 
Clozapine (12%) 

- 

 
Table 4.1. Characteristic patients with schizophrenia and controls. 

 
 

4.2.2 Experimental setup 

 
All participants completed the experiment seated in a quiet room. Stimuli were presented 

through a pair of headphones (HD 250 linear II) and delivered by a MacBook Pro, processor 

2,53GHz, Intel Core i5 equipped with a professional external sound card (One by APOGEE, 

A/D and D/A conversion, 44, 1/48 kHz, 24-bit). All stimuli were displayed using Matlab 

(MathWorks Inc R2009b) with the Psychophysics toolbox extensions.  

 

4.2.3 Stimuli 

 
The fear and neutral stimuli used in this study are the same stimuli as the ones used in the 

study of Chapter three. However, I describe them in some detail here. The emotional stimuli 

consisted of five fear stimuli (i.e., screams) compiled by Sauter and colleagues (Sauter & 

Eimer, 2010). For the stimuli to be of the same length we shortened each of them to 600 ms. 

The neutral stimuli consisted of spectrally-rotated versions of the original emotional stimuli: 

low pass filtering at 3.8 kHz followed by spectral rotation around 2 kHz (Blesser, 1972; 

Green et al., 2013; Sauter and Eimer, 2010). This resulted in five neutral stimuli matched to 

the fear stimuli (see Chapter three for examples of emotional and neutral stimuli). Spectral 
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rotation consists in transforming the high-frequency components of the original spectrum in 

low-frequency components and vice-versa around a specific frequency. This manipulation 

makes the rotated stimuli a mirror image of the original stimuli. Figure 4.1 shows the 

spectrum of a fear stimulus and its spectrally-rotated version (they are the same spectrograms 

as the spectrograms shown in Chapter three).  

From previous investigations, it is assumed that spectral rotation preserves some of the 

physical characteristics of the original stimuli (i.e., duration, amplitude envelope) but 

radically alters their global configuration, intelligibility and, importantly, their emotional 

significance (Sauter & Eimer, 2010; Scott et al., 2000; Warren et al., 2006). 

In a previous study (Martin et al., in revision; see Chapter three), to make sure that 

neutral stimuli were actually perceived as affectively neutral and that emotional stimuli were 

well recognized as belonging to the fear category we conducted two pre-test experiments. In 

the first pre-test experiment, participants (n = 11) were presented with the five fear and five 

more amusement stimuli and the spectrally rotated versions of these 10 stimuli in a random 

order and were asked, in a forced-choice task, to categorize each stimulus in one of the three 

following categories: fear, amusement or neutral. Participants categorized stimuli above 

chance-level (t10 = 5,724, p < .001 for fear; t10 = 13,895, p < .001 for f-neutral; t10 = 9,682 p < 

.001 for amusement; t10 = 5,073; p < .001, for a-neutral). In the second pre-test experiment, to 

ensure that rotated-stimuli could not convey any fear or amusement tones, another group of 

participants (n = 10) was presented with only the spectrally rotated stimuli; they were asked to 

classify each stimulus in one of two categories, i.e., fear or amusement, in a forced-choice 

task. We found that participants classify stimuli at chance-level (t9  = 1.097, p > .1 for f-

neutral; t9  = 0.178, p > .1 for a-neutral), confirming that rotated stimuli are perceived as 

affectively neutral.  
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Figure 4.1. Spectrograms of an original fear stimulus (top) and its spectrally-rotated version (bottom). 

The neutral stimuli consisted of spectrally-rotated versions of the original emotional stimuli: low pass 

filtering at 3.8 kHz followed by spectral rotation around 2 kHz (Blesser, 1972; Green et al. 2013). This 

acoustic manipulation suppresses the emotional character of the original emotional signals but results in 

stimuli with a similar level of acoustic complexity (see Chapter three).  

 

4.2.4 Procedure 

 
Table 4.2 sums up the characteristics of the different ascending and descending trials. The 

protocol is similar to the protocol described in Chapter three. To test the hypothesis that 

schizophrenia patients would have aberrant perceptual persistence phenomena in comparison 

to control subjects, we designed a hysteresis protocol using the modified method of limits 

(Hock & Schoner, 2010), which was specifically designed to avoid decisional biases or other 

potential artefacts present in the traditional method of limits (Fechner, 1860). In particular, it 

avoids the perseveration in response bias by randomizing ascending and descending trials as 

well as the inference production from trial duration by making all trials of the same length 
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but with different starting and ending points (Hock & Schoner, 2010) (see Chapter three for 

additional information on the modified method of limits).  

Patients and control subjects were presented with sequences composed of 14 steps 

(Inter-stimulus interval (ISI) = 100 ms); a step consisting of a signal (neutral or emotional) 

embedded in a burst of white noise with a given signal-to-noise ratio.  

Three main conditions or types of trial were used. First, in “Ascending” trials, the 

signal-to-noise ratio value (SNR) measured in dB was progressively increased, by steps of 

1dB. Second, in “Descending” trials, the SNR was progressively decreased by steps of 1dB. 

At the end of the Ascending and Descending sequences, participants had to make a judgment 

about the presence or absence of the signal in noise in the last step. Finally, in the “Absolute” 

condition, a trial did not consist in a long sequence but in an isolated burst of white noise in 

which, once again, a signal (neutral or emotional) could be embedded and participants had to 

report the presence or absence of the signal in noise. The SNR was varied across trials in this 

condition, in random order. The Absolute condition was conducted in an independent short 

session (about 7min) before the main hysteresis experiment composed of the ascending and 

descending sequences.  

In the Ascending and Descending conditions, the progressive increase or decrease of 

SNR in a trial began at a specific step within a trial according to the final value of intensity 

the stimulus should reach. 5 different final SNR values were used (-30, -27, -26, -25, -16 dB) 

and repeated 20 times (10 times within ascending sequences and 10 times within descending 

sequences) for each kind of stimulus (fear and neutral stimuli). The same values of SNR were 

tested for the Absolute condition. Finally, ascending and descending trials as well as the 

different SNR values were randomly presented. The experiment lasted about 1h including 

three short breaks.  
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   1  2   3  4  5  6   7   8   9  10  11  12  13  14 

Ascending Sequences -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 

 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -29 -28 -27 

 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -29 -28 -27 -26 

 -30 -30 -30 -30 -30 -30 -30 -30 -30 -29 -28 -27 -26 -25 

 -30 -28 -27 -26 -25 -24 -23 -22 -21 -20 -19 -18 -17 -16 

Descending Sequences -16 -16 -16 -16 -16 -16 -16 -16 -16 -16 -16 -16 -16 -16 

 -16 -16 -16 -16 -16 -17 -18 -19 -20 -21 -22 -23 -24  -25 

 -16 -16 -16 -16 -17 -18 -19 -20 -21 -22 -23 -24  -25 -26 

 -16 -16 -16 -17 -18 -19 -20 -21 -22 -23 -24  -25 -26 -27 

 -16 -18 -19 -20 -21 -22 -23 -24  -25 -26 -27 -28 -29 -30 

 

Table 4.2. Sequences of SNR levels for the different conditions. Table shows the series of SNRs in dB from 

stimulus 1 to 14 (stimulus 14 was the test stimulus for the detection judgments) across the different trials 

types. All Ascending sequences started with a SNR of -30 dB. All Descending sequences started with a 

SNR of -16 dB. The grey region in each row indicates the beginning of increment (in Ascending 

Sequences) or decrement (in Descending Sequences) of the signal-to-noise ratio. 

 

4.2.5 Statistical analysis 

 
Hysteresis values were first computed by subtracting mean detection scores obtained in 

ascending sequences from mean detection scores obtained in descending sequences. To check 

whether patients and control participants showed a hysteresis effect with the present protocol, 

we systematically compared hysteresis values to zero using t-tests. To further specify the 

nature of the putative hysteresis effect, both sequences types were also compared to the 

results in the absolute condition. The data from two patients were removed before analysis. 

The first patient did not meet criteria for schizophrenia and the second hallucinated during the 

test. 

In the present protocol, inter-group persistence differences may be found on at least 

three levels: (i) in ascending conditions, patients could have a lower detection threshold than 

control subjects (i.e., persisted with the noise longer) with no difference in descending trials; 

(ii) in descending trials, i.e., patients could have a higher detection threshold than control 

subjects (i.e., persisted with the signal longer) with no difference in ascending trials; (iii) in 

both ascending and descending sequences, i.e., patients would have a lower detection 



 114 

threshold than control subjects in ascending trials and a higher detection threshold than 

control subjects in descending trials.  

In order to explore differences in mean detection scores between patients and control 

participants across conditions, we ran an ANOVA using Content (Emotion, Neutral), 

Direction (Ascending, Descending) and SNRs (-30, -27, -26, -25 dB) as within-participant 

factors, and Group (Patients, Control participants) as an inter-participant factor, on mean 

detection scores. The SNR value -16 was excluded from data analysis because most of the 

participants showed a ceiling effect at this value and so little information is provided with 

regard to our experimental manipulations. In particular, it may obscure the comparison 

between groups. 

Bonferroni corrections were also employed to account for multiple testing. Post-hoc 

comparisons (two-tailed t-tests) were performed for the analysis of simple main effects. 

 

4.3 RESULTS 

4.3.1 Hysteresis in schizophrenia patients and controls participants 

 
Figure 4.2 shows the hysteresis patterns for each group and condition. Differences between 

detection scores in descending and ascending trials reveal that patients as well as control 

participants show hysteresis patterns (i.e., their mean detection scores were higher in 

descending than in ascending trials). Indeed, t-tests showed that hysteresis was greater than 

zero in each group for both fear stimuli (t14 = 7,642, p < 0.001 for schizophrenia patients; t15 = 

5,457, p < 0.001 for control participants) and neutral stimuli (t14 = 6,935, p < 0.001 for 

schizophrenia patients; t15 = 4,249, p = 0.001 for control participants).  

As a whole, data indicate that schizophrenia patients (as well as control subjects) were 

able to perform the task. In particular, their mean detection scores decreased as SNR level 

decreased in both the ascending and descending trials (see Figure 4.2). In addition, and 

importantly, we did not find any inter-group differences for the Absolute condition for neutral 

stimuli (t28 = 1,873, p > .05) indicating that patients had neither apparent auditory detection 

disabilities nor decisional biases in a first place (i.e., they did not show a bias toward the yes 

or no response) relative to control subjects. However, patients’ detection rate was slightly 

higher for emotional stimuli (t28 = 2,088, p = .046) coherent with the findings showing an 

abnormal processing of emotional information in people with schizophrenia (Cook et al., 

2012, see the discussion section).   
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Figure 4.2. Hysteresis patterns for each group across conditions. The top panel shows detections scores for 

control participants for both neutral stimuli (left) and emotional stimuli (right) and for descending (red 

curve), ascending (blue curve) and absolute trials (green curve). The bottom panel of the figure shows 

detections scores for schizophrenia participants for both neutral stimuli (left) and emotional stimuli 

(right) and for descending (red curve), ascending (blue curve) and absolute trials (green curve). The 

empty space between the red curve and the blue curve in each figure represents hysteresis. NS stands for 

neutral stimuli and ES stands for emotional stimuli. As can be seen, red curves are always higher for 

patients than for controls. 

 

4.3.2 A persistence effect was induced in descending but not in ascending 
sequences 

 
When comparing the descending and ascending detection scores to absolute detection scores 

for control participants, we found that descending values were significantly different from 

absolute values for both neutral (t15 = -4,671, p < .0001) and emotional stimuli (t15 = -5,174, p 

< .0001) (see Figure 4.2). More specifically, detection scores were, on average, higher for 

descending sequences than for absolute trials. In contrast, ascending values were not 
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significantly different from absolute values for both neutral (t15 = 0,716, p > .05) and 

emotional stimuli (t15 = 1,852, p > .05). This indicates that, in the present hysteresis protocol, 

only descending sequences actually demonstrated a persistence effect. We found exactly the 

same pattern of results for the patients. Their detection scores were, on average, higher for 

descending sequences than for absolute trials for both neutral (t13 = -5,677, p < .0001) and 

emotional stimuli (t13 = -4,497, p  = .001). In contrast, ascending values were not significantly 

different from absolute values for both neutral (t13 = 0,806, p > .05) and emotional stimuli (t13 

=-1,457, p > .05) (note that for the Absolute condition the data from one patient were lost 

owing to a computer error, explaining the different degrees of freedom in this test).  

 

4.3.3 Persistence differences across groups and across conditions 

 
Figure 4.3 shows the detection scores in ascending and descending trials for both 

schizophrenia patients and control subjects. The statistical analysis of mean detection scores 

revealed a main effect of Group (F1,29 = 7,207, p = .012) (detection scores were, overall, 

higher for patients than for control participants), a main effect of Content (F1,29 = 21,307, p < 

.0001) (detection scores were higher for emotional than for neutral stimuli) and a main effect 

of Direction (F1,29 = 89,116, p < .0001) (detection scores were higher for descending than for 

ascending trials), as well as a main effect of SNR-levels (F3,87 = 110,099, p < .0001) 

(detection increased as signal-to-noise ratio decreased, all ps < .001). We also found 

interactions between the factors Content and Direction (F1,29 = 6,416, p = .017; detection rate 

in descending and ascending trials was higher for emotional stimuli than for neutral stimuli 

both ps < .05 ), Content and SNR-levels (F3,87 = 3,031, p = .034), as well as between 

Direction and SNR-levels (F3,87 = 16,305, p < .0001). Finally, the interaction between factors 

Content, Direction, SNR-levels and Group (F3,87 = 2.592, p = .058) failed to reach our 

significance criterion (0.05) but marginally so.  
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Figure 4.3. Mean detection scores for each group in descending and ascending trials. The figure shows the 

detection rates averaged over all SNRs for each group (red for patients and blue for controls); for 

descending (a) and ascending (b) trials and, finally, for neutral (left) and emotional stimuli (right).  

 

4.3.4 Interaction between Content, Direction, SNR-levels and Group 

 
Since we expected that patients, due to their clinical records, should show abnormal 

perceptual persistence phenomena, we further explored the marginally significant interaction 

between Content, Direction and Group.  

Using post-hoc tests, we found that, when considering every SNR-level, patients 

actually showed higher detection scores than control participants in descending trials for 

emotional (t29 = 2.472, p = .020) as well as for neutral stimuli (t29 = 3.563, p = .001). This 

pattern held for each SNR (all ps < .05). When considering emotional stimuli, the difference 

between patients and control participants was significant for the SNRs of -30 and -27 (ps < 

.05) but disappeared for higher SNRs of -26 and -25 (all ps > .1). No inter-group differences 

were found in ascending trials (ps > .05).  

 

4.3.5 Extrinsic factors: Level of education, Age, Medication and PANSS scores 

 
We finally looked at possible confounding factors as well as possible correlations between 

mean detection scores and clinical symptoms. Detection was not significantly correlated with 

the level of education, nor with age, in either control participants or schizophrenia patients (all 

ps < .05). Finally, detection was not significantly correlated with medication (using the 

equivalent-chlorpromazine) or with PANSS global or sub-scores (all ps < .05).   
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4.4 DISCUSSION 

4.4.1 Summary of findings 

 
The present study provides a direct demonstration of an exaggerated perceptual persistence 

phenomenon in schizophrenia patients compared to controls for percepts having either a 

neutral or an emotional (here, fear) content. Patients showed this effect exclusively in the part 

of the protocol that produced a persistence effect for the signal, i.e., in descending sequences. 

This indicates that the phenomenon uncovered here seems to be a very specific aberrant 

manifestation of a normal process present in healthy people and not simply a general tendency 

towards persistence. Finally, this aberrant persistence effect was as much present in patients 

presenting an essentially positive clinical picture as in patients presenting an essentially 

negative clinical picture.  

 

4.4.2 Interpreting the aberrant perceptual persistence in schizophrenia 

 
Perceptual hysteresis is likely to be an instance of the influence of top-down signals on 

bottom-up sensory processing (Large, Aldcroft and Vilis, 2005).  

 It has been shown that the influence of top-down signals–essentially expressed in 

terms of contextual cues– on (more or less) low-level perceptual organization processes (e.g., 

on perceptual grouping) is reduced in schizophrenia patients (e.g., Butler, Silverstein & 

Dakin, 2008; Doniger et al 2001; 2011; Phillips & Silverstein, 2003; Silverstein & Uhlhaas, 

2004; Uhlhaas, Haenschel, Nikolić, & Singer, 2008; Uhlhaas & Silverstein, 2005; Uhlhaas & 

Singer, 2006; 2010) (see Chapter one for more detail on this). However, other studies found 

an increased influence of top-down signals –expressed in terms of sensory expectations or 

prior expectations– on detection, discrimination or categorization tasks in the same clinical 

population (Aleman, Böcker, Hijman et al., 2003; Cook, Barbalat & Blakemore, 2012, 

Ilankovic et al., 2011). Far from being contradictory these two patterns of results are actually 

complementary and may explain two facets of schizophrenia. On the one hand, the presence 

of a reduced influence of contextual cues on perceptual organization may account for the 

fragmentation of patients’ perceptual experiences (Martin & Pacherie, 2013; Phillips & 

Silverstein, 2003; Silverstein & Uhlhaas, 2004; Uhlhaas & Silverstein, 2005; see Chapter 

one). On the other hand, the presence of an increased influence of priors expectations on 

detection, discrimination or categorization tasks may account for the internally biased 

interpretations of sensory events that is characteristic of schizophrenia patients (Blackwood et 
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al., 2001; Krishnan, Kraus & Keefe, 2011; see Chapter two). Thus, a potential way to 

reconcile these apparently contradictory data is to say that they do not relate to the same kind 

of top-down information. One kind of top down-signals (contextual cues) has a reduced 

influence, whereas the other kind (on-line prior expectations, see below) has an increased 

influence on perceptual processing. However, more experimental work is needed to 

corroborate (or reject) this suggestion.  

 Recent accounts of perceptual hysteresis try to account for this phenomenon within the 

framework of the Bayesian hypothesis (Kleinschmidt et al., 2002; Schwiedrzik et al., 2012). 

Roughly, the Bayesian account of perception states that perceptual outputs result from 

inferences or predictions about the most probable environmental cause having generated the 

current state of the brain (e.g., Bubic et al., 2010; Gregory, 1980; Jones & Love, 2011; 

Friston, 2010; 2005, 2006; Kersten et al., 2004; Mamassian et al., 2002; see Chapter two for 

more detail on one version of the predictive model of perception). These predictions are based 

on both the current available sensory information and on implicit knowledge about the 

environment –or priors– giving a priori a more or less high probability on each hypothesis 

defining altogether the space of possibilities incoming sensory information could refer to 

(Kersten, Mamassian & Yuille, 2004; Knill & Pouget, 2004). Within this framework, top-

down information such as the one referred to in the preceding paragraph is precisely re-

described as prior (either long-lasting or on-line) knowledge biasing the sensory information 

toward some specific perceptual interpretation (Friston, 2005; Mamassian et al., 2002).  

Increasing evidence supports the presence of systematic Bayesian/predictive deficits 

in schizophrenia (Corlett et al., 2007; 2009; 2010; 2012; Fletcher & Frith, 2009; Frith and 

Friston, 2013; Keefe & Kraus, 2009; Kraus, Keefe, & Krishnan, 2009; Krishnan, Kraus & 

Keefe, 2011; Martin, 2013; Moore & Fletcher, 2011; see Chapter two for a review of 

predictive deficits in people with schizophrenia). These predictive deficits, according to a 

number of researchers in the field, not only account for the perceptual and cognitive 

disturbances we may find in schizophrenia (see e.g., Ditman et al., 2008; Phillips & 

Silverstein, 2003) but also for the symptoms this disease manifests, especially delusions and 

first rank symptoms (Schneider, 1959) (e.g., Bruno et al., 2012; Corlett et al., 2007; 2009; 

2010; 2012; Fletcher & Frith, 2009; Frith & Friston, 2013; Krishnan, Kraus & Keefe, 2011; 

see Chapter two for an explanation of how predictive deficits may lead to the formation of 

some delusions).  

However, more crucial to the present study is the fact that predictive deficits could 

account as well for what we referred to as persistence biases in schizophrenia by disturbing 
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the balance between priors and incoming sensory information (Fletcher & Frith, 2009; Corlett 

et al., 2009). In particular, predictive deficits would lead patients to put too much weight on 

their prior expectations (Cook, Barbalat & Blakemore, 2012) resulting in difficulties in the 

updating of their current cognitive or sensory states in spite of even contradictory evidence, 

and thus leading to persistence phenomena (Corlett et al., 2009).       

More precisely, the Bayesian account of perceptual hysteresis claims that the primed 

perception of one of the two possible perceptual alternative states, “adjusts the prior toward 

this interpretation” (Schwiedrzik et al., 2012; p. 9). In our protocol the two possible 

alternatives states are percept/noise (see also, Kleinschmidt et al., 2002). Descending 

sequences start with a relatively high signal-to-noise ratio and, therefore, the signal is easily 

detectable at the beginning. In this context, the subject expects that a signal will be present at 

the following step and as the sequence unfolds, each new step predicts the presence of a 

signal at the following step. As a consequence, the percept state is selected over the noise 

state in comparison to ascending or absolute trials. Note that predictive/inferential processes 

are usually considered as optimization mechanisms (Kording, 2007). Therefore, we can 

speculate that the ascending condition did not show persistence effects because if it is true 

that there is a potential utility for the system in predicting or maintaining a signal, there 

appears to be no such utility in predicting or maintaining pure noise (this would even be 

harmful by preventing the system to detect relevant signals).  

With regard to findings showing that patients present dysfunctions of 

Bayesian/predictive mechanisms (Corlett et al., 2007; 2009; 2010; 2012; Fletcher & Frith, 

2009; Frith & Friston, 2013; Keefe & Kraus, 2009; Kraus, Keefe, & Krishnan, 2009; 

Krishnan, Kraus & Keefe, 2011; Moore & Fletcher, 2011) and findings showing an increased 

influence of prior expectations on detection, discrimination or categorization tasks (Cook et 

al., 2012), we suggest that the excessive persistence effect we found in patients may result 

from an undue reliance on the prior adjusted toward the percept state (Frith & Friston, 2013). 

In other words, the prior expectation “the next step should have a signal” aberrantly (i.e., in 

comparison to healthy people) overrides the current available sensory information. As a 

consequence, patients’ perceptual states are not correctly updated and manifest persistence 

biases. This hypothesis is comforted by findings cited above showing an increased influence 

of prior expectations on sensory processing in schizophrenia patients (Aleman, Böcker, 

Hijman et al., 2003; Cook, Barbalat & Blakemore, 2012, Ilankovic et al., 2011).  

It is well known that patients suffering from schizophrenia (whatever their clinical 

picture) present an altered perception of the external reality (Phillips & Silverstein, 2003; 
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Silverstein & Uhlhaas, 2004; Uhlhaas, Haenschel, Nikolić, & Singer, 2008; Uhlhaas & 

Silverstein, 2005). The presence of perceptual persistence biases in this clinical population 

probably contributes to this reality distortion phenomenon and may provide some basis for the 

formation of delusional ideas. If the perceptual system of patients is actually biased toward 

priors (at least in certain conditions, see below) this may produce situations where patients 

either still perceive something that, in fact, is not perceptible anymore (i.e., hallucinations) or 

persist in a prior-based (i.e., personal or idiosyncratic) sensory interpretation of a situation 

that in fact has evolved otherwise (i.e., delusions) (Krishnan, Kraus & Keefe, 2011, see 

discussion of Chapter two).  

To summarize, perception involves a subtle interplay between sensory information 

and implicit knowledge about the environment. In normal conditions, a balance between these 

two kinds of information is usually reached: priors accommodate minimal prediction errors 

(i.e., priors are not updated each time a prediction error is triggered) but, however, they are 

updated when quite strong counter-evidence has to be integrated (Keefe & Kraus 2009). In 

patients, this balance is perturbed and, in some conditions, these perturbations abnormally tip 

the scales in favour of priors.  

This suggestion seems at odds with a number of data suggesting that patients tend to 

be “stimulus-guided” (Martin, 2013; see Chapter two for a review of these data) rather than 

“prior-guided” (Chambon et al., 2011); that is to say, showing that predictive perturbations tip 

the scales in favour of sensory information (e.g., Doniger et al., 2001 and for reviews see, 

Keefe & Kraus, 2009; Kraus, Keefe, & Krishnan, 2009; Krishnan, Kraus & Keefe, 2011). 

However, in the majority of these studies the tasks did not involved the on-line formation of 

explicit strong perceptual prior expectations about the stimuli at stake. To take just one 

example, in the study of Doniger et al., (2001) participants were presented with fragmented 

images and had to recognize what they represented. Results show that patients need more 

complete images than controls to be able to recognize what the figure represents. However, 

the task in question or the experimenter did not give strong cues about what patients should 

expect to perceive. In contrast, in the studies of e.g., Aleman, Böcker, Hijman et al., (2003) 

and Ilankovic et al., (2011) (see Cook, Barbalat & Blakemore, 2012 for a review) as well as in 

the present study patients were led to form strong on-line perceptual prior expectations. For 

example, in the study of Barbalat et al., (2012) participants were instructed to look at a target 

facial expression (e.g., fear or happiness) –leading to specific on-line prior expectations– and 

were subsequently presented with a sequence of facial expressions containing faces with the 

target expression and faces with other expressions. Results show that healthy subjects are 
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slower at identifying faces that did not match the prior expectations generated by the target 

expression and then faster at identifying faces matching them. In comparison, patients were 

even slower and less accurate at identifying faces that did not match the prior expectations 

generated by the target expression. 

Therefore, one possible way of reconciling findings showing that patients are 

stimulus-guided and findings showing that patients are prior-guided would be to say that 

when patients do not form strong on-line perceptual prior expectations they are essentially 

driven by sensory information and when such prior expectations are generated they 

abnormally override the sensory information. It is as if in patients equilibrium between priors 

and sensory information was impossible. Future studies should explore this possibility.  

 

4.4.3 Emotional versus neutral persistence 

 
If one plausible function of hysteresis is to stabilize perceptual states against continuous 

sensory changes, then this stabilization actually should be even more efficient when the 

signals at stake are highly ecologically relevant. In the present study we observed a result 

pattern consistent with this hypothesis: fear stimuli expressed a stronger persistence effect 

than neutral stimuli (this replicates the findings of the study presented in Chapter three). We 

also found that schizophrenia patients maintained emotional stimuli more than control 

participants did, presenting again an aberrant manifestation of a specific perceptual process.  

 In normal conditions, this property of the auditory system is likely to be advantageous. 

Our protocol actually mirrors noisy dynamic ecological situations where the intensity of 

signals is progressively decreasing or increasing (see Chapter three). In such dynamic and 

noisy situations it is advantageous to maintain persistently emotional signals because fear (for 

instance) may indicate a threat in the immediate environment (Sauter et al., 2010). However, 

an aberrant expression of this phenomenon would produce systematic false positives e.g., the 

impression one still hears a scream when in fact it is now a laugh or when there is no signal at 

all anymore. We suggest that the undue weight that patients put on prior expectations is even 

more pronounced when signals have an emotional content and persistence biases are 

exacerbated as a result. This is in line with previous work showing that the abnormal 

influence of prior expectations on the processing of incoming sensory information 

(specifically, on facial expression discrimination) in schizophrenia is stronger when priors 

have a (negative) emotional content rather than a neutral content (Barbalat et al., 2012; Cook 

et al., 2012).  
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 This abnormal persistence in emotional perception (beyond providing potential bases 

for the formation of delusions, see above) could have harmful consequences for the social 

cognition of patients in preventing flexibility (i.e., updating processes) in the perceptual 

interpretations of others’ emotional states, which is crucial to have fluent social interactions 

(Sacharin et al., 2012). In other words, a patient could aberrantly persist in the sensory 

interpretation that, for instance, this person is angry while in fact she is not. As a result, 

perceptual persistence biases could contribute to the social cognition deficits present in 

schizophrenia (Cook et al., 2012) and to patients’ social withdrawal by preventing them to 

correctly interact with other people.   

 Future work should explore whether the difference in (neutral or emotional) hysteresis 

between patients and control subjects is purely sensory or is also decisional by designing, for 

instance, a protocol enabling d-prime measures. To the extent that the present protocol uses 

the modified method of limits, designed to avoid some decisional biases, we predict that the 

difference would prove to be essentially perceptual, although a difference at the decisional 

level would be informative as well. In addition, the primarily aim of the present study was to 

test the hypothesis of aberrant perceptual phenomena in schizophrenia patients. Our results 

seem to corroborate this hypothesis. However, the interpretation of these results in terms of a 

deficit of Bayesian/predictive mechanisms would be further investigated in a more direct way. 

Finally, it would be interesting to know whether perceptual persistence biases in 

schizophrenia are present in other modalities than audition.  

 

4.4.4 Concluding remarks 

 
Beyond providing a direct demonstration of persistence biases in schizophrenia patients, we 

would suggest that perceptual hysteresis may also be a useful tool for clinical purposes.  

First, hysteresis may serve as a further objective measure to evaluate the level of self-

monitoring (see Chapter six) disturbance as well as its evolution in the course of the disease. 

Measuring hysteresis may be a way of assessing to what extent patients are able or not to 

distinguish between the actual presence of an (even weak) external signal and a self-generated 

persistent signal.  

Second, in addition to its use as an evaluative instrument, hysteresis may also be used 

as a training tool by the clinical staff, especially in the context of cognitive remediation (e.g., 

Demily & Franck, 2008; Franck et al., 2013). In particular, hysteresis could be used to help 

people with schizophrenia gain insight and recover, at least partially, self-monitoring abilities. 
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To this end, the protocol at stake should be designed in such a way that the caregiver would 

know what the standard threshold for each tested value is. This will enable caregivers to more 

precisely measure to which extent patients are far from the standard threshold and to train 

patients at distinguishing the point where the signal is really present from the point where the 

signal is aberrantly and internally maintained.  

Finally and perhaps more speculatively, if future research confirms that aberrant 

perceptual hysteresis effects are a consistent characteristic of schizophrenia, longitudinal 

studies could be engaged in order to determine whether aberrant hysteresis is already present 

in high-risk people that have not yet developed the disease and whether the level of hysteresis 

predicts with a high probability the risk to develop schizophrenia.  

  

I turn now to the study of hysteresis in time perception and, specifically, in the context 

of audiovisual a/synchrony perception. People with schizophrenia present deficits in time 

perception manifested by a subjective fragmentation of the flow of time (Kimura, 1994; 

Martin et al., 2013; Minkowski, 1933). In other words, the events do not seem really 

temporally connected. In addition, certain studies have shown that people with schizophrenia 

have an impaired ability to evaluate the a/synchrony between two sensory events (Foucher, et 

al., 2007; Giersch et al., 2009; Schmidt, et al., 2011; Martin et al., 2013). In particular, they 

need more asynchrony than healthy people to detect it.  

I think that the presence in schizophrenia of abnormal time persistence phenomena 

could participate to disturbances in the organization of events in time by hampering the fluent 

updating of temporal contents as discussed in Chapter ten.  

 However, hysteresis in the context of a/synchrony perception and in healthy people 

had not been tested. Therefore my collaborators and I conducted an experiment in audiovisual 

asynchrony in order to test the presence of hysteresis in time perception. In the future, this 

experimental protocol might be used to test the hypothesis of time persistence biases in 

schizophrenia.    
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Chapter Five 

WHEN  THE  BRAIN  FAILS  TO  RECALIBRATE  AUDIOVISUAL  SIMULTANEITY: 

HYSTERESIS IN TIME PERCEPTION (AN EXPERIMENTAL STUDY)   

 
 
This empirical study is a pilot study conducted in collaboration with Kösem, A., and van 
Wassenhove, V.   
 
 
To accurately perceive the synchrony of visual and auditory events, the brain has to 

compensate for the difference in the speeds of light and sound. This compensation may be 

accomplished by temporal recalibration, a mechanism through which subjects become more 

tolerant to constant audiovisual (AV) asynchrony by virtue of adaptation. The present study 

investigates whether recalibration still occurs in the context of progressively synchronizing or 

desynchronizing AV stimuli; a situation occurring in ecological contexts when the source is 

moving toward or away from the observer. This dynamic condition is compared to a constant 

condition where the test stimuli are now preceded by AV stimuli with constant temporal lags. 

We also manipulate the nature of the task: participants were asked to judge the synchrony of 

the last AV stimulus of the sequence, which was either cued by a visual signal –prospective 

condition– or not cued –retrospective condition. We show that perceptual hysteresis governs 

synchrony judgments in the retrospective condition, this independently of the statistical 

properties of the adapted stimuli (dynamic or constant). Conversely, in the prospective 

condition, reports tend to be biased toward classical temporal recalibration. The present 

findings highlight that knowing when to estimate a stimulus property has a crucial impact on 

perceptual temporal decisions. We interpret our results in terms of Bayesian theory, and 

suggest that in retrospective judgments participants used past stimuli to change the prior of 

the perceptual outcome, while in prospective judgments only the likelihood of the stimulation 

is modified with time.  
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5.1 INTRODUCTION  

 
Some evidence suggests that people with schizophrenia have difficulties in time processing. 

In particular, temporal events (or the temporal organization of perceptual events) are 

incorrectly organized or ordered (Kimura, 1994) and empirical findings show that patients 

have synchrony perception disturbances (B. Martin et al., 2013). I hypothesize that the 

presence, in schizophrenia, of aberrant hysteresis effects in time perception (similar to the 

effects found in audition, see Chapter four) could participate to the disorganization of 

temporal events by hampering the operation of temporal contents updating processes. 

However, as the presence of hysteresis effects in healthy people had not yet been investigated 

for time perception and, in particular, for synchrony perception, my co-workers and I 

conducted an experiment to explore this issue. Below we provide empirical evidence showing 

the presence of hysteresis effects in synchrony perception in healthy people and Chapter ten 

briefly addresses the possibility of adapting this experiment in the context of schizophrenia.  

Establishing the simultaneity between auditory and visual information is not a 

straightforward process in that the system must be able to cope with external as well as 

internal transmission delays (i.e., the difference of speed between sound and light and the 

difference of speed between transduction mechanisms, respectively). However, the processes 

underlying simultaneity perception have proven to be flexible (for review see Vroomen & 

Keetels, 2010; van Wassenhove, 2009) and thus able to compensate for the external and 

internal transmission delays (Kopinska & Harris, 2004; Sugita & Suzuki, 2003). More 

precisely, previous work has provided evidence for the influence of temporal context on the 

synchrony perception of incoming audiovisual (AV) events (Di Luca, Machulla & Ernst, 

2009; Fujisaki, Shimojo, Kashino, & Nishida, 2004; Harrar & Harris 2008; Miyazaki et al., 

2006; Roach et al., 2011; Roseboom & Arnold, 2011; Vatakis et al., 2008; Vroomen et al., 

2004). Specifically, when subjects are adapted to a particular time lag their simultaneity 

judgments are biased in the direction of the adapted AV lag. In other words, subjects will 

have a tendency to perceive certain asynchronous AV stimuli as synchronous more often after 

adaptation than before adaptation. This phenomenon usually referred to as temporal 

recalibration or lag adaptation thus illustrates that the brain is able to actively compensate for 

a constant (Fujisaki et al., 2004; Vroomen et al., 2004) or average (Miyazaki et al., 2006) AV 

lag.  

However, this type of adaptation seems to compete with what is referred to as 

Bayesian calibration, showing that, in some circumstances, the previous exposure to repeated 
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asynchronous AV lags acts rather as a prior. Thus, after repeated exposure of asynchronous 

stimuli subjects can also be biased towards asynchrony (Yamato, Miyasaki, Iwano et al., 

2012). In other words, subjects will have a tendency to perceive certain asynchronous AV 

stimuli as asynchronous more often after adaptation than before adaptation. 

The presence of these competing processes in the context of time perception is 

reminiscent of adaptation versus hysteresis processes, which compete in the context of 

sensory processing (Schwiedrzik et al., 2012). Specifically, the repeated exposure to similar 

sensory features (e.g., to a specific orientation) is known to influence the perceptual decision 

relative to a target stimulus feature or property in two opposite directions: a process of 

adaptation may generate a repulsive effect so that “the perceived values for the stimulus 

variable that is subject to the estimation task are more distant from the adaptor value after 

adaptation” (Stocker & Simoncelli, 2006, p. 1992); or, conversely, a process of hysteresis 

(Hock & Schöner 2010) may generate an attractive effect so that the perceived values for the 

stimulus variable that is subject to the estimation task are closer to the adaptor value after 

adaptation. Temporal calibration is then similar to adaptation and Bayesian calibration to 

hysteresis.   

However, perceptual hysteresis is more specific than Bayesian calibration. Hysteresis 

reflects the “persistence of a percept despite parameter change to values favouring the 

alternative pattern » (Hock et al., 1993, p. 63). In this context, it has been shown that when 

stimulation changes progressively from one state to another the perceptual system has a 

tendency to persist in its initial state (Buckthought, Kim & Wilson 2008; Hock, Kogan & 

Espinoza, 1997; Hock & Schöner 2010; Kleinschmidt et al., 2002; Large, Aldcroft & Vilis 

2005; Melloni et al., 2011; see Chapter three and four for more detail on hysteresis in 

perception). However, synchrony perception within the context of dynamic temporal lags 

changing over time has not been investigated.  

In the present study, we explore potential hysteresis effects in audiovisual synchrony 

perception. We asked whether the presentation of slowly synchronizing (i.e., initially 

asynchronous) and desynchronizing (i.e., initially synchronous) AV stimuli would be 

governed by temporal recalibration or hysteresis. To this aim, after viewing sequences of 

slowly synchronizing and desynchronizing AV stimuli, participants had to judge the 

synchrony of a test AV stimulus. In a Control condition, subjects had to judge the synchrony 

or asynchrony of AV stimuli presented in isolation. If temporal recalibration governs the 

perception of AV simultaneity, perceptual biases should rely on the mean value of the adapted 

lags, hence favour perceived synchrony towards the adapted AV lag. As the mean AV lags in 
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Synchronizing and Desynchronizing conditions was not null (Table 5.1), more “synchronous” 

responses for test AV asynchronous stimuli would be predicted in both conditions as 

compared to control trials. In contrast, perceptual hysteresis predicts that participants should 

perceive test AV asynchronous stimuli to be more synchronous in the Desynchronizing 

condition, and more asynchronous in the Synchronizing condition, than in the Control 

condition. This experiment testing the effects of slowly synchronizing and desynchronizing 

AV stimuli on simultaneity judgments was compared to another experiment where the 

sequences preceding the test AV stimuli were not composed of dynamic AV stimuli, but of 

AV stimuli with constant temporal lags (150ms in the desynchronized sequences and 0ms in 

the synchronized sequences).  

In addition, we also manipulated the nature of the judgments to be performed by the 

subject, ‘retrospective’ versus ‘prospective’. Retrospective judgments were used to mimic the 

conditions of most hysteretic paradigms, where the moment of arrival of the test stimulus is 

not known (Hock, Kogan, et al., 1997; Hock, Schöner, & Voss, 1997; Kleinschmidt et al., 

2002; Melloni et al., 2011); while prospective judgments were used to mimic the conditions 

of most temporal recalibration paradigms where the moment of arrival of the test stimulus is 

predictable (Fujisaki et al., 2004; Miyazaki et al., 2006; Vroomen et al., 2004). 

 These experimental conditions were tested with 4 groups of subjects. A first group of 

subjects performed the hysteresis experiment and was asked to make retrospective judgments 

i.e., subjects were informed that an AV stimulus was the test stimulus only after it had 

occurred. A second group of subjects performed the constant experiment and was asked to 

make retrospective judgments too. A third group of subjects ran the hysteresis experiment but, 

now, was asked to make prospective judgments i.e., the test AV stimulus was cued prior to its 

display. Finally, a fourth group of subjects ran the constant experiment and was asked to 

make prospective judgments too.  

 We found that hysteresis drove simultaneity judgments independently of the dynamic 

or constant nature of the adapted lags but only when participants had to judge the synchrony 

of the test AV stimuli retrospectively (experiment 1 and 2). In contrast, when the test AV 

stimuli were cued, simultaneity reports showed a tendency towards temporal calibration or lag 

adaptation independently of the dynamic or constant nature of the adapted lags (experiment 3 

and 4). The present results suggest that hysteresis or lag adaptation processes do not depend 

on the dynamic versus the constant nature of adapted AV stimuli. Rather, they depend on the 

ability to predict or not when to estimate the synchrony of the relevant temporal event, 
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indicating that individuals engage different perceptual decisions strategies depending on 

whether the test AV stimulus is predictable or not. 

 

5.2 EXPERIMENT 1: HYSTERESIS CONDITION WITH RETROSPECTIVE 

JUDGMENTS  

5.2.1 Method 

5.2.1.1 Participants 

 
14 subjects (mean age = 23.7, range = 21–29) were recruited to participate in the experiment, 

10 females (1 left-handed). All subjects gave their informed consent. They had normal (or 

corrected to normal) eyesight and no known history of hearing problems. All subjects 

participated in a hysteresis experiment for the first time and were naïve about the purpose of 

the experiment. Subjects were recruited from the database of the ‘Relais d’information sur les 

sciences de la cognition’ (RISC) and received a compensation of 10€ for their participation. 

 

5.2.1.2 Stimuli and experimental design 

 
All participants completed the experiment seated in a quiet room. Participants were seated 

approximately 70 cm from the monitor (60 Hz refreshing rate) and auditory stimuli were 

presented via headphones (HD 250 linear II). 

The auditory stimulus consisted of a 1500-Hz tone pip with a duration of 15 ms and a 

linear rise and fall time of 5 ms. The visual stimulus was presented in a black background and 

consisted of a white ring (outer diameter: 3°; inner diameter: 1.7°), which was flashed for the 

duration of 1 monitor frame (60 Hz) at the centre of the screen. A white fixation cross was 

displayed during the whole trial at the centre of the ring. 

To test the hypothesis that in the context of progressively decreasing or increasing AV 

time lags synchrony perception would show persistence effects, we designed a hysteresis 

protocol using the modified method of limits (Hock & Schöner, 2010). This method was 

specifically designed to avoid potential decisional biases present in the traditional method of 

limits (Fechner, 1860). In particular, it avoids the perseveration in response bias by 

randomizing ascending and descending trials as well as the inference production from trial 

duration by making all trials of the same length (see below and see Chapter three for more 

detail on the modified method of limits) (Hock & Schoner, 2010).  
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Participants were presented with sequences composed of 12 steps (the inter-stimulus 

interval (ISI) was randomly comprised between 867 ± 133 ms); a step being composed of a 

tone and a flash with a specific time lag. Three main conditions were tested. In the 

Desynchronizing condition, the time lag between the tone and the ring progressively 

increased by steps of 16.7 ms from synchronous to asynchronous. In the Synchronizing 

condition, AV time lags progressively decreased over time by steps of 16.7 ms too from 

asynchronous to synchronous. The increment or decrement in time lags began at different 

moments across trials according to the lag of the 12th stimulus in the sequence (see Figure 5.1 

and Table 5.1). At the end of the Synchronizing and Desynchronizing sequences, while 

participants were instructed to focus their attention on the entire sequence, they were asked to 

retrospectively judge the synchrony of the last AV stimulus only. Subjects were not aware of 

the number of stimuli present in the sequence and the last AV stimulus was not cued (i.e., it 

was not predicable). Therefore, participants had to wait until the sequence ended to know that 

the last displayed stimulus was the test stimulus. Finally, in the “Control” condition (played at 

the end of the main experiment), a trial did not consist in a long sequence but in an isolated 

AV stimulus for which participants had to judge the synchrony. The direction of the AV lag 

(sound-leads or visual-leads trials) was balanced across trials. 

For all conditions, the same time lag final values were computed, 0 ms, 50 ms, 100 

ms, 150 ms (Table 5.1). The choice of these values was motivated by unpublished pilot data 

and by the usual values found in the relevant literature (e.g., Vroomen et al., 2004). 

Synchronizing and Desynchronizing sequences as well as the different final time lag values 

were randomly displayed in order to exclude the perseveration bias. Each final time lag value 

was presented 24 times both in desynchronizing trials and synchronizing trials (12 for sound-

leads trials and 12 in flash-leads) for a total of 192 trials. A trial lasted about 15s and the total 

duration of the experiment (divided in 4 blocks of 15 min) was about 1h.  
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Figure 5.1. Example of one Desynchronizing trial (upper panel) and one Synchronizing trial (lower panel). 

All trials were composed of 12 audiovisual stimuli presented in succession (ISI = 867 ± 133 ms). Subjects 

were asked to report whether the 12th auditory and visual events were synchronous or asynchronous. In 

the Desynchronizing sequences, the first audiovisual stimuli were always synchronous and desynchronized 

by steps of 16.7 ms until a specified AV lag at the 12th position (e.g. 100 ms in the example). During the 

Synchronizing sequences, the first audiovisual stimuli were always asynchronous (with 150 ms 

asynchrony) and synchronized by steps of 16,7 ms until a specified AV lag at the 12th position (100 ms in 

the example). Therefore, the lag at the 12th position was the same for Desynchronizing and Synchronizing 

sequences despite that the initial lag was either 0 ms or 150 ms. In this example, the lags are directed 

towards flash-leads asynchronies, but sound-leads asynchronies were also tested in this study. 
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Table 5.1. Sequences of audiovisual lags for the Synchronizing and Desynchronizing conditions in 

experiments 1 and 3. Table shows the series of audiovisual lags (in ms) from stimulus 1 to 12 (test stimulus 

for simultaneity judgment) across the different trials. All trials in the desynchronizing condition starts 

with lag = 0ms. All trials in the synchronizing condition starts with lag = 150 ms. The last column reports 

the average audiovisual lag. 

 

5.2.2 Statistical analysis 

 
Data analysis was performed using a three-way repeated-measure ANOVA with factor 

Context (3 levels: Synchronizing trials, Desynchronizing trials, Control condition), 

Audiovisual lag (4 levels: 0, 50, 100 and 150 ms) and Lag direction (2 levels: Sound-leads  

lag, Flash-leads lag). Following a significant main effect a Tukey-Kramer multiple 

comparisons procedure (alpha = 0.05) was performed to assess significant differences 

between the different levels of the factor. 

 

5.2.3 Results  

 
Figure 5.2a shows the percentage of ‘synchronous responses’ as a function of the lag between 

auditory and visual stimuli for the Synchronizing, Desynchronizing and Control conditions. 

As expected, the level of synchronous responses significantly decreased with increasing lag 

between sound and flash (main effect of Audiovisual lag: F3,39 = 28.02; p < 0.001; Figure 

5.2a). The temporal context preceding the test stimuli also influenced synchrony judgments 

(main effect of Context: F2, 26 = 10.5; p < 0.001). More precisely, multiple comparisons test 

shows that synchrony judgments during the Synchronizing sequences were significantly 

different from those obtained during the Desynchronizing sequences and from the Control 

 1 2 3 4 5 6 7 8 9 10 11 12 Average 
Desynchronizing 
Sequences 

0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 17 33 50 8 

  0 0 0 0 0 0 17 33 50 67 83 100 29 
  0 0 0 17 33 50 67 83 100 117 133 150 63 
Synchronizing  
Sequences 

150 150 150 133 117 100 83 67 50 33 17 0 88 
150 150 150 150 150 150 133 117 100 83 67 50 121 

  150 150 150 150 150 150 150 150 150 133 117 100 142 
  150 150 150 150 150 150 150 150 150 150 150 150 150 
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condition. The perception of synchrony was overall reduced in the Synchronizing condition 

(in which the AV lags begin desynchronized) compared to other conditions (Figure 5.2b).  

 

 
 

Figure 5.2. Dynamic (retrospective judgment). Simultaneity judgments as a function of temporal context 

and audiovisual lag (here sound-leads trials and flash-leads trials are averaged together). The panel a 

shows that lag influences synchrony perception so that ‘synchronous’ responses decrease as lag increases. 

The panel b shows that the perception of synchrony is equally influenced by previous audiovisual 

stimulation: test stimuli in the Synchronizing condition (red) are perceived significantly less synchronous 

than stimuli in the Desynchronizing and Control condition (blue and black, respectively). No significant 

difference was found between the Desynchronizing and Control condition.  

 

These results show that certain test asynchronous AV stimuli are perceived as less 

synchronous when the initial state was asynchronous than when it was synchronous. This is 

consistent with a phenomenon of perceptual hysteresis. However, no significant difference 

was reported between the Desynchronizing condition and the Control condition. Therefore, 

perceptual hysteresis does not seem to drive simultaneity judgments when AV stimuli are 

initially synchronous. Note that neither hysteresis nor recalibration can account for this 

absence of effects, as both would predict an increase in perceived synchrony in the 

Desynchronizing condition compared to the Control condition. On the contrary, participants 

even tend to perceive AV stimuli as more synchronous in the latter than in the former 

condition (but it is not significant).     

Finally, no main effect of the lag direction (sound-leads trials or visual-leads trials) 

was observed in synchrony judgments (F1,13 = 0.4; p = 0.5), but this factor interacted 
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significantly with the Audiovisual lag factor (interaction F3, 39 = 5.0; p < 0.01). This means 

that synchrony perception decreased more rapidly as a function of AV lags when the sound 

was leading than when it was lagging the flash (I report the effects relative to lag direction all 

along this chapter for general information but they will be not discussed here as they are not 

at all pertinent in the present context). Such asymmetry is consistent with previous findings 

showing that perceived synchrony between sound and flash is biased toward the flash-leads 

asynchronies (Hirsh & Fraisse, 1964; Lewald & Guski, 2003; Slutsky & Recanzone, 2001; 

Zampini, Guest, Shore, & Spence, 2005).  

In the present experiment, we adapted a hysteresis protocol to the study of audiovisual 

synchrony perception. We have shown that adapting to progressively synchronizing (initially 

asynchronous) AV stimuli biases the synchrony judgment of subsequent AV stimuli towards 

asynchrony. However, adapting to desynchronizing (initially synchronous) AV stimuli does 

not significantly influence synchrony judgments (when compared to subjective simultaneity 

of AV events presented in isolation, i.e., Control condition). The present findings seem to 

contradict the predictions of temporal recalibration to the extent that, at least in the 

Synchronizing condition, past asynchrony experience biased AV synchrony perception 

toward asynchrony. We conducted a second experiment with sequences of constant AV time 

lags to test the role of stimuli statistics in the generation of the reported hysteretic effects.  

 

5.3 EXPERIMENT 2: CONSTANT LAG-ADAPTATION WITH RETROSPECTIVE 

JUDGMENT 

5.3.1 Experimental protocol  

 
Experiment 2 (n = 8; mean age = 27.7, range = 25–30; four females) is identical in every 

respect to Experiment 1 except for the temporal contexts preceding the final time lag values to 

be evaluated (Table 5.2). In the “0 ms-lag adaptation” condition (henceforth, Synchronized 

condition), the tone and the flash preceding the target AV stimulus were presented 

synchronously. In the “150 ms-lag adaptation” condition (henceforth, Desynchronized 

condition), the time lag was fixed at 150 ms. The “Control” condition is strictly identical to 

the Control condition in experiment 1.  
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Table 5.2. Sequences of audiovisual lags for the “0 ms-lag adaptation” (i.e., Synchronized) and “150 ms-

lag adaptation” (i.e., Desynchronized) conditions in Experiment 2 and 4. Table shows the series of 

audiovisual lags (in ms) from stimulus 1 to 12 (test stimulus for simultaneity judgment) across the 

different test values.  

 

5.3.2 Results  

 
Data analysis was performed using an identical three-way repeated-measure ANOVA as in 

experiment 1 with factor Context (3 levels: 0 ms-lag adaptation trials, 150ms-lag adaptation 

trials, Control condition), Audiovisual lag (4 levels: 0, 50, 100 and 150 ms) and Lag direction 

(2 levels: Sound-leads lag, Flash-leads lag). 

As in experiment 1, results shows that the perception of synchrony significantly 

decreases as the lag between sound and flash increases (main effect of Audiovisual lag: F3,21 

= 21.4; p < 0.001) (see Figure 5.3a). The temporal context preceding the target stimulus also 

influenced synchrony perception (main effect of Context: F2,14 = 12; p < 0.001). Surprisingly 

however, the effect of the temporal context was very similar to what is was in experiment 1. 

Multiple comparisons test revealed that synchrony judgments during the Desynchronized 

condition were significantly different from those obtained during the Synchronized condition 

and from the Control condition. The perception of synchrony was overall reduced in the 

Desynchronized condition in comparison to the other conditions (Figure 5.3b). This is still in 

agreement with a persistence effect (i.e., with hysteresis) and in disagreement with an 

adaptation effect that was however expected when considering previous studies (Fujisaki et 

al., 2004; Vroomen et al., 2004). In addition, the Synchronized condition was not different 

from the Control condition suggesting again an absence of hysteresis when the initial stimulus 

in the sequence is synchronous. 

 1 2 3 4 5 6 7 8 9 10 11 12 
Synchronized 
Sequences 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 50 

  0 0 0 0 0 0 0 0 0 0 0 100 
  0 0 0 0 0 0 0 0 0 0 0 150 
Desynchronized 
Sequences 

150 150 150 150 150 150 150 150 150 150 150 0 
150 150 150 150 150 150 150 150 150 150 150 50 

  150 150 150 150 150 150 150 150 150 150 150 100 
  150 150 150 150 150 150 150 150 150 150 150 150 
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Figure 5.3. Constant lag-adaptation (retrospective judgment). Simultaneity judgments as a function of 

temporal context and audiovisual lag (here sound-leads trials and flash-leads trials are averaged together). 

As in experiment 1, the panel a shows that lag influences synchrony perception so that ’synchronous’ 

responses decrease as lag increases. The panel b shows that test AV stimuli in the 150 ms-lag adaptation 

condition (red) are perceived as significantly less synchronous than stimuli in the 0 ms-lag adaptation 

(blue) and Control condition (black). No significant difference was found between the 0 ms- lag adaptation 

and the Control condition. 

 

Finally, as in experiment 1, no main effect of the lag direction (sound-leads trials or 

flash-leads trials) was observed in synchrony judgments (F1,7 < 1), and no interaction between 

lag and lag direction was observed (F3,21 < 1).  

In experiment 2, we unexpectedly replicated a strong hysteresis effect in the 

Desynchronized condition. This finding indicates that asynchrony persistence does not 

depend on the dynamic nature of AV stimuli. That is to say, the progressive synchronizing of 

AV time lags (initially asynchronous) in experiment 1 is likely not the crucial factor that led 

to perceptual hysteresis. We then hypothesized that the retrospective nature of synchrony 

judgments in both experiment 1 and 2 could actually be the factor that produced persistence 

effects in these experiments. The fact that subjects were not cued for the target stimulus could 

have led them to evaluate individually the synchrony of each audiovisual stimulus, while we 

explicitly asked them to only judge the synchrony of the last stimulus in the sequence. As a 

consequence, subjects’ synchrony judgment of the last stimulus might have been biased by 
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their judgments on the previous AV stimuli, and, as a consequence, updated the AV delays’ 

prior distribution (see Section 5.6).  

We therefore designed two additional experiments by modifying the nature of the task. 

In these experiments a visual cue was added prior to the arrival of the test AV stimulus, so 

that participants were aware of when to make the simultaneity judgment.  

 

5.4. EXPERIMENTS 3 AND 4: HYSTERESIS AND CONSTANT LAG-ADAPTATION 

WITH PROSPECTIVE JUDGMENTS  

5.4.1 Experimental protocol  

 
Experiment 3 (n = 13; mean age = 25; range = 21–30; 7 females) is strictly identical to 

experiment 1 and experiment 4 (n = 13; mean age = 24.5, range = 20–30; 10 females) is 

strictly identical to experiment 2, except that now a cue which consisted of a brief colour 

change of the fixation cross (from white to green) was presented 800 ms before the target 

stimulus (i.e. the last AV stimulus of the sequence).   

 

5.4.2 Results  

 
In experiment 3, two subjects were removed from data analysis, one of them was unable to 

perceive asynchrony and the second fell asleep during the session. In experiment 4, one 

subject was removed from data analysis because he fell asleep too.  Data analysis for 

experiments 3 and 4 was performed using an identical three-way repeated-measure ANOVA 

as in experiment 1 and 2 with factor Context (3 levels: Synchronizing trials, Desynchronizing 

trials and Control condition for experiment 3, 150 ms-lag adaptation, 0 ms–lag adaption and 

Control condition for experiment 4), Audiovisual lag (4 levels: 0, 50, 100 and 150 ms) and 

Lag direction (2 levels: Sound-leads lag, Flash-leads lag). 

In experiment 3, the perception of synchrony significantly decreases as the lag 

between sound and flash increases (main effect of Audiovisual lag: F3,33 = 13.5; p < 0.001 ) 

(see Figure 5.4a). Contrary to the retrospective judgment experiment, prior stimulation 

seemed not to influence synchrony judgments (no main effect of Context: F2,22 < 1 ). 

Interestingly, even though this did not reach significance, synchrony judgments tended in this 

experiment to be higher for the Synchronizing and Desynchronizing conditions than for the 
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Control condition (Figure 5.4b), and this tendency seemed more prominent for sound-leads 

asynchronies than for flash-leads asynchronies.  

 

 
 

Figure 5.4. Experiment 3, Dynamic (prospective judgment). The panel a shows that lag influences 

synchrony perception. The panel b shows that no significant effect of previous context is perceived, yet in 

opposition to the results in experiment 1, synchrony judgments tended to increase in the Synchronizing 

and Desynchronizing conditions when compared to the Control condition (although this is not significant). 

This tendency is consistent with temporal recalibration. 

 

Similar effects were observed when participants were presented with constant 

audiovisual lags (experiment 4, Figure 5.5a):  a prominent effect of AV lag was reported 

(F3,36 = 32; p < 0.001). However, synchrony judgments were not different across the different 

conditions (F < 1), although a tendency was observed for more synchrony judgments in the 

150 ms sound-leads lag adaptation trials (Figure 5.5b). We observed a main effect of lag 

direction (F1,12 = 7.7, p = 0.02), suggesting that participants observed more synchrony for the 

flash-leads asynchronies.  
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Figure 5.5. Experiment 4, Constant lag-adaptation (prospective judgment). a. Lag influenced synchrony 

perception; b. No significant effect of previous context was found. 

 

5.5 ADDITIONAL ANALYSIS  

 
Finally, in order to compare the effects of the type of judgment (retrospective versus 

prospective) and the statistics of the stimuli (dynamic versus constant) on synchrony 

judgments, we performed an additional repeated-measure ANOVA on the data from the 4 

experiments, with Subjects as a random factor and Context (3 levels: Asynchronous [i.e., this 

factor conflates Synchronizing and Desynchronized]; Synchronous [i.e., this factor conflates 

Desynchronizing and Synchronized], Control condition), AV lag (4 levels: 0, 50, 100, 150ms) 

and lag direction (2 levels: Sound-leads, Flash-leads) as fixed factors. We added 2 factors: 

Judgment (2 levels: retrospective and prospective) and Stimulus type (2 levels: Dynamic or 

Constant) as nested factors to Subjects.  

Analysis showed an expected influence of test lag in simultaneity reports across the 

experiments (F3,123 = 89; p < 0.001). The proportion of “synchronous” responses seemed not 

to be generally influenced by the type of stimulus itself (F3,123 < 1) nor by the nature of the 

judgment (F1,41 = 3.2; p = 0.08). However, the effect of the context was significantly 

dependent on the nature of the judgment (interaction Judgment * Context: F2,82 =10.1; p < 

0.001). This analysis thus confirmed that the difference of the type of judgment in experiment 

1, 2 and 3, 4 had a crucial influence on synchrony reports.  
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5.6 DISCUSSION 

 
In the present study, we provide strong and new evidence for the presence of Bayesian 

calibration effects in audiovisual simultaneity perception (experiments 1 and 2). These 

persistence effects, however, only occurred if AV stimuli of the sequence were initially 

asynchronous (Synchronizing condition in experiment 1 and Desynchronized condition in 

experiment 2). In other words, while participants showed a strong tendency to persist in 

asynchrony perception, they did not show any tendency to persist in synchrony perception. 

In addition, we showed that the presence of persistence effects did not depend on the 

dynamic nature of AV time lags, but on the nature of the type of judgment performed by 

subjects. More precisely, perceptual hysteresis happened when participants had to make 

retrospective judgments (experiment 1 and 2) while a tendency towards temporal recalibration 

was reported when participants performed prospective judgments (experiment 3 and 4).  

 Recently, sensory adaptation as well as sensory hysteresis have been interpreted within 

a Bayesian framework (Sato & Aihara, 2011; Schwiedrzik et al., 2012; see Chapter two for 

the Bayesian model of perception and Chapter four for the interpretation of hysteresis in 

Bayesian terms). Specifically, the Bayesian account of perceptual hysteresis claims that the 

primed perception of one of the two possible perceptual alternative states (here 

‘asynchronous’ versus ‘synchronous’), “adjusts the prior toward this interpretation” 

(Schwiedrzik et al., 2012; p. 9). In contrast, adaptation would result from the updating of the 

sensory evidence, e.g. the likelihood function (Schwiedrzik et al., 2012; Stocker & 

Simoncelli, 2006). Our results are in line with previous studies showing that in simultaneity 

perception the adjustment of sensory evidence (or temporal recalibration) competes with the 

adjustment of prior (or Bayesian calibration) (Miyasaki et al., 2006; Sato & Aihara 2011; 

Yamamoto et al., 2012).  

Our findings further strongly suggest that the type of judgment performed by subjects 

–retrospective versus prospective could be a crucial factor in privileging one process over the 

other. In the retrospective experiments (experiment 1 and 2), subjects are in a situation of 

uncertainty regarding the AV stimulus to be evaluated. In such uncertainty situation, the best 

strategy in emitting one’s judgment is likely to take into account what we already know. 

Therefore, although participants were explicitly asked to judge the synchrony of the last 

stimulus without evaluating the previous stimuli, one might speculate that participants 

evaluated or monitored individually each single AV stimulus. As a result, in the 

Synchronizing (experiment 1) and Desynchronized (experiment 2) conditions, because the 
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temporal context is mainly asynchronous, the prior knowledge is adjusted toward this 

interpretation leading to a decrease of “synchronous” responses regarding the test AV stimuli 

compared to the Control condition. In this framework, we can potentially account for the fact 

that the Desynchronizing (experiment 1) and Synchronized (experiment 2) conditions were, 

however, not different from the Control condition. Assuming a default prior set to 

‘synchronous’ we can speculate that in Synchronizing (experiment 1) and Desynchronized 

(experiment 2) sequences this default prior is updated with each stimulus presentation when 

retrospective judgments are at stake. The hypothesized step by step asynchrony evaluation 

shifts the default ‘synchronous’ prior to an unstable value progressively updated in the course 

of the sequence and ultimately biasing the perceptual judgment towards asynchrony. In 

contrast, in Desynchronizing (experiment 1) and Synchronized (experiment 2) sequences, the 

initial AV stimuli were synchronous leaving unchanged the default prior and actually making 

it rather resilient to change in light of the small incremental changes in experiment 1 and the 

null incremental change in experiment 2.   

We now turn to the prospective experiments (experiment 3 and 4). In contrast to the 

retrospective experiments, participants are not in a situation of uncertainty with respect to the 

test stimulus to be evaluated. In this context of ‘certainty’, the necessity to take into account 

the prior knowledge in emitting one’s judgment is less evident.  In other words, the load to 

evaluate each single AV event individually is alleviated. As a result, in the Synchronizing 

(experiment 1) and Desynchronized (experiment 2) conditions, the asynchronous temporal 

context does not adjust the prior knowledge (toward asynchronous) which rests in its default 

mode (i.e., synchronous). To the extent that the prior knowledge is not updated, the process of 

sensory evidence updating then may operate.  

Against this interpretation, it can be argued that the present findings are reducible to 

an attentional effect. Even though participants were instructed to focus their attention over the 

entire sequence in both the retrospective and prospective experiments, one can speculate that 

people paid more attention to the timing of the single AV stimuli in the sequences of the 

retrospective experiments as they did not know when the test stimulus was about to appear. 

As a consequence, participants would be more precise in judging the target AV stimulus. 

However, it has been shown that attention to each AV stimulus have the effect of increasing 

rather than reducing temporal recalibration effects (Heron, Roach, Whitaker, & Hanson, 

2010). In addition, the attentional interpretation cannot account for the asymmetry between 

Synchronizing and Desynchronizing conditions in experiment 1 or for the asymmetry 

between Desynchronized and Synchronized conditions in experiment 2, i.e. the fact that the 
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Synchronizing (experiment 1) and Desynchronized (experiment 2) conditions were different 

from the Control condition while the Desynchronizing (experiment 1) and Synchronized 

(experiment 2) conditions were not different from the Control condition. If the retrospective 

judgments only have the effect of making subjects more precise, subjects would have been 

more precise in the Desynchronizing (experiment 1) and Synchronized (experiment 2) 

conditions too.  

A potential reason why we only find a tendency towards temporal recalibration in 

experiments 3 and 4 is that in most (but not all) of the studies having shown temporal 

calibration, the adaptation phase lasted several minutes (Fujisakiet al., 2004; Vroomen et al., 

2004). Here the adaptation phase lasted a few seconds only. Future research should explore 

this possibility.  

Interestingly, most of the studies testing hysteresis have used retrospective judgments 

while temporal calibration studies have used prospective judgments. Therefore, the current 

results importantly and non-trivially show that the retrospective versus the prospective nature 

of the judgment to be performed may engage very different processes namely, hysteresis 

versus recalibration processes. Based on recent findings about hysteresis and sensory 

adaptation, we speculated that a retrospective context engages hysteresis processes by 

enabling the adjustment of the prior knowledge (originally set to synchronous) toward 

asynchronous while a prospective context engages adaptation processes by enabling the 

updating of sensory evidence. 

In Chapter ten I will briefly address the deficits in time perception that can be found in 

schizophrenia and consider how hysteresis could be used as a tool to explore these deficits.  

 

The research I presented in Part I focused on schizophrenia. I investigated two 

symptoms of schizophrenia –thought insertion and experiences of activity– as well as the 

potential presence of perceptual persistence biases in this pathology. I also conducted an 

experimental study on time perception in healthy subjects that could be used in the future to 

test the potential presence of time persistence biases in schizophrenia.    

 First, Chapter one developed the hypothesis that thought insertion might result from a 

deficit in the integration of the causal-contextual information about the origin or source of the 

"inserted" thoughts. Second, in Chapter two I hypothesised that experiences of activity might 

be a consequence of the patients' predictive deficits, leading these patients to draw aberrant 

retrospective inferences about the causal relations between external events and their thoughts. 

Third, after having shown that emotional stimuli influence perceptual persistence mechanisms 
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(Chapter three), my collaborators and I have demonstrated the presence of aberrant perceptual 

persistence patterns in people with schizophrenia compared to healthy people for both neutral 

and emotional stimuli. Finally, Chapter five developed a hysteresis study in audiovisual 

a/synchrony perception showing that hysteresis processes can be engaged in time perception 

but only in specific conditions, namely when subjects are asked to judge the a/synchrony of 

target audiovisual events retrospectively.    

In Part II, my focus is on the role of metacognition and, in particular, of metacognitive 

feelings in several current debates in philosophy and cognitive science of perception. I try to 

show how this metacognitive perspective can shed new light on these debates.  

In Chapter six, I investigate the potential contribution of metacognitive accounts of 

hallucinations to the debate between disjunctivism and representationalism in the philosophy 

of perception (Crane, 2006, 2011; Fish, 2009; Martin, 2004, 2006; Smith, 2002). In particular, 

I discuss a monitoring version of a metacognitive account of hallucination and construe 

perceptual phenomenology as having both sensory and affective aspects (e.g. metacognitive 

feelings of presence). I argue that such an account of hallucination may help us develop and 

test empirically oriented revisions of disjunctivism (Dokic and Martin, 2012).  

In Chapter seven, I investigate the role of metacognitive feelings of confidence in the 

debate about cognitive penetrability and the role of metacognitive feelings of familiarity in the 

debate about the admissible contents of perception (Dokic and Martin, prepared for a 

forthcoming collection); In Chapter eight, I address the role of feelings of surprise in the 

debate about the perception of absences (Martin & Dokic, 2013) and, in Chapter nine, I 

discuss the dominance/deference issue in sensory substitution (Martin and Le Corre, 

submitted).   
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Chapter Six  

DISJUNCTIVISM, HALLUCINATIONS AND METACOGNITION (A THEORETICAL STUDY)   

This study has been published as an advanced review as: Dokic, J. & Martin, J.-R. (2012). 
Disjunctivism, Hallucinations, and Metacognition. WIREs Cognitve Science, 2012, 3:533-543. 
doi: 10.1002/wcs.1190. (see Appendix 3). Both authors contributed equally to this work  

Perceptual experiences have been construed either as representational mental states – 

Representationalism –, or as direct mental relations to the external world – Disjunctivism. 

Both conceptions are critical reactions to the so-called “Argument from Hallucination”, 

according to which perceptions cannot be about the external world, since they are subjectively 

indiscriminable from other, hallucinatory experiences, which are about sense-data or mind-

dependent entities. Representationalism agrees that perceptions and hallucinations share their 

most specific mental kind, but accounts for hallucinations as misrepresentations of the 

external world. According to Disjunctivism, the phenomenal character of perceptions is 

exhausted by worldly objects and features, and thus must be different from the phenomenal 

character of hallucinations. Disjunctivism claims that subjective indiscriminability is not the 

result of a common experiential ground, but is due to our inability to discriminate, from the 

inside, hallucinations from perceptions. At first sight, Representationalism is more congenial 

to the way cognitive science deals with perception. However, empirically oriented revisions 

of Disjunctivism could be developed and tested by giving a metacognitive account of 

hallucinations. Two versions of this account can be formulated, depending on whether 

metacognition is understood as explicit metarepresentation or as implicit monitoring of first-

order informational states. The first version faces serious objections, but the second is more 

promising, as it embodies a more realistic view of perceptual phenomenology as having both 

sensory and affective aspects. Affect-based phenomenology is constituted by various 

metacognitive feelings, such as the feeling of being perceptually confronted with the world 

itself, rather than with pictures or mere representations.  

GLOSSARY  
 
AFH: argument from hallucination  
MC: metacognitive 
MP: metaperceptual  
NR: naïve realism 
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6.1 INTRODUCTION 

 
In this study, we focus on a crucial debate among present-day philosophers of perception, 

which hinges upon the question of whether perception should be conceived as a relation to, or 

as a representation of, the external world (Crane, 2006; 2011). Many philosophers believe that 

a proper answer to this question is relevant to the truth of a certain form of Direct Realism, 

according to which what we perceive is a fragment of the world itself. As we shall see, the 

debate sometimes takes a rather abstract form, but here we want to relate it to current 

empirical results and models in the psychological theory of metacognition. 

The essay is structured as follows. First, we present the so-called “Argument From 

Hallucination”, which tries to show that veridical perceptions have in fact the same kinds of 

objects as convincing hallucinations, that is sense-data typically conceived as mind-

dependent. Then we briefly review two important reactions to the conclusions of the 

Argument From Hallucination, namely Representationalism and Disjunctivism. While 

Representationalism construes perceptions as representational mental states, which can be 

correct (in the veridical cases) but also incorrect (in the hallucinatory cases), Disjunctivism is 

the claim that perceptions do not share their most specific mental kind with hallucinations. As 

presented here, Disjunctivism is committed to a specific version of Direct Realism, namely 

Naïve Realism. This is the view that the phenomenal character of perceptions (what it is like 

to enjoy a conscious veridical experience) is much richer than the phenomenal character of 

hallucinations (what it is like to enjoy what is in fact a hallucinatory experience), insofar as it 

is wholly determined by the perceived objects and their sensible features. At first sight, 

Representationalism is more congenial to the way cognitive science deals with perception 

(Burge, 2005). However, we shall eventually propose to interpret the claim that hallucinations 

are indiscriminable from perceptions in terms of the psychological notion of metacognition. 

In our opinion, this interpretation sheds new light on Disjunctivism, which thereby becomes 

more amenable to an empirical evaluation. Finally, we formulate two versions of the 

metacognitive account of hallucinations, depending on whether metacognition is understood 

as explicit metarepresentation or as implicit monitoring of first-order informational states. We 

suggest that Disjunctivism should be revised in the light of the distinction between two 

aspects of perceptual phenomenology, namely sensory and affective phenomenology. 
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6.2 DIRECT REALISM AND THE ARGUMENT FROM HALLUCINATION 

 
While perceiving the world around us, it seems to us that we are directly presented with 

worldly objects and features. It does not seem to us that we are presented with intermediary 

representations, even faithful ones. Perception appears, at first glance, to be a form of 

“openness to the world” (McDowell, 1994). When Vera sees a pigeon, she is “en rapport” 

with a particular pigeon; no representation or mental sense-datum seems to stand in the way 

between her and the pigeon. This mundane observation supports a form of Direct Realism, 

and more specifically the view that genuine (or veridical) perceptions are relational states, i.e. 

states that constitutively involve mental relations to the perceived objects (Crane, 2006; 

Campbell, 2002). However, we can be misled by our perceptual experience.34 Suppose that 

Hal actually suffers from a perfect hallucination of a pigeon produced, for instance, by some 

medicine he took earlier in the day.35 From his personal and subjective point of view, the 

hallucinated pigeon looks exactly like a pigeon, and his hallucinatory experience seems to 

phenomenally match some veridical perception of a pigeon. 

The so-called Argument From Hallucination (AFH) rejects the mundane observation 

that our perceptual experience constitutively involves a mental relation to the external world. 

The hallucinating subject is not in touch with a real thing or event but again, there does not 

seem to be any experiential difference between her hallucinatory state and some relevantly 

similar veridical perception. Thus, by parity of reasoning, in the case of veridical perception 

too, we are not really in touch with worldly objects and features (Crane, 2006; Robinson, 

1994; Smith, 2002). Slightly more formally, we can present the AFH in the following way: 

 

(i) There might be perceptual experiences, namely hallucinations, which are 
subjectively indiscriminable from veridical perceptual experiences. 
 

(ii) Hallucinations do not have mind-independent objects. 
 

(iii) Because of their subjective indiscriminability, hallucinations and veridical 
perceptions belong to the same most specific experiential or mental kind 
(namely perceptual states). 

 

                                                
34 In this review, we use the noun “perception” in the veridical or factive sense (any perception that p requires 
the truth of p), in contrast to the phrases “perceptual experience” and “perceptual state” (having a perceptual 
experience that p/being in a perceptual state with content p does not require the truth of p). 
35 A perfect hallucination is a perceptual experience of the world which cannot be discriminated, from the 
subject’s own internal point of view, from some relevantly similar veridical perception (see premise i of the AFH 
below). In this paper, we use the term “hallucination” to refer to perfect hallucinations, unless stated otherwise. 
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(iv) “When it seems to one that something has a quality, F, then there is something 
of which one is aware which does have this quality” (Robinson’s Phenomenal 
Principle) (Crane, 2006). 

 
(v) Given iv, in both hallucinations and veridical perceptions, there is something 

which the subject is aware of. 
 

(vi) Given ii and v, hallucinations have mind-dependent objects. 
 

(vii) Conclusion 1: Given i, ii, and iii, the essence of veridical perceptions cannot 
depend on the perceived objects, “since essentially the same kind of experience 
can occur in the absence of the objects”. 

 

(viii) Conclusion 2: Given i, ii, iii, and Conclusion 1, the first intuitive statement 
about perception as being a form of openness to the world is false – i.e., Direct 
Realism is false. 

 
(ix)  Conclusion 3: Following i-vi, Conclusion 1 and Conclusion 2, we should posit 

a special kind of object shared by both veridical perceptions and 
hallucinations. This object is not worldly or public, but is a mental object or 
sense-datum. 

  
In a nutshell, the AFH states that hallucinations and perceptions share their most 

specific experiential kind, as well as their intentional objects (according to Conclusion 3), and 

rejects Direct Realism. Now assuming that the AFH is valid, one can either accept (at least 

some of) its conclusions, or reject them as a whole. Some of the theories of perception which 

defend the AFH are out of fashion, so we shall not present them here (but see for instance 

Fish (2010) for an overview). What we shall do instead is to introduce the current debate 

between Representationalism and Disjunctivism, and then focus specifically on the latter. 

Both approaches reject the Phenomenal Principle (premise iv) and consequently reject 

Conclusion 3, i.e. the fact that both perceptions and hallucinations have mental or mind-

dependent objects. However, while Representationalism accepts Conclusion 1 and Conclusion 

2 and so denies that perceptions are genuinely relational states, Disjunctivism rejects all the 

conclusions of the AFH and insists that perceptions involve direct mental relations between 

the perceiver and the external, mind-independent world. 

 

6.3 REPRESENTATIONALISM 

 
Representationalism accepts Conclusions 1 and 2 of the AFH but rejects Conclusion 3 on the 

grounds that perceptual states are essentially representational states (Burge, 2010; Byrne, 

2001; Tye, 2000). Now typically a representational state can be satisfied (for instance, true) 
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but it can also be non-satisfied (false). The fact that the subject believes that it is raining does 

not entail that it is raining. Her belief can be true but it can also be false; it is true if it is 

raining, but false if what she is seeing and hearing in fact results from a garden hose jet. 

Similarly, A visual experience of a pigeon can be satisfied but can also be non-satisfied. It is 

satisfied if it represents what is really the case, namely a pigeon. It is not satisfied otherwise. 

In this sense, hallucinations are misrepresentations. We can now see why Representationalism 

rejects the Phenomenal Principle (premise iv): Hal’s visual hallucination of a pigeon only 

involves an incorrect representation of the world, and does not need to have a pigeon-like 

mental entity as its object. 

Representationalism claims that “what is in common between perceptions and 

indistinguishable hallucinations is their intentional [i.e., representational] content: roughly 

speaking, how the world is represented as being by the experiences” (Crane, 2011). In other 

words, perceptual states essentially are representations of the relevant sensible aspects of the 

world, and hallucinations share with them this essential representational character. 

In addition, some Representationalists argue that the phenomenal character of perceptual 

states is wholly constituted by their representational contents (Byrne, 2001; Tye, 2000). The 

phenomenology of experience (what it is like to enjoy a visual experience of the world) is 

exhausted by its “aboutness”, i.e. the fact that a pigeon is visually represented. Since 

hallucinations share their representational contents with perceptions, Representationalism can 

explain why they are phenomenally identical with perceptions, i.e. they produce the same 

subjective experience.36 

It should now be clear why Representationalism refuses to consider perceptions as 

constitutively involving mental relations to the world. If hallucinations and perceptions can be 

indistinguishable, indeed identical at the level of their representational contents, the 

phenomenology of perceptions cannot be determined by worldly objects and, consequently, 

perceptions cannot be relational states, or cases of openness to the world itself. 

Representationalism raises many issues (Crane, 2011; Martin, 2002; McDowell, 

1994). For instance, one might be worried by the fact that it does not yield a clear distinction 

between perceptions and other non-perceptual representational states, such as beliefs. Both 

beliefs and perceptions involve mental representations of the world, and both are “thetic” 

(they have a mind-to-world direction of fit). What Representationalism seems unable to 

                                                
36 There is a debate among Representationalists over whether the phenomenology of perceptual states is wholly 
or only partly determined by their representational contents. If the phenomenology of experience is only partly 
determined by its aboutness, then other things, such as non-representational qualia, contribute to shape it 
(Chalmers, 2004). Here we are not concerned with this debate. 
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capture is the sensory character of perceptual experience. Another worry is that 

Representationalism does not give justice to the intuition of perception as openness to the 

world, namely the fact that perception presents rather than re-presents the world. Thus, it 

possibly paves the way to Cartesian skepticism, according to which we are never in a position 

to know whether we are really perceiving the world or having an indistinguishable 

hallucination (McDowell, 197; 1994). As Crane (2011) puts it: “Although many 

intentionalists [i.e., Representationalists] accept that the objects of experience are all ordinary 

mind-independent public objects, they do not treat objects as essential to experience, and 

therefore, the critics argue, they risk putting the mind ‘out of touch’ with reality.” 

Interestingly, Crane (2006) just bites the bullet at this point: “The essence of perception – 

perceptual experience itself – does fall short of the world” (p. 141). 

 

6.4 DISJUNCTIVISM 

 
Disjunctivism accepts that perfect hallucinations are possible (premise i) (Byrne & Heather, 

2009; Haddock & Macpherson, 2008; Hinton, 1973) It also accepts that hallucinations do not 

have mind-independent objects (premise ii). However, it rejects the Phenomenal Principle 

(premise iv) and denies that perceptions and hallucinations share their most specific 

experiential or mental kind (premise iii). Disjunctivism may grant that hallucinations and 

veridical perceptions share some properties, but these properties are not what is essential to 

and distinctive of veridical perceptions (Martin, 2004). Consequently, hallucinations and 

perceptions do not belong to the same most specific experiential kind. What we describe as a 

perceptual experience involves a disjunction of mental states, whence Disjunctivism’s motto: 

in a given perceptual event, EITHER the subject has a veridical perception and so is directly 

“en rapport” with a fragment of the world, OR she has a non-veridical perceptual experience 

(such as a hallucination). 

Disjunctivism vindicates a version of Direct Realism known as Naïve Realism. This is 

the view that the phenomenology of veridical perceptions is exhausted and shaped by the 

layout of the environment the subject is presented with in her experience (perhaps along with 

additional perspectival properties) (Fish, 2009; Nudds, 2009). The phenomenology of Vera’s 

veridical experience of the pigeon is determined or constituted by the pigeon itself (Nudds 

(2009) calls this “the naïve realism property”, or NR property, of veridical experiences). In 

other words, the relation the perceiver bears to external objects is constitutive of the 
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phenomenology of her experience, which does not represent but instantiate the perceived 

objects and their properties. 

Of course, since hallucinations do not have concrete objects as referents, their 

phenomenology must be essentially different from that of veridical perceptions (i.e., 

hallucinations do not have the NR property). The phenomenology of Hal’s hallucination of a 

pigeon is not constituted by the pigeon itself because, trivially, there is no pigeon around to do 

the trick. At this point, the strategy of Disjunctivism is to consider the problem from the side 

of the subject and not from the side of the experience. Hallucinations are indiscriminable from 

veridical perceptions because the subject is unable (due to some epistemic limitations) to 

know, from the inside, that she is not having a veridical perception. In other words, 

hallucinations do not have any intrinsic mental or experiential qualities, lacking the NR 

property, but they seem to have these qualities because perceivers have limited introspective 

knowledge which does not enable them to distinguish “from the inside” the hallucinatory state 

from the relevant veridical perceptual state (Martin, 2004; 2006). The subject is thereby prone 

to make a “metacognitive error”, namely to mistake a hallucinatory state for a veridical 

perception (see below). Indeed, Martin considers that hallucinations have no intrinsic and 

positive phenomenal properties but only the relational and negative property of being 

indiscriminable from the relevant veridical perceptions. This is what we shall call Negative 

Epistemicism. As Martin (2006) puts it, “For certain visual experiences as of a white picket 

fence, namely, causally matching hallucinations, there is no more to the phenomenal character 

of such experiences than that of being indiscriminable from corresponding visual perceptions 

of a white picket fence as what it is” (p. 369). 

Like Representationalism, Disjunctivism raises many important issues (some of which 

will be presented below) (Crane, 2011). Our aim here is not to provide a full defence of 

Disjunctivism, but to explore the prospects of grounding it on empirical models and results. 

Indeed, the claim that the notion of indiscriminability can be cast in terms of a metacognitive 

error or confusion inclines us to relate Disjunctivism to the theories of metacognition to be 

found in cognitive science, in the hope of deepening our understanding of the debate between 

Representationalism and Disjunctivism. 
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6.5 INDISCRIMINABILITY AND METACOGNITION 

 
The standard gloss on the notion of indiscriminability involves metacognition from the start: 

hallucinations are not indiscriminable from perceptions tout court, but only “from the inside”, 

i.e., through some kind of introspection or reflection (Martin, 2006; 2002).37 In what follows, 

we shall say, more generally, that hallucinations are metacognitively indiscriminable 

(henceforth, MC-indiscriminable) from perceptions. More precisely, if hallucinations are MC-

indiscriminable from perceptions relative to a given subject, then it will be, for that subject, as 

if she perceived something. That is, the subject will not be able to know, without the help of 

extraneous information (e.g. testimony from others), that her experience is not a case of 

veridical perception. As a result, she will be at least strongly inclined to believe that she really 

perceives something. 

We can see, then, that the Disjunctivist description of the hallucinatory cases 

presupposes the intelligibility of a more specific notion, namely that of a MC error or 

confusion. If reflection on one’s hallucination revealed only the relational property of being 

indiscriminable from some perception, then it would not be in error; the former is indeed 

indiscriminable from the latter. Now if, in addition, reflection identifies the psychological 

mode of first-order conscious states, i.e. whether the latter are cases of perception, 

imagination or memory, then it might mistakenly classify a case of hallucination as a case of 

perception. 

Given the intelligibility of the notion of a MC error, there is an important issue to 

consider, namely the nature of the first-order state that is MC-mistaken for a perception. At 

the very least, if Disjunctivism is right, such a state does not belong to the veridical perceptual 

mental kind. But one might ask whether it belongs to any other mental kind. For instance, it 

has been claimed that in some cases of hallucinations (in schizophrenia), an imagining is 

mistaken for a perception (Currie & Ravenscroft, 2003). But note that this claim is difficult to 

reconcile with Negative Epistemicism, according to which the phenomenal character of 

hallucinations is exhausted by the fact that they are MC-indiscriminable from perceptions. In 

other words, a hallucination does not have an intrinsic phenomenal character. In contrast, an 

imagining has an intrinsic phenomenal character, which presumably it does not lose when it is 

mistaken for a perception. 

                                                
37 Martin (2004) himself defends an impersonal reading of indiscriminability, in order to deal with the 
hallucinations of non-reflective creatures (p. 381). We share Siegel’s opinion that such a reading is deeply 
problematic (2008). 
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Another option, which is more congenial to Negative Epistemicism, is to describe the 

hallucinating subject as MC-mistaking a non-perceptual state without intrinsic phenomenal 

character with a veridical perception with intrinsic phenomenal character. The nature of the 

first-order state which causes the MC error is irrelevant. It need not be an intrinsically 

conscious state. It need not even be the same in each case of hallucination. On this view, 

hallucinations are not psychological natural kinds, but mere “metacognitive projections”, so 

to speak. 

In what follows, we shall explore the latter option with respect to two important 

versions of the MC account of hallucinations. While the reflective version analyses MC as an 

explicit metarepresentational activity, the monitoring version construes MC as an implicit 

monitoring process. 

 

6.6 THE METACOGNITIVE ACCOUNT OF HALLUCINATIONS (I): THE 

REFLECTIVE VERSION 

 

According to the reflective version of the MC account of hallucinations, the MC confusion 

which generates the subject’s hallucination takes the form of a false higher-order belief, such 

as the belief that she is perceptually related to the world. Again, the causal origin of such a 

belief is irrelevant, since the reflective version tries to promote the intuition that the relevant 

higher-order belief is sufficient to be in a hallucinatory state.38 This intuition is voiced by Fish 

(2009) in the following terms: 

 

“As long as I sincerely believe that I see that there is a cat on the mat before me, I 

thereby take myself to be seeing a cat on the mat before me – I take myself to be 

having a veridical perceptual experience of a cat on the mat – even if I am not. These 

beliefs can therefore be employed to explain why hallucinating subjects take 

themselves to be having an experience with phenomenal character. Even though, on 

this definition, a hallucination lacks phenomenal character altogether, because it 

produces the same cognitive effects as a veridical perception, a suitably sophisticated 

subject would still believe that it has phenomenal character, think that there is 

                                                
38 See Armstrong (1968), although Armstrong himself argues that even dispositions or inclinations to form the 
relevant higher-order beliefs are sufficient to generate hallucinations. Indeed, in the case of resisted 
hallucinations, i.e. hallucinations recognized as such by the subject, the latter is inclined to form the belief that 
she is perceiving the world but resists this inclination and actually forms more cautious beliefs, such as the belief 
that she has a visual experience that p, or even that she is hallucinating that p. 
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something it is like for him to hallucinate in such a way, and claim that he is having an 

experience of a certain kind, despite being mistaken. To paraphrase Armstrong, the 

phenomenal character of hallucination is simply a ghost generated by my belief that I 

am seeing something.” (p.98) 

 

Indeed, there is no need to answer the question of what is MC-mistaken for a 

perception, since the MC confusion itself already has the same cognitive effects as a 

perception. As a consequence, the reflective version is congenial to Negative Epistemicism. 

The phenomenal character of the first-order state which is MC-indiscriminable from a 

perception is exhausted by the fact that it causes a MC confusion at the reflective level. 

Despite its initial attractiveness, the reflective version of the MC account of 

hallucinations faces serious objections. Many of them derive from its intellectualistic flavor, 

i.e. the fact that it demands too much from naive hallucinating subjects: 

 

1. The curious asymmetry objection. In a normal context, when the subject sees a glass of 

water in front of her, she believes that there is a glass of water in front of her. Of 

course, if she unknowingly hallucinates a glass of water, she also believes that there is 

a glass of water in front of her. Yet according to the reflective version, she derives this 

first-order belief from a higher-order belief, something which she does not have to do 

in the veridical case. 

 

2. The false assimilation objection. The reflective version implausibly assimilates 

hallucinations to cognitive delusions. Consider Anton’s syndrome. In this case, the 

patient is cortically blind (following a brain damage, e.g. a stroke) but strongly 

believes and adamantly affirms that she is seeing something. Anton’s syndrome 

intuitively involves a delusion rather than a visual hallucination. The reflective version 

cannot differentiate between such cases of confabulation and genuine cases of sensory 

hallucination (Smith, 2002; 2006). 

 

3. The inattentive perceiver objection. A subject can have a hallucination while thinking 

about something else, thus without actually forming any higher-order belief about her 

current experience (Fish, 2009). Imagine that the subject hallucinates a pigeon but 

then instantly dies on the spot. Even though the subject did not have the time to form 
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the relevant higher-order belief, about her seeing a pigeon, she was still hallucinating 

(Siegel, 2008). 

 

4. The dog objection (Siegel, 2008). There is some evidence that non-human mammals, 

such as dogs, can have sensory hallucinations. However, dogs lack 

metarepresentational abilities, and so cannot form any higher-order beliefs. 

 

We believe that these objections (or at least some of them) are fatal to the reflective 

version of the MC account of hallucinations. However, the notion of MC need not be 

understood in explicitly metarepresentational terms. There is another version of the MC 

account, according to which MC should be understood in terms of implicit monitoring 

processes. As we shall see, the monitoring version seems to escape many of the difficulties 

which threaten the reflective version. 

 

6.7 THE METACOGNITIVE ACCOUNT OF HALLUCINATIONS (II): THE 

MONITORING VERSION 

 
Figure 6.1 summarizes our view about hallucinations. In general, MC beliefs can be either 

theory-based or experience-based (Koriat, 2007 see Chapter seven for more detail on this). 

For instance, the belief that one knows what the capital of Peru is can be based on explicit 

reasoning from independent premises, such as the premise that one has learnt in school the 

names of the main capital cities. However, this belief can also be based on a kind of affective 

experience, namely the gut feeling that one knows what the capital of Peru is. Feelings of 

knowing involve implicit inferences from various internal cues (such as fluency or availability 

of partial information). The mechanisms which monitor these cues are MC, but they do not 

involve the manipulation of metarepresentations (Proust, 2007). As Koriat (2007) puts it, 

feelings of knowing “rely on contentless mnemonic cues that pertain to the quality of 

processing, in particular, the fluency with which information is encoded and retrieved” (pp. 

19-20; our italics). In other words, feelings of knowing result from the operations of implicit 

MC mechanisms which are quality- or process-based rather than content-based. 

The distinction between theory-based and experience-based can also be applied to MC 

beliefs about one’s own perceptual experience (Loussouarn, 2010). For instance, the belief 

that one has seen the person at the bar before can be based on one’s feeling of familiarity. The 
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belief that one is unsure about whether the perceived sample is orange rather than red can be 

based on one’s feeling of uncertainty. Now Husserl and other classical phenomenologists 

have emphasized that ordinary perception is accompanied by the feeling that what is 

perceived is actual, or more precisely the feeling of being perceptually confronted with a real 

thing or event, what they called in German “Leibhaftigkeit” (Husserl, 1907). Thus, the belief 

that one is perceptually related to a real pigeon can be based on one’s background knowledge 

that hallucinations are rare, but it can also be based on one’s feeling of reality. 

Feelings of reality are not parts of the sensory contents of perception, but contribute to 

distinguishing perception from imagination and memory (Matthen, 2005; 2010). When one 

imagines or even remembers that p, one does not have the feeling of actual presence which 

one has when one perceives that p. We can then speculate that, just as feelings of knowing 

result from implicit MC mechanisms that monitor the quality of first-order memory processes, 

feelings of reality result from implicit MC mechanisms that monitor the quality of first-order 

perceptual processes. More specifically, one can conceive of these mechanisms as a form of 

on-line reality monitoring. Reality monitoring is a cognitive system’s ability to “know” 

whether an informational state has been generated internally or externally. In the same way, 

the system must be able to “know” which cognitive mode it was or it is in (e.g., perception, 

imagination, memory, etc.), referred to as source-monitoring (Ditman & Kuperberg, 2005; 

Johnson et al., 1993). On this view, the feeling of reality with respect to what is perceived is 

the conscious result of low-level MC mechanisms whose function is to “tag” first-order 

informational processes as being genuinely perceptual, or more specifically generated from 

the external world (see also Box 1 of the general introduction, the last section of Chapter ten 

and Section 2.2.3 of Chapter two).39 

On the reflective version of the MC account of hallucinations, the formation of a false 

higher-order belief to the effect that the subject is perceiving the world produces cognitive 

effects similar to those produced by a genuine perception. As a consequence, this belief is 

sufficient to generate a hallucinatory experience. Now the monitoring version of the MC 

account has the same structure, but eschews reference to higher-order beliefs. The 

hallucinating subject feels like she is perceptually open to the world itself. However, her 

feeling of reality results from a kind of MC confusion, more precisely from the fact that low-

                                                
39 On Matthen’s account (2005; 2010), the feeling of presence is the conscious result of the operations of the 
visuo-motor system, which is distinct from the visuo-semantic system which generates the sensory contents of 
experience. This account is compatible with the one sketched here, since the operations of the visuo-motor 
system might provide some of the cues that are used to monitor the fact that the subject’s conscious experience 
originates from the external world. 
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level mechanisms have mistakenly tagged non-perceptual first-order processes as genuinely 

perceptual processes. Again, the nature of the first-order processes does not matter. What 

produces cognitive effects similar to the cognitive effects produced by a perception is the 

subject’s feeling of reality, not the first-order processes themselves. Hallucinations are 

indiscriminable from perception from the point of view of MC monitoring and the 

metaperceptual (henceforth MP) feelings that such monitoring generates. 

Let us see how the monitoring version of the MC account of hallucinations deals with 

the objections raised above against the reflective version. First, the curious asymmetry 

objection does not hold because the relevant MC abilities actually operate in the case of 

perception. Thus, feelings of reality are not specific to hallucinations, but are experienced also 

while perceiving the world. Second, the false assimilation objection is answered by the fact 

that feelings of reality are belief-independent experiences. In a case of resisted hallucination, 

one can have a feeling of reality but form the theory-based judgment that one is hallucinating. 

Third, the inattentive perceiver objection is irrelevant because feelings of reality are typically 

diffuse experiences (Mangan, 2001). One can have a feeling of reality without noticing it. So 

a subject can hallucinate even if she does not pay attention to her experience, which in this 

case may have no doxastic or meta-doxastic effects. 

Fourth, the dog objection seems easy to answer, at least in principle, because 

metacognition is not restricted to creatures possessing metarepresentational abilities. So even 

if a dog cannot form higher-order beliefs, it may have MP feelings, such as the feelings of 

familiarity, certainty, reality and their variations. At least it appears that some species of 

monkeys can exploit feelings of knowing (Hampton, 2001) and feelings of perceptual 

uncertainty (Smith et al., 2003) without being able to know that they know (or still remember) 

some relevant piece of information, or that they are uncertain about what they are seeing. In 

general one can exploit metacognitive feelings in order to enhance one’s reasoning without 

deploying concepts of knowledge, memory, or perception. 

However, as Siegel (2008) observes, the dog objection has a tendency to reiterate. 

Some non-human species possess, while others lack, MC abilities. For instance, not all 

species of monkeys are able to exploit feelings of perceptual uncertainty (Beran & Smith, 

2011). So the relevant reiterated form of the dog objection is that creatures lacking MC 

abilities can still hallucinate, in contrast to what the monitoring version of the MC account 

prescribes. 

One might bite the bullet and insist that creatures lacking MP abilities cannot have 

conscious perceptual experiences. On this view, conscious perception constitutively involves 
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the MC monitoring of first-order informational processes and the generation of MP feelings. 

What makes a mental state a conscious perceptual relation to the world is partly the fact that 

first-order perceptual processes are implicitly monitored as such at the relevant MC level, 

resulting in a characteristic affective experience. One might argue for this view on the 

grounds that MP feelings contribute to regulating the rational transitions from perception to 

judgment. For instance, feelings of reality and certainty tend to encourage the transition from 

perceiving that p to judging that p, while feelings of unreality and uncertainty tend to inhibit 

such a transition, or at least to produce perceptual beliefs with lower degrees of subjective 

probability. So without MP feelings, the rational role of perceptual experience would be 

barely recognizable. Now Disjunctivism is a thesis about the phenomenal character of 

conscious perceptual experiences. At the very least, creatures lacking the relevant MC 

abilities cannot have experiences with the same phenomenal character as our perceptual 

experiences. As a consequence, Disjunctivism cannot be touched by considerations about 

very different kinds of experiences, and a fortiori about mere informational states. 
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FIGURE 6.1| HALLUCINATIONS AND DISJUNCTIVISM. Reality/self-monitoring processes monitor the 

source of incoming sensory events (i.e., whether they come from the world or from the subject itself) by 

exploiting certain cues associated with these events (purple arrows). In the case of a self-produced event 

(e.g., a motor action) the output of monitoring processes is a sense of agency associated with this specific 

event (orange arrow on the left). In the case of a perceptual event picking information from the world the 

output is a feeling of presence associated with the perceptual event leading the subject to believe that she is 

experiencing a veridical perception (self-ascription box and green arrows in the middle). In our view, 

hallucinations might be the result of a metacognitive error generating feelings of presence that constitute 

the hallucination proper (red connectors). These feelings of presence lead the subject to believe that she is 

experiencing a veridical perception (red arrows on the right). In addition, the belief system (or 

imagination) may enrich feelings of presence and, in turn, feelings of presence may influence the belief 

system (black arrows). (For a discussion for the possible sources of these metacognitive errors, see 

Chapter ten, Section 4.) 
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6.8 TWO ASPECTS OF PERCEPTUAL PHENOMENOLOGY 

 
We have presented MP feelings, such as the feeling of reality, as the conscious results of 

implicit monitoring of the perception-like quality of first-order processes. Moreover, we have 

assumed that this type of MC monitoring is constitutive of conscious perceptual experience. It 

follows that MP feelings, including the feeling that one is genuinely related to the world, are 

constitutive aspects of the phenomenology of ordinary perception. What it is like to perceive 

the world around us would be essentially different if our experience were not accompanied by 

MP feelings (the Section 7.3 of Chapter seven defends this view in more detail, see also 

Figure 7.1). 

As an illustration of this point, imagine a man, say Phil, who suffers from a pathology 

which specifically inhibits his MP feelings. Phil does not have any feelings of reality, 

certainty or familiarity, nor their polar opposites. Still, his perceptual systems are otherwise 

intact. However, Phil’s perceptual phenomenology is deeply modified by the absence of MP 

feelings. Perhaps he will be able to form judgments of the form “This table is rectangular”, or 

“That wall is painted red”. However, he won’t really be affected by things around him. He 

will very likely experience a kind of detachment from the world, which he feels 

“disconnected” from. As a consequence of this detachment, the objects about which he forms 

judgments do not feel as actual or real as they were before the advent of his pathology. 

Phil’s experience is an exaggerated form of what some patients with Derealization 

syndrome seem to experience. They often report that it is as if they were watching a picture or 

a movie instead of the external world around them: “Through the eyes I look out at a world 

that might be a picture of the world”. (Shorvon et al., 1946). These descriptions strongly 

suggest that what Phil and (to a lesser extent) these patients lack is the relational 

phenomenology that is inherent to ordinary perception. They have the feeling that they are not 

directly presented with the world around them. On the contrary, they are confronted with 

something like mere representations (like films or pictures). If we are right, MP feelings, such 

as the feeling of reality, or more precisely the feeling of being directly related to the world, 

are necessary in order for a conscious experience to instantiate a relational character. 

We can then distinguish two sub-kinds of phenomenology associated with ordinary 

perception (Mangan, 2001). On the one hand, there is sensory phenomenology, which is 

strictly related to the sensory contents of our perceptions, constituted by the perceived objects 

and their features. On the other hand, there is affective phenomenology, which is related to 

MP feelings, and generates the relational phenomenology of perception. 
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In principle, the phenomenology of perception can then show a double dissociation. 

First, one can have sensory phenomenology in the absence of the relational phenomenology 

normally accompanying it. This is what happens in syndromes such as Capgras or the 

Derealization syndrome. The Capgras patient recognizes the face of the relative but the latter 

does not feel present (because of hypoactivity of the patient’s visuo-affective system) (Young, 

2009). In the case of the Derealization syndrome, nothing feels perceptually present (Sacco, 

2010). Second, one can experience an instance of relational phenomenology in tension with 

the sensory contents of experience. This is what happens in Frégoli syndrome, where the 

patient feels as if one of her relatives is perceptually present (because of hyperactivity of the 

patient’s visuo-affective system) even though the person in front of her does not look at all 

like her relative (Coltheart, 2007). This example shows that MP feelings are at least 

sometimes sufficient to instantiate relational phenomenology. (Chapter seven give a more 

detailed description of theses neurological diseases).  

In our opinion, this dual view of the phenomenology of perception, which suggests 

that its relational character is the result of MP feelings, is difficult to reconcile with 

Disjunctivism as presented above. Let us briefly explain why before we end this review. 

First, Disjunctivism is associated with Naïve Realism, i.e. the claim that the 

phenomenology of perception is exhausted by the sensory contents of experience, namely the 

perceived objects themselves. However, although this phenomenology is indeed constituted 

by the perceived objects and their features (the NR property of experience), it is also 

constituted by the relevant MP feelings (the affective property of experience). In other words, 

it is determined by both sensory and affect-based phenomenology. Now we have just argued 

that the presence of MP feelings is both necessary and sufficient for the relational 

phenomenology of perception to be instantiated. Consequently, Naïve Realism must be 

revised. The sensory contents of experience cannot exhaust the phenomenology of ordinary 

perception because they do not determine what it is like to be perceptually related to the 

world. 

Second, Disjunctivism is committed to Negative Epistemicism, i.e. the claim that the 

phenomenal character of hallucinations is exhausted by the negative property of being 

indiscriminable from some veridical perceptions. However, it is arguable that hallucinations 

and perceptions share their relational phenomenology. They are both accompanied by MP 

feelings, such as the feeling of reality. Even in the case of a perfect hallucination, the subject 

has the feeling of being connected or presented with specific worldly objects. Now as we have 

seen, MP feelings result from the operations of MP processes whose function is to monitor the 
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quality of first-order processes, whatever contents are implicitly or explicitly processed. In 

this sense, MP feelings are independent of what is perceived. They do not reflect distal stimuli 

but internal cues. One can then argue that the feeling of reality experienced in a case of 

hallucination is no different from the feeling of reality experienced in the case of the 

corresponding veridical perception. Consequently, pace Negative Epistemicism, 

hallucinations have an intrinsic phenomenology after all, at least as far as their affective 

dimension is concerned. 

One might go further and object that hallucinations must also have some intrinsic 

sensory phenomenology. After all, MP feelings do not by themselves have very specific 

contents. They acquire specific contents by being associated or bound with sensory contents. 

For instance, we have the feeling that a particular person, who is just there in front of us, is 

familiar. We have the feeling that we are uncertain about whether a particular sample is red or 

orange. We have the feeling that a particular table is actually there in front of us. In all these 

cases, our feelings get associated with specific sensory contents. It is true that in some cases, 

we can experience “free-floating” MP feelings, i.e. feelings disconnected from specific 

aspects of what is perceived. For instance, we can have the feeling that something has 

changed in the visual field, while being at least temporarily unable to identify what has 

changed (Rensink, 2004). The point is that the content of our feeling in such a case is rather 

poor. It has the generic form “Something has changed around here” rather than the more 

specific form “This chair has changed its position” or “This wall has changed its colour”. 

This objection highlights a potential drawback of the monitoring version of the MC 

account of hallucinations, in comparison with the alternative, reflective version. For unlike 

the contents of MP feelings, the contents of higher-order beliefs can be as rich as one wants. 

So the idea that a MP confusion can yield the same cognitive effects as a veridical perception 

might seem less plausible if one assumes that the resulting feelings are not bound to sensory 

contents with an intrinsic phenomenology. 

However, the objection is hostage to empirical checking. It might well be that the 

contents of MP feelings are not so unspecific after all, especially if they can be enriched from 

above, i.e. cognitively penetrated by downstream beliefs and imaginings (see Chapter seven). 

There is some evidence that feelings of presence can have relatively specific contents. For 

instance, some patients with Parkinson disease undergo illusory feelings of presence 

(Diederich et al., 2009). Even if these feelings are not bound to any actual sensory experience, 

their contents may be relatively specific; for instance, they may concern a familiar person 

standing at a precise location in egocentric space. Moreover, in some cases, these feelings can 
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even transitionally lead to the appearance of vague visual sensations, which suggests that 

mere feelings can, at least sometimes, produce the illusion of sensory contents. Of course, 

much more (conceptual and empirical) work is needed at this point, but the idea that MP 

feelings can generate the illusion of specific sensory phenomenology (against an appropriate 

cognitive background) is still up for grabs. 

To sum up, we have distinguished two possible MC accounts of hallucinations, 

namely the reflective and the monitoring accounts. As we have seen, the reflective account 

faces insuperable objections, mainly because of its intellectualist flavor. It is not plausible that 

naïve hallucinating subjects form higher-order beliefs about their experiences. In contrast, it is 

much more plausible that even naïve subjects have implicit monitoring abilities, which 

sometimes produce MC confusions. The only prima facie advantage of the reflective account 

is that the relevant higher-order beliefs can have rich contents, but we have suggested that MP 

feelings are better suited to give rise to illusory sensory contents, by way of some kind of top-

down enrichment. 

 

6.9 CONCLUSION 

 
Disjunctivism and Representationalism are two critical reactions to the Argument From 

Hallucination. Disjunctivism is more radical than Representationalism in rejecting all the 

conclusions of the Argument, including the claim that perceptions and hallucinations belong 

to the same most specific kind of mental state. However, unlike Representationalism, 

Disjunctivism is often considered as a purely theoretical stance with no empirical bite. It is 

fair to say that most cognitively oriented philosophers have a preference for some version of 

Representationalism. We have tried to go some way toward restoring the balance between 

these two conceptions of perception. In particular, we have indicated how to develop and test 

more empirically informed versions of Disjunctivism. Disjunctivism involves the claim that 

although hallucinations and perceptions are specifically different, the former are 

indiscriminable “from the inside” from the latter. We have argued that the relevant notion of 

indiscriminability is best understood within the metacognitive framework developed in 

current cognitive science, where metacognitive monitoring need not involve 

metarepresentations such as higher-order beliefs. 

According to the monitoring version of the metacognitive account of hallucination, 

perceptions and hallucinations can share their affective phenomenology. It does not entail, 
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though, that they share their sensory phenomenology. First, the main insight of Naïve Realism 

can be preserved, i.e. the claim that the sensory phenomenology of perception is fully 

determined by worldly objects and features. Second, hallucinations have only apparent 

sensory phenomenology. In particular, hallucinations do not involve any first-order mental 

states that would by themselves have the same cognitive effects as some perceptions. 

Hallucinations are mere metacognitive projections, or phenomenal ghosts generated by 

“confused” monitoring processes. 

In a nutshell, it is our hope that Disjunctivism will appear as a much more interesting 

conception to cognitively oriented philosophers, who have been attracted by 

Representationalism mainly because of the rather abstract character of current versions of 

Disjunctivism to be found in the literature. 

  

In the next chapter, I concentrate on the debate about ‘cognitive penetrability’(CP), which 

is the general hypothesis that high-order cognitive states (e.g., beliefs) can “penetrate” 

sensory phenomenology. As an illustration, if acquiring the belief that your glasses are red 

makes me see (not simply judge) them as red while actually they are orange, we have a case 

of cognitive penetrability. The main claim of the next chapter is that at least in central cases, 

the phenomenological changes that the partisans of CP construe as being caused by 

penetrating states concern not the content of perception proper but its affective side.  
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Chapter Seven 

THAT  LOOKS  THE  SAME BUT  FEELS DIFFERENT:  A METACOGNITIVE  APPROACH TO 

COGNITIVE PENETRABILITY (A THEORETICAL STUDY) 

 

This study is prepared for a forthcoming collection as: Dokic, J. & Martin, J.-R. That looks 
the same but feels different: a metacognitive approach to cognitive penetrability, in 
Raftopoulos, A & Zeimbekis, J., (eds), Cognitive Effects on Perception: New Philosophical 

Perspectives, Oxford University Press. Both authors contributed equally to this work. 
 

Cognitive penetrability (CP) is the general hypothesis that cognitive states (beliefs, desires, 

and preferences, perhaps imaginings) can “penetrate”, i.e., influence or modify, perceptual 

phenomenology and in particular perceptual content (what is perceived, or perceptually 

represented).  In this essay, we criticize what we see as a dubious premise implicitly or 

explicitly endorsed in many discussions about CP, either pro or contra. Roughly, this premise 

validates the transition from relevant differences at the level of perceptual phenomenology 

(namely those that are supposed to result from different cognitive states) to differences 

pertaining to perceptual content. Once this premise is exposed, the questions of whether 

cognitive states can influence perceptual phenomenology and, if there is such an influence, 

what its epistemological implications are, take a quite different. The partisans of CP usually 

argue that the putative penetrating states (e.g., beliefs) modify or penetrate the contents of 

perceptual experiences. Nonetheless, we will show that the overall phenomenology of 

perception possesses another crucial aspect, namely an affective aspect, constituted by various 

kinds of conscious feelings (e.g., feelings of presence or reality, familiarity, and confidence). 

We shall claim that at least in central cases, the phenomenological changes that the partisans 

of CP construe as being caused by penetrating states concern not the content of perception 

proper but its affective side 

 

GLOSSARY  
 
CP: cognitive penetrability 
CS: Capgras syndrome 
DD: derealization disorder 
FD: Fregoli delusion 
MCE: memory colour effect 
SCRs: skin conductance responses 
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7.1 INTRODUCTION 

 
Cognitive penetrability (CP) is the general hypothesis that cognitive states (beliefs, desires, 

and preferences, perhaps imaginings) can “penetrate”, i.e., influence or modify, perceptual 

phenomenology and in particular perceptual content40 (what is perceived, or perceptually 

represented).41 In this essay, we criticize what we see as a dubious premise implicitly or 

explicitly endorsed in many discussions about CP, either pro or contra. Roughly, this premise 

validates the transition from relevant differences at the level of perceptual phenomenology 

(namely those that are supposed to result from different cognitive states) to differences 

pertaining to perceptual content. Once this premise is exposed, the questions of whether 

cognitive states can influence perceptual phenomenology and, if there is such an influence, 

what its epistemological implications are, take a quite different form.  

The partisans of CP usually argue that the putative penetrating states (e.g., beliefs) 

modify or penetrate the contents of perceptual experiences. Nonetheless, we will show that 

the overall phenomenology of perception possesses another crucial aspect, namely an 

affective aspect, constituted by various kinds of conscious feelings (e.g., feelings of presence 

or reality, familiarity, and confidence). We shall claim that at least in central cases, the 

phenomenological changes that the partisans of CP construe as being caused by penetrating 

states concern not the content of perception proper but its affective side. 

 The chapter is structured as follows. In Section 7.2, we introduce and give a standard 

definition of the notion of cognitive penetrability (CP). Arguments for the claim that 

perceptual content can be penetrated by cognitive states typically involve (whether explicitly 

or not) three distinct steps. First, contrast cases are presented in which the phenomenology of 

experience differs, while sensory stimulation and attention are fixed. Second, the relevant 

phenomenological difference is said to supervene on perceptual content: what is perceived is 

different in each contrast case. Third, this difference is said to be the direct result of 

background cognitive states, such as different beliefs. 

Our main target in the bulk of the essay (Sections 7.3-7.5) is the second step of the 

argument for CP. We try to show that the relevant phenomenological difference between the 

                                                
40 This chapter is not concerned with the debate Representationalism versus Disjunctivism and, therefore, I  
 will employ the term “perceptual content” for the sake of simplicity and to match the standard terminology  
 in the debates about cognitive penetrability.  
41 For a recent review, see Stokes (2013). This is a rough, personal-level description of cognitive penetrability. 
CP is also defined in more empirical terms, as entailing the rejection of the encapsulation of perceptual processes 
(Fodor, 1983; Pylyshyn, 2003; for a thorough, empirically informed philosophical discussion, see Raftopolous, 
2009). To be clear, we count as CP also cognitive modulation of perceptual processing. 
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contrast cases does not supervene on perceptual content. In Section 7.3, we argue that 

perceptual phenomenology is in fact dual; it has a sensory dimension but is also constituted 

by feelings which are in an important sense metaperceptual (which does not mean that they 

have metarepresentaional contents). We then describe a few pathological cases in which these 

feelings are either missing or over-generated, in order to highlight their phenomenological 

contribution to normal perceptual experience. 

In Section 7.4, we show how the second step described above, according to which the 

phenomenological difference between relevant contrast cases affects perceptual content, 

works independently of the CP issue, within an influential conception of high-level 

recognition. Our conclusion is that the acquisition of visual recognitional capacities can 

change the affective dimension of our experience (some things come to feel familiar) while 

leaving perceptual content untouched (at least in principle). A fortiori perceptual content 

cannot be said to be penetrated by cognitive states, such as beliefs about the instantiation of 

high-level properties. 

In Section 7.5, we turn to an explicit argument for CP, which also hinges on the 

second step. According to this argument, our chromatic experience can be penetrated by 

general beliefs about the characteristic colours of objects. We put forward a re-interpretation 

of the empirical facts referred to in the argument in terms of the role metaperceptual feelings, 

such as feelings of confidence, play in the causal modulation of our perceptual beliefs. 

Finally, in Section 7.6, we move to the third step described above, according to which 

the relevant phenomenological difference results from background cognitive states. Since we 

have now identified the nature of this difference, the question becomes whether 

metaperceptual feelings themselves can be cognitively penetrated. Whatever answer we 

should give to this question, we suspect that the epistemological consequences of the CP of 

feelings would be very different from, and much less disastrous than, the epistemological 

consequences of the CP of perceptual content itself. 

 

7.2 COGNITIVE PENETRABILITY: PHENOMENOLOGY AND CONTENT 

 
According to cognitive penetrability (CP), the contents of perception can be modified or 

influenced by co-occurrent cognitive states, such as beliefs, desires, emotions, or imaginings. 

In other words, CP entails that what we perceive depends on our cognitive background, for 
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instance what we independently believe to be the case. Here is a recent statement of CP, due 

to Susanna Siegel: 

 

If visual experience is cognitively penetrable, then it is nomologically possible for two 

subjects (or for one subject in different counterfactual circumstances, or at different times) to 

have visual experiences with different contents while seeing and attending to the same distal 

stimuli under the same external conditions, as a result of differences in other cognitive 

(including affective) states. (Siegel, 2012, pp. 205-6) 

 

 Following this definition, typical arguments for CP can be shown to proceed in three 

distinct steps, as follows: 

 

Step 1: Show that some aspect of perceptual phenomenology is modified in relevant contrast 

cases (intuitive claim)  

 

Step 2: Show that the relevant phenomenological differences are to be accounted for at the 

level of the experiences’ representational contents. 

 

Step 3: Show that these differences in the representational contents of experience are directly 

caused by differences in cognitive background states. 

 

 As an illustration, take a recent example from Siegel (2012)’s paper. Jill, for 

independent reasons, believes that Jack is angry. The phenomenology of Jill’s visual 

experience of Jack’s face before and after she acquired the belief that Jack is angry is different 

(Step 1). The difference in phenomenology concerns the content of Jill’s visual experience, 

which now represents Jack’s face as angry (Step 2). Finally, the phenomenology of Jill’s 

visual experience of Jack’s face is modified as the result of Jill’s belief that Jack is angry at 

her (Step 3). Thus, Jill’s visual experience has been cognitively penetrated. 

Let us dwell a bit on the second step of the argument. Some philosophers would see it 

as being rather straightforward, on the grounds that perceptual phenomenology supervenes on 

perceptual content (see, e.g., Tye, 2005). Independently of the issue of whether there are non-

representational sensory qualia (such as colour sensations), the transition from perceptual 

phenomenology to perceptual content is correct in many cases. For instance, what it is like to 

see a red cube is different from what it is like to see a blue sphere. We can safely predict that 
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this phenomenological difference concerns the contents of the visual experiences: the former 

visually represents a red cube, whereas the latter visually represents a blue sphere. 

 However, there are cases in which Step 2 is harder to justify. As an illustration 

consider the feeling of familiarity. Certainly, there is a phenomenological difference between 

a situation s1 in which we see someone for the first time and a situation s2 in which we see the 

same person after it has become familiar to us. What is the nature of this phenomenological 

difference? Is it reflected at the level of the contents of the visual experiences? There is 

certainly a sense in which the person “looks the same” in both situations, in some suitable, 

experiential sense of “looking the same” (see Lyons, 2009). In other words, our visual 

experiences in both situations seem to have the same sensory contents. The same visible state 

of affairs is presented in our experience. 

As we shall argue, perceptual phenomenology is dual: it has both a sensory and an 

affective dimension. While the sensory phenomenology of perception supervenes on 

perceptual content, differences pertaining to the affective phenomenology of perception may 

not entail differences at the level of what is perceptually represented. In other words, 

perceptual content is just sensory content.42 Not only the person looks the same but feels 

different, but this is all that can be perceived: a person with a specific visual appearance. The 

feeling of familiarity does not affect perceptual content, because (as it will become clear later) 

it is metaperceptual rather than perceptual. 

In what follows, we shall suggest that many candidate examples of CP discussed in 

the literature are at best cases in which the affective dimension of the phenomenology of 

perception has been modified, while its sensory aspect remains untouched. In other words, 

Step 2 might fail quite independently of whether the relevant phenomenological difference is 

caused by cognitive states, i.e., whether Step 3 itself can succeed. In the meanwhile, though, 

we are going to present the dual view of perceptual phenomenology in more detail. 

 

 

 

                                                
42 Here we use the notion of perceptual content in such a way that perceptual content is apparent (manifest or 
experiential) content, i.e., content consciously available to the subject in her perceptual experience. Some authors 
use the notion of perceptual content in a different way. For instance, according to Lyons (2009), perceptual 
content can be richer than apparent content. On this view, perceptual content shows up at the level of the beliefs 
delivered by the visual system. However, even Lyons could accept our claim that metaperceptual feelings do not 
affect the apparent content of experience. 
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7.3 THE DUAL PHENOMENOLOGY OF PERCEPTION 

 
Figure 7.1 gives a schematic representation of the dual phenomenology of perception. The 

sensory aspect of perceptual experience constitutes an essential and pervasive part of its 

phenomenology. However, it does not represent the whole of perceptual phenomenology. 

When you are observing the pigeon just there perched on the branch, you have some 

experiences of greyish shades, of shapes, of movements and so on. Now, together with these 

sensory experiences you also feel that you are looking at a real pigeon (and not, for instance, 

at a mere projection of your imagination). Let us call this the feeling of (actual) presence or 

feeling of reality. 

Chapter six (Dokic & Martin, 2012) argued that the feeling of presence constitutes the 

relational phenomenology of perception, that is the experience of being related to actual 

things, rather than mere representations of them. If the feeling of presence is lost, as in 

specific pathologies (see below), the relational phenomenology is not instantiated anymore 

and subjects are not able, on the basis of their perceptual experiences, to judge whether what 

they are perceiving (for instance, that there is a pigeon perched on the branch) is actual or not 

(even if the sensory contents are identical before and after the advent of the pathology). 

Therefore, along with other types of feelings which can be bound to sensory contents, such as 

the feeling of familiarity and the feeling of confidence, the feeling of presence contributes to 

the overall phenomenology of perception.  

In order to understand how the relevant feelings work, it is necessary to make a detour 

via the psychological theory of metacognition. One can distinguish between two sources of 

metacognitive judgment, specifically theory-based judgments on the one hand and 

experience-based judgments on the other hand (Koriat, 2000, 2007). Theory-based judgments 

are the result of explicit inferences from our encyclopaedic background knowledge or from 

knowledge that we have about our own cognitive skills. In contrast, experience-based 

judgments result from an affective experience, namely what is referred to as metacognitive 

feelings. As an illustration, the belief that we know who was the forty-third President of the 

USA can either be based on the reasoning that we have learned the names of all the USA 

Presidents at school and/or that we have an excellent memory or it can be based on the gut 

feeling that we know the answer. Feelings of knowing are examples of metacognitive feelings 

among others, including feelings of forgetting, feelings of confidence/unconfidence, feelings 

of uncertainty/certainty. These specific affective experiences constitute the output of a 

monitoring process, which involves implicit inferences from a set of internal cues, such as 



 175 

availability of partial information or fluency. In this respect, the level of availability of partial 

information or the level of fluency will modulate the quality of the corresponding feeling. In 

particular, if the information to recall has been fluently encoded your feeling of knowing will 

be stronger than if the information has been encoded with difficulty. Feelings then are not 

sensitive to the particular memory contents at stake, but only to the quality of the on-line 

memory processes (Koriat, 2007). Feelings are process- or quality-based rather than content-

based. In Koriat’s (2007) own words, feelings of knowing “rely on contentless mnemonic 

cues that pertain to the quality of processing, in particular, the fluency with which information 

is encoded and retrieved” (pp. 19–20; our italics).  

In previous work, we hypothesized that the distinction between theory-based and 

experience-based judgments can also be applied to metaperceptual judgments (Dokic & 

Martin, 2012, see Chapter six). For example, the feelings of certainty/uncertainty and 

confidence/unconfidence present in metamemory are present in metaperception too. The 

judgment that one is unsure if the particular bird one is looking at is a blackbird or a raven can 

be based on either theory (for instance, one explicitly tries to categorize the bird on the basis 

of its features, and one eventually fails to determine whether it is a blackbird or a raven) or 

experience (one has a feeling of uncertainty about the kind of bird perceived, perhaps because 

it is too dark or there is a mist). Other feelings such as the feeling of familiarity are more 

peculiar of metaperception. The judgment that one has already seen this place in the past can 

be based on either theory (for instance, one explicitly remembers that it is not the first time 

that one comes in this town) or experience (the place just feels familiar). Finally, as described 

above, our ordinary perceptual experiences are usually accompanied by feelings of presence. 

The judgment that there is a real as opposed to an imagined pigeon there on the branch can be 

based on either theory (for instance, one realizes that there is no reason to imagine a pigeon 

and that one never imagined anything like that in the past) or experience (the pigeon feels 

present). Normally, of course, when we look at things around us we have the feeling of being 

related to actual things rather than mere representations, imaginings or memories. Feelings of 

presence are the result of a reality monitoring process, which assesses if an informational state 

has been internally or externally generated (Frith, 1992, see e.g., Chapter two). 

Like metamemory feelings, metaperceptual feelings are not sensitive to perceptual 

contents as such but only to the quality of perceptual processes. In this regard experimental 

manipulation of processing fluency with respect to a target will influence the strength of the 

corresponding feeling, independently of the specific content at stake (e.g., Koriat, 2002, 

2007). As an illustration, the repeated exposure to a written sentence, or its presentation with 
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a high level of visual contrast (versus a weak visual contrast) improves processing fluency 

with respect to the sentence. This improvement has the effect of strengthening the subjective 

confidence the subject has about the truth of the sentence (see e.g., Hansen et al., 2008). In 

other words, sentences presented with a high visual contrast are felt to be more credible than 

sentences presented with a low visual contrast (Hansen et al., 2008). In perception it could be 

thought that the feeling of presence (for instance) strongly depends on features of the 

perceptual content the subject is currently enjoying. For example, the subject who sees a pink 

elephant while heading home might not feel to be related with an actual thing but think that 

she is just hallucinating (all other things being equal). If it appears that the elephant is not 

realistic enough she won’t undergo a feeling of presence of what she seems to see. However, 

in some cases of hallucination subjects undergo a feeling of presence although the content is a 

horrible yet two-dimensional creature. (Note that the subjects can be perfectly aware that they 

are hallucinating; see Shanon, 2002.) Similarly, several experimental studies of the feeling or 

presence in the context of virtual reality found that the degree of realism is not a determining 

factor for the feeling of presence (i.e., the feeling of presence remains identical between 

conditions of high- or low-level realism; Sanchez-Vives & Slater, 2005). Interestingly, it 

appears that “the graphics frame-rate is positively correlated with reported presence” 

(Sanchez-Vives & Slater, 2005, p. 333, see Section 10.7), in that purportedly a well-suited 

frame rate improves the fluency of processing. 

As other types of metaperceptual feelings, feelings of reality are essential to the 

overall phenomenology of perception. In particular, these feelings, and not perceived objects 

themselves (sensory contents), constitute the phenomenology of perception as a relation to the 

world. When we are looking at some object in the world we have both a sensory experience 

and a relational experience, viz. the fact that we feel “en rapport” with an actual object (rather 

than with a mere representation of this object). In contrast, objects and their properties 

constitute the sensory side of our perceptual experiences. In this view, the phenomenology of 

perception is Janus-faced. To the extent that perceptual phenomenology is dual we can predict 

potential dissociations between the sensory and the relational/affective part of perceptual 

experiences. Such dissociations show up in specific pathological cases, including 

derealization disorder (DD), Capgras syndrome (CS) and Fregoli delusion (FD), which we 

now present. 
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7.3.1 Derealization disorder   

 
Patients presenting DD experience a kind of affective detachment with the external world, 

which then appears strange, inconsistent and unreal (Sacco, 2010): “[their perception is not] 

lived but is more like a mechanical, purely receptive sensory process, unaccompanied by its 

affective-tone” (Parnass & Sass, 2001, p. 105). Patients report that it is as if they were 

watching a movie or a picture of the world, instead of the real things around them: “In fact, 

the people and things around you seem as unreal to you as if you were only dreaming about 

them” (Shorvon et al., 1946, p.784). Shorvon et al., (1956) reports another patient’s own 

description: “Through the eyes I look out at a world that might be a picture of the world” (p. 

784). It is as if patients were confronted with a mere representation of the world. The causes 

of DD are multiple, including cognitive, neurological and psychiatric disturbances (Sacco, 

2010). However, whatever the aetiology of DD has, the crucial thing we would like to 

highlight is that the content of the subject’s experience should motivate the presence of an 

affective phenomenology which is in fact absent. They do not have the feeling of being 

directly presented with the actual sensory contents that they are nevertheless enjoying. In 

other words, the patients’ perceptual states are not accompanied anymore by feelings of 

presence or reality, as Shorvon et al. already noted, “[their] perceptions do not awaken a 

feeling of reality [...]” (p. 780). 

To recapitulate, DD shows that the sensory phenomenology and the 

affective/relational phenomenology can be dissociated. In addition, subjective reports of 

patients support the thesis that the affective phenomenology is a necessary condition for the 

relational phenomenology to be instantiated, as it is deeply affected in patients. At the level of 

perceptual judgments, to the extent that the sensory aspect of the patients’ perceptual 

experiences is not affected they can produce judgments about the properties of objects with a 

high degree of confidence (e.g., “This pigeon is grey”). On the contrary, to the extent that the 

affective aspect of the patients’ perceptual experiences is deeply affected they cannot produce 

judgments about the actuality of things (e.g., “There is a pigeon”) with a high degree of 

confidence.  

 

7.3.2 Capgras syndrome 

 
Patients with CS hold the belief that one of their relatives (e.g., their spouse) has been 

replaced by an impostor. The formation of this delusional belief would result from the fact 
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that the affective component that normally accompanies our perceptual experiences of 

familiar persons is disturbed (i.e., absent) in patients. The affective component refers to the 

feeling of familiarity. In fact, some models propose the existence of two information-

processing pathways of face recognition (e.g., Bauer, 1986).43 A first pathway (the ventral 

visuo-semantic one) encodes semantic information about facial features to construct a visual 

image of face and constitutes the medium of overt recognition. A second pathway (the dorsal 

visuo-affective one) processes the affective response to familiar faces and is responsible for 

both the feeling of familiarity and the covert automatic recognition. Some data in favour of 

the dissociation between an overt and a covert mechanism of face recognition show that 

normal subjects produce larger automatic arousal, as measured by skin conductance responses 

(SCRs), when they are shown familiar faces than when they are shown unfamiliar faces (e.g., 

Ellis, Quayle & Young, 1999). This automatic response for familiar faces has precisely been 

interpreted as a kind of covert recognition. Furthermore, patients with prosopagnosia44 

produce larger SCRs for familiar faces than for unfamiliar faces, while at the same time they 

are unable to overtly recognize any of the (familiar or unfamiliar) presented faces (Bauer, 

1984). In the light of these results, it has been proposed that CS might be the mirror image of 

prosopagnosia. More precisely, in CS the visuo-sematic pathway would be intact while the 

visuo-affective pathway would be impaired. This hypothesis is supported by empirical results 

showing that the SCRs of Capgras patients are not larger for familiar faces than for unfamiliar 

faces (Ellis et al., 1997). Patients lack the affective reaction normally accompanying familiar 

faces: they do not experience familiarity (Bayne and Pacherie, 2004). This abnormal and 

incongruous affective reaction constitutes the experiential basis from which the impostor 

delusion will be constructed.45 

                                                
43 The neuroanatomical validity of the original two-route model has been questioned and refined (e.g., Ellis & 
Lewis, 2001). Nonetheless, the idea of dissociation between overt and covert recognition is much less 
controversial. In the same way, the precise nature of the experiential content of the Capgras delusion, or what 
exactly this content involves is still under discussion (e.g., Dokic, 2010; Pacherie, 2009; Reimer, 2009; Young, 
2007; 2008; 2009; 2010).  
44 Usually prosopagnosia is defined as a disorder which specifically affects face recognition: patients are unable 
to recognize faces while their ability to recognize e.g., common objects is preserved; see, e.g., Farah (2004). 
45 There is a lively debate about whether the content of the impostor delusion is fully involved in the abnormal 
experience of the patient, or constitutes an interpretive attempt from the patients’ part to explain their strange 
experience (endorsement/expression view and explanationist view respectively, Pacherie, 2008; Reimer, 2009). 
Furthermore, among those who endorse the explanationist view, some consider that the interpretative 
explanation is “developed through the operation of normal cognitive processes” (Maher, 1974), others that the 
system of belief is impaired and posit a sort of “belief acceptance abnormalities/biases” (respectively, the one-
stage and two-stage model, e.g., Young, 2008; 2009; 2010). Nevertheless, it is not our concern to decide between 
the endorsement and explanationist views and between the one- and two-stage models, it is sufficient here to say 
that a missing feeling of familiarity prevents the process of recognition. 
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Owing to the absence of the feeling of familiarity usually associated with his wife the 

Capgras patient does not recognize his wife as his wife (in other words, he does not 

experience being in relation with his actual wife). Therefore, the feeling of familiarity, at least 

in some conditions, is necessary for the phenomenology of high-level recognition. In contrast, 

the sensory phenomenology is only sufficient for the phenomenology of similarity in that the 

patient does not recognize his wife as his wife but admits that the person he is looking at is 

visually strictly similar to his actual wife.   

Therefore, in CS, like in DR, the sensory phenomenology of subjects should motivate 

the presence of an affective phenomenology which is in fact absent. The person the subject is 

perceiving looks (perhaps exactly) like one of her relatives, but the subject lacks the feeling of 

familiarity associated with the ordinary perception of a familiar person. The relative “looks 

right” but “feels wrong”. Conversely, some studies with healthy people show that it is 

possible to have a feeling of familiarity for a stimulus that is not, however, semantically 

recognized (Young et al., 2009). These data strongly suggest that the feeling of familiarity can 

be dissociated from intentional objects themselves. 

 

7.3.3 Fregoli delusion 

 
In contrast to CS a patient suffering from FD believes that different strangers are the same 

person in disguise, for instance her sister (Young, 2010). A potential interpretation is that the 

Fregoli patients’ perceptual experiences of non-familiar persons are accompanied by an 

affective component (i.e., a feeling of familiarity) that is usually absent in normal 

circumstances. The abnormal activation of the visuo-affective pathway by unfamiliar persons 

would constitute the physiological basis of Fregoli delusion. As a consequence of this 

abnormal visuo-affective pathway activation, patients will undergo a feeling of familiarity for 

some strangers despite the fact that they perceive the latter as physically dissimilar. In accord 

with this hypothesis, some studies show that the SCRs of patients increase both for familiar 

faces and unfamiliar faces (Coltheart, 2007). 

In sum, in contrast to DD and CS the perceptual content of Fregoli patients should 

motivate the absence of an affective phenomenology which is in fact present. One might say 

that the person “looks wrong” but “feels right”. Once again, the feeling of familiarity can be 

dissociated from intentional objects. In addition, if CS and DD provide evidence that the 

affective phenomenology is necessary for the relational phenomenology to be instantiated, FD 

shows that, in some conditions, the mere presence of a feeling of familiarity is even sufficient 
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to produce this relational phenomenology. In this case the feeling of familiarity seems 

sufficient to experience an unknown person as a known person although the sensory 

phenomenology contradicts this experience. In this sense, the sensory phenomenology is not 

only insufficient, as disclosed by CS and DD, but even unnecessary to produce the relational 

phenomenology. 

Having now argued that the overall phenomenology of perception is dual, we review 

two important families of cases which have been identified in the literature as potential targets 

of what we have called “Step 2”, namely the attempt to show that relevant phenomenological 

differences supervene on perceptual content. We shall reinterpret these cases in terms of the 

dual view of perceptual phenomenology and suggest that these differences belong to the 

affective aspect of perceptual experience, and may not concern perceptual content itself.  
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FIGURE 7.1| DUAL PHENOMENOLOGY. Monitoring processes receive inputs from perceptual 

processes and metacognitive feelings constitute the output of monitoring processes. Perceptual processes 

give rise to what we referred to as the sensory phenomenology of perception and metacognitive feelings 

give rise to what we referred to as the affective phenomenology of perception. Together, the sensory 

phenomenology and the affective phenomenology give rise to the global phenomenology of perception. 

While we did not address this issue in the present dissertation, the unification of sensory and affective 

phenomenology could be achieved through binding processes (Dokic, 2012).  
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7.4 HIGH-LEVEL RECOGNITION: PINE TREES, CARDINALS, AND OTHER 

FAMILIAR THINGS 

 
An important issue in philosophy of perception concerns the admissible contents of perceptual 

experience (Hawley & MacPherson, 2011). Austere conceptions of perceptual content allow 

only low-level sensory qualities, such as colour, shape, size, texture, movement, etc., to be 

represented in perception, whereas liberal conceptions of perceptual content are happy to let 

high-level properties, including kinds and artefacts such as being a pine tree or a table, enter 

the representational contents of experience. 

 In principle, CP arguments are independent of the foregoing issue, as they can focus 

on either low-level or high-level properties (see MacPherson, 2012). Indeed, in the next 

section, we are going to discuss one of these arguments as applied to colour, one of the 

paradigms of a low-level property. Our aim in this section is to criticize an influential strategy 

to the effect that high-level properties can figure in the contents of perception. If this strategy 

is not committed to CP, it can be exploited as a central stage in an argument for the latter. In 

this respect, it is worth discussing, since it illustrates a common mistake, or at least a blind 

spot, in discussions about the relationship between the phenomenology of perception and its 

contents. 

Consider two relevant contrast cases, involving visual experiences E1 and E2, 

respectively before and after the subject has learned to visually recognize cardinals as such. In 

our view, the ability to recognize a kind of things on the basis of perception is first and 

foremost a judgmental skill (see McDowell, 2008). The subject who can recognize a cardinal 

when she sees one is able to form spontaneous demonstrative judgments of the form “This is a 

cardinal”, where the relevant token of “this” refers to the perceived bird. Spontaneous 

judgments are non-inferential, in the sense that they do not present themselves as conclusions 

of explicit pieces of reasoning or trains of thoughts. They are made “just like that”, on the 

basis of what the subject perceives.46  

There is arguably a phenomenological difference between E1 and E2 (Step 1). What it 

is like to see what is in fact a cardinal when one lacks the relevant recognitional ability is 

different from what it is like to see it when one possesses and exercises this ability. Siegel 

(2006) argues for the validity of the transition, in such a case, from differences in 

phenomenology to differences in contents (Step 2; see also, Bayne, 2009). For instance, one 

                                                
46 Of course, spontaneous judgments can be inferential in another sense, if they result from implicit 
(unconscious) inferences. 
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might suggest that the concept cardinal must be used in a correct specification of the content 

of E2, whereas it is not required to capture the content of E1 (whether or not the contents of 

these experiences are themselves conceptual). On this suggestion, the content of E2 is in a 

sense richer than the content of E1, since it involves a high-level property (being a cardinal) 

over and above low-level properties already present in E1. 

Given the dual phenomenology of perception, an obvious alternative interpretation is 

that the acquisition of the relevant recognitional ability has changed the affective dimension 

of the relevant visual experiences. More precisely, the subject has become familiar with 

cardinals, so that the perception of what is in fact a cardinal generates a feeling of familiarity. 

This feeling is integral to the phenomenology of E2 but is absent from the phenomenology of 

E1. In our view, the alternative interpretation is compatible with the fact that high-level 

properties such as being a cardinal do not literally enter the contents of our perceptual 

experiences. 

Siegel (2006) envisages and rejects the possibility that the relevant phenomenological 

difference between experiences such as E1 and E2 is exclusively non-sensory. She mentions 

cognitive phenomenology and background phenomenology as possible candidates. On the one 

hand, perhaps the familiarity gained through the acquisition of a recognitional ability, i.e., 

what we are going to call the phenomenology of familiarity, is determined either by a 

“commitment-involving” cognitive attitude (like judgment or belief) or by a cognitive attitude 

which does not involve such commitment (like merely entertaining a proposition). Siegel 

raises two objections to this claim. First, the phenomenology of familiarity is belief-

independent, in the sense that it can be experienced even if the subject does not believe that 

she is looking at a familiar bird or tree (for instance, she falsely believes that she is facing a 

hologram). Second, it seems to be thought-independent as well, in the sense that the subject 

does not even have to think or explicitly entertain the proposition that what she perceives is a 

familiar bird or tree. 

On the other hand, perhaps the phenomenology of familiarity can be explained by the 

instantiation of standing, background states, like moods. Here, Siegel makes two 

observations. First, background states, such as drunkenness and depression, usually colour the 

phenomenology of perception by affecting perceptual content: “depression can cause things to 

look grey; drunkenness can cause them to look blurry” (2006, p. 496). Second, background 

states have “non-local” effects on phenomenology; they affect the whole visual scene and not 

merely a particular perceived entity. 
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Siegel briefly discusses another possible suggestion, according to which the 

phenomenology of familiarity is generated within perceptual experience itself, but by a “non-

representational feeling of familiarity” (p. 497). So the phenomenological difference between 

E1 and E2 would belong to the phenomenology of perception, but without affecting the 

contents of experience. Siegel objects to this suggestion on the grounds that “familiarity is not 

the sort of thing that could be felt without any representation of something as familiar” (p. 

498). Familiarity, considered as what is gained through the acquisition of a recognitional 

ability, cannot be a “raw feel”, but must be attributed to a particular perceived entity: a 

particular bird or tree, which must then be represented as familiar.  

Interestingly, none of these objections applies to our view. To begin with, affective 

phenomenology is indeed not cognitive (or at least not purely cognitive);47 we can have a 

feeling of familiarity with respect to a perceived entity concurrent with a belief that this entity 

is not familiar at all (see Section 7.6 below).48 Remember that metaperceptual feelings, such 

as the feeling of familiarity, do not result from beliefs or thoughts, but are grounded on the 

subpersonal monitoring of the quality of perceptual processes. Indeed, to the extent that 

holograms of pine trees or cardinals yield perceptual inputs strongly similar to actual visual 

inputs of such natural kinds (after the subject has learned to recognize them), then the feeling 

of familiarity will be de facto identical in both cases. 

Moreover, metaperceptual feelings are often local in the sense that they are bound to 

specific sensory contents. The feeling of familiarity can be free-floating (perhaps in the case 

of the “déjà-vu” experience), but it is often bound to a particular entity, like a bird, tree or 

person (or at least the corresponding bundle of low-level sensory properties). Does it follow 

that we are committed to the claim that feelings of familiarity are “raw feels”? Siegel seems to 

reason as follows: since feelings of familiarity cannot be raw feels, they must contribute to the 

representational contents of experience. However, even if we assume that the feeling of 

familiarity becomes representational when it is bound to a particular perceived entity, it does 

not follow that it becomes the representation of this entity as familiar. If feelings of 

familiarity have contents, the latter might be objectual rather than propositional or 

predicative; that is, their contents might be exhausted by the familiar things themselves. And 

                                                
47 One might argue that since metaperceptual feelings reflect spontaneous transitions from perceptual 
experiences to judgments, they are at least partly cognitive. However, their phenomenology is quite unlike the 
putative “pure” cognitive phenomenology whose existence is defended by some authors (see some of the essays 
in Bayne & Montague, 2012). 
48 Similarly, we can have a feeling of presence bound to the sensory experience of a particular thing without 
believing that that thing is present (perhaps because we know that we are in a virtual reality setting). In this 
sense, both feelings of presence and feelings of familiarity can be belief-independent. 
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if they are merely objectual, they do not add anything to the contents of experience: the things 

to which they are bound are already constituents of sensory contents. 

As we have noted above, the feeling of familiarity is, at least in part, a function of the 

fluency of perceptual and/or cognitive processes. Plausibly, learning to recognize kinds of 

birds on the basis of her perception has heightened the fluency of whatever categorization 

processes will lead to her spontaneous judgments of the form “This is a bird of kind K”. The 

fluency of these processes, which are partly perceptual and partly cognitive, is what generates 

a feeling of familiarity bound to the sensory presentation of a particular bird. 

Of course, there are cases in which we can experience a feeling of familiarity without 

actually categorizing the perceived object as a cardinal or, in the case of persons, our good 

friend Pierre. For instance, we can have a “tip-of-the-tongue” experience as to the identity or 

kind of what we see (Schwartz, 2011). In this case, there is no explicit categorization process 

which could ground our judgment of identity (“This is Pierre”) or kind (“This is a cardinal”). 

Still, just as the feeling of knowing can be sensitive to the fluency of aborted or truncated 

retrieval processes (Koriat, 2006), the feeling of familiarity with respect to a perceived object 

might be sensitive to the fluency of aborted categorization processes. That is, the subject feels 

as if she could easily identify or categorize what she is seeing, while actually failing to do so. 

From the brain’s point of view, the initial steps of the categorization process are “promising”, 

so to speak, which is enough to generate a conscious feeling of familiarity, even if the subject 

is eventually unable to form a specific identity or recognition judgment. 

What we have suggested so far is that the acquisition of recognitional abilities can 

change the affective phenomenology without the relevant high-level property entering 

perceptual content. One might go further and claim that the contents of the experiences before 

and after this acquisition can in principle be the same. I have learned to recognize cardinals on 

the basis of their visual appearance, but cardinals look the same now as before; the way they 

look has not changed just because I am now able to form spontaneous judgments about the 

visible presence of cardinals. Similarly, the way Pierre looks to me now can be the same as 

the way he looked to me when I first met him. What has changed concerns only the affective 

dimension of perceptual phenomenology; now both cardinals and Pierre feel like familiar 

entities to me. Of course, it is probable that in fact the contents of the relevant experiences, for 

instance E1 and E2, will not be quite the same because the ability to recognize cardinals on 

the basis of their visual appearance can make me attend to different and perhaps more subtle 

features of the perceived birds. In other words, attentional differences can be responsible for 
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changes at the level of perceptual content, but these changes will arguably concern only low-

level properties represented in my experience. 

In a nutshell, the acquisition of a visual recognitional ability can affect the 

phenomenology of perception in only two ways. On the one hand, it changes the affective 

dimension of our perceptual experience, since we will experience new feelings of familiarity 

bound to specific sensory contents. Such a change can be explained without positing an 

enrichment of perceptual content by high-level properties, such as being a cardinal, a pine 

tree, or being identical to Pierre. On the other hand, it brings about new attentional styles, 

which can change the sensory dimension of our perceptual experience. Neither way of 

affecting the phenomenology of perception entails CP. The generation of feelings of 

familiarity by itself does not add anything to perceptual content (it is, if one wishes, “post-

perceptual”), whereas the influence of attention on perceptual content is usually considered to 

be “pre-perceptual”, and thus insufficient to justify CP (see, e.g., Pylyshyn, 2004; 

Raftopoulos, 2009). 

In the next section, we examine a putative case of CP of color experience by general 

beliefs or memories. Again, our strategy will consist in showing that the inference from 

perceptual phenomenology to perceptual content (Step 2) should not be made too hastily. 

 

7.5 THE COLOUR CASE, OR THE IMPORTANCE OF BEING CONFIDENT 

7.5.1 Colour constancy and the memory colour effector  

 
When you are strolling in the streets of Paris, you see plenty of colours, shades and so on. 

You can easily remark that the illumination of building surfaces is different according to their 

orientation relative to the sun. Then, while you are watching the Pantheon you see some parts 

as being lighter than other (shaded) parts. Nonetheless, you still see the Pantheon as a 

uniformly coloured surface (and not as an alternation of yellowish and greyish surfaces). This 

phenomenon reflects a perceptual mechanism known as colour constancy, which ensures that 

our colour experience of a particular uniformly coloured object remains relatively unchanged 

(i.e., constant) under varying illumination conditions. Colour constancy suggests that the 

visual system not only takes into account the lightness/brightness differences of surfaces but 

also the illumination conditions. 

Some authors have wondered if our knowledge or memories about the colour of 

familiar objects could help us to maintain colour constancy for these objects, especially when 
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the illumination conditions are unknown or neutral (Granzier & Gegenfurtner, 2012; Hansen 

et al., 2006; Olkkonen et al., 2008). In Hansen et al. (2006) and Olkkonen et al. (2008)’s 

studies, subjects had to adjust the colour of depicted familiar fruit objects (e.g., orange, 

banana and so on) until these objects subjectively appeared grey or, in other words, 

achromatic (see also e.g., Witzel et al., 2011, and Delk & Fillenbaum, 1965). As an 

illustration, participants were shown a photograph of a real banana upon a grey background 

on the monitor screen. Their task was to adjust the colour of the banana (which was globally 

yellow) until it appeared grey. Results showed that “the settings for the banana deviated from 

the neutral grey adaptation point [as it was measured for each subject]” (Hansen et al., 2006) 

when compared to objects with non-familiar and non-characteristic colours (i.e., random noise 

patches and uniform points of light). More precisely, participants adjusted the colour of the 

banana to a slightly bluish hue, which is the opponent colour of yellow. It was as if 

participants continued to see the banana yellowish while the neutral achromatic point was 

already reached. The same kind of effect was found for some of the other fruits and 

vegetables photographs tested (lemon, orange, carrot and so on). This effect is thought to be 

evidence of what is referred to as a memory colour effect, or MCE (e.g., Hansen et al., 2006; 

Olkkonen et al., 2008; Witzel et al., 2011). A memory colour is the typical colour of a specific 

object that we have learned and memorized through repeated exposures with this object. The 

MCE “refers to the idea that memory colours modulate the colour appearance of the 

respective objects’ actual colours” (Witzel et al., 2011, p. 13) (e.g., the achromatic banana 

purportedly appears yellowish to the subject). We now review and evaluate various possible 

explanations that have been proposed in order to account for the MCE, and in particular, we 

assess the viability of the CP interpretation of the relevant cases. 

 

7.5.2 The memory colour effect and prior knowledge 

 
Gegenfurtner and colleagues (Hansen et al., 2006; Olkkonen et al., 2008; Witzel et al., 2011) 

argue for the hypothesis that our prior knowledge about the characteristic colours of objects 

can influence our colour perception of such objects. In this respect, the knowledge that a 

banana (for instance) is yellow influenced the way subjects perceived its actual achromatic 

colour appearance. By “knowledge” authors do not mean explicit and conscious knowledge 

about the colour of objects that subjects would have unfolded during the task. Rather, they 

mean knowledge of the kind presupposed by the Bayesian theory of perception, namely 

implicit and unconscious knowledge of the world that the perceptual system uses to resolve 
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ambiguous or underspecified stimuli. In this view, the implicit knowledge about the 

characteristic colours of objects “allows the visual system to function and perform even under 

reduced conditions when only single objects are shown under an unknown illuminant, as in 

our experiments” (Hansen et al., 2006).  

The first thing to note is that even if the authors’ interpretation is taken at face value, it 

does not constitute an argument for CP. We expect from a case of CP that it reflects the 

influence of high-level conscious (at least, accessible) cognitive states upon perceptual 

contents – for instance, an influence from background knowledge. However, Bayesian priors 

are not part of such high-level cognitive accessible contents, but amount to a kind of implicit 

knowledge the brain uses to operate statistical inferences in presence of uncertainties (they 

constitute a “theory that is inherent in the system”, Raftopoulos, 2009, p. 270). These 

inferences are elementary, automatic, and unconscious. In other words, they are “internal” to 

perceptual mechanisms. Therefore, Bayesian perceptual inferences do not reflect cases of CP. 

Nevertheless, we may doubt that knowledge about the characteristic colour of ordinary 

objects corresponds to a kind of Bayesian knowledge, that is something inaccessible, implicit 

and so on. The authors themselves are not clear on this point in that they conclude that results 

“show a high-level cognitive effect on low-level perceptual mechanisms” (Hansen et al., 

2006). Yet, they compare colour knowledge about ordinary objects to knowledge that the 

light usually comes from above, which might explain some kind of irrepressible illusions 

(e.g., bumps and holes visual optical illusions). Again, the latter kind of knowledge used by 

the system is not something accessible and conscious to the perceiver. In light of this 

ambiguity we could reinterpret the knowledge about the characteristic colours of the tested 

pictured objects as involving a high-level explicit and accessible content. In this view the CP 

interpretation becomes an option. Of course, for this interpretation to be plausible, the MCE 

found in the study of Hansen et al., (2006) must express an actual perceptual effect. 

Nonetheless, the specific methodology used in this study raises some doubts about the 

perceptual interpretation of the MCE. 

To begin with, the adjustment method used in Hansel et al., (2006)’s experiment (see 

Kingdom & Prins, 2010) does not disclose the nature of the observed MCE. The signal 

detection theory (SDT) teaches us that when a perceptual task involves conditions for which 

the evaluated performances of subjects are different, this change of performance can either 

reflect a change in the perceptual experience of subjects (i.e., sensitivity) or a change in the 

way they decided to respond (i.e., decision criteria). The experimental paradigms designed 

from the SDT precisely can discriminate between these two alternatives. In contrast, the 
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protocol of Hansen et al. leaves us uncertain as to whether the MCE is a perceptual or a 

decisional effect. For instance, it might be that knowing that a banana is yellow, subjects 

raised their decision criteria so that they stopped adjusting the colour when they felt quite 

certain that the banana is now achromatic, that is when they were really confident in their 

response (in the framework of the SDT subjects are said to be conservative). In contrast, in 

the case of a stimulus without a characteristic colour, like a random noise patch, subjects 

lowered their decision criteria so that to stop adjusting the colour; they did not have to be as 

confident as in the case of a stimulus with a characteristic colour (subjects are said to be 

liberal). Note that a change in the decision criteria of subjects might have produced exactly 

the same MCE as the one found in the study of Hansen et al., (2006). However, on the 

assumption that these authors have uncovered a truly perceptual phenomenon, the question 

arises as to whether the interpretation of this effect in terms of CP is well suited. 

Here is how we are going to proceed in the remainder of this section. First, we shall 

show that Gegenfurtner and colleagues’ (Hansen et al., 2006; Olkkonen et al., 2008; Witzel et 

al., 2011) own interpretation of their results is not conclusive. In light of this 

misinterpretation, we then present how the CP hypothesis can reinterpret the MCE in terms of 

an influence of some beliefs upon perceptual states. Finally, before formulating our own 

alternative account, we discuss the decisional anti-CP hypothesis recently put forward by 

Zeimbekis (2012).  

 

7.5.3 The memory colour effect cannot be explained by an influence of prior 

knowledge on perception  

 
In their 2008 study, Olkkonen et al. (using the same protocol as the one described above) 

found that the MCE of non-neutral colour stimuli, fruits and vegetables, is absent when 

pictures are not realistic photographs but only outline shapes of these same fruits and 

vegetables stimuli. The outline shapes lack many perceptual cues present in the photographs, 

namely complex colour distribution, three dimensionality and texture patterns. Assuming that 

this effect does not reflect a decisional bias but a truly perceptual effect, how can we explain 

the differences between realistic pictures and outline shapes? The first thing to note is that the 

CP hypothesis would have probably entailed the inverse prediction, viz. that the main effect 

should have been stronger for non-realistic pictures than for realistic pictures. Arguably, the 

more perception is degraded or underspecified, the more the penetrating state would have the 
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room to modify (i.e., penetrate) the current perceptual content. Conversely, the more the 

perceptual state is optimal and stable, the less the penetrating state should have the 

opportunity or the room to modify it.49 In this regard, the putative cases of CP usually concern 

degraded perceptual conditions, as precisely in the experiments of Hansen et al., (2006) and 

Olkkonen et al., (2008): the penetrating state (whatever it is) operates only when perception 

becomes strongly suboptimal, that is when the colour parameters reach the near absolute 

threshold of subjects.  

Gegenfurtner and colleagues propose to explain the differences between realistic and 

non-realistic pictures in the following way: “to activate the visual representation [of fruits and 

vegetables] strongly enough to induce an illusory colour percept, the object has to have all 

relevant visual features – shape, shading, and texture – present” (Olkkonen et al., 2008, p. 13). 

Recall that authors argue that the MCE results from the influence upon perceptual states of 

prior knowledge about the characteristic colours of familiar objects (Hansen et al., 2006). If 

this interpretation is taken at face value, it does not fit with the explanation in terms of the 

strength of visual representations and it cannot explain the differences between realistic and 

unrealistic pictures in that the latter are the most likely to be sufficient to activate prior 

knowledge relative to the characteristic colours of familiar objects they represent. As the 

authors themselves acknowledge, “If the memory colour effect is solely due to the learned 

object–colour association, it should appear independently of the particularities of their 

perceptual features” (Witzel et al., 2011, p. 16).  

  In this respect, Witzel et al., (2011) found a MCE for stimuli lacking three-

dimensionality, texture and complex colour distribution (e.g., picture of a Smurf or of the 

Pink Panther); in other words, the features that are precisely lacking in the outline shapes of 

Olkkonen et al., (2008). Witzel et al., (2011) therefore reinterpret the lack of a MCE for these 

specific outline shapes by saying that the objects they represent are less recognizable in 

comparison to the photographs of these same objects. More precisely, they designed a 

preliminary reaction time experiment in which subjects should indicate as fast as possible in a 

forced choice task the colour of achromatized manmade and natural objects displayed on a 

monitor screen.50 Then experimenters recorded the accuracy rate and the reaction time of 

                                                
49 The remark applies to all kinds of putative penetrating states. Macpherson (2012), for instance, argues that in 
studies like that of Olkkonen et al., (2008), beliefs penetrate only indirectly the colour perceptual content of 
subjects through imaginative states. Very likely, it is easier for imagination to impregnate a perceptual state 
when the latter is non-optimal (e.g., underspecified). The arguments that will follow against the CP interpretation 
apply to the imaginative interpretation too. 
50 In this study Witzel et al., (2011) wondered whether the MCE works not only for natural objects but also for 
manmade objects. To this aim, they used the same method as the one elaborated by Hansen et al. (2006) and 
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subjects. With regard to the stimuli of Olkkonen et al., (2008) authors found the following 

pattern of results: “the medians of the accuracy rates and average reaction times for the eight 

photos […] were 98% and 612 ms. For the corresponding eight silhouettes [i.e., outline 

shapes] these were 93% and 780 ms, respectively. For the seven photos of the white-painted 

fruits these medians were 99% and 656 ms” (p. 25) (note that for all the outline shapes present 

in this preliminary experiment, the accuracy rate reaches 95%). The accuracy rate is very high 

even for the outline shapes, which means that they were easily recognized (i.e., in order to 

attribute the accurate colour to an object we need to recognize what the object is). In this 

context, why do Witzel et al., (2011) argue that the difference of MCE between outline shapes 

and photographs is explained by the lesser recognisability of the former in comparison to the 

latter? They based their claim upon the fact that subjects are slower to respond for outline 

shapes than for photographs. However, we can express doubts about Witzel et al., (2011)’s 

interpretation of the different results obtained by Olkkonen et al., (2008) between outline 

shapes and photographs in terms of recognisability. First, after all outline shapes are well 

recognized as indicated by the high level of accuracy rate of subjects when matching the right 

colour to these objects. Second, recognition of outline shapes is very likely improved by the 

fact that they are presented along with their realistic versions as Witzel et al., (2011) 

themselves admit: “the outline shapes in general did result in a quite high accuracy rate (95%) 

in comparison with the photos (98%). This probably had to do with the fact that the 

silhouettes of objects corresponded in size and shape to the photos of the same objects” (p. 

27). Third, the claim that outline shapes are less recognizable than photographs might only 

mean that subjects need slightly more time to recognize them in comparison to photographs 

(as you need more time to recognize the face of a familiar person in the twilight because some 

perceptual cues usually exploited by the perceptual system are lowered because of poor light). 

Now, to the extent that in the adjustment task of Olkkonen et al., (2008) subjects had all the 

time they wanted to adjust the colour of pictures, the fact that subjects need slightly more time 

to recognize the outline shapes should not raise any problem. Fourth, even if outline shapes 

are less recognizable, the fact is that they are recognized (as, once again, indicated by their 

high accuracy rate); accordingly they should activate the prior knowledge about the typical 

colours of objects they represent and generate a MCE, which rests upon the activation of such 

prior knowledge (according to Gegenfurtner and colleagues). In other words, the memory 

                                                                                                                                                   
Olkkonen et al. (2008). The preliminary experiment was designed to select the objects with the highest 
diagnosticity (i.e., the objects that strongly refer to a typical colour). Note that Witzel et al. (2011) included the 
fruit and vegetable stimuli of Olkkonen et al. in the preliminary experiment but not in the main experiment, 
precisely because they wanted to test the MCE for artificial objects. 
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colours are all-or-nothing states. Once the recognitional concept of the object represented by a 

realistic or unrealistic picture is triggered the memory colour is activated in exactly the same 

way. The memory colours constitute a kind of (not necessarily explicit) declarative 

knowledge encoded in long-term memory and, therefore, do not co-vary with the low-level 

properties of objects (as the semantic content of a written word does not co-vary with the 

physical features of the latter: once a very unreadable word is recognized the semantic content 

is activated in the same way as when it is activated by an easily readable word). In sum, 

Witzel et al., (2011)’s interpretation of the difference between outline and realistic shapes in 

terms of the differential level of recognisability between these two categories is not 

conclusive.  

 

7.5.4 The memory colour effect and cognitive penetrability 

 
An advocate of the CP hypothesis could argue that the belief that a banana is represented has 

a weaker subjective probability when the medium is an outline shape rather than a 

photograph. The next step would be to say that for the relevant belief to penetrate the 

perceptual content at stake the belief needs to be strong enough. In that view, the CP of 

perceptual contents would not be a discrete but a continuous phenomenon. However, what are 

the relevant candidate beliefs for the role of penetrators here? It is not the online perceptual 

belief that there is a represented banana but the related background beliefs triggered by this 

perceptual belief – for instance, the belief that bananas are characteristically yellow or that 

most of the bananas I have experienced seemed yellow (Macpherson, 2012, p. 46). Now, even 

if we accept the claim that the perceptual belief is weaker in the case of outline shapes than in 

the case of realistic pictures, are the strength of background beliefs and their capacity to 

penetrate the relevant perceptual states influenced for all that? It is reasonable to think that the 

general belief that bananas are characteristically yellow will be equally strongly activated in 

the case of outline shapes and in the case of photographs. As an analogy, imagine that I 

acquire the perceptual belief that it is my sister that I am looking at on the other side of the 

street. Suppose that my belief has a low degree of subjective probability because of the 

viewing condition. While in this situation my perceptual belief is low, the general background 

beliefs that my sister has brown eyes, brown hair and so on have exactly the same strength as 

in the situation where I acquire the firm belief that it is my sister when she walks closer to me. 

In the same way, when I acquire the perceptual belief that the fruit represented by the outline 

shape is a banana, although this belief can have a low degree of subjective probability, the 
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general belief itself that banana are yellow has exactly the same strength as when I acquire the 

firm perceptual belief that it is a banana when the medium is now a photograph. As in the 

case of memory colours, the general background beliefs amount to all-or-nothing states 

insensitive to the low-level variations of stimuli because they constitute a kind of declarative 

knowledge encoded in long-term memory. When the object (whether realistic or not) is 

recognized as a banana the corresponding general beliefs are simply activated (whatever the 

degree of subjective probability of the perceptual belief that a banana is represented).  

To sum up, the CP interpretation of the results of Hansen et al., (2006) and Olkkonen 

et al., (2008) is not conclusive.  At least, it is not well suited to account for all results: if the 

belief that bananas are characteristically yellow is constant over all the realistic and non-

realistic conditions, it cannot be the determinant factor in order to account for the differences 

between realistic pictures and outline shapes.  

 

7.5.5 The memory colour effect: An influence of memory on categorization 

judgments?  

 
For similar reasons, the recent anti-CP interpretation of these experiments by Zeimbekis 

(2012) is not entirely satisfactory. Zeimbekis argues that the differences between shapes with 

characteristic colours and colour-neutral shapes can be explained by a specific decisional bias 

owing to experimental uncertainty conditions. In particular, in the experiments described so 

far, “the colours from which the subject has to choose extend from the least-yellow greys, 

across her mean settings for the concept grey, and into the least-blue greys. There are no 

perceived cutoff points between these regions of the quality space, and thus, no perceived last 

yellow-grey” (p. 4). In such uncertainty situations, Tversky & Kahneman (1974) have shown 

a specific bias, namely an anchoring bias. That is to say, the activation of a colour concept 

can anchor the subject in a specific decision and change the way she categorizes or judges her 

colour experiences. Imagine that you have to categorize a particular shade that looks neither 

clearly red nor clearly orange. In this case, your judgments of categorization will depend on 

some decisional processes. If there are no influencing factors, your judgment that the shade is 

orange or red will vary randomly over time (that is, all other things being equal, your 

decisional processes will depend on the shade itself and to the extent that it is intrinsically 

ambiguous, you will never be inclined to a specific category). Nonetheless, the decisional 

processes, and then the judgments of categorization, can be biased toward one of the 
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categories. For instance, if all the other priming shades that were presented before the target 

ambiguous shade were clearly red, you will have a tendency to judge more often the 

ambiguous shade as red (by resemblance if the shade is more red than orange) or more often 

as orange (by contrast if the shade is more orange than red). In other words, the priming effect 

anchored you in a specific judgment. With respect to the experiments of Hansen et al., (2006) 

and Olkkonen et al., (2008), the fruit pictures may play the role of anchoring the judgment of 

subjects in a particular way. The concept banana (for example) may activate the colour 

memory associated with bananas (i.e., yellowness) and change the way subjects draw the 

concept grey (compared to colour-neutral shapes). That is to say, the subjects’ judgments “are 

anchored in the concept yellow, which is triggered each time she looks at the [e.g., banana] 

shape” (Zeimbekis, 2012, p. 4-5).  

Although Zeimbekis does not discuss the absence of a MCE for outline shapes, we can 

make some predictions from his hypothesis. In particular, we predict that if his hypothesis is 

right, there should not be any difference between outline shapes and photographs, although 

evidently there is. More precisely, to the extent that outline shapes are able to trigger the 

recognitional concepts of objects they represent, the corresponding memory colours should be 

activated and the anchoring process engaged. As a consequence, we should see similar 

decisional biases between outline shapes and photographs. 

One might reply that when subjects reach their mean for greyness in the case of 

photographs, that is the point where the pictures’ colour is indiscriminable from the 

background (hereafter, I-point) some cues persist that sustain online recognition of the 

represented object, namely three-dimensionality cues and textures patterns (i.e., from these 

cues the subject is still able to mentally construct a representation of the represented object). 

To the extent that these cues are absent in the case of outline shapes, when subjects reach the 

I-point there is nothing left that could sustain online recognition (i.e., the subject is not able to 

form a mental representation of the represented object anymore). Therefore, the 

corresponding memory colours are deactivated and the anchoring bias cannot be engaged.51 A 

direct consequence of this suggestion is that there could not be a MCE for any outline shapes 

because they lack the relevant cues sustaining recognition at the I-point. However, we have 

seen that Witzel et al., (2011) found a MCE even for outline shapes lacking three-

dimensionality, texture and complex colour distribution. This result suggests that for memory 

colours to have an influence on subjects’ colour categorization processes at the I-point, 

                                                
51 We owe this suggestion to a reviewer. 
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memory colours need not to be sustained by the online recognizing of objects, which would 

be enabled by the presence of relevant cues in the case of photographs. This is true whether 

the influence of memory colours is perceptual, as argued by Gegenfurtner and colleagues, or 

decisional, as suggested by Zeimbekis (2012). In other words, a memory colour 

representation can continue to be active in the absence of a stimulus-driven representation of 

the object. A possibility is that at the I-point a mental representation of the object persists for 

some time, which therefore continues to activate the corresponding memory colour, which in 

turn triggers the MCE. The presence of a MCE for the outline shapes of Witzel et al., (2011) 

could also suggest that some cues still persist after all, enabling the online maintaining of a 

mental representation of the objects at the I-point. Independently of the empirical results of 

Witzel et al., (2011) we can indeed doubt that subjects cease to have a mental representation 

of the represented object just at the I-point. That does not seem very plausible. It is sufficient 

that such representation persists for a while to continue to trigger the relevant memory colour 

and produce a MCE. However, if this is true the outline shapes of Olkkonen et al., (2008) 

should have exhibited a MCE.   

In sum, we have seen that Gegenfurtner and colleagues’ interpretation of the 

difference between the outline shapes and the photographs in the study of Olkkonen et al., 

(2008) in terms of a lesser recognizibility of the former in comparison to the latter is not 

conclusive. In addition, we have shown that the CP interpretation of this difference in terms 

of the degree with which the penetrating beliefs are activated is not plausible. Finally, 

although we agree with Zeimbekis that the different effects found in the studies of 

Gegenfurtner and colleagues do not reflect a perceptual effect, we have raised some doubts as 

to whether the decisional hypothesis he proposes can explain the lack of a MCE for the 

outline shapes in Olkkonen et al., (2008) (as well as the presence of a MCE for the outline 

shapes in Witzel et al., (2011), if we take into consideration the suggestion that the absence of 

a MCE for the outline shapes in Olkkonen et al., (2008), results from the absence of the 

relevant cues at the I-point). 

7.5.6 Cognitive penetrability and metacognition  

 
At this stage, we would like to sketch an alternative hypothesis that stresses the metacognitive 

component at stake in the experiments described so far. Indeed, the subject is very likely to 

reflect on her experience in order to achieve an adjustment task. Such reflection can 

potentially be influenced either at the level of judgments, as proposed by Zeimbekis, or at the 

level of metacognitive feelings, as we now suggest. In Section 7.3, we indicated that a 



 196 

metacognitive judgment can be either theory-based or experience-based. The second kind of 

judgment is made possible by the presence of feelings, which are sensitive to the quality with 

which the information is processed (e.g., whether it is fluently encoded or not). We 

hypothesize that fruit concepts and the associated memory colours do not directly influence 

the subjects’ categorical judgments but only (some of) their metacognitive feelings (which, in 

turn, will influence categorical judgments). In particular, we argue that the strength of the 

subject’s feeling of confidence will be different for realistic fruit images than for colour-

neutral shapes (i.e., random noise patches and uniform points of light). The banana 

photograph (for instance) will strengthen the subjects’ feelings of confidence while they are 

executing the adjustment task. However, how and why fruit pictures should modulate feelings 

of confidence?  

 

7.5.7 The impact of fluency and familiarity on feelings of confidence  

 
The literature on metacognition shows that the level of fluency (that is the ease with which the 

information is processed) is one of the factors that can modulate the strength of metacognitive 

feelings (Jacoby & Dallas, 1981; Koriat, 2002, 2007; Oppenheimer et al., 2008; Wurtz et al., 

2007). For instance, as already indicated above (see Section 7.3) the ease with which a 

proposition is processed will incline subjects to judge it as true (whether it is actually true or 

not) (Hansen et al., 2008). Similarly, a visual contrast facilitating the perceptual processing of 

a general knowledge question will enhance the probability to produce a judgment of 

familiarity (Koriat, 1993). In strict perceptual tasks, (verbal or non-verbal) high contrast or 

symmetric stimuli increase the speed of perceptual processing and the subjective perceptual 

fluency associated with them (Wurtz et al., 2007). For what is at stake here, we could argue 

that familiar objects improve the fluency of colour processing (e.g., the speed of this 

processing). In particular, when a pictured fruit is presented the fluency of the colour 

processing associated with the fruit is improved and the feeling of confidence is strengthened 

accordingly. The enhanced fluency of the colour processing might result from the fact that a 

familiar object to which a specific colour is attached may prime or pre-activate this specific 

colour (e.g., Ganis & Kosslyn, 2007; Gegenfurtner, 2003). As a consequence, the ease with 

which a banana is associated with the concept yellow will facilitate the processing of the 

banana’s actual colour. Another very likely possibility is that the processing of a familiar 

shape, in general, is more fluent than the processing of a neutral shape. In this respect, we 

reported above that subjects take more time to match the accurate colours to fruit images 
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when the latter are outline shapes than when they are photographs (Witzel et al., 2011). This 

could be taken as evidence that outline shapes are processed less fluently than photographs. 

Finally, familiarity itself is known to influence the feeling of confidence of subjects (Reder, 

1992; for instance familiarity with question terms can strengthen one’s confidence in one’s 

ability to answer the question). Consequently, even if the processing of a familiar shape is not 

more fluent than the processing of a neutral shape, the simple fact that realistic fruits are 

familiar objects can influence the subjects’ feelings of confidence.  

Now, how can the enhancement of feelings explain the different results obtained by 

Hansen et al., (2006) and Olkkonen et al., (2008)? If realistic fruit pictures enhance the 

feeling of confidence about perceived colour, the experience-based judgment of certainty that 

the banana (for instance) is now achromatic will be delayed. In other words, the subject will 

persist in being confident that the current shape is yellow longer in the case of a banana or a 

lemon than in the case of colour-neutral shapes. As a consequence, subjects will adjust the 

neutral grey adaptation point farther away for the former than for the latter. Another way to 

describe the situation is to say that the period of uncertainty about the achromaticity of the 

current shape is delayed for realistic fruits images compared to colour-neutral shapes.     

The current hypothesis can equally account for the differences between realistic 

pictures and less realistic ones. The more the picture is realistic, the more the colour 

perceptual processing will be fluent and the more the picture will appears familiar. In this 

respect, the feeling of confidence will be stronger for photographs than for outline shapes. 

Contrary to the general belief that bananas are yellow, metacognitive feelings can come by 

degree. It is an essential trait of feelings that their strength can be modulated and constitutes a 

kind of gradient (e.g., Koriat, 2000, 2007).52 This explanation fits well with another result of 

Olkkonen et al., (2008). They designed a third kind of stimuli, which consist in fruit pictures 

with reduced texture surface. These stimuli are less realistic than fruits photographs but more 

realistic than outline shapes. Results show that the main effect for stimuli with reduced 

texture surface is in the midst between fruit photographs and outline shapes. Once again, it is 

plausible that the colour processing for stimuli with reduced texture surface is less fluent 

compared to fruit photographs but more fluent compared to outline shapes (or stimuli with 

reduced texture surface are less familiar than fruit photographs but more familiar than outline 

shapes). In this regard, the strength of feelings of confidence for stimuli with reduced texture 

surface will be in the midst between fruit photographs and outline shapes. 

                                                
52 Note that in metacognitive tasks subjects are asked to evaluate the strength of their feelings in a scale, and they 
perform this exercise easily. 
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It remains to be explained why Witzel et al., (2011) found a MCE for their outline 

shapes. Here is a suggestion: the strength of metacognitive feelings is further modulated by 

the presence of a contrast between events, stimuli, situations and so on (e.g., Whittlesea & 

Williams, 1998, 2000). For instance, the familiar aspect of your friend will be stronger if you 

meet it in an unexpected place than in her home. Another intuitive example is given by quiz 

games: we are usually more confident in the choice of a response if we selected it among 

alternative options than if we had been asked to give the response tout court. Experimentally, 

we saw in Section 7.3 that sentences presented with a high visual contrast are felt to be more 

credible than sentences presented with a low visual contrast (because a high visual contrast 

raises the fluency of perceptual processing). This is especially true when the visual contrast of 

the current sentence deviates from the visual contrast of the previous one. In other words, 

high-contrast sentences preceded by a low-contrast sentence will improve more drastically the 

subjective confidence in the truth of the sentence than a high-contrast sentence preceded by a 

high-contrast sentence (Hansen et al., 2008). Now, in the experience of Olkkonen et al., 

(2008), outline shapes of familiar objects are not only presented along with neutral shapes but 

equally with realistic photographs of the same objects. In contrast, in the experience of Witzel 

et al., (2011) the outline shapes are only presented along with neutral shapes (i.e., they are not 

presented along with their realistic versions). As a consequence, the outline shapes in the 

Witzel et al., (2011)’s study appear much more familiar than neutral shapes, but the outline 

shapes in the Olkkonen et al., (2008)’s appear much less familiar than photographs. 

Accordingly, the feeling of confidence is raised for the outline shapes of Witzel et al., (2011) 

while it is lowered in the study of Olkkonen et al., (2008) and the process of adjustment is 

modulated correspondingly. We predict that if the outline shapes of Olkkonen et al., (2008) 

were presented only along with neutral shapes, the former would exhibit a MCE.    

To sum up, experiments which can seem to show that our color experience is 

penetrated by general beliefs about the characteristic color of things are more plausibly 

interpreted as showing that the affective dimension of our perceptual phenomenology is 

modified, while the sensory contents of the experience remain untouched. Under- or over-

confidence can lead us to behave as if we saw the colors of things differently from how we 

actually see them, and thus to slightly misinterpret the contents of our own experience.  

Our main argument against CP has consisted in attacking the claim according to which 

in central putative cases of cognitive penetrability, differences in phenomenology (Step 1) 

would concern differences in experience’s perceptual contents (Step 2). In the last section, we 
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briefly address the question of whether there is a sense in which metacognitive feelings 

themselves can be said to be cognitively penetrable (Step 3).   

 

7.6 CONCLUSION: CAN FEELINGS BE COGNITIVELY PENETRATED? 

 
Figure 7.2 summarizes the standard view of cognitive penetrability according to which 

sensory contents are penetrable and the view presented below according to which 

metacognitive feelings only are (maybe) penetrable. Our aim so far in this essay has been 

relatively modest, since we wanted to show that reference to manifest changes at the level of 

perceptual phenomenology, even if they result from cognitive states, is not enough to show 

that there is CP of perceptual content. 

Now assume that we are right and that perceptual content itself, as it is determined by 

the sensory dimension of perceptual phenomenology, is cognitively impenetrable. The 

question arises as to whether metaperceptual feelings, like the feelings of presence, 

familiarity, or confidence, can be directly influenced by cognitive states. This is a difficult 

question, which would obviously require more conceptual analysis and empirical background 

than we can provide here. In this last section, we can only offer preliminary remarks. 

It is certainly true that many metaperceptual feelings are not caused by cognitive 

states, but generated in a bottom-up fashion thanks to low-level mechanisms. Feelings of 

presence and feelings of familiarity might be caused, at least in some cases, by independent 

stimulus-driven processes in the dorsal stream, whether the visuo-motor system (Matthen, 

2005) or the visuo-affective system (Young, 2009). Feelings of confidence can surely operate 

in the absence of any relevant penetrating state, by reflecting, at the least in part, the fluency 

of perceptual and/or cognitive processes. The architecture of metaperceptual feelings allows 

for some modularity effects. For instance, something can feel present, or familiar, even if we 

independently believe or know that it is not present (perhaps because we suffer from a 

hallucination) or familiar (perhaps because we are really facing a hologram). It is probable 

that these feelings are not as persistent as optical illusions, and will disappear after a while if 

our background beliefs say otherwise, but the fact that there is some affective resilience 

shows that feelings cannot be simply identified with beliefs or judgments. 

In the case of high-level recognition (Section 7.4), some authors would be inclined to 

think that the acquisition of general beliefs about, say, cardinals, is what generates the feeling 

of familiarity toward perceived cardinals. Arguably, when the subject has acquired the ability 
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to recognize cardinals on the basis of visual perception, she has also acquired general beliefs 

about how cardinals usually look. However, it is not obvious that these beliefs cause or are 

responsible for the feeling of familiarity. Another obvious interpretation is that the acquisition 

of beliefs about cardinals and corresponding feelings of familiarity are joint effects of a 

common cause, namely the acquisition of the recognitional ability itself, considered as a 

practical skill. On this interpretation, there is no direct or indirect causal relation from beliefs 

to metaperceptual feelings. 

Both feelings of familiarity and feelings of confidence are sensitive at least to the 

fluency of processes within the brain. It might be argued that they are not just sensitive to the 

fluency of perceptual processes as such, but also to the fluency of post-perceptual, cognitive 

processes.53 Our feelings may or may not be bound to sensory contents, but even when they 

are, they might reflect features of both perceptual and cognitive processes. Thus, what we 

conceive as belonging to perceptual phenomenology, namely feelings bound to sensory 

contents, can reflect post-perceptual processes as well. To the extent that background states 

such as beliefs can influence such processes, they might also be able to influence the 

corresponding feelings, generating a form of CP of the affective dimension of perceptual 

phenomenology. 

Even if metaperceptual feelings can be penetrated by cognitive states, or more 

precisely by cognitive processes, this form of CP is very unlike the CP of perceptual content. 

The latter form of CP has substantial epistemological consequences. For instance, it has been 

argued that it threatens certain epistemological views, such as dogmatism (see Siegel (2012); 

but see also Lyons (2013), for a criticism of Siegel’s argument). If the belief that Jack is angry 

makes Jill see Jack as angry, there might be a kind of epistemic circle: the experience of 

seeing Jack as angry both justifies and is penetrated by the belief that Jack is angry. Now if 

CP only reaches the affective dimension of perceptual phenomenology, no such circle arises. 

Even if Jill feels certain that Jack is looking angrily at her, she is not thereby justified in 

believing so. On the contrary, at least on the normative level, her visual experience would 

justify the belief that Jack is looking at her, say, in a neutral way. Metaperceptual feelings 

play a causal role in the formation of perceptual beliefs, but may not affect the justificatory 

relation between the contents of perceptual experiences and the contents of our beliefs. 

However, it is safe to say that we currently lack a good epistemological model of 

                                                
53 Psychologists acknowledge that metacognitive feelings can reflect either perceptual or conceptual fluency. For 
instance, the latter distinction looms large in Bullot & Reber (2012)’s metacognitive theory of aesthetic feelings. 
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metacognitive feelings (for preliminary remarks, see Dokic, 2012), so we leave the question 

of their epistemic role or power to another occasion. 
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FIGURE 7.2| COGNITIVE PENETRABILITY. The traditional view of cognitive penetrability (top) 

considers that conscious perceptual can be penetrated (red arrow) by higher-order information (blue box) 

so that perceptual decision is modulated as a result (black arrow). The view presented in Section 7.6 

proposes instead that, at best, metacognitive feelings only can be penetrated (green arrow) by higher-

order information so that the perceptual decision is influenced as a result.  
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I now explore the role of feelings of surprise in the debate about the perception of 

absences. Some philosophers would like to attribute a perceptual status to our experiences of 

absence (Farennikova, 2012). In everyday life, it is true that we are good enough at detecting 

the absence of things, at least in some conditions. When you enter your home you have a set 

of explicit or implicit expectations about the objects occupying, for instance, your living 

room. Imagine now that in coming back from your working day you realize that a burglary 

has been committed in your home and that some objects have been stolen from the living 

room. You easily and perhaps automatically detect the absence of the stolen objects. Does that 

mean that you literally perceive (i.e. perceptually represent) the absence of these objects in the 

same way that you perceive the objects that are present? In the next chapter, I argue that 

absence experiences are better described as metacognitive feelings of surprise, which are a 

posteriori interpreted as reflecting the absence of some object(s). In other words, you do not 

literally perceive the absence of the stolen objects, you feel surprised by their absence. 
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Chapter Eight 

SEEING ABSENCE OR ABSENCE OF SEEING? (A THEORETICAL STUDY)   

 
 
This study has been published as: Martin, J.-R., & Dokic, J. (2013). Seeing absence or 
Absence of seeing. Thought, DOI: 10.1002/tht3.72 (see Appendix 4) 
 
 
Imagine that in entering a café, you are struck by the absence of Pierre, with whom you have 

an appointment. Or imagine that you realize that your keys are missing because they are not 

hanging from the usual ring-holder. What is the nature of these absence experiences? In this 

paper we discuss a recent view defended by Farennikova (2012) according to which we 

literally perceive absences of things in much the same way as we perceive present things. We 

criticize and reject the perceptual interpretation of absence experiences but we also reject the 

cognitive view which reduces them to beliefs. We propose an intermediary, metacognitive 

account according to which absence experiences belong to a specific kind of affective 

experience, involving the feeling of surprise. 
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8.1 INTRODUCTION 

 
Imagine that you are looking at a series of photographs hanging on a museum wall. While you 

are looking at each photograph in turn, surprisingly your eyes meet a gap between, say, the 

tenth photograph and the eleventh one: there is no photograph at this place (Farennikova, 

2012). This kind of situation may trigger a specific experience, which reflects the absence of 

the photograph. But what exactly is the nature of this absence experience? At first glance, 

there seem to be two main alternatives.   

On the first alternative, defended by Farennikova (2012), you literally saw the absent 

photograph in the same way as you saw the other present photographs. Let’s call this account 

the Perceptual View. The Perceptual View states that absence experiences instantiate a 

perceptual phenomenology just as experiences of present objects. Within the framework of 

the representational theory of perceptual experiences (e.g., Tye, 1995), endorsed by 

Farennikova, this means that perception represents absences as it represents present objects. 

Here is another instance of absence experience as described by Farennikova:  

 

You’ve been working on your laptop in the café for a few hours and have decided to 

take a break. You step outside, leaving your laptop temporarily unattended on the 

table.  After a few minutes, you walk back inside. Your eyes fall upon the table. The 

laptop is gone! (2002, p. 2) 

  

Farennikova argues that in this situation, your experience has a striking 

phenomenology constituted by an immediate, non-inferential impression of the laptop’s 

absence.   

On the second alternative, absence experiences do not have a distinctive or proprietary 

perceptual phenomenology.54 The perceptual phenomenology of absence experiences 

collapses with the phenomenal character of sensible qualities instantiated by the background: 

the perceptual experience of the wall is the same whether an absence is noticed or not. 

Therefore, one might argue that we do not literally perceive absences; instead, ‘we come to 

                                                
54 We will focus on the kind of absence experiences specifically discussed by Farennikova, which seem to have 
the function of veridically representing the absence of things. They should not be confused with, e.g., 
hallucinations or experiences involving modal or amodal completion. Similarly, we follow Farennikova and 
leave aside perception of holes, silence or darkness (Sorensen, 2008 a and b; Casati, 2006), which may or may 
not involve an absence experience. 
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believe [or judge] that something is absent on the basis of what we do perceive’ (Farennikova, 

2012, p. 2). For this reason, we may call this account the Cognitive View.  

Farennikova rejects the Cognitive View on the basis of three objections: (i) It does not 

do justice to the phenomenology of absence experiences. The production of a judgment takes 

some time and conscious effort while ‘many experiences of absence feel instantaneous and 

lacking in conscious effort’ (Farennikova, 2012, p. 7); (ii) If absence experiences were 

reducible to the belief that something is absent, they should vanish as soon as the belief is 

updated in the light of new evidence. For instance, imagine that a museum employee tells you 

that in fact there is a photograph just there where you came to believe that a photograph was 

absent and that this illusion was created by a subtle arrangement of mirrors. Intuitively, while 

you lose the belief that the photograph is absent, your absence experience still persists; (iii) 

The ability to detect absences, as the absence of a predator in a particular place, may confer an 

adaptive advantage. To be reliable, this adaptive advantage may require automaticity, ‘which 

is a function of blocking interference from beliefs and higher cognitive states’ (Farennikova, 

2012, p. 7).  

Therefore, Farennikova argues in favour of the Perceptual View and proposes that 

absence experiences result from a mismatch between an image or template of the expected 

object and external incoming information. Templates (Bar, 2004; Kumaran & Maguire, 2006) 

are activated in memory and amount to a kind of representation of expected objects. These 

(potentially coarse) representations have a perceptual format and preserve some visual 

attributes of the expected object, as well as its topological organization. Finally, templates can 

be subpersonally activated and, as such, do not necessarily consist in intentionally formed 

mental images. In accord with this mismatch hypothesis (Bar 2004; Kumaran and Maguire 

2006), Farennikova positively characterizes the phenomenology of absences as the experience 

of the mismatch itself: 

 

We can hypothesize that mismatches are not mere vehicles and sometimes surface qua 

mismatches in our phenomenology of absence. The phenomenology of absence is the 

experience of incongruity (2012, p. 17).  

 

 While agreeing with Farennikova that absence experiences are not reducible to high-

level cognitive states such as beliefs, we reject the Perceptual View. Instead, we claim that 

absence experiences are neither strictly perceptual nor strictly cognitive. In particular, we 

propose that these experiences belong to the category of metacognitive (specifically 
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metaperceptual) feelings, which reflect a specific kind of affective experience caused by 

subpersonal monitoring of (perceptual) processes (see, e.g., Dokic & Martin, 2012). 

Accordingly, we shall call our account the Metacognitive View. As we shall see, the 

Metacognitive View occupies a position in logical space intermediary between the Perceptual 

View and the Cognitive View. 

 

8.2 ABSENCE EXPERIENCES DO NOT INSTANTIATE A SPECIAL 

PHENOMENOLOGY 

 
The Perceptual View claims that the phenomenology of absence experiences is peculiar and 

specific to what strikes the subject as an absence. Indeed, the experience of incongruity 

posited by Farennikova is individuated by its content, which explicitly involves the absence of 

a thing. Our main argument against the Perceptual View will proceed in two steps. First, we 

shall highlight the fact that a unified type of phenomenology is at stake in both absence 

experiences and, for instance, our experiences of mere unexpected changes. This is the feeling 

of incongruity or surprise, a type of affective experience which we shall refer to by the 

abbreviation “FoS”. Second, we shall argue that the FoS in fact constitutes the experience of 

incongruity Farennikova is interested in, which is then compatible with a variety of perceptual 

contents, including but not restricted to what we will call “absence situations”, namely 

situations in which the perceiver is struck by the absence of a thing.55 

Take as a working case a variant of the thought experiment presented at the beginning 

of this paper. You are presented with two series of fifteen successive boxes. In the first series, 

the first ten boxes contain red marbles but the eleventh box surprisingly reveals a green 

marble while you implicitly expected a red marble. The second series is like the first, except 

that the eleventh box surprisingly reveals nothing while you expected a red marble.  

Although both series instantiate a quite different perceptual phenomenology at the 

eleventh step, we can accept that they share a common experiential component, namely a 

FoS. A mismatch of the relevant kind occurs in both cases giving rise to an experience of 

surprise. Farennikova should claim that in addition to the FoS, the second series elicits a 

specific perceptual experience: you see the absence of the red marble. Now this is where the 

second step of our argument comes in. Try to subtract the FoS from both series; what 

                                                
55 We intend to phrase “absence situation” to be neutral on the metaphysics of absences, about which we have 
nothing to say here. 
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happens? In the first series the perceptual phenomenology associated with the presence of a 

green marble will remain. What about the second series? Intuitively, nothing will remain 

except the perceptual phenomenology associated with the bottom of the box. It is hard to 

admit that we experience something other than the sensible background itself when the FoS is 

withdrawn. We want to suggest that in such cases there are no phenomenal properties over 

and above the FoS in a case of absence. Both series elicit similar affective phenomenological 

experiences, i.e., a FoS, suggesting that absence situations are not associated with a peculiar 

phenomenology as claimed by the Perceptual View. 

One could argue that both series actually give rise to the same perceptual 

phenomenology of absence, on the grounds that in the first series subjects also experience the 

absence of a red marble. After all, presences and absences may co-exist at the same time and 

place. However, even if this is true, it seems obvious that the experience of incongruity at 

stake in this series is fully explained by the presence of a marble with a different colour from 

the one that was expected. Imagine a similar situation in which a sound is played instead of 

there being a green marble. We are still very much inclined to say that the resulting 

experience of incongruity is due to the unexpected presence of a sound and not to the 

unexpected absence of a red marble. 

Consider another variant of this example. You are now presented with a series of 

twenty boxes with the following sequence: two red marbles, nothing, two red marbles, 

nothing, two red marbles, nothing and so on (you are not aware at the beginning of the 

sequence of the number of steps and the kind of displayed sequence, you learn what happens 

as the sequence is unrolling). At the eighteenth step, while you expected nothing (i.e., an 

absence of marble) a red marble is displayed. In this case, a FoS arises owing to the 

unexpected presence of a red marble. Should we admit that we experience, in addition to this 

FoS, the absence of the absence of the red marble? That seems hard to swallow. A similar 

thought experiment applies to the laptop case too. Suppose that after you realized that your 

laptop was absent you glimpsed through the window of the café and you thought you saw 

someone running with your laptop under their arm. Then you began to head towards the café 

door but, surprisingly, you saw your laptop right there on the table while you expected it to be 

absent. Is your experience triggered by the seeing of the absence of the absence of the laptop? 

It seems that the FoS is less demanding.  

We might go further and argue that in cases of non-perceptual mismatch the subject’s 

experience will be the same as in absence situations. Imagine the unbidden thought, ‘I hate 

God’, popping up in the mind of a strong believer. This thought will create a mismatch 
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between her implicit expectations about what she is able to think given her past experience 

and her actual thought, ‘I hate God’. This mismatch will give rise to a FoS that is very likely 

qualitatively similar to the FoS triggered in perceptual situations. This last example might 

show that we are unwilling to grant perceptual status to the experiences associated with 

absences, because such experiences seem equally associated with non-perceptual situations.  

 

8.3 THE METACOGNITIVE VIEW OF ABSENCE EXPERIENCES 

 
Figure 8.1 summarizes our view about the perception of absences. Our claim up to now is that 

the experience of incongruity targeted by Farennikova is not specific to absence situations but 

is constituted by a FoS that can be caused by various types of mismatch. This claim in itself is 

prima facie compatible with both the Perceptual View and the Cognitive View. On the one 

hand, the friend of the Perceptual View might insist that the FoS adds something to the 

contents of perception, so that absences are literally perceivable as incongruities.56 On the 

other hand, the friend of the Cognitive View might suggest that the FoS either is a belief or 

emanates from beliefs about what to expect, and thus that the experience of incongruity is 

cognitive after all. 

In what follows, we substantiate the claim that the FoS is reducible neither to 

perception nor to belief, but should be conceived as a type of metacognitive feeling. 

Eventually, both the Perceptual View and the Cognitive View will be rejected in favour of the 

Metacognitive View of absence experiences. 

Let us make a brief detour via the psychology of metacognition (see Chapter seven for 

more detail on this). Koriat (2000, 2007) draws a distinction between two sources of 

metacognitive judgment, i.e., judgment about our own knowledge, cognitive skills and so on. 

On the one hand, theory-based judgments are conclusions of explicit inferences from 

encyclopaedic background knowledge or from knowledge that we have about our own 

cognitive skills. On the other hand, experience-based judgments result from an affective 

experience, particularly what is referred to as a metacognitive feeling. Metacognitive feelings 

                                                
56 The friend of the Perceptual View might also insist that the FoS itself is a perceptual experience because it is 
based on the perception of its object. However, as we shall see below, the FoS might be an objectless experience. 
In addition, even if the FoS had an object individuated by perception, it would not be in itself a perceptual state. 
In general a perception-based mental episode (e.g., a belief or an emotion about a perceived object) need not be a 
perception. Similarly, although the FoS is referred to as metaperceptual because the monitored first-order states 
are perceptual, it is no less purely affective for all that. 
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are caused by specific metacognitive processes, which monitor the quality of our first-order 

informational states and processes.57 

Consider the following illustration from the domain of metamemory. The judgment 

that one knows what the capital city of Peru is can be based either on reasoning (from the 

premise that one has learned all capital cities at school, or that one has an excellent memory), 

or on the “gut feeling” that one knows the answer. This feeling belongs to so-called feelings 

of knowing, which are outputs of monitoring processes involving implicit inferences from a 

set of internal cues, such as availability of partial information or the fluency with which such 

information is retrieved (see, e.g., Koriat, 2007). In this respect, the level of availability of 

partial information or the level of fluency will modulate the quality (e.g., the intensity) of the 

corresponding feeling.58  

Now, we argue that the experience of incongruity is affective rather than perceptual. It 

belongs to metacognitive and more specifically metaperceptual feelings. More precisely, we 

propose that the mismatch described by Farennikova gives rise, not to a perceptual experience 

of absence, but to a metaperceptual feeling of surprise or unexpectedness. Interestingly, it has 

been shown that the FoS arises from the monitored discrepancy, i.e., mismatch, between the 

subject’s expectations and the actual state of the world (Teigen and Keren, 2003).59 In 

addition, note that the affective experience constituted by the FoS can be rather unspecified 

with respect to its significance. As we have seen above, the same qualitative experience of 

surprise can occur in very different situations. So, we agree that the laptop example involves a 

striking phenomenology, but the latter is best described as an affective experience, in 

particular, as constituted by a (strong) FoS. In coming back from your break, you expected to 

see your laptop again but you are surprised by its absence, even before you form a judgment 

of absence. 

An important feature of metacognitive feelings is that they are process-based rather 

than content-based experiences (see Chapter six, Section 6.8, and Chapter seven, Section 7.3). 

For instance, Koriat (2007) argues on numerous empirical grounds that feelings of knowing  

‘rely on contentless mnemonic cues that pertain to the quality of processing, in particular, the 

fluency with which information is encoded and retrieved’ (pp. 19–20; our italics). Now if we 
                                                
57   For a non-exhaustive list of metacognitive feelings, see Dokic (2012). 
58 One might wonder why certain subpersonal monitoring processes give rise to a conscious experience. A 
plausible answer, which is pervasive in psychological studies on metacognition, is that this “crossover” between 
subpersonal and personal levels (Koriat, 2000) has an important adaptive function in enabling higher-level 
epistemic strategies. For instance, the FoS enables the subject to avoid or reduce inconsistency pertaining to her 
world-view. 
59 So by “surprise” we mean an experience essentially dependent on unexpectedness, unlike a mere startle 
response. On this distinction, see Roberts (2003). 
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are right and the experience of incongruity amounts to a specific kind of affective, i.e., 

metacognitive experience, it is also process-based. In other words, the FoS relies on 

contentless perceptual or cognitive cues that pertain to the quality of processing. In the case in 

point, the quality of processing will be affected by the presence or absence of a mismatch 

independently of what elements the mismatch is actually concerned with (i.e., the contents of 

the relevant templates and expectations and the incoming information at stake). When such a 

mismatch occurs outside absence situations, there is no reason to think that it will generate 

any qualitatively different experience. 

It is important to note that the Metacognitive View cannot be seen as a variant of the 

Cognitive View. Metacognitive feelings are not beliefs. First, if metacognitive feelings were 

beliefs, they would have sophisticated, metarepresentational contents. For instance, the FoS 

would be the higher-order belief that there is an incongruity between one’s experience and 

beliefs. However, there is ample reason not to tie metacognitive feelings too tightly to explicit 

metarepresentational abilities. Pace Davidson (1982), having a FoS does not require 

exercising or even possessing the concept of belief (or for that matter that of experience). 

Second, many metacognitive feelings are belief-independent in the sense used by Farennikova 

in connection with perceptual experiences. For instance, the FoS exhibits resilience to belief 

change (at least to some extent). You can have a FoS caused by the absence of a photograph 

even if you independently believe that the photograph is in fact there. Since belief-resilience 

is one of the main arguments invoked by Farennikova against the Cognitive View, the 

Metacognitive View cannot be assimilated to the latter. 
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FIGURE 8.1| THE PERCEPTION OF ABSENCES. The relevant predictions are compared to the 

corresponding sensory event. The resulting signal (a mismatch or a no-mismatch signal) is sent to the 

relevant monitoring processes (blue arrow). If a mismatch occurs this may give rise to an experience of 

incongruity or a feeling of surprise. This experience is then interpreted. The current context specifies the 

type of prediction(s)/expectation(s) held by the subject and influences the interpretation process as a 

result. When the prediction is specifically about the presence of a particular object, this will trigger an 

experience or judgment of absence. 
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8.4 FEELINGS OF SURPRISE SPECIFIED AS ABSENCE EXPERIENCES  

 
We have argued that absence experiences are qualitatively identical to experiences of 

unexpected changes in that both involve the metaperceptual FoS. Now one might object that 

we do in fact have specific experiences of absence that are not merely experiences of 

unexpected changes. According to this objection, the Metacognitive View fails insofar as it 

purports to be an explanation of absence experiences. 

Our response to this objection is that we have in fact the same resources as the friend 

of the Perceptual View to identify specific experiences of absence within the more general 

class of experiences of incongruity. Farennikova points out that in order for an experience to 

be specified as representing an absence rather than, for instance, a mere change, the mismatch 

between the object-level template and the actual state of the world must be interpreted in a 

certain way. More precisely, she claims that ‘we experience absences of objects when we take 

the detected cues to be incompatible with persistence of those objects’ (2012, p. 15). For 

instance, perhaps the first series would have triggered an experience of absence and not 

simply an experience of colour-change, if it had not been part of your set of expectations that 

the presented marbles could change their colour.  

Consider another example. Suppose that you enter your childhood home for the first 

time in two years. When you arrive in the main room you declare, ‘Something is missing 

here!’ In such a case, it seems that your experience does not merely reflect a FoS but involves 

something more specific, for instance an experience of absence. 

We maintain that in all these cases the subject experiences some feeling of surprise or 

unexpectedness. The differences between them pertain to the specificity of the subject’s 

expectations. In the first example, your expectations will be more specific if they include the 

expectation that all the presented marbles will be red. In the second example, you had a set of 

not very specific expectations about the general look of the main room or about the general 

effect that it should have on yourself. This kind of example differs from the laptop example, 

which involves a much more specific expectation, about the presence of a particular familiar 

object (your laptop).  

A plausible suggestion is that the same FoS (or FoSs of various strengths) will be 

interpreted differently by subjects given their expectations. Thus, a given FoS can be 

interpreted as the feeling that something has changed, that some object is missing, or that a 

particular object is missing. For instance, if you have general expectations about the number 

of objects present in the room, the ‘Something is missing’ interpretation will be favoured. In 
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contrast, general expectations about the kinds of object present in the room will favour the 

‘Something has changed’ interpretation, and much more specific expectations about the 

presence of a particular object will trigger something like ‘My favourite toy is missing’, i.e., 

what Farennikova is describing as an absence experience. 

The fact that the same type of metacognitive feeling can give rise to various 

interpretations depending on the context in which it occurs is well-known to students of 

metacognition. For instance, the metacognitive feeling caused by processing fluency can be 

interpreted in different contexts as reflecting the aesthetical properties of the stimulus, the 

truth of a statement or the validity of an inference (see, e.g., Unkelbach & Greifeneder, 2013). 

In the same way, the FoS will be interpreted in more or less specific ways depending on the 

type of expectations at stake. 

 

8.5 NON-SURPRISING ABSENCES  

 
We have focused on the most striking cases of absence experiences, which involve incorrect 

expectations. However, Farennikova briefly introduces another purported class of absence 

experiences, which involve correct expectations: 

 

Tourists traveling to a desert will expect to see no trees there. An observer will expect 

the sun to disappear behind the ocean line. Their expectations about absences […] are 

accurate and upon confirmation will result in experiences of absence. (2012, p. 18) 

 

In such situations, Farennikova argues, absence experiences can result from (non-

surprising) mismatches between object templates and the actual state of the world. The idea is 

that the presence of these templates still contrasts with the actual absence of the relevant 

objects, even though there is no violation of the subject’s expectations. 

 Does the Metacognitive View have something to say about these situations? Of course 

one might just deny that they involve any kind of conscious absence experiences; at least they 

are much less convincing, on phenomenological grounds, than situations involving incorrect 

expectations. Moreover, there is a risk of over-generalization; all perceptual experiences 

presumably involve at least implicit expectations about absences, but it is not obvious that 

they all generate conscious experiences of absences. Finally, although we have seen that the 

violation of even implicit expectations can surface in a FoS, the claim that a mismatch 
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between a template and sensory input can give rise to a conscious experience of incongruity 

independently of the violation of the subject’s expectations is a much bolder claim, for which 

there is no empirical evidence, at least as far as we know. This claim is at odds with the 

function of the FoS, which is to help the subject to avoid or reduce epistemic inconsistency 

(see footnote 58). A mere contrast between a template and sensory input does not in itself 

signal any such inconsistency. 

In brief, we doubt that what Farennikova identifies as the specific vehicle of 

experiences of absence, namely mismatches at the narrow level of templates, can by itself 

surface in phenomenology. Rather, the adaptive function of the experience of incongruity 

suggests that it must be driven by whole expectations (with templates as proper parts). We 

suspect that whenever there is an experience of absence, there is a violation of expectations at 

some level. For instance, even if you believe that there are no trees in the desert, your 

perceptual system might still generate the implicit expectation that more things such as trees 

should be present around you (if, for instance, you have lived your whole life in densely filled 

environments). Insofar as these belief-independent expectations are incorrect, even though 

your beliefs are true, you might experience a feeling qualitatively identical to surprise, which 

can be seen as a false positive insofar as your whole cognitive system does not involve any 

serious inconsistency.  

 

8.6. CONCLUSION 

 
To recapitulate, the Metacognitive View is untouched by the objections that Farennikova has 

raised against the Cognitive View. To begin with, the Metacognitive View does justice to the 

phenomenology of absence, in that the generation of feelings is not something that needs time 

or conscious effort, in comparison with the production of judgments. Moreover, FoSs, like 

other metacognitive feelings, are belief-independent. Finally, Farennikova argues that the 

ability to automatically detect absences in the environment might confer adaptive advantages. 

Once again, FoSs are automatically triggered and can block interference from beliefs and 

higher cognitive states. Furthermore, FoSs actually constitute very good alarms, which alert 

us that something is inconsistent, e.g., that our expectations about the presence of an object 

are not satisfied. In this respect, the absence of FoSs would dramatically impair the ability to 

detect absences in the environment. 
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 In a nutshell, we do not see absences, but we may feel surprised when there is an 

absence of seeing. 

 

In the next chapter, I address certain issues relative to sensory substitution. In 

particular, I focus on the question of whether sensory substitution devices give rise to 

perceptual experiences that are qualitatively closer to the substituted modality –deference 

view– or to the substituting modality –dominance view. The question has been raised because, 

after training with a sensory substitution device, what I will call an experiential shift happens: 

subjects do not report the stimulations produced by the device anymore, rather they report 

being aware of the external remote objects themselves ‘directly’. Take, for instance, a device 

substituting for vision via the tactile modality (like the TVSS, Bach-y-Rita, 1969, see below). 

To the extent that the combined distance plus shape information is something that seems 

accessible only by vision, it has been claimed that sensory substitution gives rise to visual or 

quasi-visual states (Bach-y-Rita et al., 1969; Hurley and Noë, 2003; Noë, 2004; O’Regan & 

Noë, 2001; Renier et al., 2005a, 2005b, 2006).  

However, I will claim that the combined shape plus distance information is not 

distinctively visual but metamodal (Pascual-Leone & Hamilton 2001), i.e. potentially 

accessible by any modality. I will defend a view that is intermediate between the dominance 

view and the deference view and argue that the perceptual experiences had through a SSD can 

be described as a kind of spatial amodal experience.   

In addition, in Section 7 of Chapter ten I propose an explanation of the experiential 

shift that stresses the role of reality monitoring mechanisms.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 218 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



 219 

Chapter Nine 

SENSORY SUBSTITUTION IS SUBSTITUTION  (A THEORETICAL STUDY)   

 
 
This study has been submitted to Mind and Language as: Martin, J-R., & Le Corre, F. 
Sensory Substitution is Substitution .  
 
 
Sensory substitution devices (SSDs) make use of one substituting modality (e.g. touch) to get 

access to environmental information normally accessed through another modality (e.g. 

vision). Based on a set of behavioural and neuroimaging data, some authors have claimed that 

using a vision-substituting device results in visual perception. Reviewing these data, we argue 

that that claim is untenable. We maintain that the kind of information processed by a SSD is 

metamodal, so that it can potentially be accessed through any sensory modality. We defend 

the view that the tactile modality causally gives rise to spatial (amodal) experiences. 

 

 

GLOSSARY  
 
EEG: electroencephalography 
fMRI: functional Magnetic Resonance Imaging 
LOtv: lateral occipital tactile-visual area  
MT: medial temporal area 
PI: Ponzo illusion 
PSVA: prosthesis substituting vision by audition 
SSD: sensory substitution device  
TDU: tongue display unit 
TMS: transcranial magnetic stimulation 
TVSS: tactile visual sensory substitution 
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9.1 INTRODUCTION 

 
Sensory substitution devices (SSDs) make use of one sensory modality (substituting 

modality) in order to get access to a certain type of information normally accessed through 

another modality (substituted modality). For instance, the Tactile Visual Sensory Substitution 

device (henceforth, TVSS) makes use of a head-mounted video camera capturing 

environmental information, which is transduced into pin vibrations on one part of the body 

(Bach-y-Rita et al., 1969). Another instance is the Prosthesis Substituting Vision by Audition 

(henceforth, PSVA) that translates black-and-white images from a head-mounted video 

camera into sounds that the subject hears through headphones in real time (Capelle et al., 

1998). More precisely, the PSVA uses different sound maps for specific parameters of the 

scanned object; a single sinusoidal tone is assigned to each pixel of the artificial retina of the 

camera: frequency codes for the x- and y- axis, i.e., frequencies increase from left to right and 

from bottom to top, and loudness codes for the grey-scale level of each pixel, i.e., the brighter 

the image the louder the sounds. 

After a training period with these devices, SSD-users are able to recognize and 

localize a number of ecologically relevant items such as remote everyday objects (Auvray et 

al., 2007), spatially arranged patterns of horizontal and vertical bars (Arno et al., 2001a; 

Poirier et al., 2007a), letters with different orientations (Sampaio et al., 2001); they also are 

able to navigate in their environment, to avoid obstacles, to discriminate overlapping objects, 

to judge their approximate distance, and, in rare cases, to extract depth information (e.g., 

Auvray et al., 2005, 2007; Bach-y-Rita et al., 1969, Bach-y-Rita, 2004; Renier et al., 2005a).  

Along with these abilities, SSD-users report what we call here an “experiential shift” 

that occurs with the use of a SSD (or SSD-use). After training with, e.g. a TVSS, (some) 

subjects report not feeling anymore the tactile stimulations on their body produced by the 

SSD, but being aware instead of the external remote objects. This is referred to as distal 

attribution (Auvray et al., 2005). For instance, Bach-y-Rita et al., (1969) observe: “Our 

subjects spontaneously report the external localization of stimuli in that sensory information 

seems to come from in front of the camera, rather than from the vibrotactors on their back.” 

(964). However, while everyone appear to agree that the sole sense modality objectively 

involved in SSD-perception is the substituting modality, a disagreement has emerged about 

the way one should interpret the SSD-users' subjective reports: are the perceptual states, 

resulting from the use of a SSD, phenomenologically reducible or not to the substituting 

modality?  
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In the current philosophical and scientific literature, perception with a SSD (or SSD-

perception) has been explained in at least two different ways (Auvray & Myin, 2009): on one 

side, the ‘Deference View’ argues that SSD-perception occurs in the substituted modality 

(vision, most often)60, so that it gives rise to visual perceptual states (e.g. Bach-y-Rita et al., 

1969; Hurley and Noë, 2003; Noë, 2004; O’Regan & Noë, 2001; Renier et al., 2005a, 2005b, 

2006). Indeed, prima facie, touch does not seem to give access to remote objects, but only to 

objects one is in contact with, and audition does not seem to give access to fine-grained shape 

properties—when one hears the sound an object makes, one can at best recognize and localize 

the object, but it is almost impossible to determine its exact shape by sound information 

alone. Hence, it may be tempting to interpret the abilities elicited by the SSD-users as visual 

abilities leading to truly visual experiences. When SSD-users recognize (the shape of) a 

remote/distant object, the combined shape plus distance information seems to be a kind of 

visual information appearing at first glance inaccessible through the tactile or auditory 

modalities. The experiential shift (from the substituting stimulations to the remote object 

itself) is then thought of as leading to a truly visual phenomenology. 

The rival view, labelled the ‘Dominance View’, according to which SSD-perception 

occurs in the substituting modality—TVSS-perception (or PSVA-perception) is a case of 

tactile perception (or auditory perception) (see Keeley, 2002; and Prinz, 2006).61 In this view, 

the substituting modality simply becomes able to process information (e.g., distal 

information) that, in normal conditions, it appeared unable to process (Prinz, 2006).  

 Here, we defend an alternative view. We shall argue that the information accessible 

through a SSD is not distinctively visual (nor tactile or auditory for that matter); rather it is 

metamodal, in the sense introduced by Pascual-Leone & Hamilton  (2001). To say that 

information is ‘metamodal’ means that it is potentially accessible by any modality, so that, in 

that view, the combination of shape plus of distance information, accessible through the use 

of a SSD, amounts to a kind of metamodal spatial information, potentially accessible by touch 

or audition in addition to vision. It might be true that this kind of metamodal spatial 

                                                
60 Some SSDs have been designed for other sensory losses, such as bilateral vestibular damage (Tyler et al., 
2003), deafness, the loss of tactile sensation (see Bach-y-Rita et al., 2003), and the absence of pain feelings 
(Brand & Yancey, 1993—quoted by Auvray & Myin, 2009). In this paper, we shall speak about visual 
substitution only.  
61 Two other views have emerged in the literature recently: the first one tries to bypass the Deference/Dominance 
debate by emphasizing the cognitive elements rather than the perceptual elements in the mastering of a SSD 
(Deroy & Auvray, 2012). We will not discuss it here, as we have no quarrel with the idea that SSD-perception 
involves both cognitive and perceptual elements. The second view tries to bring back together Deference and 
Dominance, by arguing that the resulting experience of the SSD-users is a kind of synesthetic experience, e.g. 
both tactile and visual in the case of the TVSS (Ward & Wright, 2012). We will discuss that view below (Section 
9.4.3). 
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information described above is more suitably accessed by vision, in ordinary unmediated 

perception—because vision has specificities that e.g., touch does not have—but suitability is 

not exclusivity. The crucial thing that SSD-perception shows is that with training the 

substituting modality becomes suited enough to process this metamodal spatial information.  

 Like the Deference and Dominance views we accept that the substituting modality 

plays a causal role in the production of the experiential shift undergone through the use of a 

SSD (or SSD-experience). However, against both views we claim that the phenomenal 

character of this experience is best described in terms of spatial (amodal) phenomenology, 

rather than visual (Deference View) or e.g., tactile (Dominance View) phenomenology. We 

label our hypothesis the ‘Metamodal Spatial View’. Our aim is therefore to muster evidence 

in support of Block’s suggestion that TVSS-perception could illustrate “a case of spatial 

perception via tactile sensations” (286), rather than a case of visual perception via tactile 

sensations (O’Regan & Noë, 2001).    

In this paper, we shall review the most significant attempts to settle the 

Deference/Dominance debate. We will show that none of the available data, namely 

behavioural (Section 9.2) and neuroimaging data (Section 9.3) supports the Deference View. 

Our argument lies, ultimately, on the idea that none of the perceptual cues that a SSD-user 

may be aware of through the use of a SSD, such as depth cues, edge cues, occlusion cues, and 

so on, is uniquely visual; those cues can be perceived through other modalities (Section 9.3 

and Section 9.4), as suggested by the metamodal computation-specific (rather than modality-

specific) organisation of the brain.  

 

9.2 DOES SENSORY SUBSTITUTION ENGAGE PSYCHOLOGICAL VISUAL 

PROCESSES?  

 
In order to justify the claim that the use of a SSD gives rise to truly visual perceptual states, as 

suggested by the subjective reports of the SSD-users, the advocates of the Deference View 

argue that visuo-tactile (or visuo-auditory) substitution engages visual processes, and not 

tactile or auditory processes. This claim rests upon two kinds of data: behavioural data 

concerning the sensitivity of SSD-users to visual illusions and neuroimaging data about the 

relevant brain areas activated during SSD-sessions. In this section, we focus on the 

behavioural data. It is argued that they cannot support the claim that SSD-perception occurs in 

the visual modality. In the next section, we will deal with neuroimaging data.  
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9.2.1 SSD-Perception and the Ponzo Illusion 

 
As already mentioned, SSD-users are able to recognize and localize remote everyday objects, 

spatially arranged patterns of horizontal and vertical bars, letters with different orientations 

and so on. This in itself does not support the Deference View. SSD-users might simply have 

learned the specific associations between a given set of substituting sensations (say, auditory 

sensations) and a specific object or spatial pattern (say, a horizontal bar). At this point, in 

order to claim that the behavioural/psychological data are indicative of the visual nature of 

SSD-perception, the task would have to be such that it is performed by the visual modality in 

ordinary cases and does not involve conscious learning. 

To that purpose, Renier et al., (2005b, 2006) tested, with a PSVA, the sensitivity of 

SSD-users to geometrical illusions such as the Ponzo Illusion (2005b) and the Vertical-

Horizontal Illusion (2006).62 In the Ponzo Illusion (henceforth PI), two horizontal lines are 

drawn across two converging lines, and the upper line appears longer than the lower line. This 

illusion could be thought of as being strictly visual, given that it depends on perspective cues 

(Rock, 1995, chap. 6). For instance, according to one particular account, PI reflects the 

involvement of size constancy mechanisms, which allow the observer to see the actual size of 

an object while its retinal projection is reducing as that object is moving away from the 

observer. That means that the visual system takes into account not only the retinal projection 

but also the distance information to evaluate the size of the objects. In the case of PI, the 

converging lines act like perspective cues for the visual system, so that the upper line appears 

farther away than the lower line; but, given that the two lines have the same length—and 

produce the same retinal projection, accordingly—then the visual system “interprets”, so to 

speak, the upper line as being longer than the lower one. Consequently, according to Renier et 

al., (2005b) if the user of a PSVA is shown to be sensitive to PI, which is thought to be related 

to purely visual processing/mechanisms, then the resulting PSVA-perception of that user 

could be qualified as visual perception. 

The main results of Renier et al., (2005b) are the following: (i) the early blind subjects 

were not sensitive to PI63; (ii) the blindfolded sighted subjects were sensitive to PI; (iii) the 

blindfolded sighted subjects were less sensitive than the control group, composed of non-

blindfolded sighted subjects. The non-sensitivity of the early blind subjects to PI is explained 

by the fact that they are not sensitive to the perspective cues, given that such sensitivity 

                                                
62 Here, we focus on the results concerning the Ponzo illusion, but the criticisms below apply to both illusions. 
63 Among the nine early blind subjects, seven were congenitally blind and two lost vision before their 20th 
month of life. These subjects are here called “early blind” because of their lack of visual experience.   
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depends on previous visual experiences they never had (Gregory & Wallace 1963, Yonas et 

al. 1978—quoted by Renier et al., 2005b; note that such claim is controversial, e.g., Palmer, 

1999). Conversely, given that the blindfolded sighted subjects already had previous visual 

experiences, they could be sensitive to perspective cues; their sensitivity to PI suggests 

precisely that they have been sensitive to those cues during the experiment. The relevant 

question is the following: how could they be sensitive to those cues through the use of a 

PSVA? Renier et al.’s answer is that the process underlying the sensitivity to PI via a PSVA 

reflects a process of visualization (865).64 From that explanation, the authors conclude two 

things: first, that “mental imagery could be the common cognitive process shared with vision, 

playing a role in the optical illusions with the PSVA” (865); second, that “perception induced 

by a sensory-substitution device shares perceptual processes with vision. These processes can 

account for the visual nature of perception by sensory-substitution” (866). We now discuss 

these conclusions.  

 

9.2.2 Visualization is not Vision  

 
The first conclusion states that in both normal visual contexts and mediated perception, PI 

involves mental visual imagery—mental imagery is supposed to be the common cognitive 

process. However, in unmediated vision, PI seems to be an automatic effect driven both by 

the stimulus itself (not by its mental visualization), and by perceptual or cognitive non-mental 

imagery based processes (e.g., size constancy)  (Rock, 1995, chap., 6). Hence, in unmediated 

vision, mental imagery could simply be not necessary for the illusion to be elicited, so that 

visualization might not be common to both PSVA-perception and unmediated perception.65 In 

concluding from the use of a mental visual imagery strategy to the visual nature of PSVA-

perception the authors are putting the cart before the horse. 

 Of course, by precluding the inference from visualization to the visualness of PSVA-

perception, we are not saying that visualization is not involved during SSD-perception, or that 

visualization is not associated with perceptual processes (e.g. size constancy mechanisms). 

Accordingly, nothing seems to preclude the possibility that the perceptual processes involved 

                                                
64 The fact that blindfolded subjects are less sensitive than the control group only suggests, according to Renier 
et al., (2005b) that the perceptual experience is just of a poorer quality than the experience of the control group. 
In fact, no one in the literature argues that SSD-perception should have the exact same quality as normal visual 
perception. We discuss that below (Section 9.4.4). 
65 In addition, some evidence suggests that PI cannot be reproduced in mental imagery without previous 
perceptual exposure with the illusion (see Giusberti et al., 1998). This suggests that a process of visualization is 
not sufficient to induce an illusion such as PI.  
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during PSVA-perception are visual—as assumed by Renier et al.’s second conclusion—while 

being independent of a visualization process. Such a possibility should be resisted as well. 

 

9.2.3. Ponzo Illusion as Multimodal Illusion 

 
Several studies have shown that PI, as well as other related geometrical illusions (e.g., Müller-

Lyer) do not strictly depend on the visual system (Gentaz & Hatwell, 2004). In particular, it 

has been shown that the Vertical-Horizontal Illusion (under some conditions) and 

(sometimes) the Ponzo Illusion can be experienced to the same extent in the tactile-haptic 

modality (e.g., Casla et al., 1999; Gentaz & Hatwell, 2004, Heller et al., 2002; Suzuki & 

Arashida, 1992). In addition, it also has been shown that they are equally and identically 

present in early blind subjects and that they usually depend on the same modulating factors as 

in vision (Gentaz & Hatwell, 2004). For instance, in the (visual) Müller-Lyer illusion, the 

more acute the angles formed by the arrowheads and the segment, the stronger the illusion; 

and that is true of the tactual-haptic version of the illusion as well (Gentaz & Hatwell, 2004). 

 Furthermore, Hanley & Goff (1974) have shown that size constancy mechanisms can 

be at work in the haptic modality when two sticks are used. The use of the sticks make it 

possible to replicate the visual case in which the visual angles produced by closer or more 

distant objects are different (the further away an object, the smaller the visual angle). This 

visual angle information could be used by the system to evaluate the distance of an object and 

then “infer” its real size. In the stick condition, blind and blindfolded sighted subjects 

manifested size constancy showing that the system can use the angle information in another 

modality than the visual modality. This gives reason to doubt that size constancy is a 

specifically visual mechanism. Thus, as long as the geometrical illusions can be enjoyed 

through various modalities, it is rather difficult to infer from the subjects being sensitive to 

these illusions to the visual nature of the operating processes. 

 However, we still need to explain why the early blind subjects were not sensitive to PI 

through the use of the PSVA. In fact, if PI is a multimodal illusion, and if it can sometimes be 

enjoyed by early blind subjects, one should predict the early blind to be sensitive to PI 

through the use of the PSVA—that is not what Renier et al., (2005b) found.  
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9.2.4. Why are Early Blind Subjects Not Sensitive to the Ponzo Illusion? 

 
We propose that the non-sensitivity of early blind subjects, using the PSVA, could result from 

their lack of experience with 2D-representations (e.g., paintings) of the 3D-structure of the 

external world—rather than from their lack of visual experience simpliciter, as suggested by 

Renier et al., (2005b). More precisely, PI is supposed to represent a real 3D-scene, where the 

parallel lines converge in depth (e.g., if you look at straight railway tracks, they look as if they 

were converging towards each other, while in fact they are parallel). So, in order to represent 

such depth cues in a 2D-picture, it is necessary to make the lines present in the picture 

converging towards each other, as do the inducing lines in PI. Now, congenitally blind people 

may have a good enough 3D-representation of the external space acquired through audition, 

proprioception and spatial navigation—and that could explain why they can be sensitive to 

geometrical illusions when they are presented in non-visual modalities. In contrast, they are 

largely unfamiliar with external public 2D-pictures mimicking the cues the visual system 

makes use of in order to represent the 3D-structure of the external space. In other words, PI as 

it was presented in Renier et al., 2005b’s study, namely in 2D on a monitor screen, cannot 

make sense for them, and that is why they are, arguably, unable to describe (to infer) the 

inducing lines of the PI as representing two parallel lines converging in depth. Interestingly, 

as noticed by Renier et al., (2005b), some of the early blind participants “spontaneously 

reported that the overall shape of the Ponzo figure was reminiscent of a mental representation 

of a trestle supporting a table”  (865). That suggests that the early blind subjects did not 

extract the correct 3D-representations from 2D-depth cues present in a picture (precisely 

because of their lack of experience with 2D-representations of space), resulting in the non-

sensitivity to PI through the use of the PSVA. 

In sum, we discussed in detail some behavioural/psychological data. We have argued 

that the sensitivity to PI may not depend on visualization in ordinary cases and therefore that 

the parallel between PSVA-perception and ordinary vision, as both involving visualization, is 

doubtful. Being sensitive to some geometrical illusions through the use of a SSD does not 

imply that SSD-perception occurs in the visual modality. Another explanation of the 

sensitivity of the blindfolded sighted subjects could be that it results from modality 

independent spatial processing [i.e., from more central factors] and from the intrinsic spatial 

organization of the stimuli. As Pasnak and Ahr (1970) already had suggested: “Explanation of 

illusions [such as PI] must move away from the eye […] Central factors must be importantly 
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involved [in such] illusions rather than properties of the receptor system” (154). At this stage, 

we have to introduce and discuss the neuroimaging data. 

 

9.3 NEUROIMAGING DATA: WHAT DO THEY TELL US ABOUT SSD-

PERCEPTION?  

 
The behavioural data do not support the claim that the perceptual experience resulting from 

the use of a SSD is visual experience. Another strategy employed by the advocates of the 

Deference View consists in arguing that other data can be supportive of their view, namely 

neuroimaging data. The Deference View’s argument goes like this: if visual areas are found to 

be activated during SSD-sessions, then the resulting perceptual experience is best described as 

a case of visual experience rather than as a case of tactile or auditory experience. We will 

show however that this conclusion can be resisted. In what follows we develop the idea that 

the activations of visual areas in SSD-perception reflect “metamodal activations”. Our claim 

rests upon recent data highlighting the metamodal organization of the brain, according to 

which sensory cortical areas are not modality-specific but computation-specific, i.e. process a 

particular kind of information, independently of the modality that conveys this kind of 

information (Pascual-Leone & Hamilton, 2001). 

 

9.3.1. Background Observations: Crossmodal Activations and the Metamodal 
Organization of the Brain  

 
Our perceptual experience of the world is fundamentally multisensory. This implies that our 

senses substantially interact with each other, rather than being completely separate from one 

another. In fact, crossmodal interactions have largely been experimentally tested, showing for 

instance that tactile or sound stimuli can influence visual temporal acuity, visual motion 

perception accuracy and other dimensions of visual perception (see Spence, 2011 and Shams 

& Kim, 2010). 

 These crossmodal interactions are also reflected at a neuronal level (Stein & Meredith, 

1993). Specifically, some brain areas originally considered as unimodal areas can be recruited 

by other modalities, in both blind and sighted subjects. In particular, occipital areas can be 

recruited by auditory or tactile stimuli, manifesting crossmodal activations in sighted subjects 

(i.e., the fact that an area normally dedicated to process the stimuli of one modality processes 

the stimuli of other modalities) and crossmodal plasticity in blind subjects (i.e., the fact that 
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an area normally dedicated in sighted subjects to process the stimuli of one modality 

processes the stimuli of other modalities in blind people) (see, e.g., Macaluso et al., 2000; 

Amedi et al., 2001; Pascual et al., 2005; Merabet et al., 2007; Lewis et al., 2010; Shams & 

Kim, 2010). For instance, in an fMRI study, Macaluso et al., (2000) found that the lingual 

gyrus (a visual area) exhibits increased activity when a tactile stimulation spatially congruent 

with a visual stimulus is applied on the subject’s hand (i.e., the activity is greater with the 

tactile stimulation than with the visual stimulation alone). Even the primary sensory areas, 

which were thought to be exclusively unimodal, can be crossmodally modulated (Ghazanfar 

& Schroeder, 2006). For instance, specific tactile tasks, such as the evaluation of raised-dot 

patterns (e.g., their orientation) can also, under certain conditions, activate the primary visual 

cortex (Merabet et al., 2007).  

 Given that crossmodal interactions are reflected in normal perception, through 

crossmodal illusions, and at a neuronal level, one may wonder if these interactions alter the 

functional role of those areas. For instance, when a visual area is activated through a non-

visual stimulation, does it follow that that area endorses a new function? Interestingly, some 

studies suggest that visual areas keep their specific functional role during crossmodal 

activations. For instance, the medial temporal area (MT) considered as a visual area 

preferentially responding to motion stimuli, is specifically activated by auditory motion 

(simulated by dynamically changing the interaural level difference) and tactile motion both in 

sighted and blind people (Poirier et al., 2006, Ricciardi et al., 2007).66 Similarly, some studies 

have found crossmodal activations of visual areas in blind people for (inter alia) auditory 

localization (Collignon et al., 2009), pitch-change discrimination (Kujala et al., 2005), three-

dimensional tactile shape recognition (Amedi et al., 2001) and Braille reading (Hamilton & 

Pascual-Leone 1998; Ptito et al., 2008). Crossmodal activations could then reflect a real 

functional engagement of those visual areas in the relevant task, and not just epiphenomenal 

neuronal activations (as pointed out by Bubic et al., 2010). For example, the transient 

stimulation of the occipital cortex of blind people by transcranial magnetic stimulation 

(henceforth, TMS) disrupts their Braille reading abilities (Cohen et al., 1997; Merabet et al., 

2004). Collignon et al., (2007, 2009) showed that TMS applied over the right dorsal 

extrastriate cortex, which is activated in blind people during sound localization, reduces their 

performances in that task (and, by the way, interferes with the use of a PSVA). Similar results 

                                                
66 These studies have been criticized, however. In particular, crossmodal activations of MT could be an artefact 
of group averaging. It appears that intra-individual auditory motion responses could have been restricted to an 
adjacent non-visual area that did not overlap with MT (Lewis et al., 2010). 
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can also be found in sighted subjects: Sathian et al., (1997) found that a region of the 

extrastriate visual cortex was specifically activated in the tactile discrimination of grating 

orientation. When that specific region is transiently disrupted by TMS the performance of 

subjects is significantly reduced in the discrimination of grating orientation  (Zangaladze et 

al., 1999, for a review see Sathian, 2005). 

 From all those results, it may be suggested that the crossmodal activations reflect the 

metamodal organisation of the brain. In particular, it may be thought that the brain is 

organized in metamodal computation-specific areas rather than in modality-specific sensory 

areas (Pascual-Leone & Hamilton, 2001). This means that certain cortical areas perform 

specific types of computations regardless of the modality involved. For instance, some dorsal 

occipital areas would be involved in processing spatial information, such as localization, 

irrespective of whether the information is perceived through the visual modality, the auditory 

modality or the tactile modality.  

 Certain kinds of computations may primarily involve brain areas associated with a 

given modality because they are best accomplished using information typically conveyed 

through this modality. As Pascual-Leone & Hamilton, (2001) claim: “[I]n this view, the 

“visual cortex” is only “visual” because we have sight and because the assigned computation 

of the striate cortex is best accomplished using retinal, visual information” (428). The fact that 

information acquired through a given sensory channel may be more suitable for some types of 

computations may also explain why areas traditionally thought to be unimodal do not always 

reveal their crossmodal abilities. For instance, the crossmodal potentialities of occipital areas 

can be silent in a context of visual dominance, but can be unmasked during (even transient) 

visual deprivation or in special conditions (Merabet et al., 2007, Pascual-Leone & Hamilton, 

2001). In fact, after two days of blindfolding, both the striate and the peri-striate cortex of 

sighted subjects were recruited in processing tactile and auditory information (Pascual-Leone 

& Hamilton, 2001). Accordingly, for Pascual-Leone & Hamilton (2001) crossmodal 

plasticity, as a result of short- or long-term visual deprivation, may be due to the enhancement 

of existing crossmodal responses that are normally masked by visual input. Again, suitability 

is no exclusivity. We now propose a metamodal interpretation of the crossmodal activations 

found during tasks involving sensory substitution devices.67 

 

                                                
67 Notice that we are not assuming that every cortical activation is an instance of a metamodal activation. It may 
be that some cortical activation is a modality-specific activation. We are just assuming that that is the case with 
regards to sensory substitution.  
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9.3.2. Metamodal Interpretation of Crossmodal Activations during SSD-Sessions.  

 
Recent neuroimaging data suggest that certain “visual” areas are recruited during tasks with 

SSDs in both blind and sighted subjects (e.g., Arno et al., 2001b; Ptito et al., 2005; Renier et 

al., 2005a; Poirier et al., 2006; Amedi et al., 2007; Ricciardi et al., 2007; Lacey et al., 2009; 

Tal & Amedi, 2009; Bubic et al., 2010; Ortiz et al., 2011). For instance, Arno et al. (2001b) 

and Ptito et al., (2005), ran PET studies which show that occipital areas in early and 

congenitally blind subjects are recruited by visuo-tactile and visuo-auditory substitution 

devices, respectively, but not in blindfolded sighted subjects, during pattern and orientation 

discrimination tasks, respectively. An fMRI study conducted by Amedi et al., (2007) shows 

that the lateral occipital tactile-visual area (LOtv), which preferentially responds to visual and 

haptic shape, is also recruited when sighted and blind subjects extract shape information with 

a visuo-auditory substitution device (in this case, the vOICe)68—for further information about 

that device, see Meijer 1992).69 At this point, the Deference/Dominance debate is concerned 

with the question whether the recruitment of these areas usually considered as visual areas 

warrants or not the conclusion that the resulting SSD-perceptual states are visual. With Arno 

et al., (2001b), Ptito et al., (2005), Amedi et al., (2007), Ricciardi et al., (2007), we suggest 

that the recruitment of such areas does not show the visual nature of SSD-perception but 

rather the metamodal/multimodal nature of these areas.  In contrast, Renier et al. (2005a) and 

Ortiz et al., (2011) claim that the recruitment, by SSDs, of areas usually considered as visual 

areas implies that SSD-perception is visual in nature. We now discuss their results. 

 After having recorded subjects’ brain activities using functional Magnetic Resonance 

Imaging (henceforth fMRI) while the subjects had to perform depth perception tasks with a 

PSVA, Renier et al., (2005a) found activations of the following areas: the fusiform gyrus 

(bilaterally), the left superior parietal lobule, the precuneus (bilaterally) and the left inferior 

parietal lobule. As Renier et al., remind us, these areas are considered to be visual areas 

(Renier et al., 2005a). Consequently, their recruitment by the PSVA (delivering auditory 

stimuli) suggests two possibilities: either these areas are not visual areas but, instead, 

metamodal areas, or these areas are purely visual areas such as the PSVA-perception engages 

or triggers processes which amount to visual processes/states. Renier et al., (2005a) opt for 

the second option given that “[i]n the present study it is obvious that only visual brain areas 

were recruited during depth perception” (578). In other words, according to Renier et al., 

                                                
68 The vOICe is a visuo-auditory substitution device, which converts visual images into auditory signals (see 
Meijer, 1992). The capital letters ‘OIC’ stand for “Oh, I See”. 
69 See also, James et al., 2011.   
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(2005a) such areas are modality-specific in addition to be computation-specific, leading them 

to conclude that the recruitment of those areas under SSD-perception “[…] support[s] the 

concept that perceptions obtained by sensory substitution of vision are visual in nature.” (578, 

our italics). However, the idea that the fusiform gyrus, the left superior parietal lobule, the left 

inferior parietal lobule and the precuneus would be modality-specific is at least controversial. 

As it happens, in addition to the aforementioned studies that argue in favour of the metamodal 

interpretation of crossmodal activations in SSD-perception, some studies precisely suggest 

that those very areas might actually be multimodal areas rather than modality-specific visual 

areas: for the fusiform gyrus, see Kung (2007), for the left inferior parietal lobule, see 

Bushara et al. (1999), and for the precuneus, see Cavanna & Trimble (2006).70 

 We now turn to Ortiz et al., 2011’s experiment. Eighteen blind subjects were trained 

during three months (five sessions per week) at discriminating the orientation of a line 

(horizontal, vertical or oblique) using a tactile piezoelectric device. After the training period, 

the subjects were asked to discriminate pairs of tactile stimuli (e.g. horizontal versus oblique) 

in a forced-choice manner, while brain activity was recorded via electroencephalography 

(henceforth EEG). The post-hoc analysis highlighted a potential correlation between the 

subjective reports of some of their subjects—‘I see phosphenes’, ‘I see a white line’… (3)—

along with the activation of occipital areas. More precisely, the authors observe that for all the 

subjects for whom occipital activations occurred, a corresponding visual-like perception 

seems to have occurred as well. Conversely, when no such activations were found, none of 

the subjective reports mentions visual-like sensations at all. Hence, the authors conclude: 

“activation of the occipital cortex, by tactile stimuli results in visual qualia in some blind 

subjects.” (6). It seems that one may here have some evidence that the recruitment of the 

occipital cortex by SSD-perception71 results from the fact that this kind of perception engages 

visual processes, in that occipital activations correlate with brightness properties, which 

appears to constitute strictly visual information (i.e., information only accessible by the visual 

modality).  

 However, we maintain that crossmodal activations of e.g. occipital areas by SSDs 

reflect the metamodal organization of these areas (Pascual-Leone & Hamilton, 2001). In 

claiming this, we are not denying that the recruitment of occipital areas by other modalities 

                                                
70 Furthermore, visual imagery is also known to activate the same areas as visual perception, including 
(sometimes) early visual areas (e.g., Kosslyn, 2005). Accordingly, the activations found by Renier et al., could 
actually reflect visual mental imagery rather than truly (visual) perceptual states. Renier and colleagues 
acknowledge this possibility. However, as already discussed in Section 9.2.2, we disagree with their view that 
visualization implies vision. . 
71 The device in Ortiz et al., 2011’s study is not so to speak a SSD but the functional principles are the same. 
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than vision (in order to process information requiring the kind of computations achieved by 

those areas) can give rise to epiphenomenal illusory visual experiences, such as phosphenes. 

(The triggered phosphenes in Ortiz et al 2011’s study are illusory in that stimuli processed by 

subjects do not instantiate equivalent brightness properties and epiphenomenal in that it is far 

from obvious that they have a causal role in the subjects’ performances concerning the 

orientation discrimination task).  

 In line with the metamodal hypothesis, we suggest that in the Ortiz et al., 2011’s 

experiment occipital areas are recruited in order to achieve the spatial task at stake (namely, 

orientation discrimination task); we indeed showed that occipital areas are largely dedicated 

to spatial processing. As for phosphenes, they simply consist in illusory and epiphenomenal 

visual experiences accompanying the activation of the recruited occipital areas owing to 

neural “memories” or traces of associations between spatial and luminance information 

formed in and kept by those occipital areas from recurrent previous visual experiences (van de 

Ven & Sack, 2013).  

 More precisely, we showed that occipital areas are largely recruited by vision, which 

is the most suitable modality for the computation of some spatial information (e.g., 

orientation) (Pascual-Leone & Hamilton, 2001). Crucially, in vision spatial stimuli are 

typically accompanied and/or associated with luminance properties (Spence, 2011) and it is 

likely that the visual modality is the only modality capable to compute such luminance 

information. Accordingly, for people who have or had (e.g., late blind people) vision, 

occipital areas are or have been recurrently and essentially activated and recruited by vision 

and thus by spatial and luminance information. So, we suggest that in Ortiz et al., 2011’s 

study the activation of occipital areas recruited for the computation of spatial information 

gave rise, in some people, to illusory brightness experiences because of a retained neural 

association between spatial and luminance information (van de Ven & Sack, 2013). In other 

words, the occipital neural computations of the spatial information at stake (delivered here by 

tactile sensations) triggered phosphenes because usually such occipital neural computations 

compute or computed (for late blind people) spatial and luminance information together (or, 

at least, these specific occipital areas recruited for the processing of spatial information are 

strongly connected with neural assemblies which specifically compute luminance 

information). To use a metaphor, we might say that tactile stimuli here act like TMS pulses, 

which, when applied to occipital areas, are known to trigger phosphenes in some conditions 

(van de Ven & Sack, 2013). Our proposal finds corroboration in the fact that, among the 

subjects tested by Ortiz et al., (2011) those who reported having seen phosphenes or luminous 
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lines, either had residual vision (< 3% to < 7% light perception) or were late blind people, 

which therefore had had recurrent visual experiences. In contrast, none of the congenitally 

blind subjects reported having seen phosphenes or luminous lines.72  

 In addition, it has been shown that in some blind subjects the stimulation of specific 

visual areas, which were found to be activated by atypical inputs (i.e., inputs that activate 

visual areas, but would not in typical cases,), produces a type of perceptual experience 

associated with the atypical inputs, instead of the type of experience usually associated with 

these cerebral regions. For instance, Ptito et al., (2008) found that TMS applied on the 

occipital cortex of a blind reader induces tactile sensations in their fingers (and not visual 

sensations). Kupers et al., (2006) found similar results in blind people while using a tongue 

display unit (TDU).73 In particular, subjects reported “somatopically organized tactile 

sensations that are referred to the tongue when transcranial magnetic stimulations is applied 

over the occipital cortex [which is usually associated with visual sensations]” (13256).  

 Accordingly, the crossmodal activations found during SSD-sessions (as well as the 

crossmodal activations found in non-SSDs tasks, see above) combined with the findings that 

in some cases such activations are associated with a phenomenology typical of the 

substituting stimulations, suggest that the recruited areas activated during SSD-perception 

may not be, strictly speaking, visual areas, but rather metamodal areas tuned to the processing 

of a specific kind of information regardless of the modality at stake. In particular, based upon 

the fMRI studies described above (Macaluso et al., 2000; Ptito et al., 2005; Amedi et al., 

2007) we argue that the different tasks involved non-distinctively visual information but 

metamodal information, especially a kind of spatial information that is not linked to a 

modality in particular—a kind of modally neutral information. For instance, in Amedi et al., 

2007’s study, subjects had to extract shape information, which was already accessible by 

touch in ordinary situations. Similarly, in Ptito et al., 2005’s study, the task consisted in 

discriminating geometrical pattern orientation. The orientation information of geometrical 

pattern is also accessible by other modalities in ordinary perception (e.g., touch) as well as by 

non-human sense (e.g., bat’s sonar). In accordance with Pascual-Leone & Hamilton (2001), 

this suggests that the recruited “visual” areas in SSD-perception are in fact spatial metamodal 

                                                
72 However, as a whole, Ortiz et al., 2011’s study has to be taken cautiously in that some people among the group 
that had previous visual experiences or residual vision did not experience visual qualia or occipital activations. 
So, neither the visual/deferentialist interpretation nor the metamodal spatial interpretation can account for all of 
their results (or absence of results). An alternative interpretation of these results, which postulate that SSD-
perception amount to a synaesthesia phenomenon, will be discussed in Section 9.4.3  
73 TDU is a visual-to-tactile SSD that uses the tongue (instead of e.g., the back, or the stomach of the user) as the 
receptor site of the substituting tactile stimulations (Bach-Y-Rita et al., 1998a, 1998b, 2003). 
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areas, which are involved in the computation of spatial information independently of the 

modality that conveys this information.  

 We then argue that a SSD makes it possible to perform a kind of spatial processing 

that is normally more suitably performed using visual information, and the areas that are 

specialized in spatial processing reveal their sensitivity to the substituting stimulations; a 

sensitivity that was hidden in a context of visual dominance (hence the view that such areas 

are essentially visual). At this stage, in order to have a better idea of which kind of 

phenomenology is associated with SSD-perception, we have to turn to SSD-users’ reports 

about their subjective perceptual experience. Indeed, the findings from the TMS studies 

described above are ambiguous and not completely telling, in that in Kupers et al., 2006’s 

study for instance, the activation by TMS of the occipital areas of blindfolded sighted subjects 

did not produce tactile sensations, contrary to expectations. Last but not least, the parallel 

between brain activation and subjective experience should be taken with caution.  

 

9.4 IS THE PHENOMENOLOGY OF SSD-PERCEPTION A VISUAL 

PHENOMENOLOGY? 

 
So far, we have shown that none of the behavioural/psychological and neuroimaging data 

support the Deference View. In this section we claim that the substituting modality plays a 

causal rather than a phenomenological role and that the phenomenology of the resulting 

perceptual experiences should be described as a kind of spatial (amodal) phenomenology. 

Therefore, we go against both the Deference View and the Dominance View.  

 

9.4.1. Functional and experiential similarities between SSD-perception and vision 

 
 Once again, the general strategy adopted by the advocates of the Deference View goes like 

this: if it is possible to identify functional and experiential similarities between SSD-

perception and vision, then SSD-perception should qualify as visual. At first glance SSD-

perception presents a strong functional equivalence with unmediated normal vision. As 

mentioned earlier, SSD-users are able to navigate in their environment, to avoid obstacles, to 

extract the shape of remote objects, to discriminate overlapping objects, to judge their 

approximate distances, and, in some cases, to extract depth information, and so on. However, 
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we have suggested that these functional equivalences between SSD-perception and normal 

vision say nothing about the phenomenology of the resulting perceptual experiences.  

 Deferentialists are then pushed to claim that SSD-perception gives rise to visual 

experiences also because SSD-users experientially access what appear to be distinctively 

visual kinds of information, i.e. information only accessible by the visual modality. What 

makes them think that the subjects access this information experientially is the fact that after 

some time of practice with a SSD, an experiential shift happens, that is to say some subjects 

report no feeling the substituting stimulations themselves anymore but the external objects 

themselves instead. As already mentioned, Bach-y-Rita et al., (1969) observe: “Our subjects 

spontaneously report the external localization of stimuli in that sensory information seems to 

come from in front of the camera, rather than from the vibrotactors on their back.” (964). 

Similarly, Hurley and Noë (2003) remark: “objects are reported to be perceived as arrayed at 

a distance from the body in space and as standing in perceptible spatial relations such as “in 

front of”.” (142). Sound or tactile stimulations are relegated to the margin of consciousness 

and subjects report being ‘directly aware’ of remote objects detected by the head-mounted 

camera (Bach-y-Rita et al., 1969, 1972; Bach-y-Rita, 2004; Ward and Meijer, 2010). In other 

words, subjects attribute the cause of proximal or substituting stimulations to the remote 

objects processed by the camera; this attribution is accompanied with an experience of objects 

as being at a distance (experience of distality). On that basis, some authors have suggested 

that SSD-perception could be qualified as visual. For instance, Bach-y-Rita, 2004 states: “The 

subjective experience [of blind SSD-users] is comparable (if not qualitatively identical to) 

vision, including subjective spatial localization in the three-dimensional world.” (88, our 

emphasis). The attribution of the substituting stimulations to distal causes has been labelled 

distal attribution (Auvray et al., 2005, Pacherie, 1997), and it is that distal attribution that 

makes SSD-perception close to vision according to deferentialists, because distal attribution 

(and the subjective spatial localization of objects in the three-dimensional world that 

accompanies it) seems to be typical of vision.  

More precisely, in ordinary unmediated perception we can experientially access 

distance information by audition and experientially access shape information by touch, but the 

combining shape plus distance and/or size plus distance information seems only accessible by 

vision. Now, in SSD-perception, it seems that this combination of information becomes 

accessible for subjects. In addition, distal attribution and subjective localization of objects in 

the three-dimensional world give rise to phenomena that also appear typical of vision such as 
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the phenomenon of occlusion or depth (Bach-y-Rita et al., 1969; Hurley and Noë, 2003, Ward 

and Meijer, 2010). Occlusion in vision involves opacity, which is a visual notion.  

However, we think that the kind of information at stake (shape plus distance and size 

plus distance) is not distinctively visual but amount to a kind of metamodal information, 

which is intrinsically potentially accessible by any modality. In particular, we argue that the 

combination of shape plus distance and/or size plus distance information is a kind of 

metamodal spatial information. That is to say, a kind of spatial information that is modally 

neutral.  

The conflation, in the Deference View, between visual and spatial information may 

come from the fact that for sighted humans this kind of metamodal spatial information is 

usually processed by vision. And the conflation, in the Dominance View, between tactile or 

auditory and spatial information may come from the fact that such information is, in the case 

of SSD-perception, causally accessed through touch or audition. As pointed out by Block, 

2003, some authors, as Hurley & Noë (2003), “appear to presuppose that visual 

phenomenology is shown by the spatial function [of SSDs]. But non-visual senses might be 

spatial in the same way, e.g. bat sonar” (286). Fish equipped with electroreception can easily 

access combinations of shape plus distance and size plus distance information and bats 

equipped with sonar can easily access combinations of size plus distance information (Hara & 

Zielinski, 2007; see also Hughes, 1999).  

Furthermore, having access to occlusion information with a SSD is not distinctively 

visual. Let us imagine a subject equipped with a visuo-tactile display processing a glass 

occluding a vertical stick exceeding the width of the glass on both sides. While the subject 

displaces the camera from left to right, a specific pattern of tactile sensations will be first 

induced by the non-occluded part of the stick, when the camera arrives at the level of the glass 

a completely different pattern of tactile stimulations will be induced and, finally, when the 

camera arrives at the other non-occluded part of the stick, a pattern of tactile stimulations 

strongly similar to the first non-occluded part of the stick will be induced. If the subjects 

moved the camera continuously, and at constant speed, they will feel that the glass is actually 

occluding a single continuing object (i.e., the stick). The extraction of occlusion information 

here is achieved through the principles of continuity and discontinuity. These principles are 

not visual (for well-known cases of continuity, e.g. in audition, see Warren, 2008). Finally, 

depth information too is not a kind of strictly visual information. Once again, electroreception 

or sonar senses can easily extract depth information (Hara & Zielinski, 2007). There is thus 

no reason to claim that the information accessed by a visuo-tactile or visuo-auditory 
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substitution device is visual by nature. We just have shown that the kind of information 

accessed with a SSD is not distinctively visual, but metamodal spatial information.  

Although the metamodal combination of shape plus distance or size plus distance 

spatial information does not seem to be given, in everyday-life, by touch or audition, we 

propose that SSDs provide these modalities with the possibility to process those kinds of 

information. However, in the next section, we propose that the phenomenology acquired 

through the processing of metamodal information is not, for instance, tactile (in the case of 

the TVSS), but spatial. That is to say, when characterizing or describing the experience 

undergone by a SSD-user, it is sufficient to speak of a spatial experience. As described above, 

some subjects seem to “forget” the substituting stimulations while using a SSD. As a 

consequence, these stimulations might only play a causal role, rather than a 

phenomenological role, giving rise to amodal experiences rather than to tactile or auditory 

experiences.74  

 

9.4.2. The phenomenon of distal attribution   

 
Distal attribution is a common phenomenon, which is sometimes described as the relocation 

of sensations (Dennett, 1991; O’Regan & Noë, 2001; Prinz, 2006). More precisely, this 

relocation of sensations consists in the “projection” of these sensations at the source of 

stimulations, even when there is a material intermediary between these stimulations and the 

sensory receptors (see also Chapter ten, section 10.7). This happens in everyday-life. For 

instance, when you are writing or drawing with a pen, the texture sensations are experienced 

as being located at the tip of the pen; as if “your nervous system had sensors out at the tip of 

the [pen]” (Dennett, 1991, 47). The same thing happens for blind people using a stick to 

navigate in the environment, they feel the texture sensations directly at the tip of the stick 

(Descartes, 1985). Similarly, when you scrape the floor with your shoes, it is as if the 

sensations were located under the soles themselves, or when your car drives over some oil 

spot, you feel the oil spot directly under the wheels (Dennett, 1991; Prinz, 2006). 

Experimental studies of the relocation phenomenon include the case of the Rubber Hand 

Illusion (e.g., Botvinick & Cohen, 1998). In this illusion, the experimenter brushes e.g., the 

left hand of the subject (which is hidden from her view) in synchrony with a rubber hand 

(which is not hidden from her view). After some time, the subject feels the sensations directly 

                                                
74 By saying that the substituting sensations have no “phenomenological role”, we mean that these sensations do 
not lead to a corresponding phenomenology typical of the substituting modality.  
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on the (seen) rubber hand and not on her (unseen) actual hand. In normal unmediated 

perception, the sensations are relocated at the source of the stimulations as well. We feel 

visual sensations at the level of remote objects while the stimulations actually impinge the 

retina (O’Regan & Noë, 2001). This example can be applied to the case of audition too.  

 We may think that SSD-perception reflects another case of this phenomenon of 

sensations relocation at the source of stimulations. Now, in the case of the stick used by blind 

people, we would be very reluctant to deny that the experience remains tactile. So, one can 

wonder: why should one think that the phenomenal experiences in SSD-perception are not 

tactile as well?  

 The reason is that in the case of the stick or of the rubber hand there is an apparent 

connection between the subject’s body and these objects. In contrast, in SSD-perception there 

is no apparent connection. In the former case the body is “extended”, that is the relevant 

cognitive system considers the objects as part of its body representation (Ehrsson, 2012). This 

is probably the reason why sensations are (re)located, for instance, at the tip of the stick; 

because the stick is somehow considered as a part (or an extension) of the body (see de 

Vignemont, 2011). In the case of SSD-perception, the external objects are not considered as a 

part of the body and it would be difficult to make sense of the idea that the proximal tactile 

sensations delivered by the TVSS are projected in the external space (or that the body is 

extended at the location of the external objects). That may be an open alternative, but so far, 

considering the available evidence, it is more plausible to claim, as we do, that the experience 

of distality acquired after training amount to a kind of spatial (amodal) experience. And, in 

fact, in normal unmediated perception the experience of distality is already modally neutral. 

In other words, after the experiential shift people acquire spatial contents that their experience 

had not instantiated before the experiential shift.     

 

9.4.3. Does SSD-perception allows us to access only spatial information? 

 
Is it true that SSD-users can only access metamodal spatial information? In Section 9.3.2, we 

described Ortiz et al., 2011’s study that shows that tactile discrimination of orientation 

information gave rise to brightness experiences (i.e, to phosphenes). Similarly, Ward & 

Meijer (2010) described some results suggesting that blind SSD-users may access colour 

information. To the extent that brightness/luminance/colour information is intuitively a kind 

of information that is strictly visual (i.e. a kind of information only accessible by the visual 

modality) we might argue that the metamodal spatial hypothesis is wrong.  
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 First, as we already argued in Section 9.3.2, the triggered phosphenes in Ortiz et al., 

(2011)’s study are not environmental information accessed by SSD-users, but illusory 

epiphenomenal experiences resulting from the activation of occipital areas that were recruited 

for the spatial processing of orientation information. Second, it should be noticed that Ward & 

Meijer (2010)’s survey is based on the subjective reports of only two participants, who were 

late blind subjects (PF became blind at 21 years old and CC became blind at 33 years old), 

and that only one subject (PF) reported having “seen” colours. Therefore, when this subject 

reports having seen colours, nothing precludes the possibility that she is just inferring or 

imagining the colour of what she perceives, because of her memory of the colour of the things 

in question. In fact, PF reported colour experiences only for objects that were familiar to her 

(Ward & Meijer, 2010); as the authors said: “PF’s description of perceiving colours for 

known objects points to the involvement of prior visual knowledge in her phenomenology” 

(497). In other words, it is far from clear that such experiences reflect truly perceptual colour 

experiences triggered in a “bottom-up way” by stimulations of the substituting modality. It 

might be that such experiences only reflect top-down mental imagery based on previous 

visual knowledge (Ward & Meijer, 2010 also discuss this possibility). At least, further 

experimental data are needed to clarify that point. 

 Ward & Wright (2012) propose to explain the cases of PF and phosphenes in Ortiz et 

al., (2011) by the hypothesis that SSD-perception would amount to a kind of synaesthesia. In 

other words, SSD-perception would belong to the substituting as well as to the substituted 

modality in much the same way that, in synaesthesia, the experience of e.g., a sound is 

associated with the experience of e.g., a colour. On the one hand, the synaesthesia and the 

metamodal spatial hypotheses are not mutually exclusive: one may argue that what the 

subjects might access with a SSD is only metamodal spatial information and that in some rare 

cases the substituting stimulations trigger illusory experiences belonging to the substituted 

modality (e.g., phosphenes, see Section 9.3.2). On the other hand, it is a difficult issue to 

determine what exactly the nature of the induced experiences in synaesthesia consists in (e.g., 

the colour experience induced by a sound). That is to say, whether those induced experiences 

reflect truly perceptual experiences or not.75 In cases of induced colours (e.g., in grapheme-

colour synaesthesia) some phenomenological reports and psychophysics studies suggest that 

such colour experiences are different from the normal non-induced colour experiences (e.g., 

Edquist et al., 2006; Gheri et al., 2008; Hong & Blake, 2008; Rothen & Meier, 2009) Ward et 

                                                
75 Nobody is questioning the reality of synaesthesia as a psychological phenomenon; however, whether the 
synesthetic experience is fundamentally perceptual or not is a real issue (Huppé et al., 2011). 
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al., (2010) also showed that synaesthesia requires attention contrary to some previous claims 

(Ramachandran & Hubbard, 2001), and they showed that a group of 9 synesthetes, called 

projectors, was not any better than a group of 27 synesthetes, called associators, in visual 

search tasks). A recent fMRI study (Hupé et al., 2011), has investigated the specific areas 

activated by grapheme-colour synaesthesia, found “that none of the individual retinotopic or 

colour areas responded to synesthetic colours, whatever the strength of the synesthetic 

association, and whatever the way one defined colour ROIs” (7). Hupé et al., argue that the 

synesthetic experience of colours is therefore not equivalent to colour perception.  

 The metamodal spatial hypothesis does not require that touch (for instance) should be 

able to access metamodal information about shape, location and so on with the same precision 

(e.g., with the same resolution) as vision. Therefore, it does not imply that a SSD-user will 

have the exact same contents with SSD-perception than with unassisted visual perception. On 

the contrary, the fact that such a requirement may not be satisfied could precisely explain 

some of the patent limits that have been observed during SSD-sessions. Compared to 

unassisted vision, a visual-to-tactile SSD for instance (a) can access fewer objects at once and 

(b) has a lower spatial resolution (e.g., a poorer access to fine spatial details and a poorer 

perceptual field) (see Deroy & Auvray, 2012).  

 

9.4.4 The Limitations of SSD-Perception 

 
The limitations in question could result from the intrinsic properties of the tactile sense. In 

respect to (a), some studies suggest that one can be simultaneously aware of only one tactile 

stimulus presented on a particular body part as opposed to four stimuli presented in vision (as 

revealed by numerosity judgment tasks, Gallace & Spence, 2007). However, this has to be 

taken with caution. In visual numerosity judgment tasks the sets of stimuli up to 4 are usually 

seen as structured patterns, namely as geometrical patterns like triangles, lines, rectangles and 

so on. Consequently, it could be that the apprehension of small numerosities is not “direct”, 

actually, but reflects instead a process of inference from these geometrical patterns (e.g., that 

a triangle consists of 3 stimuli, that a rectangle consists of 4 stimuli and so on) (see Gallace & 

Spence, 2007, 374).  

 Recent data suggest that these kinds of spatial patterns (i.e., line, triangle, etc.) can be 

perceived in passive touch (Haggard & Giovagnoli, 2011). In fact, these results are already, 

even if indirectly, shown in the use of a TVSS, insofar as with such a device the participants 

can detect simple patterns of stimulation, such as vertical, horizontal and diagonal lines 
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(Bach-y-Rita, 2004). However, Haggard & Giovagnoli (2011) directly confirm that intuition 

experimentally and argue that there could exist a tactile field, analogous to the visual field. 

That is to say, the tactile sense would really be a spatial sense insofar as in a passive touch 

condition it is able to form a representation of spatial patterns, which “involves perceiving the 

angles, distances and forms created by multiple tactile stimuli. For example, judging whether 

three tactile stimuli are collinear requires representing the spatial relations between the stimuli 

within a continuous common space, or tactile field” (Haggard & Giovagnoli, 2011, 65). 

Nevertheless, the question remains whether we can perceive more than one spatial pattern 

(versus perceiving one single stimulus) in passive touch (such an ability seems to be, at least 

intuitively, restricted to vision). In fact, the work of Geldard (1968), cited by Gallace & 

Spence, 2007, suggests a negative answer to this question: Geldard showed “that increasing 

the number of [tactile] stimuli and the degree of overlap between the patterns to-be-compared 

by the participants resulted in an increasing number of errors in detecting the similarity or 

difference between consecutively presented patterns.” (Gallace & Spence, 2007, 374, our 

italics). Hence, it seems that the visual ability to track several objects at once is not obviously 

equally present in the case of touch (at least, the tactile field is poorer than the visual one).  

 What about the spatial resolution of touch and sound (b)? According to Loomis et al., 

(2012) each sensory modality (at least, touch, audition and vision) has a specific bandwidth, 

“which refers to the rate at which information from the peripheral sense organs can be 

transmitted via the afferent pathways to the brain” (3). Now, the spatial bandwidth of vision is 

much larger than the spatial bandwidth of touch for instance. In other words, the latter act like 

low-pass spatial filter so that the high spatial frequencies that are normally accessible through 

vision are lost by the use of a visual-to-tactile or visual-to-auditory substitution device. As the 

authors put it: “attempting to use some isomorphic spatial mapping from a video camera into 

the spatial dimensions of touch or hearing inevitably means a huge loss of information” (5). 

Accordingly, while it is possible to recognize a single object using the spatial isomorphism of 

touch and hearing through a SSD (as well as some locomotion tasks), some ecological 

situations like driving a car are too informationally demanding to be realized with a SSD (i.e., 

in respect to the poor spatial resolution of touch and audition compared to vision). 

 Our Metamodal Spatial View is consistent with the fact that such information can be 

accessed through vision more precisely than through another sense, which may explain the 

limited performances of SSD-users. Now, it is an open question whether information about 

not one but, say, five objects in motion is still metamodal or not (that is, whether such a 
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complex dynamic scene remains accessible through any modality, thanks perhaps to a more 

advanced technology, or if it is intrinsically accessible to only vision-like modalities).  

 

9.5 CONCLUDING REMARKS 

 
Some supporters of the sensorimotor theory (Hurley & Noë, 2003; O’Regan & Noë, 2001) 

argue that SSD-perception is closer to the deferent modality (e.g., vision) than to the 

substituting modality (e.g., touch). Roughly, the sensorimotor theory considers that perceptual 

experience occurs when the organism masters laws of sensorimotor contingency. For 

instance, the what it is like of my seeing a pigeon in front of me is constituted by my mastery 

of some sensorimotor laws expressing the fact that if I move my eyes, my body or the pigeon 

itself in a specific way, this will produce some specific changes in experience.  

The deference hypothesis defended by the sensorimotor theory is based on two 

observations: first, the post-training phenomenology is more like visual phenomenology than 

tactile or auditory phenomenology; secondly, this phenomenology is acquired only if the 

SSD-user is allowed to move the camera at will (versus if it is the experimenter himself that 

moves it—in which case the phenomenological shift does not happen—see Bach-y-Rita et al., 

1969 and Hurley & Noë, 2003). The second point seems to argue in favour of the 

sensorimotor view of the phenomenology of perceptual experience in that a SSD-user will 

have a meaningful perceptual experience (e.g., the subject perceives a horizontal line versus 

random tactile stimulations), only if he begins to master sensorimotor contingencies. In 

addition, the explanation given by the sensorimotor theorist of the alleged visual post-training 

phenomenology is that the pattern of sensorimotor contingencies mastered in the case of a 

SSD is similar to those mastered in the case of normal vision. In consequence, the substituting 

modality in SSD-perception would only have a causal role in enabling the mastering of 

sensorimotor contingencies that are thought to be visual sensorimotor contingencies. If that is 

true, then the mastering of sensorimotor contingencies would be what shapes the 

phenomenology of perception.  

However, we argued that the phenomenology of SSD-perception is not specifically 

visual, but spatial (amodal). Therefore, if we are right, the first observation made by the 

sensorimotor view is erroneous and its argument in favour of the deference view is 

undermined at its very basis. This has implications for the sensorimotor view in general. First, 

we can argue that sensorimotor contingencies associated with a SSD are indeed visual and 
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draw the conclusion that sensorimotor contingencies, in general, are therefore not sufficient to 

explain the phenomenology of perception. Second, we can say that current sensory 

substitution devices allow for only a partial implementation of visual sensorimotor 

contingencies. As a result, the phenomenology associated with the experiential shift would be 

visual but only partially. Finally, we can suggest that there are modality-specific and general 

sensorimotor contingencies and that sensory substitution devices implement only the second 

kind.  

 In conclusion, we have shown that the arguments in favour of the Deference View and 

of the Dominance View are not conclusive. We have defended a Metamodal Spatial View. 

This view is based on the idea that the crossmodal activations of brain areas, usually 

considered as visual areas, found during SSD-perception, might illustrate the idea that these 

areas actually are metamodal areas. In addition, we have shown that none of the information 

accessible through a SSD is uniquely visual information but amount to a kind of metamodal 

spatial information. Finally, we tried to show that the phenomenology accompanying the 

experiential shift could be described as a kind of amodal spatial phenomenology. Hence, 

sensory substitution is substitution. 

 

The research I presented in Part II focused on the potential contribution of 

metacognition to certain lively debates in the philosophy and the cognitive science of 

perception. In particular, I have developed the idea that the phenomenology of perception is 

not only sensory but also affective, the affective phenomenology of perception being 

constituted by the so-called metacognitive feelings. In a way feelings represent an 

intermediate layer between lower-level perceptual states and higher-level cognitive states, 

between perception and judgment. In this respect, I have shown that the influence of certain 

factors is not necessarily exerted at either the sensory level or the belief/judgment level but 

can also be exerted at the affective level. 

 Specifically, Chapter six proposed the idea that hallucinations are not necessarily 

reducible either to a sensory state or to a higher-order belief state but can be conceived as 

involving an affective state, i.e., as instantiating feelings of presence. Chapter seven proposed 

that central putative cases of cognitive penetrability could be redescribed as cases in which it 

is only the affective phenomenology of perception that is, in fact, affected. Chapter eight tried 

to show that the logical space of the debate about the perception of absences can be enriched 

by proposing a metacognitive account of absence experiences. The perception of absences is 

not necessarily reducible either to a perceptual state or a cognitive state. Finally, Chapter nine 
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defended a view about sensory substitution that is intermediate between the Deference view 

and the Dominance view and, in the last section of Chapter ten, I propose a metacognitive 

account of the experiential shift described in this chapter. 

 In the final chapter of this dissertation, I point out certain limitations of the proposals 

or results presented along this work (beyond the shortcomings already considered in the 

discussion or conclusion part of each of the previous chapters). In addition, I call attention to 

future (essentially empirical) research needed to investigate the theoretical propositions 

presented throughout this work and to develop the empirical findings exposed in the last three 

chapters of Part I.  
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Chapter Ten 

GENERAL DISCUSSION 

 

10.1 THOUGHT INSERTION (CHAPTER ONE) AND EXPERIENCES OF ACTIVITY 

(CHAPTER TWO) 

 
Chapter one proposed the idea that thought insertion would result from a deficit of integration 

of the causal-contextual information related to the production of thoughts (Martin & Pacherie, 

2013) and that a functional disturbance of working memory could underpin this integration 

deficit. However, one can question this latter proposition.  

A working memory deficit, by itself, may not be sufficient to generate thought 

insertion phenomena: working memory impairments in other conditions than schizophrenia 

do not presumably lead to the formation of inserted thoughts and not all people with 

schizophrenia that have working memory deficits also have the symptom of thought insertion. 

A first possibility is that the kind of working memory deficit is somehow specific to people 

having inserted thoughts. A second possibility is that this working memory deficit is 

accompanied by a secondary deficit that is not present in people without thought insertion. A 

third possibility is that the functional deficit underpinning thought insertion does not involve 

working memory at all. For instance, one could postulate the presence of a specific ability –

disturbed in schizophrenia– having the function of monitoring the source of our thoughts. 

This ability would be an online version of the so-called source-monitoring ability (e.g., 

Johnson et al., 1993) arguably underpinning our faculty to identify the event source of our 

memories (e.g., a perceptual event or an imagining). Finally, one could also postulate that the 

deficit underpinning thought insertion is something more “low-level” and similar to the deficit 

postulated by Phillips & Silverstein (2003) to account for the perceptual deficits that can be 

found in schizophrenia (see Section 1.3.2). In other words, thought insertion would result 

from a deficit of the synchronizing neural processes specifically dedicated to the coordination 

(i.e., integration) of different kinds of information, particularly the coordination of contextual 

and target information and this deficit would have a certain particularity in patients with 

thought insertion.   
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 One way to test the hypothesis proposed in Chapter one would consist in temporarily 

reproducing the condition of thought insertion in healthy people by “shutting off”, through 

post-hypnotic suggestion, the factors that are hypothesized to underpin thought insertion. 

Recently the field of hypnosis has been undertaken by cognitive science and utilized in a very 

systematic way in a variety of experimental and scientific approaches (Albrecht & Wobst, 

2007; Barnier et al., 2008; Dienes et al., 2009; Dienes and Hutton, 2013; Raz et al., 2006). 

More precisely, post-hypnotic suggestion is a suggestion made to a hypnotized person that 

specifies an action to be performed after awakening, often in response to a cue. 

With respect to cognitive disturbances, hypnosis seems indeed to be a very good tool 

to simulate analogues of clinical situations and, therefore, contribute to the field of 

experimental neuropsychopathology (Oakley & Halligan, 2009). The approach is not intended 

to replicate the relevant psychological disorder as a whole, but only some of its key 

symptoms. As an illustration, forms of passivity experiences such as delusions of control in 

schizophrenia have been convincingly induced in healthy subjects through hypnosis 

(Blakemore et al., 2003). Other pieces of evidence indicate that functional pain, functional 

amnesia, or anarchic hand, are also disorders that can be simulated through hypnosis 

(Derbyshire et al., 2004; Barnier, 2008 and Haggard et al., 2004, respectively). While the 

hypnotic analogues are unlikely to reproduce the structural underpinnings of the original 

diseases, they are still a powerful tool to test the cognitive processes that can lead or 

contribute to such diseases, especially, but not only, in the psychiatric domain (Oakley & 

Halligan, 2009). In this regard, hypnosis can be used to test cognitive models of specific 

symptoms. 

Roughly, the method consists in inhibiting the cognitive factors or conditions that are 

hypothesized to underpin the disturbance at stake. If the inhibition of specific factors relative 

to others triggers analogues of the studied disturbance in healthy people, we have strong 

evidence that these factors are the ones underpinning the actual clinical condition being 

studied.      

In thought insertion, the first step would be to test the hypothesis of an integration 

deficit of the causal-contextual information (Martin & Pacherie, 2013). One way to do this 

would consist in associating during the suggestion phase e.g., certain images with certain 

thoughts (e.g., each time the image of a phone is displayed the thought the sky is blue is 

triggered). For certain image-thought associations, subjects are given the induction to 

immediately and completely forget the source of the thought at stake (i.e., to forget that the 

image triggered the thought) when presented with these images after the induction phase. If 
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this experimental manipulation produces analogues of thought insertion, we will have strong 

evidence in favour of the hypothesis of an integration deficit of the causal-contextual 

information (other current hypotheses about the mechanisms of thought insertion should be 

tested in this way in order to check whether the inhibition of the factors they postulate 

produces or not analogues of thought insertion).  

In the second chapter, based on the hypothesis of a general deficit of predictive 

mechanisms (e.g., Fletcher & Frith, 2009), I proposed that experiences of activity might result 

from an abnormal tendency of patients to infer causal relations between their thoughts and the 

external events at stake in a retrospective way owing to their predictive deficits (Martin, 

2013). Does this entail that two very different deficits explain thought insertion and 

experiences of activity? 

Recently, Phillips & Silverstein (2013) have developed a refined version of their 

hypothesis that emphasizes the complementary roles of context-sensitive gain-control 

mechanisms and predictive mechanisms in the pathogenesis of positive symptoms. They 

agree with the hypothesis of a disruption of predictive mechanisms, in particular with the idea 

that people with schizophrenia would produce imprecise predictions resulting in the 

generation of abnormally weighted false prediction errors (Frith & Friston, 2013). 

Nonetheless they suggest that, “predictions are pathologically imprecise because inadequate 

use is made of context to make them more precise” (p. 11). Indeed, the distribution 

probability of the different possible hypotheses about the event at stake can be modified by 

the current circumstances i.e., by the current context (Phillips & Silverstein, 2013).76 That is 

to say, depending on the current context a different hypothesis will be given a stronger weight 

compared to the others. So, in their view, the generation of imprecise predictions results from 

the fact that people with schizophrenia generate predictions that do not properly take into 

account the contextual information.  

In this respect, I could slightly update my view about thought insertion and 

experiences of activity. On the one hand, I conceived of inserted thoughts as thoughts feeling 

as if coming out of nowhere because of an integration deficit of the causal-contextual 

information. One could refine the hypothesis in the following way: the causal-contextual 

information gives to the system information about the origin of the thought at stake; therefore, 

if this information is incorrectly integrated, imprecise predictions or inferences about the 

causal source or origin of this thought might be generated as a result. On the other hand, 

                                                
76 Context might be thought to operate either at the level of priors or at the level of the likelihood function. 
Phillips & Silverstein (2013) give some arguments in favour of the second alternative.  
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concerning experiences of activity, one could say that the relevant external events are made 

salient owing to the generation of false prediction errors and that these prediction errors are 

generated because the current contextual circumstances are not correctly integrated. In 

particular, the context may provide information about the reason of the current event 

behaviour. For instance, in the second example of experiences of activity presented at the 

beginning of Chapter two, where a patient interprets his friend's action of turning his head in 

his direction as controlled by his own thoughts, the contextual information that the patient 

fails to integrate is information about the reason(s) the friend might have for turning his head 

in the patient's direction. 

 

10.2 THE INFLUENCE OF SPECIFIC VOCAL EMOTIONS ON AUDITORY 

PERCEPTUAL PERSISTENCE MECHANISMS (CHAPTER THREE) AND 

PERCEPTUAL PERSISTENCE IN SCHIZOPHRENIA (CHAPTER FOUR) 

 
 Chapter three has shown that certain types of non-verbal vocal emotional signals (screams 

and laughs) are detected more easily and maintained for a longer period than neutral signals in 

noise (Martin et al., in revision). I tried to physically match emotional signals to neutral 

signals and I also checked that the results were not due to the human character of emotional 

signals (relatively to the non-human character of spectrally-rotated stimuli) in comparing 

these emotional signals to uttered letters.  

 However, we can still question whether the differences found between emotional and 

non-emotional signals are due to the emotional content of the former or whether they are due 

to other factors. A further step would consist in using a similar experimental procedure (i.e., 

hysteresis procedure) but comparing emotional signals to various types of neutral signals with 

very different acoustical properties. If, in this context, emotional signals are still detected 

more easily and maintained more persistently than every type of neutral signal, then the best 

explanation of this result is likely to be that these differences are due to the emotional content 

of emotional signals.  

 Another very interesting way to proceed would be to compare certain emotional 

signals to themselves but, in specific trials, the emotional value of these stimuli would have 

been inhibited through post-hypnotic suggestion so that they appear neutral for subjects. If, 

with this manipulation, emotional stimuli appearing emotional are detected more easily and 

maintained more persistently than the same emotional stimuli appearing neutral, we would 
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have evidence that this difference is the consequence of the emotional content of the former 

(as the physical information between stimuli is strictly identical). 

Chapter four has shown that people with schizophrenia manifest what we referred to 

as perceptual or sensory persistence biases (Martin et al., submitted).  

 An interesting issue would be to investigate whether perceptual persistence biases are 

also present in other psychiatric or neurological disorders than schizophrenia, manifesting, for 

instance, some obsessive behaviour as in autism or obsessive-compulsive disorder. If they are 

not present, perceptual persistence biases could be used as a potential cognitive marker of 

schizophrenia; if they are present, hysteresis could be used as a symptom/deficit based 

approach for treatment (see footnote 33, Chapter two).  

 In addition, in the discussion of Chapter four I suggested that hallucinations could 

result from an abnormal weighting put on prior knowledge (Frith & Friston 2013; see also 

Section 10.4 below) and delusions from an abnormal weighting put on sensory evidence (see 

Chapter two). A direct prediction one can draw from this hypothesis is that people with 

hallucinations should manifest more hysteresis than people without hallucinations. The results 

of Chapter four do not show any correlation between hysteresis and PANSS scores. However, 

if it is right that hysteresis results from the influence of priors on sensory evidence 

(Schwiedrzik et al., 2012), future hysteresis studies should explore this possibility in a more 

direct way with designs integrating more SNR values and a larger sample of schizophrenia 

patients composed of two distinct groups: a hallucinatory group and a non-hallucinatory 

group. In these experimental conditions, one can predict that patients with hallucinations 

would manifest more hysteresis than patients without hallucinations and healthy people. The 

predictions concerning the group of patients without hallucinations are less clear. However, if 

we had a non-hallucinatory group consisting only of delusional patients who never had 

hallucinations, we might expect that they should show less hysteresis than hallucinatory 

patients and healthy people (to the extent they are stimulus-guided; see Chapter two).  

 

10.3 SCHIZOPHRENIA, TIME PERCEPTION AND HYSTERESIS IN AUDIOVISUAL 

SIMULTANEITY (CHAPTER FIVE) 

 
Chapter five has shown that perceptual hysteresis governs synchrony judgments when 

subjects were asked to evaluate the relevant audiovisual events retrospectively, independently 

of the statistical properties of the adapted stimuli (dynamic or constant). Conversely, when 
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subjects were informed of the audiovisual event to be judged they tended to be biased toward 

classical temporal recalibration.  

A number of psychiatrists stemming from the phenomenological tradition (Kimura, 

1994; Martin et al., 2013; Minkowski, 1933) thought of time perception disturbances in 

schizophrenia as a key and central factor in the pathophysiology of this disease. Loss of unity 

of consciousness, manifested by incoherent subjective experiences is a general phenomenal 

characteristic of schizophrenia and this subjective fragmentation of the experienced world 

(see Section 1.3.1) includes its temporal dimension. In particular, future events are 

insufficiently or incorrectly anticipated (coherent with a disruption of predictive/Bayesian 

mechanisms, see Chapter two and Chapter four) and, as a result, the fluent flow of events in 

time is disrupted i.e., the temporal organization of these events appears chaotic (Kimura, 

1994). 

In contrast, time perception deficits in schizophrenia are relatively little explored in 

cognitive neuroscience. However, and relevant for us, a number of studies have shown that 

people with schizophrenia have a disturbed discrimination of asynchronous vs. synchronous 

events (Foucher, et al., 2007; Giersch et al., 2009; Schmidt, et al., 2011; B.Martin et al., 

2013). In particular, for schizophrenia patients to be able to report the asynchrony between 

two sensory events, the temporal intervals separating these events have to be larger than for 

healthy subjects.  

However, the functional deficits underpinning the perturbed patients’ asynchrony 

discrimination remain ill-understood and I think that the study we conducted with healthy 

people could help our comprehension of these functional deficits. More precisely, asynchrony 

perception in schizophrenia patients has not been (at least extensively) studied when the target 

asynchrony event to be evaluated is preceded by a specific context. The audiovisual protocol 

of hysteresis designed in Chapter five could be used to test the potential presence of 

persistence biases in schizophrenia with regards to time. These persistence biases in time 

perception could participate in the subjective disorganization of the flow of time present in 

schizophrenia in preventing a fluent updating of temporal contents. 

The study reported in Chapter four showed that people with schizophrenia have 

sensory persistence biases as evidenced by aberrant hysteresis effects. In the study presented 

in Chapter five, when subjects were asked to evaluate the a/synchrony of the last audiovisual 

events in progressively synchronizing sequences of audiovisual stimuli (i.e., initially 

asynchronous) retrospectively, they showed persistence phenomena i.e., they persisted in 

asynchrony compared to when they were asked to evaluate the a/synchrony of the last 
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audiovisual events (with identical time lags) of progressively desynchronizing sequences (i.e., 

initially synchronous). In contrast, when subjects performed the same task but the test 

audiovisual events were cued by a visual signal (prospective judgments) persistence 

phenomena did not occur.  

One can predict that patients would show more hysteresis than control subjects in the 

retrospective condition i.e., persist more in asynchrony than control subjects. In the 

prospective condition, predictions are less clear, but to the extent that patients present 

predictive deficits (Chapter two) the fact that the target audiovisual event to be evaluated is 

cued should be less influential than for control participants and patients should still show 

hysteresis effects in this condition.  

 

10.4 THE PROBLEM OF HALLUCINATIONS (CHAPTER SIX)  

 
In Chapter six I investigated the prospects of metacognitive accounts of hallucinations and 

explored the idea that hallucinations are the result of a metacognitive error (Frith, 2005; 

Johnson et al., 1993). I proposed that the phenomenology of hallucinations is constituted by 

metacognitive feelings of presence (the experiential output of monitoring processes). 

Hallucinations do not, therefore, instantiate a sensory phenomenology (at least “from the 

start”) and hallucinations cannot be used as a counter-argument against naïve realism and 

disjunctivism (Dokic & Martin, 2012). 

 One way to test this proposal would be to induce feelings of presence through post-

hypnotic suggestions and to evaluate the extent to which this triggers or reproduces 

hallucinatory states.  

 In addition, this proposal is coherent with recent Bayesian proposals about 

hallucinations in schizophrenia (Corlett et al., 2009; Frith & Friston, 2009; Martin et al., 

submitted). While delusions might arise when too much weight is given to sensory evidence 

(see Chapter two) hallucinations might arise when too much weight is given to prior 

expectations  (Frith & Friston, 2009; Martin et al., submitted; see discussion of Chapter four). 

Roughly, this would mean that when certain erroneous prior expectations are formed in 

certain people with schizophrenia, the error signal (i.e., the prediction error) resulting from 

the confrontation of these erroneous prior expectations with the current sensory evidence is 

not taken into account (see below) so that the prior expectations “win the competition” when 

the brain is attempting to reach a decision about the actual state of the world.  
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 A lot of work still has to be done to determine both the exact nature of prior 

knowledge and how priors could lead to hallucinatory states. One possibility is that error 

signals are abnormally, incorrectly, or not at all detected by the relevant error detection units 

(Friston, 2005), or, to use the terminology of Chapter six, that error signals are incorrectly 

monitored or not monitored at all by the relevant monitoring mechanisms (because error 

signals, for instance, are not or abnormally generated). As a consequence, the content of 

erroneous prior expectations is tagged as actual (i.e., metacognitive error) and feelings of 

presence are associated to it, leading the subject to believe that she is undergoing a veridical 

perception. Importantly, priors are implicit knowledge states and even if we are unsure how 

exactly to characterize the nature of priors, we can confidently assert that they are obviously 

not sensory states in themselves. Therefore, feelings of presence are bound to unconscious 

non-sensory states.  

 

10.5 COGNITIVE PENETRABILITY (CHAPTER SEVEN) 

 
Chapter seven addressed the debate about the cognitive penetrability of perceptual 

phenomenology and in particular perceptual content. Cognitive penetrability can be defined as 

the general claim that higher-order cognitive states, such as explicit beliefs, can penetrate (i.e., 

modulate) the content and thus the phenomenology of our perceptual experiences. Partisans of 

a liberal view of perceptual experience argue that high-level properties (e.g., being a pine tree) 

are encoded in the contents of perceptual states while conservatives deny it (Bayne, 2009; 

Siegel, 2006). Chapter seven exposed a dubious premise implicitly or explicitly endorsed in 

many discussions about CP, either pro or contra, namely the premise that the differences at 

the level of perceptual phenomenology that are supposed to result from cognitive penetration 

amount to differences in perceptual content. In contrast, it was proposed that at least in central 

cases, the phenomenological changes that the partisans of CP construe as being caused by 

penetrating states concern not the content of perception proper but its affective side. 

 An important issue is to determine whether this hypothesis is generalizable or not. 

That is to say, can it be applied to all putative cases where a modulation of one’s perceptual 

phenomenology seems to happen as a result of different background cognitive states rather 

than being attributable to low-level perceptual changes?    

 I believe that the hypothesis is at least applicable to many other putative cases, like the 

case of word understanding or the case of associative agnosia described by Bayne (2009).  
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First, theorists like Siegel (2006) and Bayne (2009) argue that the semantic content of 

words is represented in perceptual experience. As an illustration, take the Spanish word 

“ejercicio”. Arguably, there is a phenomenal difference between our experience of the word 

“ejercicio” before and after one has learnt its meaning (i.e., exercise). Beyond the low-level 

perceptual changes following learning (e.g., the learning of letter phonetics, of phonemes 

segregation, of the tonic accent, and so on) and the production of specific mental imagery, the 

perceptual difference, according to the liberal view of perception, would also lie in the 

semantic content of the word “ejercicio” being encoded in the post-learning sensory content 

of perceptual experience.  

However, another putative phenomenological difference lies at the level of feelings: 

with training one’s acquires feelings of familiarity and feelings of fluency which follow the 

acquisition of recognitional abilities and the improved quality of processing with learning. 

One could argue that the acquisition of such feelings explains the whole of the 

phenomenological differences between the pre- and post-learning phase.  

As a counter example to this idea one can imagine a situation in which during twenty 

years you thought that a word of your own language referred to something in particular 

whereas, in fact, it referred to something else. In this situation, both the low-level perceptual 

properties and the feelings of familiarity and fluency associated with the post-learning phase 

when learning a foreign word are present from the start (i.e., in the pre-learning phase), 

because the word is a word of your own language. However, one can say that when you learn 

what the word really means there still is a phenomenological difference between the pre- and 

post-training phase. The partisan of the liberal view of perception would say that the 

phenomenological difference results from substitution of the new semantic content of the 

word to the old semantic content in the sensory content of perceptual experience after 

learning.  

However, there is another phenomenological difference: when you learn what the 

word really means you are surprised and this feeling of surprise (Chapter eight) could explain 

the whole experiential change happening when you learn what the word really means. In this 

view, “the word sounds the same but feels different”.   

We can doubt that the semantic content of words is encoded in the sensory content of 

perception independently of the view presented in Chapter seven. Take the sentence “here 

comes the night” and the sentence “here comes the knight”. Although different semantic 

contents are associated with the words "night" and "knight", these homophones seem to sound 

exactly the same (at least to my “French ears”).  
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 Second, Bayne (2009) argues that the case of associative agnosia adjudicates in favour 

of the liberal view of perception. People with associative agnosia are impaired at recognizing 

objects as belonging to such or such a familiar category although their other low-level 

perceptual abilities (e.g., form perception) as well as their cognitive abilities (memory, 

attention and so on) are intact (Lissauer, 1890/1988). Bayne suggests that, “the phenomenal 

character of the patient’s visual experience seems to have changed—his visual 

phenomenology is no longer what it was. Nonetheless, the patient’s low-level perceptual 

abilities remained intact. His problem is not with form perception but kind perception”. 

Suppose that Bayne is right and that the overall perceptual phenomenology of people with 

associative agnosia is modified as a result of their disease. In other words, take for granted 

that the consequences of associative agnosia are not only cognitive (e.g., absence of 

categorization processes) but also experiential. Suppose also that we cannot account for these 

consequences in terms of low-level perceptual changes. Should we accept the claim that what 

the patient is lacking at the experiential level is the sensory phenomenology that is associated 

with kind perception or can we redescribe the perceptual change in terms of a modification of 

the affective side of perceptual experience?  

One might say that patients being unable to recognize objects are lacking the feelings 

of familiarity that are usually associated with recognizing processes and that people with 

associative agnosia are just an extreme form of what happens when, for instance, we fail to 

recognize someone, say, John, who is telling us that we know each other. My sensory 

phenomenology is identical to what it was when I was able to recognize John in the past, but 

in failing to recognize John now I just simply lack the feeling of familiarity that was 

associated with my recognition of John in the past. People with associative agnosia “just” lack 

the feeling of familiarity that is normally associated with object recognizing processes. Recall 

that metacognitive feelings are likely to be process-based rather than content-based and, 

therefore, we cannot argue that the loss of feelings of familiarity follows the loss of kind 

perception.  

The view presented in Chapter seven is not decisive against the liberal view of 

perception but it forces their partisans to show that different background states modify more 

than just the affective phenomenology of perception (what I tried to show).  

In Chapter seven, I tried to establish the coherence and plausibility of the hypothesis 

that higher-cognitive states like explicit beliefs, can, at best, penetrate metacognitive feelings 

not sensory phenomenology. I also plan to test it empirically in the future. One way to do it 

would be to present subjects with more or less ambiguous stimuli; for instance, with faces 
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being ambiguous relatively to their gender (through morphing techniques). Before the 

presentation of a face subjects are presented, for instance, with one of the following 

sentences: a. the next image is more likely to represent a man's face than a woman; b. the next 

image is more likely to represent a woman's face than a man; or, c. the next image is as likely 

to represent a man's face as a woman's face; or d. nothing. The role of the sentences would be 

to create a prior expectation in subjects.  

The hypothesis is the following: perceptual confidence (i.e., the metacognitive 

feelings of confidence) receives inputs other than sensory inputs. In particular, it receives 

input from higher-order cognitive states like beliefs or explicit expectations. In the case where 

the perceptual input is relatively unambiguous but expectations contradict the content of the 

perceptual input the prediction is that prior expectation will modulate perceptual decision as a 

result of a modification of perceptual confidence while perceptual sensitivity remains 

untouched (d-prime stays constant). In the case where the stimulus is very ambiguous I 

hypothesize that prior expectation will modulate the perceptual decision by modifying 

perceptual confidence and perceptual sensitivity (d-prime does not stay constant). In other 

words, it is the only case where a kind of cognitive penetrability might happen.  

  

10.6 PERCEPTION OF ABSENCES (CHAPTER EIGHT) 

 
While the detection of absences appears to be a central cognitive ability in humans (and 

probably of other species) it has not yet been extensively studied, especially in cognitive 

science. The ability to detect and identify the absence of things is crucial for adaptation 

(Farennikova, 2012). For instance, in a dangerous environment you have to be able to detect 

the presence of predators but also their absence when you expected to find them in a 

particular place in order for you to move on.  

So far, however, cognitive neuroscience with respect to perception has essentially 

focused on the way the brain encodes ‘concrete’ objects. For instance, in the field of visual 

perception cognitive neuroscience investigates, inter alia, the cerebral and computational 

processes underpinning certain perceptual abilities (detection, recognition, identification, 

discrimination, categorization) as well as the cerebral and computational processes 

underpinning the encoding of the different properties comprising a concrete object (its colour, 

its form, its texture and so on and so forth).  
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Recently, however, as shown in Chapter eight, cognitive philosophy has begun to 

investigate the status of perceptual absences. That is to say, one’s ability to detect the absence 

of things (e.g., Farennikova, 2012; Martin & Dokic, 2013). Everyday situations suggest that, 

in fact, we are very good at detecting the absence of things, especially of things that were 

(implicitly or explicitly) expected to be present. For instance, a person that has been burgled 

will easily detect the absence of the stolen objects that she expected to see at certain places in 

entering her home. Our ability to detect the absence of things appears very efficient and 

instantiates very fast processes that allow us, in specific conditions, to automatically detect 

that something is missing.  

Nonetheless, we know very little about the way the brain deals with the perception of 

absences. That is to say, about the way the brain encodes the absence of things. We know that 

specific retinal cells, for instance, produce specific responses (referred to as omitted stimulus 

response) to omitted flashes in a train of flashes (Schwartz and Berry 2008). Similarly a brain 

wave (omitted stimulus potential) related to unpredictable omissions of recurrent stimuli has 

been identified (e.g., Hernandez et al., 2010). However, the computational and neurocognitive 

processes underpinning the ability to detect absences are largely ill understood and have not 

been systematically investigated. In other words, the detection of absences as a truly cognitive 

ability has not received systematic investigations. We do not know the nature of the processes 

underlying the detection of absences; whether they essentially involve higher-level cognitive 

processes, low-level perceptual mechanisms or a mixture of perceptual and metacognitive 

processes as argued in Chapter eight.  

Therefore, the ability to detect the absence of things considered as a true cognitive 

ability could lead to important research projects in the cognitive neuroscience of perception 

concerning their underlying neural basis, the processing level(s) at which absence detection is 

implemented, and whether and to what extent the processes underlying absence detection are 

specific and distinct from other processes underlying the detection of other phenomena such 

as change detection. 

These issues could be investigated using brain imagery techniques (for instance, EEG, 

MEG). Experimental protocols might consist in designing paradigms of perceptual 

expectation by which we will be able to contrast different kinds of situation. Figure 10.1 

illustrates the kind of designs that could be used in the present project. 

Events would consist in an empty square, followed by a sound, followed either by a 

colour marble (colour-events) or by an empty square (empty-events). A trial would consist of 

a series of, say, twelve events. Colour series (CS) would include only colour-events, empty 
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series (ES) would include only empty-events, Unexpected empty series (UES) would be 

comprised of eleven colour-events together with an unexpected empty event at a random 

position in a series (Figure 10.1 (a)). Unexpected colour series (UCS) would be comprised of 

eleven colour-events using the same colour together with an unexpected colour-event with a 

different colour at a random position in the series (Figure 10.1 (b)). By using different types 

of blocks, it should then be possible to compare brain activation associated with expected 

absence or unexpected absence, brain activation associated with unexpected presence, and 

brain activation associated with unexpected colour events.    

 Finally, it would also be interesting to investigate the perception of absence in a 

developmental perspective – whether this is an early or a late developing ability – as well as 

in a comparative perspective – whether the ability to detect absences is also present, or 

present to the same extent, in less cognitively advanced species. 

 

 
 

FIGURE 10.1| A potential methodology for the study of absence detection (see text).  

 

10.7 SENSORY SUBSTITUTION (CHAPTER NINE)  

 
As described in Chapter nine, after training with a SSD subjects are able to navigate in their 

environment, to avoid obstacles, to extract the shape of remote objects, to discriminate 

overlapping objects, to discriminate letters with different orientations and so on (Arno et al., 

2001a; Auvray et al., 2007; Poirier et al., 2007a; Sampaio et al., 2001). In addition, after a 
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certain amount of practice with a SSD what I described as an experiential shift happens: some 

subjects have the impression that the proximal sensory information delivered by the SSD has 

its source in the external word (e.g., Bach-y-Rita, 1969; Bach-y-Rita, 2004; Guarniero, 1974). 

For instance, Bach-y-Rita and colleagues state that their “subjects spontaneously report the 

external localization of stimuli in that sensory information seems to come from in front of the 

camera, rather than from the vibrotactors on their back.” (Bach-y-Rita et al., 1969, p 964).   

 It remains an open issue both how best to characterize the nature of this experiential 

shift and what its potential underlying mechanisms are. The experiential shift is usually 

characterized in terms of an ability to make distal attributions that subjects acquire (Auvray et 

al., 2005). By distality and in the context of the experiential shift happening in sensory 

substitution it seems that people have in mind the experience of feeling the objects at the 

source of proximal stimulations at some distance from the body in the outside world. For 

instance, Hurley and Noë, 2003 states “objects [after the experiential shift] are reported to be 

perceived as arrayed at a distance from the body in space and as standing in perceptible 

spatial relations such as “in front of”.” (p. 142). Auvray et al., (2005) more specifically define 

distal attribution “as the ability to attribute the cause of our proximal sensory stimulation to an 

exterior and distinct object” (p. 506). When they characterize the experiential shift in terms of 

distal attribution what people try to explain are, therefore, the spatial abilities acquired by 

subjects.  

 However, this experiential shift can also be characterized in terms of the acquisition at 

the experiential level of feelings of presence. That is to say, subjects acquire the feeling that 

the proximal stimulations refer to actual objects in the world. I propose an explanation of this 

experiential shift, at least of the instantiation of feelings of presence after training, that 

stresses the contribution of a particular metacognitive ability referred to as reality-monitoring 

(Frith, 1992).  

 Once again, metacognition refers to the mechanisms by which we evaluate and control 

one’s first-order cognitive processes (Koriat, 2000; 2007). Metacognitive mechanisms are 

usually thought to have two sides: a monitoring side evaluating the quality of information 

processing and a control side regulating it.  Monitoring processes are largely implicit and 

automatic but give rise to a kind of affective experience usually referred to as a metacognitive 

feeling (Koriat, 2000). As an illustration, in metamemory (the ability to evaluate and control 

one’s memory or knowledge states) one may find, for instance, feelings of knowing; the 

feelings that one knows the answer to a question even before one is able to answer it. 

According to some authors, feelings of knowing result from monitoring process involving 
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implicit inferences from different cues, for instance, the level of availability of partial 

information (whether this information is correct or not) or the level of fluency with which 

information is processed (Koriat, 2000; Oppenheimer et al., 2008). The more fluent 

information processing is the stronger the feelings of knowing will be, even if, for instance, 

the fluency has been manipulated by the experimenter so that the strength of your feelings, in 

fact, is not representative anymore of your actual knowledge. 

 In metaperception (the ability to evaluate and control one’s perceptual states (e.g., 

Loussouarn et al., 2011; Bartheleme & Mamassian, 2010)) we find, inter alia, feelings of 

presence or reality (Dokic and Martin, 2012; Sanchez-Vives & Slater, 2005). Feelings of 

presence refer to the experience that the objects of one’s perceptual experiences are actual, 

that is, the experience of being genuinely related to actual things (by contrast the contents of, 

for instance, imaginings are not associated feelings of presence) (see Chapter six). It has been 

proposed that a self- or reality-monitoring mechanism is necessary to sort out what comes 

from the world (i.e., what is actual) and what is due to the subject herself (e.g., Helmholtz, 

1866; Frith, 1992, 2005). For instance, the question arises as to how the brain can distinguish 

between inner and outer speech events given that both can have the same contents. The 

proposal is that a subpersonal mechanism monitors the source of the event and gives rise at 

the conscious level to a feeling of agency attached to internal events (imaginings) (Frith, 

1992) and to a feeling of presence attached to external events (perceptual objects) (Dokic & 

Martin, 2012 and Chapter six). In cognitive science, Frith (e.g., 2005; 2012) suggested that 

auditory hallucinations in schizophrenia would result from a breakdown of the self/reality-

monitoring mechanism, so that patients attribute to external sources active inner speech (in 

other words, this breakdown leads patients to lose the feeling of agency that is normally 

attached to inner speech or to have a feeling of presence for their own inner speech) (see e.g., 

Blakemore et al., 2000; Ditman and Kuperberg, 2005; Farrer & Franck 2007; Fletcher and 

Frith, 2009; Ford et al., 2004, 2007; Johnson et al., 1993). 

 When after training with a SSD, the experiential shift happens, feelings of presence 

are instantiated in that subjects have the impression that proximal sensory information 

delivered by the SSD refer to actual objects in the world. In other words, before the 

experiential shift, subjects only knew that proximal stimulations referred to actual objects, 
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after the experiential shift they also feel that these objects are actual.77 I propose that these 

feelings of presence might result from the reality-monitoring processes eventually ‘tagging’ 

the sensory events as coming from the external world because the fluency of sensorimotor 

interactions increases with training.  

 First, the level of processing fluency is known to modulate the strength of 

metacognitive feelings in general such as feelings of knowing, of confidence, of liking and so 

on and so forth (Jacoby & Dallas, 1981; Koriat, 2002, 2007; Oppenheimer et al., 2008; Wurtz 

et al., 2007). As an illustration, the repeated exposure to a written sentence, or its presentation 

with a high-level of visual contrast (versus a weak visual contrast) improves processing 

fluency with respect to the sentence. This improvement has the effect of strengthening the 

subjective confidence the subject has about the truth of the sentence (see e.g., Hansen et al., 

2008). In other words, sentences presented with a high visual contrast are felt to be more 

credible than sentences presented with a low visual contrast. Similarly, a visual contrast 

facilitating the perceptual processing of a general knowledge question will increase the 

probability of having a feeling of familiarity for this general knowledge (Koriat, 1993).  

 Second, in the literature on virtual reality, it has been shown that the strength of 

feelings of presence with respect to the virtual environment does not depend, for instance, on 

the degree of realism conveyed by the virtual setting but, for instance, on the frame-rate with 

which the graphics are displayed (Sanchez-Vives & Slater, 2005). Well-suited graphics 

frame-rate, arguably, increase the fluency of information processing and, as a result, the 

strength of feelings of presence. Therefore, fluency also influences metacognitive feelings of 

presence.  

 Third, the experiential shift occurs if and only if the subject is allowed to move the 

camera at will versus if it is the experimenter himself that moves it; in which case the 

experiential shift does not happen (Bach-y-Rita et al., 1969 and Hurley & Noë, 2003 and see 

Chapter nine). This shows the importance of sensorimotor interactions in the production of 

feelings of presence. Matthen (2005) also recognizes the importance of motion-guiding 

vision, in normal conditions, for the production of feelings of presence. In virtual reality the 

contribution of sensorimotor interactions in the production of feelings of presence with 

respect to the virtual environment is also strongly recognized (e.g., Casati & Pasquinelli, 

2005).  

                                                
77 This does not mean, of course, that before the experiential shift subjects had a sense of agency for proximal 
stimulations, but only an absence of feelings of presence for the objects at the source of these proximal 
stimulations.  
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 So, with respect to the instantiation of feelings of presence during the experiential shift 

happening with a SSD, I propose that, with training, the fluency of sensorimotor interactions 

increases up to a level close to the level of fluency that the reality-monitoring processes 

usually find in normal conditions. As a consequence, they tag the objects at the source of 

proximal sensory events as having a certain actuality. 

 In addition, as the experience of distality and the experience of presence co-occur, 

future conceptual and empirical work should clarify the nature of the relation between 

presence78 and distality: is distality a necessary condition for presence or presence a necessary 

condition for distality or is their co-instantiation purely contingent?   

 For instance, we have seen that sensorimotor interactions are necessary for the 

experiential shift as a whole – distality plus presence – to occur. If we grant the role of reality-

monitoring processes in the production of feelings of presence, distality and presence can 

interact in at least three ways: first, increasing sensorimotor fluency could give rise to an 

experience of distality and reality-monitoring processes would in turn “produce” feelings of 

presence since things that are perceived as located in external space are usually actual objects 

in the world. Second and conversely, increasing sensorimotor fluency might directly affect the 

reality-monitoring processes that generate feelings of presence and, as feelings of presence are 

usually attached to objects in the world perceived at external locations, these feelings would 

contribute in turn to the production of an experience of distality. Third, sensorimotor 

interactions might be a common cause to distality and presence (contingent co-instantiation). 

On the one hand, post-training fluency would directly generate an experience of distality (see 

Auvray et al., 2005 for a defence of this view) and, on the other hand, it would lead reality-

monitoring processes to tag the objects at the source of proximal stimulations as being actual, 

that is, to generate feelings of presence.   

 The second proposition is not very plausible as we can have distality experiences 

without feelings of presence. First, patients suffering from derealisation –a pathology 

specifically affecting feelings of presence– nevertheless retain distality experiences (e.g., 

Sacco, 2010). Second, in virtual environments certain elements in the virtual setup can lack 

associated feelings of presence and yet be perceived at a certain distance. Similarly, certain 

visual hallucinatory percepts can be perceived at a certain distance while, at the same time, 

                                                
78 Even when the word presence is used alone it refers to the experience of presence, except if stated otherwise 
(idem for the word distality).  
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being fully recognized as hallucinatory (see Shanon, 2002). So presence is likely not a 

necessary condition for distality.79 

 The first proposition is probably more plausible than the second one but it is 

questionable too. For instance, some people with schizophrenia localize their auditory verbal 

hallucinations ‘inside their head’ and not necessary ‘outside their head’ and the voices, 

however, keep a certain actuality (Oulis et al., 1995; Nayani & David, 1996).  

 I have given reasons to think that presence is not necessary for distality and distality is 

not necessary for presence. Nonetheless, this does not preclude the possibility that they are 

influencing factors for each other. It could be, for instance, that presence influences the 

strength of distality experiences and, conversely, that distality influences the strength of 

presence experiences as these two kinds of experience are usually at least correlated. In 

addition, in the specific situation of sensory substitution, it could be that distality will appear 

in fact to be a necessary factor for presence or presence a necessary factor for distality. 

However, the independent reasons given in favour of the idea that distality and presence are 

unnecessary for each other suggest that the co-instantiation of distality and presence 

experiences could be contingent.  

 In particular, according to the third proposition, they would be generated together by 

the increasing fluency of sensorimotor interactions with training. Distality would be the direct 

consequence of this improvement while presence would be a consequence of the way in 

which reality-monitoring processes exploit sensorimotor fluency cues.     

  

 

 

 

 

 
 
 
 
 
 
 

                                                
79 Here one might object that the second proposal does not entail the claim that presence is a necessary condition 
of distality in general. According to the second proposal, it’s just that in the particular case at hand, presence 
causes distality (a weaker claim).  
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