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Thesis Summary  

 

In this doctoral dissertation I develop a new framework for the study and 

integration of plasticity, learning and cognition. I take sensory substitution devices and 

embodied skills as my paradigmatic case studies, investigate the capacity of our brains 

to functionally and anatomically change in response to environmental stimulation, and 

look at how engaging in context-specific pattern of practice changes subjects‘ enduring 

dispositions and influences their performances, leading to increasingly proceduralized 

skills and expertise.  In essence, I study how culture and plasticity shape human 

cognition.  

 

This thesis consists of two theoretically distinct yet interrelated parts.  

Part 1 (chapters 1, 2, 3) entitled ‗Sensory substitution devices, skilful perception 

and synaesthesia‘, focuses on issues surrounding debates in philosophy of perception, 

philosophy of cognitive science and neuroscience and explores the relations between 

sensory substitution devices, embodiment, human sensory modalities and synaesthesia. 

Part 2 (chapters 4, 5) entitled ‗Brain plasticity and enculturated skills in the 

evolution and development of human cognition‘, focuses on issues surrounding debates 

in evolutionary biology, developmental neuroscience and philosophy of cognitive 

science and investigates the relations between plasticity, embodied patterned practices 

and human cognition. 

It is hoped that the new theoretical framework developed in this thesis for the 

integration of these different concepts and phenomena will facilitate collaborations 

between philosophers and scientists, thus affording new insights for researchers 
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working at the intersection of philosophy of cognitive science, philosophy of biology 

and philosophy of neuroscience. 
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Preface: thesis by publication 

 

A thesis by publication includes published and co-published material prepared 

by the student during the course of candidature. The standard format of a thesis by 

publication is four to five research papers bookended by a substantial introductory 

chapter and a conclusion
1
.  

I chose to undertake a thesis by publication (an increasingly popular option for 

postgraduate students in many Australian universities) for a number of reasons, which I 

briefly summarise below: 

• I thought I would benefit from referees‘ as well as supervisors‘ comments on thesis 

papers in journal article format long before thesis submission; 

• I thought my published research findings would become available and therefore 

contribute to research in my field at the earliest possible opportunity (rather than only 

being available under restricted access and delayed conditions in the University library 

after award of degree); 

• I thought undertaking a thesis by publication would help me develop useful practical 

skills (such as learn how to write to journal editors, deal with rejections/revisions and 

pitch articles) for professional academic life;  

• I thought a thesis by publication could make me more competitive for postdoctoral 

positions. 

                                                           
1
 More information about the nature and purpose of a thesis by publication can be obtained by clicking on 

the following link, which displays the official policy of Macquarie University towards higher degree 

research theses: http://mq.edu.au/policy/docs/hdr_thesis/guideline_by_publication.html (last accessed 

June 2015). See also Cowden, Feb 2013:  https://theconversation.com/a-phd-by-publication-or-how-i-

got-my-doctorate-and-kept-my-sanity-11012(last accessed June 2015). 

 

http://mq.edu.au/policy/docs/hdr_thesis/guideline_by_publication.html
https://theconversation.com/a-phd-by-publication-or-how-i-got-my-doctorate-and-kept-my-sanity-11012
https://theconversation.com/a-phd-by-publication-or-how-i-got-my-doctorate-and-kept-my-sanity-11012
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These thoughts have been validated. I did get extremely helpful comments from 

referees from a number of journals (such as Biology and Philosophy, The British 

Journal for the Philosophy of Science, Philosophy of Science). My research has become 

available and thus cited before the award of the degree [according to Google Scholar 32 

times –May 2015- (h-index = 4, i10 index =1)]. I learned how to deal with revisions and 

rejections and developed a number of other important practical skills for academic life. 

The overall experience of a thesis by publication has thus been really positive for me. 

 

This thesis is an entirely new work, which however expands on some themes 

and research I conducted during my MPhil at the University of Edinburgh, supervised 

by Andy Clark, Julian Kiverstein and Tillman Vierkant. I defended my MPhil in 

November 2011 (examiners Mark Sprevak and Michael Wheeler). 

 

My doctoral dissertation consists of: (i) a comprehensive and critical 

introduction; (ii) 5 chapters sorted in two distinct parts; and (iii) an integrative 

conclusion.  Two chapters of this thesis (chapter 1 and chapter 3) have been published 

in two distinct volumes from Oxford University Press, two more chapters (chapter 2 

and 4) have been published in peer reviewed journals (Biology and Philosophy, The 

British Journal for the Philosophy of Science) and the other (chapter 5) has been 

prepared for submission (exact venue to be determined after examination). Thus, each 

chapter has been devised for a different target audience and written with a different 

emphasis. I have included details about the target journals and descriptions of the 

relevant volumes (plus a list of contributors where available) in the body of this 

dissertation, as an appendix to each chapter.  
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I list below the papers included in my dissertation (for summaries please refer to 

the relevant chapter in the thesis). For the two chapters I co-authored (chapter 1 and 3), 

in line with Macquarie University‘s policy towards higher degree research theses, I 

provide below an explicit account of my contributions. I also enclose, as Appendix (A), 

another paper I published at the beginning of my doctoral studies, which motivates and 

provides grounds to better understand the first part of this dissertation.  This paper, 

however, isn‘t an examinable part of the PhD thesis and it is included for background 

reference only. 

PART 1: ‗Sensory substitution devices, skilful perception and synaesthesia‘. 

 Chapter 1 

Kiverstein, J., Farina, M., & Clark, A. (In Press, 2015). ‗Substituting the 

Senses‘. In M. Matthen (Ed.). The Oxford Handbook of the Philosophy of 

Perception. Oxford, UK: Oxford University Press.  Online first (Jan 2014): 

http://oxfordindex.oup.com/view/10.1093/oxfordhb/9780199600472.013.031 

This invited chapter was prepared for submission to a volume (The Oxford 

Handbook of Philosophy of Perception) edited by Mohan Matthen (Toronto) for Oxford 

University Press.  I was the second author of this chapter. The work on the chapter was 

divided as follow: 45% Kiverstein, 40% Farina, 15% Clark. I did most of the 

background work (including surveying the relevant neuroscientific literature and 

reviewing the case of echolocation we discuss). I also significantly contributed in 

developing the argument against Jesse Prinz and thus in the writing of sections 3 and 4. 

Julian Kiverstein maintained a leading role in developing sections 1 and 2 and much of 

the criticism against Brian Keeley is due to him. Andy Clark had a supervisory role: 

http://oxfordindex.oup.com/view/10.1093/oxfordhb/9780199600472.013.031
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polished the manuscript before submission and suggested a number of relevant cuts 

after first round of revisions. 

 Chapter 2 

Farina, M. (2013). Neither Touch nor Vision: sensory substitution as artificial 

synaesthesia?. Biology and Philosophy, Vol. 28, Issue 4, pp. 639-655. 

 Chapter 3 

Auvray, M. & Farina, M. (Accepted Jan 2014, In Press 2015). Patrolling the 

boundaries of synaesthesia: a critical appraisal of transient and artificially-

acquired forms of synaesthetic experiences. In O. Deroy (Ed.). Sensory 

Blending: New Essays on Synaesthesia. Oxford, UK: Oxford University Press. 

This invited chapter was prepared for submission to a volume (Sensory 

Blending: New Essays on Synaesthesia) edited by Ophelia Deroy (London) for Oxford 

University Press.  The authors of this chapter are listed alphabetically above, but made 

equal contributions to its writing.  

 

PART 2: ‗Brain plasticity and enculturated skills in the evolution and development of 

human cognition‘. 

 Chapter 4  

Farina, M. (2014). Three Approaches to Human Cognitive Development: Neo-

Nativism, Neuroconstructivism, and Dynamic Enskilment. The British Journal 

for the Philosophy of Science, doi: 10.1093/bjps/axu026 

 Chapter 5 
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Farina, M. (to be submitted). Taxonomising Phenotypic Plasticity: the crucial 

role of cultural plasticity in the evolution and development of human cognition.  

Appendix A 

 Kiverstein, J., & Farina, M. (2012). Do Sensory Substitution Devices Extend the 

Conscious Mind?. In F. Paglieri (Ed.). Consciousness in interaction: the role of 

the natural and social context in shaping consciousness. (pp.19-40). 

Amsterdam: John Benjamins
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1.Thesis Overview 

 

Research on embodied cognition has not explored the many interesting relations 

between plasticity, enculturation, learning and cognition. While these concepts and 

phenomena have been certainly studied on their own, there is – however - little work in 

the philosophy of cognitive science that has tried to integrate them. This thesis sets out 

to provide a much needed (albeit probably imperfect) framework for the study and 

integration of these concepts and phenomena. This framework aims to offer new 

insights for researchers working at the intersection of philosophy of cognitive science, 

philosophy of biology and philosophy of neuroscience. 

 

This thesis consists of two theoretically distinct yet interrelated parts. Part 1 

(chapters 1, 2 and 3) discusses sensory substitution, human sensory modalities and 

synaesthesia; Part 2 (chapters 4 and 5) presents research on plasticity, enculturation and 

evolution of cognition.  

 

There are important commonalities between the two parts, which can be 

appreciated when looking at the analogies between cases involving the usage of sensory 

substitution devices and cases of embodied/enculturated skills. 

 

These commonalities (please refer to section 4 of this introduction below for a 

more precise treatment of this point) involve: 1. the creation of new neural circuitry or 

the transformation of existing neural pathways in response to external stimulation; 2. 

the presence of a context that triggers these changes or creations by facilitating 

learning; 3. the persistent participation or training in context-specific patterns of 

practice; 4. profound changes in the subjects‘ capacities, performances and dispositions; 
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5.  the formation of increasingly proceduralized sensory-motor skills and expertise and 

6.the realisation of complex socio-cultural, technological and historical processes of 

scaffolding. 

 

Part 1, ‗Sensory substitution devices, skilful perception and synaesthesia‘, 

focuses on issues surrounding debates in philosophy of perception, philosophy of 

cognitive science and neuroscience and consists of three chapters (each of these 

chapters is preceded by a detailed summary in the body of the dissertation). Part 1 

specifically investigates the relations between sensory substitution devices, 

embodiment, human sensory modalities and synaesthesia.  

 

In part 1, by taking sensory substitution devices as my case study, I try to 

answer the following questions: what is sensory substitution perception like (Hurley 

and Noë 2003; Block 2003; Prinz 2006)? To what sensory modality does the perception 

acquired through coupling with a sensory substitution device belong (Auvray and Myin 

2009; MacPherson 2011)? Does sensory substitution perception belong to one of the 

existing senses, or does it constitute a new kind of sense (Matthen In Press; Keeley 

2009; Ward and Meijer 2010)? How does intensive training affect performance with 

these devices (Auvray et al. 2007)? Can visually impaired users through enduring 

coupling with these devices acquire new perceptual skills (Kiverstein et al. In Press)? Is 

sensory substitution perception a form of synaesthesia (Farina 2013)? What is 

synaesthesia, how do we define it (Simmer 2012)? Are there non-developmental forms 

of synaesthesia (Shanon, 2002; Stevenson and Boakes, 2004; Kadosh et al., 2009; Ward 

and Wright, 2013)? That is: can synaesthesia be artificially acquired (Auvray and 

Farina In Press)? 
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To answer these questions I look at the neuroscience of sensory substitution and 

use results drawn from it to complement my philosophical analysis of what skilful 

usage can tell us about the nature of the perception obtained with one of those devices. 

 

Part 2, ‗Brain plasticity and enculturated skills in the evolution and development 

of human cognition‘, focuses on issues surrounding debates in evolutionary biology, 

developmental neuroscience and philosophy of cognitive science and consists of two 

chapters (each of these chapters is preceded by a detailed summary in the body of the 

dissertation). Part 2 specifically investigates the relations between plasticity, embodied 

patterned practices and human cognition. 

 

In part 2, I explore the role of embodied practices in skill acquisition and 

learning, how plasticity influences human cognition and the fundamental role of culture 

as a crucial developmental, non-genetic channel for the transmission and modification 

of plasticity across generations. In doing so, I try to answer the following questions: 

what is plasticity? How many types of plasticity are there and how can we taxonomise 

them? How can recent research on neural plasticity inform debates about nativism and 

anti-nativism in cognitive science? What is the relationship between learning, plasticity 

and cognition (Prinz 2012)? What role does culture play in the evolution and 

development of human cognitive behaviour (Tomasello 2009; Donald 2001; Heyes 

2012; Sterelny 2012)? What is the contribution of embodied skills to human cognition?  

 

To answer these questions I look at empirical results from developmental 

psychology and cultural neuroscience and use insights drawn from these disciplines to 
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investigate the role of embodied skills and culture in shaping learning trajectories and in 

making human cognition.  

 

Having previewed some of the commonalities between the case studies 

presented in this thesis, foreshadowed the most important questions I tackle in this 

dissertation and given a concise indication of the nature of my approach to answering 

all these questions, I now introduce and analyse the theoretical framework that inspired 

this work.  

 

2. Varieties of Approaches to Embodied Cognition  

 

Embodied cognition theorists (such as Montero, 1999; Clark, 1999; Merleau 

Ponty, 1996; Wheeler, 2005; Gallagher, 2005; Metzinger, 2006; Rowlands, 2006, 1999; 

Noë, 2004; Shapiro, 2014a, 2010, 2007, 2004; Sutton et al., 2011; Foglia & Wilson 

2013) study the role the body plays in cognition. But what does it mean to say that 

cognition is embodied? A rough, very general preliminary answer comes from Wilson 

& Foglia (2011, http://plato.stanford.edu/entries/embodied-cognition/), who write: 

‗cognition is embodied when it is deeply dependent upon features of the physical body 

of an agent, that is, when aspects of the agent's body beyond the brain play a significant 

causal or physically constitutive role in cognitive processing‘. Embodiment is thus the 

idea that the brain is not the exclusive cognitive resource we possess to solve problems 

(Wilson & Golonka, 2013). 

 

Advocates of embodied cognition (such as Anderson, 2003; Hurley, 2002; 

Wheeler & Clark, 2009; Wilson & Clark, 2009) take as their theoretical starting point 

the idea that cognitive processes are deeply rooted in the body‘s interactions with the 

http://plato.stanford.edu/entries/embodied-cognition/
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world (Clark, 2008; Wheeler, 2005; Rowlands, 2010; Menary, 2010, 2007; Sutton, 

2010; Sutton et al., 2010; Dourish, 2001). Embodied cognition thus aims to explain the 

full range of perceptual, cognitive, and motor capacities we possess as capacities that 

are dependent upon aspects of an agent‘s body.  

 

In recent years the terms ‗embodied cognition‘ or ‗embodiment‘ have been used 

interchangeably to refer to a wide range of ideas and approaches that range from 

minimal to radical embodiment, and encompass a number of positions in between. 

More specifically, these terms have been used to describe either standard claims about 

how bodily actions or movements provide a format for neuronal representations 

(Goldman & de Vignemont, 2009; Gallese, 2010; Goldman, 2012) and help reduce 

computational load (Clark, 2008; Wheeler, 2005, 2010; Wilson, 2004), or more radical 

proposals such as the idea that sensorimotor know-how is a constitutive part of 

perceptual experience (O‘Regan & Noë, 2001; Noë, 2004), the thought that phenomenal 

consciousness supervenes on the whole embodied organism in dynamic interaction with 

the environment (Thompson & Varela, 2001; Thompson & Cosmelli, 2011; Noë, 2009), 

the belief that social sensorimotor interactions and social pattern of experience can be a 

constitutive parts of social cognition (Baerveldt &Verheggen, 1999; De Jaegher et al., 

2010; Di Paolo & De Jaegher, 2012; Torrance & Froese, 2011) or the thought that 

living systems are autopoietic (self-contained, self-organising) systems (Maturana et al., 

2005; Maturana, 1980; Luhmann, 1986; Thompson, 2004).  

 

From the above it is clear that embodied cognition comes in many different 

varieties (Kiverstein & Clark 2009). Next, I discuss a range of weak and strong versions 

of embodied cognition theories, and highlight which principles and criteria they rely or 
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draw from. This is instrumental to build an informative spectrum through which one 

can classify such theories. 

 

The goal of this general discussion is to pitch my own project as a contribution 

to or development of or intervention within the range of embodied cognition paradigms 

or frameworks. That is, this discussion is instrumental to show that my research is 

internal to the embodied cognition approach and aligned with one particular version of 

it (what I call full embodiment, on which more below). 

 

I start my discussion by briefly summarising a minimally embodied approach to 

cognition recently proposed by Goldman & de Vignemont (2009) see also Goldman 

(2012) – this approach does not have any particular significance for this thesis but is 

exclusively presented in this context as an example of weak claims about embodiment 

that most researchers (even the most conservative ones) could accept; proceed with an 

analysis of fully embodied theories (such as Clark & Chalmers, 1998) that argue for the 

crucial role of extra-neural structures in shaping up cognitive processes and show how 

this set of theories best capture the key conceptual issues and ideas underlying this 

dissertation; and finish up my discussion with more radical accounts of embodiment 

(such as Hutto & Myin, 2013; Thompson, 2007), that for instance reject the need of 

representation in cognitive science, distancing my view (see also section 5 below) from 

them. 

 

2.1 Minimal Embodiment 

 

Goldman & de Vignemont (2009) ask us to reflect on how we should 

understand embodied cognition and on what is the most promising way of 
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characterising it. Their starting point is that almost everything that is important to 

human cognition takes place within the brain. The brain is, they write: ―the seat of most, 

if not all, mental events‖ (2009, p. 154). Goldman & de Vignemont (2009)
2
 then (rather 

oddly) define embodied cognition as not comprising the brain: ‗embodiment theorists 

want to elevate the importance of the body in explaining cognitive activities. What is 

meant by ‗body‘ here? It ought to mean: the whole physical body minus the brain. 

Letting the brain qualify as part of the body would trivialize the claim that the body is 

crucial to mental life‘ (p. 154).  

 

Not only do Goldman & de Vignemont (2009) ask us to remove the brain from 

the body, but they also argue we should isolate the body from the environment and 

understand it ‗literally‘; that is ‗not in relation to the situation or the environment in 

which the body is embedded‖ (p. 154). In other words, Goldman & de Vignemont 

(2009) claim that real-time actions and bodily-environmental loops (such as agent-

object coupling, skills and expertise, and other various embodied activities) are not 

decisive for constituting cognitive processes.  

 

In placing so many constraints on how we ought to understand embodied 

cognition and in isolating the body from both the brain and the environment, Goldman 

& de Vignemont (2009) end up defending a minimal approach to embodied cognition 

that many embodied cognition theorists (radical and less radical) would probably not 

recognise as truly and genuinely embodied. As I mentioned earlier on, I do not take 

Goldman & de Vignemont‘s approach as a source of inspiration for my own research 

and their view does not play any significant role in this thesis either; nevertheless I 

                                                           
2
 Gallese & Lakoff (2005), for instance, would probably fall  in the same camp, as all the embodiment in 

their work is realized in and by neural motor systems in the brain. 
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thought I needed to give an example of a very weak form of embodied cognition for 

completeness. Another reason why I discussed Goldman & de Vignemont‘s approach 

(2009) is that this discussion allows us to better understand how their account differs 

from truly and fully embodied views, which I present next. 

 

2.2 Full Embodiment 

 

A number of theorists (e.g., Chiel & Beer, 1997; Clark, 2008; Wilson 2004; 

Rowlands, 2006; Sutton, 2007; Gallagher, 2005; among others) as noted above, have 

explicitly described embodiment as a means through which extra-neural (bodily and 

environmental) structures come to shape cognitive processes. Among these theorists 

philosopher Andy Clark (1997, 2001, 2003, 2008) is probably the one who has spent 

more efforts in articulating this idea. I choose Clark as representative because he is one 

of the founders and leading proponents of modern embodied cognitive science and also 

one of the most distinguished, cited, and recognized philosophers worldwide.  

 

Clark argues that the body plays an important role as part of the extended 

mechanisms of cognition (Clark & Chalmers, 1998, Clark, 1997, 2001, 2008). On his 

account, known as the Extended Mind Thesis (Kiverstein et. al., 2013), cognition 

doesn‘t exclusively take place inside the biological boundary of the individual but, on 

the contrary, can arise in the dynamical (real-time) interplay between neural structures, 

body and world. Clark therefore claims that the cognitive processes that make up our 

minds can reach beyond the boundaries of individual organisms to include as proper 

parts aspects of the organism‘s physical and socio-cultural environment (Kiverstein et 

al., 2013). In other words, structures and processes located outside the human head can 
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become part of the machinery of cognition. This claim, on Clark‘s view, applies to 

enduring states as well as to transient processes. 

 

Clark‘s account goes far beyond the important but less challenging assertion that 

human cognizing leans heavily on various forms of external scaffolding and support 

(minimal embodiment). Instead, it paints the mind itself (or better, the physical 

machinery that realizes some of our cognitive processes and mental states) as, under 

humanly attainable conditions, extending beyond the bounds of skin and skull. 

Extended cognition in its most general form therefore occurs when internal and external 

resources become fluently tuned and deeply integrated in such a way as to enable a 

cognitive agent to accomplish her projects, goals and interests (Kiverstein et al., 2013).  

 

As Gallagher recently noticed (2011, p.63), ‗the physical body on Clark‘s 

account, functions as a non-neural vehicle for cognitive processes, in much the same 

general way that the physical processes of neurons do‘ (Gallagher, 2011, p.63). The 

body, on Clark‘s view, is therefore part of an extended cognitive system that begins 

with the brain but that also requires (in most cases) the body and the environment to 

function properly. As Clark put it, ―the larger systemic wholes, incorporating brains, 

bodies, the motion of sense organs, and (under some conditions) the information‐

bearing states of non‐biological props and aids, may sometimes constitute the 

mechanistic supervenience base for mental states and processes‖ (2008, p. 38). And: 

‗much of what matters about human intelligence is hidden not in the brain, nor in the 

technology, but in the complex and iterated interactions and collaborations between the 

two‘ (Clark, 2001, p. 154). 
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Interestingly, in this extended system there is still room for computation 

(Wilson, 1994) and the body may play a role in processing information offloaded in the 

environment or in accessing representations stored in the brain (Wilson, 1994; Clark & 

Grush, 1999). Bodily actions (in the forms of proceduralized skills and expertise – 

Clark 2015, for instance) are also seen as capable of shaping up human cognition in 

important ways.  

 

At the core of Clark‘s account therefore lie two fundamental principles that are 

crucial for this thesis and that make Clark‘s work highly inspirational for it. These 

principles are: 1. the idea that cognition is often the product of enduring and persistent 

couplings between brain, body, and world. Otherwise put: distinct kinds of extra-bodily 

(worldly) features (such as technological wetware, cultural artefacts, culture-bound and 

socially entrenched practices) can cause (via plasticity) important structural and 

functional changes in the cognitive organisation of our brains; 2. the idea that bodily 

actions or movements, often in the forms of proceduralized skills, can profoundly shape 

our cognitive abilities and drive our behaviours (see Clark 2015, in particular, for 

confirmation of the centrality of proceduralized skills in the basic extended cognition 

thesis). I briefly discuss these two principles, noting their centrality to the work 

presented in this dissertation, below. 

 

Cognition is often the product of enduring and persistent couplings between 

brain, body, and world. Cognition is thus best explained by looking at the acting 

embodied cogniser and the context in which she operates as a single, unified and 

profoundly entangled system for cognitive analysis (Menary, 2007, Kiverstein & 

Farina, 2011). The point is nicely illustrated by research conducted on tool use (Iriki et 
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al., 1996; Maravita et al., 2001; Maravita & Iriki, 2004; Berti & Frassinetti, 2000; 

Holmes et al., 2004), which has provided a springboard for embodied cognition 

theorists (De Preester & Tsakiris, 2009; Clark, 2008; Wheeler, 2005; Vaesen, 2012) to 

study the many ways in which humans couple with cultural artefacts or pieces of 

technological wetware (such as sensory substitution devices, more on which in section 

4 below) so as to enhance or augment their cognitive and perceptual skills (Clark, 2010, 

2008; Kiverstein & Farina, 2012). This point, regarding the enduring and persisting 

couplings between an agent and a physical object located in the external world is 

developed and analysed in part 1 of this dissertation (especially chapter 1 and chapter 

2), where I study sensory substitution devices as cases of cognitive and perceptual 

enhancement for the visually impaired. A brief reflection on these issues and a preview 

of the arguments developed in part 1 also follows in section 4 of this introduction.  

 

Bodily actions or movements shape our cognitive abilities and drive our 

behaviours (Clark, 1997; 2006; Goldin-Meadow & Wagner, 2005; Wheeler, 2004; 

Gallagher, 2005). This is the idea that cognition depends upon the kinds of experience 

that comes from having a body with various capacities and that these capacities are 

embedded in biological, psychological, technological and cultural contexts (Varela et 

al., 1991, pp.172-173). The assumption underlying this principle is therefore that our 

bodies profoundly influence the nature and the perspective of our experiences. This 

principle has important implications for many of the case studies I discuss in this thesis. 

Active usage of sensory substitution devices (as opposed to passive usage), as we will 

see in part 1 of this thesis and in section 4 of this introduction, enables - through crucial 

explorative activity - the discovery of specific properties in the environment that are 

instrumental for the successful navigation of the visually impaired subject in the world 
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and for the enrichment of her/his cognitive abilities (a point also made in Appendix A, 

an earlier collaborative work with Julian Kiverstein, in which we argued that the active 

usage of sensory substitution devices enable to its users a brand new kind of 

phenomenal access to the world). Similarly, the persistent engagement in specific 

patterns of practice and the enduring participation in enculturated activities (such as 

musical training or arithmetic cognition), by means of an active body, can change the 

structure and functions of our brains, reshape subjects‘ enduring capacities and even 

influence their performances. This is a point made throughout part 2 of this dissertation.  

 

In this context it is also interesting to note that Clark‘s view, despite its heavy 

commitment to embodiment neither renounces the notion of representation, nor 

undermines the role of computation in cognitive processes. However, in understanding 

the mind as ‗arising‘ from many brain-body-world interactions, this view clearly rejects 

Goldman & de Vignemont‘s suggestion (2009) that embodied approaches to cognition 

ought to give up the brain. 

 

2.3 Radical Embodiment 

 

Proponents of the ‗radical embodiment‘ approach share with theorists of full 

embodiment the idea that bodily processes and actions in the world may constitute 

cognition. This account, however, usually comes with more radical calls to change the 

way we think about the mind and the practice of cognitive science as a whole (e.g., 

Hutto & Myin, 2013; Gallagher & Varela, 2003; Thompson, 2007; Thompson & 

Varela, 2001).  
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Similar to fully embodied theories, the radical embodied approach to cognition 

claims that human cognition is not entirely in the head. In contrast to Clark‘s 

understanding, however, advocates of the thesis of radical embodiment claim that 

bodily processes contribute to the constitution not just of cognition but also of other 

phenomena (such as consciousness) in an irreducible way. In most cases, these radical 

embodiment proposals coincide or draw substantially from enactivism, the view that 

asserts that cognition is realised through dynamic interactions between an active 

organism and its environment (Varela et al., 1991; Thompson, 2007; Di Paolo, 2009; 

Froese & Ziemke, 2009; Di Paolo & Thompson, 2014). As Gallagher (2011) put it: ‗on 

the enactive view, biological aspects of bodily life, including organismic and emotion 

regulation of the entire body, have a permeating effect on cognition, as do processes of 

sensory-motor coupling between organism and environment‘ (Gallagher, 2011, p.65).  

 

Radically embodied (enactive) views, however, come into different varieties, 

with different degree of radicality and focus. Alva Noë (2004, 2009, 2011; but see also 

O‘Regan & Noë, 2001; Hurley, 1998, O‘Regan et al., 2005) – for instance- inspired by 

Gibson (1979), has developed an account of enactive perception that emphasises the 

role of sensory-motor dependencies (patterns of contingencies that hold between the 

movements the perceivers make and what they are able to perceive) in the construction 

of perceptual experience. Enactivist theorists (such as Thompson & Varela, 2001; 

Gallagher, 2001; 2005; Zahavi, 2002; Hutto, 2008; Krueger, 2013) have emphasised the 

role of intersubjective interactions, which they claim enable fully embodied cognitive 

processes, such as facial expression/recognition, posture and gestures. Other, more 

radical enactivists (such as Hutto & Myin, 2013; see however also Chemero, 2011; 

Ramsey, 2007; and Froese & di Paolo, 2011 for similar claims) have proposed giving 
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up the notion of mental representation and abandoning computationalism (more on this 

approach and on how and why my view differs from it in section 5 below). 

 

This quick analysis of theories or varieties of embodied cognition reveals an 

important difference between fully embodied approaches and radically embodied or 

enactivists. The difference lies in the way cognition is understood. For fully embodied 

theories the idea that cognition requires brain-body-environment interactions is 

compatible (or better complementary) with the existence of computational processes 

and internal representations in the brain. Radical embodied accounts instead propose to 

abandon the notion of computation and believe that representations are not necessary to 

make sense of complex cognitive processes. Furthermore, although both approaches 

believe that bodily actions/movements in the world are constitutive of cognition; the 

latter (enactivism) pushes this claim by arguing that these body-environment cycles of 

activity (or loops) are constitutive of other phenomena as well (such as consciousness).  

 

Having briefly summarised the variety of embodied cognition approaches, from 

weak ones (that requires only minimal embodiment) to stronger, more radical ones (that 

reject the notions of computation and internal representations, for instance) and 

discussed differences and relations between these approaches, it is now time to clearly 

state (although at this point it should be pretty clear already) my attitude towards these 

different accounts and therefore briefly specify the role they plan in my thesis. 

 

The work conducted in this thesis is inspired by the full embodiment approach: 

see the discussion above of the central principles of Clark‘s view that are relevant to my 

thesis. This means that the work presented in this dissertation is fundamentally in 
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tension with the minimal embodiment approach to cognition described earlier. The 

tension rests upon a very different understanding of the role of the body. Proponents of 

the weak embodied approach (e.g., Goldman & De Vignemont 2009), as we have seen, 

understand the body as isolated from both the brain and the world; in my view - on the 

contrary - the body not only interacts with both the brain and the world (therefore is not 

isolated) but more importantly shapes and constitutes, precisely through these 

interactions, human cognition.  

 

What is the relation between my work and the radical embodiment approach 

(enactivism) I introduced a few paragraphs above? The research presented in this 

dissertation, based on case studies on sensory substitution and on a number of 

embodied/enculturated practices and skills highlights the importance of brain-body-

world interactions and integration and coupling processes, and of distinct kinds of 

worldly features (eg technological wetware or devices, cultural artefacts, or culture-

bound practices), in shaping up cognitive processes. As such it can be said to be 

certainly sympathetic with varieties of enactivism   (Noë, 2004; 2009) I discussed 

above. However, and this is where my research departs from radical enactivism (Hutto 

& Myin, 2013, more on my disagreement with them in section 5 below), my view does 

not require that we renounce the notion of representation or abandon the use of 

computationalist methods in the cognitive science. To the contrary, it sees both 

representations and computational methods as fully compatible and utterly 

complementary to other means of investigations available for the study of the human 

mind (e.g, brain-body-environment interactions and cycles of activity). Thus, my view, 

being fully embodied, seems to hold the middle ground in the weak/strong spectrum I 

introduced above. 
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From the analysis of the range and varieties of embodied cognition approaches 

conducted in the paragraphs above it is clear that work on embodied cognition can 

provide fruitful insights for empirically-informed philosophers of mind. This is because 

of the wide range of phenomena that embodied cognitive science has studied. But how 

does this research program look in practice, what are its main domains of application 

and how might we go about experimentally testing claims about embodied cognition?  

 

3. Empirical Domains for Embodied Cognition 

 

In this section I analyse two of the empirical domains (robotics and vision) 

where research on embodied cognition has been particularly successful. In doing so I 

preview some of the key conceptual issues that drove my research (analysis of these 

conceptual issues continues in section 4 below). 

 

I focus on these domains, among many possible ones (e.g. language and 

thought, memory, or self and agency), for two reasons: a. they are most probably the 

most successful domains in which embodied cognition has been applied to date and also 

those in which the embodied revolution originally initiated, and b. these domains 

(especially the second one, vision) highlight some key conceptual issues that animate 

and drive my own research.  

 

More specifically, the discussion of robotics is useful to bring to light issues 

concerning real-time coupling and agent-world/technological interactions that underlie 

some of the case studies I present in this dissertation. The discussion of the domain of 

vision, on the other hand, is paramount to understanding research on human sensory 
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modalities, sensory substitution devices and synaesthesia as presented and developed in 

part 1 of this dissertation.  

3.1 Situated Robotics 

 

Situated robotics arose in the early ‗90s as a reaction to the so-called GOFAIR 

approach (Good Old Fashioned Artificial Intelligence Robotics – Mackworth, 1993 - 

inspired by Haugeland‘s GOFAI, 1985). GOFAIR envisaged the capacity of building 

disembodied robots capable of solving problems serially in a context where perception 

was needed only to determine the initial state of the system (for interesting overviews 

on this topic see Boden, 2006; Frankish & Ramsey, 2014). This approach was based on 

the assumption that the fundamental aspects of intelligence could be achieved by 

manipulation of symbols. The instructive failure of the GOFAIR (see Minsky, 1961; 

McClelland & Rumelhart, 1986, Dreyfus, 1972, 1992; and Searle, 1980, 1982 for 

compelling criticism) paved the way for the development of situated robotics. Situated 

robotics (otherwise known as behaviour-based robotics) is ‗the study of robots 

embedded in complex, often dynamically changing environments‘ (Mataric, 2006, p .1). 

Situated robotics, unlike the symbolic approach discussed above, is based on the idea 

that intelligence is for doing things and thus focuses on building robots capable of 

displaying complex intelligent behaviours in the absence of centralized control or 

planning (Brooks, 1986, 1991, 1999; Pfeifer 2001; Pfeifer & Bongard, 2006; Webb, 

2008). Situated robots typically exist in rapidly changing environments, which they 

can manipulate through their actions. The central tenets underlying research on situated 

robotics can be summarised as follow: 
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1. Bottom-up approach. The idea that robots are built with a repertoire of simple 

behaviours, which, when coupled and combined together, produce sophisticated 

actions. 

2. Behaviour-based approach. The system does not always rely on a symbolic 

description of the environment and does not require a high level of control or 

organization rather it determines its actions via sensory-motor links. 

3. Subsumption architecture. An architecture that decomposes the behaviour of 

the systems into sub-behaviours and organises them into a hierarchy of layers with 

specific level of behavioural competence coupling the sensory information obtained in 

the world with each layer at different time in a bottom-up fashion. The goal of such 

architectures is to build complex, robust, real-time behaviours, which emerge as the 

result of simple interactions between relatively self-contained (sub)-behaviours (Clark, 

1997, 1999). 

 

Having described the theoretical assumptions underlying situated robotics, I 

now briefly review some of the most successful ‗situated‘ robots produced to date and 

use this discussion to highlight key conceptual issue underlying this dissertation. 

 

Herbert, built at the MIT in the late ‗80s by Jonathan Connell under the 

supervision of Rodney Brooks, was a robot that exploited the kind of subsumption 

architecture I described in section 3 above. Herbert did not deploy any centralised 

controllers, rather it navigated the world (the MIT offices to be precise) by using a 

number of infrared proximity sensors placed around his body. Herbert‘s task was to 

search desks and tables for empty soft-drink cans, which it had to pick and carry away. 
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Herbert excelled at this task and his goal-directed behaviour emerged from the 

interaction of 15 simpler behaviours. 

 

Mini-robots used for exploration represent another successful example of 

situated robots. Attila was a robot built by Rodney Brooks in the early ‗90s. It weighed 

only 3 ½ pounds and ‗used multiple special purpose minibrains (finite-state machines) 

to control a panoply of local behaviours which together yield skilled walking: moving 

individual legs, detecting the forces exerted by the terrain so as to compensate for 

slopes, and so on‘ (Clark, 1997, p.15). Attila was equipped with infrared sensors that 

allowed him to spot nearby objects. As a result, Attila could traverse rough terrain and 

was even able to stand up again if it fell on its back. More recently, Dario Floreano‘s 

Lab in Lausanne has conducted ground-breaking research on this area, developing a 

new (more advanced) generation of these mini-robots (Zufferey & Srinivasan, 2009; 

Nolfi & Floreano, 2000). Floreano‘s lab has developed a series of robots, wing and 

rotor based - with weights between 1.5 and 30 grams - that can fly indoor with minimal 

human intervention (Zufferey et al., 2007). Outdoor small flying robots (weight up to 

300g rams), capable of flying in swarm formation without the need of a GPS and 

autopilot systems, have also been successfully tested (Daler et al., 2015). These mini-

robots are interesting for the purpose of research conducted in this dissertation because 

they exhibit surprisingly complex intelligent behaviours, involving capacities for 

networking/planning and real-time navigation skills, which are crucial to some of the 

cases (e.g. sensory substitution) that I discuss in section 4 below. 

 

The most fascinating examples of situated robots are however found among 

humanoid robots such as COG, a robot built by Rodney Brooks in the mid ‗90s (Brooks 
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& Stein, 1994). Cog was a human size, semi mobile robot that could move its hands, 

arms, head, eyes and even swivel at the hips. These complex movements were triggered 

by a series of individual motors, which incorporated heat sensors that allowed COG to 

gather information about its own current working state. COG also received both visual 

and audio information via high resolutions camera placed in his eyes and a set of four 

microphones located on his head. All this data was then processed by a multi-processor 

system composed of multiple submachines or nodes (Clark 1997, pp.19-20). Brooks‘ 

seminal ideas have profoundly influenced the field and lead to the construction of even 

more advanced humanoid robots, such as Atlas. 

 

Atlas (Kuindersma et al., 2014) is a bipedal, anthropomorphic, highly mobile, 

humanoid robot built in 2013 by Boston Dynamics. The robot stands at 1.8 meter and 

has 28 hydraulically-actuated degrees of freedom (which allow it to achieve, among 

other things, sophisticated hands and wrist movements). Atlas also has 

independently moving arms, legs, feet and a torso, an articulated sensor head that 

includes stereo cameras, a wireless router that enables untethered communication, 

and a laser range finder. This humanoid robot is capable of performing a number of 

actions (such as walking across rocky and undulating terrain, navigating debris or 

slippery/hazardous surfaces, climb stair steps, or even stay upright on one foot while 

being pushed over by a weight) that clearly extend into the realm of the cognitive and 

involve -for instance- real-time negotiation of balance, planning, coordination and 

forms of attention etc. Atlas surely represents the most ambitious of all the situated 

robotics projects undertaken so far. 
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The discussion of robotics conducted in this section highlights the presence of 

mechanisms of real-time coupling (that provide the robot with awareness of the 

surrounding environment, for instance) and of issues concerning brain-body-

world/technology interaction/integration that are especially relevant to my analysis of 

sensory substitution devices. Sensory substitution devices (more on which below) are in 

fact pieces of technological wetware that via intensive training and real time brain-

body-tool interactions becomes integrated into an impaired a user‘s cognitive repertoire, 

so as to allow improved cognitive and perceptual abilities. The discussion of robotics is 

thus important in this context to foreshadow and preview fundamental conceptual issues 

that lie at the core of this dissertation.  

 

Next I discuss the domain of vision, which is chosen in this context (as noted 

above) because it specifically relates to my work on sensory substitution, individuation 

of the senses, human sensory modalities, echolocation and synaesthesia. 

 

3.2 Vision  

 

A substantial body of research on so-called animate vision (Ballard, 1991; 

Churchland et al., 1994) has demonstrated the embodied and active nature of this 

process. Vision, it has been argued, is a highly complex and intelligent process, which 

involves the active retrieval of useful information as it is needed from the constantly 

present real-world scene. Works on animate vision rejected what Churchland et al. 

(1994) dubbed the paradigm of pure vision – ‗the idea that vision is largely a means of 

creating a world model rich enough to let us throw the world away‘(Clark, 1999, 

p.345), and by contrast, gave action a starring role. Vision, Churchland and colleagues 

write, ‗has its evolutionary rationale rooted in improved motor control‘ (Churchland et 
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al., 1994, p.25). Research on animate vision thus endorsed a view in which a perceiver 

uses her body and various other structures in the environment to offload perceptual 

processing onto the world. As an illustration of this point, consider next Dana Ballard‘s 

work. Ballard et al., 1997 described a series of experiments which demonstrated how 

saccades (eye movements) could be used to access task relevant information in the 

world and demonstrated that in order to avoid maintaining and updating costly, 

enduring and detailed internal models of our visual surroundings, we normally end up 

sampling the environment in ways suited to the particular needs of the moment.  

 

More recently, this embodied approach to vision has been further developed by 

Jan Lauwereyns (2012).  His ‗intensive‘ approach to vision
3
 is a combination of classic 

computational theories of perception (a la Marr, 1982) that say that vision is essentially 

a top-down  process, and less conservative accounts (a la Noë, 2004) that emphasise the 

pervasive sensorimotor nature of perceptual experience and the role that (bottom-up) 

sensorimotor engagements  play in visual processes. The intensive approach to vision is 

therefore a mixed top-down, bottom- up approach that highlights the deeply interactive 

nature of perceptual awareness, while  assigning ‗a fundamental role to observer-

dependent biases and to internal mechanisms in  the processing of perceptual 

experience‘ (Lauwereyns, 2012, p.155). Lauwereyns‘ model closely resembles 

Bayesian approaches to visual perception (see Rao & Ballard, 1999; Lee & Mumford, 

2003; Friston, 2010). It in fact embraces the idea that vision emerges via a recurrent 

cascade of predictions (mostly biases driven) that involve (predominantly sub-personal) 

expectations, spanning multiple spatial and temporal timescales (Clark, 2013). ‗In 

accepting these  rich, full-blooded, neo-computationalist views of visual experience, 

                                                           
3
 The word intensive is chosen to highlight the idea that vision is an active process of exploration 

involving both internal and external cues. 
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and by taking into account much of the Gibsonian‘s lesson (1979) about proactive 

agent-environment interactions, the  intensive approach to vision aims to combine 

phenomenology and philosophy with functional  taxonomy and computational cognitive 

neuroscience, by focusing on the active role that gaze and intentions play in perception, 

and by explaining information processing in terms of  responses to biases, predictions, 

expectations, and sensitivities‘ (Farina 2012a, p. 1036). 

 

The moral emerging from the discussion of all these works is clear: vision is a 

deeply embodied phenomenon which ‗makes the most of the persisting external scene, 

while gearing its computational activity closely and sparingly to the task at hand‘ 

(Clark, 1999, p.346). 

 

Having presented two of the most important empirical domains in which 

embodied cognition has been successfully applied and explained how work within these 

domains potentially relate to research I conduct in this dissertation, I can now finally 

introduce the reader to the case studies I discuss in my thesis.  

 

4. Two domains of inquiry: sensory substitution devices and culturally acquired 

skills   

 

The two fields or domains that I investigate in this dissertation are: 1. sensory 

substitution devices and 2. culturally acquired skills.  

 

Sensory substitution devices (Kiverstein et al., 2014; Farina, 2013; Ward, 2013; 

Auvray & Farina, In press) aim at replacing the functions of an impaired sensory 

modality (e.g. sight) by providing the environmental information normally gathered by 
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another sensory modality (e.g. touch or audition). To do so, these systems typically 

convert visual images, obtained through a video camera, into patterns of either auditory 

stimulation (e.g., the vOICe see Meijer, 1992) or tactile stimulation (e.g., the Tongue 

Display Unit, see Bach-y-Rita & Kercel, 2003). Several studies conducted on long-term 

(proficient and well-trained) users of these devices attest to the capacity of impaired 

individuals to locate unfamiliar objects in the world (Auvray et al., 2007), to 

discriminate their size and form (Amedi et al., 2007), and ultimately to use the 

apparatus as a tool for locomotor guidance and autonomous spatial navigation (Renier 

et al., 2005).  

 

Sensory substitution devices are a paradigmatic case study for embodied 

cognition because their successful functioning depends upon the user‘s enduring 

coupling with the device. In other words, the more the user trains with the device and 

gets attuned (through cycles of embodied activity –essentially bodily movements- in 

dynamic interaction with the environment) to the patterns of stimulation she receives 

from the system, the better she perceives the world with it (Kiverstein & Farina, 2012)
4
. 

Otherwise put: it is the active use of the device that enables the discovery of the 

sensorimotor contingencies (dynamic patterns of interdependence between sensory 

stimulation and embodied activity) that are relevant to discriminating the visual 

properties of objects. It is therefore the explorative activity steered by the implicit 

knowledge of these contingencies linking action with its results in an incessant loop of 

reciprocal adjustment between the organism and its milieu (Kiverstein & Farina, 2012), 

that allows the brain to function at one with the device and therefore form an entangled 

                                                           
4
 Although training is key to perception with these devices there is most probably a ceiling to the 

perceptual improvements achievable through the use of an SSD. Current research, however, has not yet 

determined the boundaries of this ceiling. 
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system of cognitive analysis that augments the impaired user‘s cognitive and perceptual 

skills. 

 

Next, I investigate how the various case studies I present in the second part of 

the thesis (involving many different culturally acquired embodied skills) relate to 

sensory substitution, and show what is in common between them. Before I do that, 

however, I want to briefly preview one of the theoretical frameworks that inspired and 

informed my work on the second part of this thesis, especially in chapter 4.  

 

This framework draws on research recently conducted in cultural neuroscience 

(Ames & Fiske, 2010; Fiske & Taylor, 2013; Han & Northoff, 2008; Rule et al., 2012). 

Cultural neuroscience is ‗an emerging research discipline that investigates 

cultural/social variation in psychological, neural and genomic processes as a means of 

articulating the bidirectional relationship of these processes and their emergent‘ (Chiao 

et al., 2010, p.356). Research in cultural neuroscience typically integrates theory and 

methods from anthropology, developmental/cultural psychology, neuroscience, biology, 

and philosophy. Because cultural neuroscience proposes to investigate the ways in 

which socially/culturally and fully embodied practices ‗get under the skin‘ to affect the 

functioning of the human mind research conducted in this field is perfectly in line with 

the work I discussed earlier on in this introduction. At the same time because cultural 

neuroscience attempts to study the emergence of complex and sophisticated behaviours 

as a result of the dynamic interaction of genes, brains and their cultural environments 

(Li, 2003; Caspi & Moffitt, 2006; Kitayama & Cohen, 2010), research conducted within 

this paradigm provides the appropriate theoretical framework to understand the case 

studies I present in part two of this dissertation. Let me elaborate on this latter point. 
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Research conducted in the field of cultural neuroscience has begun documenting 

and highlighting the substantial degree by which an agent‘s cultural background and 

repeated engagement in specific patterns of cultural activities can change the 

connections and functions of different areas of that agent‘s brain (Park & Huang, 2010). 

In particular, a number of experiments offer substantial evidence for the existence of 

culture-sensitive neural mechanisms in human cognition (see Ansari, 2008; Roepstorff 

et al., 2011) and show that neural activity in some brain regions might not only be 

modulated by cultural and social engagements, but profoundly forged and re-shaped in 

accordance to specific cultural contexts (Chiao, 2009; Ambadi & Bharucha, 2009). In 

short, these findings highlight the intrinsically biosocial nature of the functional 

organization of the human brain (Han et al., 2013).  

 

Research on cultural neuroscience draws from work on lifespan development in 

developmental psychology (Lerner & Overton, 2010; Baltes et al., 2006; Baltes & 

Singer, 2001) and adopts the principle of developmental bio-cultural co-constructivism 

(Li 2003), the idea that contextualized experiences and learning, on the one hand, and 

brain plasticity, on the other hand, operate conjointly to shape the development of 

human cognitive functions across the entire lifespan (Li 2003, for interesting 

popularizations of these ideas see also Prinz, 2012 and Pagel, 2012). This principle 

envisages the need to investigate and explain the effects of environmental supports (in 

the forms of training or assistive technology) on brain plasticity (see also Clark, 2007) 

and the necessity to explore and understand how individual ontogenetic histories affect 

specific expertise and more generally human cognitive functions. 
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The theoretical background afforded by research on cultural neuroscience is 

ideal, as noted above, to frame most of the case studies I present in chapter 4 and 5 of 

this dissertation.  The case studies that can be explained within this framework involve: 

juggling (Draganski et al., 2006), sorting mail by postal code (Polk & Farah, 1998), 

classical music (Ohnishi et al., 2001), jazz music (Vuust & Roepstorff, 2008), taxi 

driving (Maguire et al., 2000), arithmetical cognition (Hanakawa et al., 2003) and 

underwater vision (Gislen et al., 2003, 2006). All these cases are perfect examples to 

study the richness and complexity underlying the embodied cognition framework 

because they reveal the fundamental importance of the body in achieving crucial 

cognitive skills. They are therefore significant for the embodied cognition framework 

because they show the need to go outside the brain (to the body and possibly into the 

world) to make sense of many of our sophisticated cognitive abilities. In other words, 

these case studies show how embodied practices, social relations, processes of 

enculturation and technological integration can profoundly change our neural 

circuitries, modify our behaviours and improve our skills, so as to achieve new 

cognitive and sensory-motor abilities. In short then, the case studies I discuss in this 

dissertation, involving culturally acquired and fully proceduralized skills are 

particularly instructive because they show what embodiment truly requires.  

 

But what is in common between these latter case studies I mention above 

(involving enculturated skills) and the case of sensory substitution discussed in 

precedence? Otherwise put: what is the fil rouge that binds all these studies together? 

There are indeed a number of important commonalities between cases of culturally 

acquired skills and cases involving the use of a sensory substitution device. I list these 
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commonalities below, and then explain each point of the following list in more detail, 

expanding on the brief analysis provided in section 1 of this introduction. 

 

1. Both involve a great deal of brain plasticity. 

2. Both require bodily actions to be performed in a given environmental setting.  

3. Both trigger, via learning, new cognitive or sensory-motor abilities. 

4. Both allow us to achieve new cognitive or sensory-motor abilities through the 

adoption of recurrent and embodied patterned practices. 

5. Both involve proceduralized skills and expertise. 

6. Both require for their realisation complex socio-cultural, technological and 

historical processes of scaffolding. 

 

In other words, all these cases depend on the capacity of the brain either to build 

new neural connections or to change the existing neural pathways in response to 

behavioural and environmental stimulation. These cases also require exposure to a 

context that affords the possibility for training and they are all learning-centred, in the 

sense that learning is required to achieve those neural changes. Furthermore, the 

examples discussed in this dissertation are all characterized by the persistent 

participation of subjects in specific socio-cultural activities (e.g., spending hours trying 

to learn to navigate the world with a sensory substitution device). Participating in those 

socio-cultural activities, engaging in context-specific pattern of practice and thus 

creating a history-dependent alteration in a range of integrated dispositions (Malabou, 

2008), changes subjects‘ enduring tendencies and capacities and also influences their 

performances, leading to increasingly proceduralized skills and expertise. 
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Having provided some background to frame the case studies I present in my 

thesis and discussed the commonalities between them, I can now turn to describe the 

methods I use in this dissertation. 

 

5. Methods  

 

My dissertation is theoretical in character. The main method I have used is a 

fundamentally anti-Socratic approach (Dreyfus, 1986) that has strong theoretical ties 

with the long tradition of naturalistically-oriented philosophers of mind and science. 

Thus, rather than ‗analysing‘ philosophical concepts, or breaking down theories into 

their constituent parts in order to look for either essences or necessary and sufficient 

conditions, I have tried to summarise the variety of existing work on specific topics so 

as to gain better insights into particular areas of research (the case of plasticity in 

chapter 5 is paradigmatic in this respect, and so is the analysis of sensory substitution 

devices presented in part 1 of this thesis).  

 

Thus, I apply an empirically-informed analysis to specific issues and problems 

that have been underappreciated in the philosophical literature: the study of plasticity in 

philosophy of cognitive science, and the study of synaesthesia, sensory substitution and 

echolocation in philosophy of perception. Only a few philosophers have analysed issues 

related to sensory substitution (Block, 2003; Hurley & Noë, 2003; Prinz, 2006; Clark, 

2003; O‘Regan, 2011), but none of them has elected sensory substitution as the focus of 

their research or investigated the links with synaesthesia or echolocation. Similarly, 

even fewer philosophers have tackled philosophical issues related with plasticity 

(Malabou, 2008; Pigliucci, 2001). In my dissertation, I address all this work but go 
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beyond it by developing an original framework capable of integrating and explaining 

such issues and problems.  

 

In any good methodological section, I believe, there should be an analysis of the 

sources of inspiration for the work conducted, as well as a clear take on the kind of 

research that one has avoided and the reasons for this avoidance. Next, I therefore 

explain what kind of methods/style I did not want to embrace in this dissertation, and 

specify from which type of theory or general view (within the wide range of embodied 

cognition frameworks I discussed earlier) I have been least inspired. This view is 

expressed in the recent work of Daniel Hutto and Erik Myin (2013) - suggestively 

labelled ‗radical enactive cognition‘ (see also Hutto et al., 2014). I briefly present some 

of the most important ideas underlying this view and subsequently formulate my 

criticism of Hutto and Myin‘s style and methods. On the basis of this criticism I then 

distance my view from theirs
5
.  

 

Hutto and Myin have recently set out to establish their new doctrine of ‗radical 

enactive cognition‘, according to which minds and all basic cognitive activities (except 

those involving language) lack content and mental states are not representational.  In 

their book, Hutto and Myin aim to dismantle the very foundations of traditional 

philosophy of mind and cognitive science (the notion of representation), by arguing that 

we must put an end to representationalism once and for all. 

 

                                                           
5
 This brief analysis is also important because it provides an indirect justification for my project. It in fact 

contributes to clarify and motivate (as noted in section 1 above) both my intervention or contribution to 

the field of embodied cognition and the scope and rationale of my research. It also allows me to distance 

(more effectively) my view (full embodiment) from symphatetic but more radical accounts (radical 

embodiment). 
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To achieve this rather ambitious goal, Hutto and Myin begin their book with the 

acknowledgment that the best way to naturalize semantic content is likely to appeal to 

principles of information theory, such as those presented in Dretske‘s (1988) 

teleofunctionalism. Hutto and Myin then analyse the concept of information and define 

it in terms of lawful covariance of two phenomena. They argue that covariance 

relationships are not contentful by themselves. One of Hutto and Myin‘s key arguments 

is that ―there is no naturally occurring contentful information that can be used and fused 

to form inner representations‖ (p. 70). This argument entails that to be meaningful any 

covariance relationship first requires an act of interpretation. Crucially, this act of 

interpretation does not consist, in their account, in information processing. Having 

claimed this much, Hutto and Myin then go on to show, via modification of Millikan‘s 

theory of teleosemantics (2005),  that cognitive agents are better conceived of as 

―content-‐creating systems‖ and not as ―content-‐consuming systems‖ (p. 76). Hutto 

and Myin consequently note that this claim comes very close to existing enactive 

notions of ―meaning generation‖ (Hutto, 2011). But this is not enough for them yet. 

Hutto and Myin‘s final thrust is the proposed destruction of the metaphor of the 

production of semantic content. This allows them to settle on a appropriately modified 

theory of ―teleosemiotics‖ (p. 78) that aims to explain why basic minds exhibit 

directedness toward certain aspects of the environment (Froese, 2014).   

 

I am no fan of Hutto and Myin‘s work and this, in truth, is not the right place to 

engage with their account or challenge the specific contents and ideas of their view
6
; 

see however Matthen (2014) and Shapiro (2014b) for piqued philosophical replies and 

very harsh criticism of their account. What I want to do next is instead to discuss my 

                                                           
6
 It is however important I think – out of respect for their work- to briefly describe their view in this 

context. 
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criticism of their methods and style because this discussion can help distancing my 

account from theirs more clearly and effectively.  

 

I start by looking at Hutto and Myin‘s style. To do this, let me consider some 

textual evidence. In a rollicking campaign full of martial and, at times, intimidating 

rhetoric Hutto and Myin have affirmed their commitment towards revolutionising 

cognitive science. They, for instance, claim: ‗revolution is, yet again, in the air‘ (Hutto 

& Myin, 2013, p.1); ‗He, who does not see things in their depth should not call himself 

a radical‘ (Hutto & Myin, 2013, opening of chapter 2). ‗Far from being merely at the 

gates, the barbarians are, it seems, now occupying cafes and wine bars in the heart of 

the city‘ (Hutto & Myin 2013, p.3) - presumably casting themselves in that role – and 

‗everybody imposes his own systems as far as his army can reach (a quote from Stalin 

in chapter 3 that supposedly extolls the power of their doctrine) or ‗honorable retreats 

are now ways inferior to brave charges, as having less fortune, more of discipline, and 

as much valor‘ (a quote from William Douglas in chapter 5, which is supposed to 

illustrate the inevitable fate [defeat] of their opponents).  

 

Besides the cheekiness and high spirits, towards which one might even want to 

sympathise, I find Hutto and Myin‘s style rather problematic. First of all I don‘t think 

the propagandistic tones they adopt throughout their book are useful and appropriate for 

academic discussion; second I doubt that their gleeful bad-boy attitude helps them 

achieve much against their desired targets. Hence, in my dissertation I opted for a more 

sober style and tried to develop a more balanced, less provocative account. 
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Next, I would like to make my point about the methods. Hutto and Myin have a 

specific view of philosophy, which they see as fundamentally relying on reason, 

intuition and reflection. Sure, they say, philosophy can and perhaps should occasionally 

make contact with the sciences but it is not -at heart- an empirical enterprise continuous 

with them. Hutto and Myin (2013) in particular believe that (in most cases) philosophy 

can adjudicate from outside the sciences and show that scientists are confused and in 

error (hence try to revolutionise their practices). Hutto defends this normative role for 

philosophy in a 2009 paper where he claims that the ultimate goal of philosophy is that 

of clarification (Hutto, 2009). Philosophy, on his view, therefore exists to provide 

theories and frameworks that augment or advance scientific understandings and to 

guide, correct and clarify the sciences when in errors. In short, philosophy is put on a 

pedestal and from there, in virtual independence from other disciplines, carries out its 

normative role. 

 

My disagreement with Hutto and Myin rests upon a very different conception of 

the role of philosophy in the academic arena. In my view philosophy, rather than 

remaining on the pedestal or having a normative (directory) role, should ‗get dirty‘, 

productively engage with the sciences and ultimately seek integration of concepts, 

theories, and even methods on specific questions. On this account, which is sympathetic 

with the work of John Sutton on memory and expertise, philosophy is ‗a full-fledged 

member of a cooperative disciplinary matrix, taking information from the empirical 

disciplines and contributing to them‘ (Christensen & Sutton 2012, p.326; for similar 

remarks see also Sutton 2015). According to my view the relation between philosophy 

and the sciences is not one of conflict, theoretical separation and (occasional) correction 



 

35 
 

but rather one of cooperation, deep engagement and (continuous) integration. The 

method I deploy in this dissertation is aligned with this view. 

 

Having clearly expressed my disagreement with Hutto and Myin‘s, it should be 

now clear to the reader why their research (which nevertheless falls within the kind of 

paradigm I am defending in this dissertation) has not been a source of inspiration for the 

production of this thesis.  

 

At this point a natural question arises: is there any other work (besides research 

on embodied cognition) that has inspired this dissertation? Besides the research on 

embodied cognition that I discussed extensively above, the other great source of 

inspiration for this thesis has been  the interdisciplinary research conducted by Kim 

Sterelny in philosophy of biology; this research is part of the long tradition of 

empirically-embedded natural philosophy of cognition that features many eminent 

authors (such as Dennett, Clark, the Churchlands).  

 

I believe there are some theoretical affinities between Sterelny‘s work and mine. 

The most noticeable one is perhaps the attempt to build new theories and theoretical 

systems through the philosophical interpretation of original scientific material. Sterelny 

does this, pre-eminently, in disciplines like biology, anthropology and palaeontology. I 

did it in this dissertation, as others (such as Dennett, Clark, Bechtel, Prinz, Smith, 

Sutton and the Churchlands) have done before me, with a specific focus on 

neuroscience, psychology, and the scientific study of perception.  
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In the paragraph above I stated that my dissertation has been inspired by 

Sterelny‘s interdisciplinary approach. This statement however comprises two distinct 

claims that require full specific attention: a. a claim about points of contact or analogies 

between Sterelny‘s work and mine, which relates to Sterelny‘s style and methods and b. 

a claim about points of contact or analogies between Sterelny‘s work and mine, which 

relates to the content of Sterelny‘s views.  

 

Since these analogies are not directly analysed anywhere else in this thesis (and 

can only be indirectly inferred by reading the second part of the dissertation), I discuss 

them independently in the next section of this chapter. I begin by tackling analogies of 

style and methods and then turn to similarities in content. 

 

6. Another source of inspiration: Sterelny’s work on human cognitive evolution 

 

Sterelny (2003; 2012; and elsewhere) argues that human cognitive evolution 

came about through the mutual influence of four important factors: 1) enhanced 

cooperation, 2) cultural inheritance, 3) skills and expertise; and 4) phenotypic plasticity.   

 

According to Sterelny, human beings are an extraordinarily cooperative species 

(Sterelny, 2003 p.123). Yet we live in a profoundly hostile world, a competitive world 

where relationships between individuals are mostly antagonistic. So, how can collective 

cognitive evolution emerge in such a hostile environment? Biological antagonism 

causes pollution of the epistemic environment. The epistemic environment is the 

environment in which knowledge-skills acquisition takes place. An epistemically ideal 

environment is one that is fully transparent. It is therefore an environment where the 

evolutionary relevant information lies around in the world, waiting to be chosen, 
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picked, and selected. Epistemically polluted environments, on the contrary, are 

translucent. In such environments, the information needed for survival is normally 

adulterated by deceptive signals generated by biologically antagonistic rivals. In these 

hostile environments then, the adaptively relevant knowledge-skills required for 

survival are almost never available or else often corrupted. Yet, within such 

environments, each individual uses the information s-he accesses at her own advantage, 

trying to maximize his-her profits. So, there is enormous competition for the resources 

available. Competitive individuals struggle to engineer ever more elusive and 

sophisticated methods for cheating each other, and ever more subtle and refined 

strategies for detecting deception. In other words, in such environments there is a sort of 

evolution-driven armed race between cheaters and detectors and it is this race that, 

according to many (Whiten & Byrne, 1997; Byrne & Whiten, 1997, among others), has 

pushed human intelligence and cognitive capabilities upwards.  

 

Sterelny accuses proponents of this view of postulating a single factor, a magic 

bullet account as he calls it, to explain the evolution of human cognitive behaviour. 

Humans, he notices, are an extraordinarily cooperative species (Sterelny, 2003, p.123), 

affected by a sort of ‗cooperation syndrome‘ (Sterelny, 2012, p.73). Cooperation, on 

Sterelny‘s view, generates profits and surpluses among the groups that adopt it, and 

makes easier the development of better technology and more extensive expertise. 

Cooperation isn‘t therefore only a crucial adaptation to hostility (Sterelny, 2014a) but 

what ultimately triggered and boosted the development of our advanced intellectual 

capacities (Sterelny, 2008). Hostility pollutes the epistemic environment, cooperation 

reduces hostility and therefore improves the epistemic properties of human 

environments, which are gradually but inexorably transformed from translucent to 
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transparent. As Sutton (2013) has noticed, Sterelny (by focusing on cooperative 

strategies) ―wants us to consider the care and skill, the mutual awareness and cognitive 

interdependence, required to solve the decision-making problems faced by small but 

enduring groups of hunters and foragers whose members share activities and 

experiences over time, who are in a clear sense all in it together‖ (Sutton, 2013, p. 32). 

Cooperation, for Sterelny, therefore represents one of the crucial factors that shaped the 

cognitive evolution of our lineage. 

 

A second important element, according to Sterelny, in the evolution of human 

cognitive behavior is cultural inheritance (Odling Smee & Laland, 2011; Jablonka & 

Lamb, 2005; Boyd & Richerson, 1985; Richerson & Boyd, 2005; McElreath & 

Henrich, 2007; Gintis 2007; Laland & Sterelny, 2006; Tomasello, 2014, 2009; Lunsden 

& Wilson, 1981; Cavalli Sforza, 1981).  

 

To explain the striking contrast observed in social life and ecological style 

between hominin and chimps, and the dynamism and connectedness of hominin 

evolutionary environments, Sterelny (2012, p. 4) appeals to this notion. Cultural 

inheritance is the result of the interrelations between cultural learning and cross-

generational information pooling. As the interrelations between these two processes 

develop, humans of one generation scaffold and transform the learning environment of 

the next generation, thereby creating (via positive feedback loops) trans-generational 

exchanges of skills and practices that ultimately turbo boost humans‘ survival capacity 

and fitness in the long run (Farina, 2012b).  
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In other words, cultural inheritance is the process by which information is 

passed from individual to individual via social learning mechanisms such as imitation, 

teaching or language and learning (Mesoudi & Withen 2008). So, it is the process that 

―builds adaptive practices, tools, techniques, and bodies of knowledge (about animal 

behaviour, medicinal plants, for instance) that no single individual could figure out in 

their lifetime, and that can only be understood as products of cultural evolutionary 

processes‖ (McElreath & Henrich, 2007, p. 556). In short, cultural inheritance refers to 

the emergence of a body of culturally transmitted information (behaviours, practices, 

beliefs, etc.) within a population. This body of culturally transmitted information 

gradually and progressively expands over evolutionary time through accumulation, 

aggregation, and incorporation of successful adaptations and beneficial modifications. 

Cultural inheritance therefore operates on two dimensions: 1) highly structured cultural 

contexts and 2) an evolutionary timescale.  

 

Let me explain these latter points more carefully. In highly structured cultural 

contexts (Csibra & Gergely, 2007; Avital & Jablonka, 2000) each new generation can 

access, the collective knowledge available to the group and therefore has the 

opportunity to contribute and improve this collective stock before it is again passed to 

the next generation (Ehn & Laland, 2012). This process, which Sterelny calls epistemic 

engineering (Sterelny, 2003; see also Wheeler & Clark, 2009) profoundly changes the 

milieu and contributes to improve its epistemic qualities, by making (for instance) the 

human habitat informationally more transparent (Browne 2005). Sterelny (2003) thinks 

of epistemic engineering as a form of niche construction (Odling-Smee et al., 2003; 

Laland & O‘Brien, 2011; Rendell et al., 2011; Laland et al., 2007; West & King 1987; 
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Stotz, 2010) and describes it in terms of what he calls ―scaffolded cognition‖ (Sterelny, 

2010, 2003)
7
.  

 

Scaffolded cognition is the process of epistemic engineering that takes place 

cross-generationally in a specific population of individuals and by virtue of which later 

generations inherit the epistemic and cognitive benefits [ranging from signs, survival 

strategies, and symbols (Sterelny & Hiscock, 2014) to skills and natural languages] of 

living in those epistemically (almost informationally transparent) engineered niches. All 

this represents for Sterelny a crucial part of the culturally augmented cognitive niche in 

which hominins have acquired advanced cognitive powers.  

 

More recently, in developing this set of ideas, Sterelny (2012, ch.2) has 

understood the process of cultural scaffolding within a larger framework, a model 

aimed at describing the cognitive evolution of our lineage. Sterelny has called such a 

framework ―the evolved apprentice learning model‖ (2012, p.34). The evolved 

apprentice model emphasizes the role of expert teachers in designing and constructing 

adaptively structured, highly organized, and enriched environments that favor skills 

transmission as a by-product of adult activity (ibidem, p.37). The evolved apprentice 

learning model therefore refers to a form of incremental, deinstitutionalized, and hybrid 

learning that combines information from the cultural world with information from the 

bio-physical realm and makes it increasingly reliable via constructive feedback loops. 

As Sterelny (2009) put it: ‗the experience of juveniles depends profoundly on adult 

activity: their learning world is a made world‘ (Sterelny, 2009, p.103), and more 

recently ‗the evolution of accumulating social learning was one central causal factor in 

                                                           
7
 For historical precursors (see, Vygotsky, 1987; Luria, 1976; Wood et al., 1976) 
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the evolution of human uniqueness‖ (Sterelny, 2012, p. 22, see also Heyes, 2012 and 

Rogoff, 2003). It is therefore clear that for Sterelny cultural inheritance is a decisive 

factor in the cognitive evolution of our lineage. 

 

From the analysis of the points above it is clear that Sterelny‘s style and 

methods are pretty much in line with those adopted within naturalistic philosophy of 

science/cognition. These methods and style require a sober and balanced (not a 

propagandistic) approach, the adoption of an empirical stance and, more importantly, 

the willingness to seek integration and cooperation (rather than antagonism) with the 

sciences on specific issues and problems. These are definitely the methods and the style 

I tried to adopt in my dissertation.  

 

Having discussed examples of Sterelny‘s methods and style through the analysis 

of some crucial issues that permeate his research and therefore shown how these 

methods and style have inspired my own; I now want to signal an important transition 

point in this section. I next focus on analysing analogies in terms of content between 

Sterelny‘s work and mine. So, in the following paragraphs of this section I discuss 

specific ideas (on skills and expertise and phenotypic plasticity) that I draw from him 

and that have guided and directed my research in the second part of this dissertation.  

 

A third crucial element that plays a decisive role in Sterelny‘s model is skill and 

expertise. In order to understand how Sterelny defines skills and expertise, we need to 

look at how he describes apprentice learning.  
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Apprentice learning, he says, is ―hybrid learning... learning by doing. But it is 

learning by doing in an environment seeded with informational resources‖ (Sterelny, 

2012, p. 35). Apprentice learning, on Sterelny‘s view, is therefore ―a powerful mode of 

social learning that makes possible the reliable acquisition of complex and difficult 

skills‖ (Sterelny, 2012, p. 35). In other words, apprentice learning is not just direct 

demonstration or instruction in single teacher-learner relationships, but a scaffolded 

process ―that engages both procedural and declarative knowledge, both unsupervised 

and supervised learning routines and regimes‖ (Sutton, 2013, p. 32). What is therefore 

important about the apprentice model is e.g., the idea of active pedagogy, achieved 

through apprentice style learning. Sterelny sees tight connections between apprentice 

learning (skilful practice) and pedagogy. In arranging the learning trajectory of an 

apprentice, -he says- experts combine ―task decomposition and ordering skill 

acquisition, so that each step prepares the next‖ (Sterelny, 2012, p. 35). The most 

effective pedagogy on his account thus springs not merely from ―fluent natural 

performance‖, but rather from ―performances that are stylized and accompanied by 

metacommentary‖ (Sterelny, 2012, pp. 145-146). This active pedagogy (see also 

Rogoff, 1990; Kline, 2014; Caporael et al., 2013; Wimsatt, 2014; Wimsatt & 

Griesemer, 2007; Lee & Anderson, 2013; Csibra & Gergely, 2009; Tomasello 2008), on 

Sterelny‘s view, is therefore instrumental for the evolution and proper acquisition of 

complex skills and expertise.  

 

A fourth important element in Sterelny‘s model (2003; 2012) is phenotypic 

plasticity (Sterelny, 2009). Sterelny has taken its existence (along with cooperation, 

cultural inheritance, and skills and expertise) as one of the necessary key interactive 

factors to explain human cognitive evolution. In particular, Sterelny (2012) suggests 
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that the general phenomenon of phenotypic plasticity played a key role in the evolution 

of human cognitive adaptations for learning, and in paving the way for the exploration 

of new and adjacent habitats and niches.  

 

According to Sterelny (2009, p. 97), ―an organism is phenotypically plastic if its 

genome maps onto different phenotypes in different environments‖. So organisms tend 

to enhance their own fitness by adapting to the milieus that are presented to them 

(Sterelny, 2004). This outstanding capacity of human beings to adapt to an incredible 

range of different environments offers compelling evidence for the existence of a 

significant degree of flexibility in human thought processes. Thus, for Sterelny (2012), 

human cognitive evolution cannot be (exclusively) driven by pre-determined responses 

to problems raised by the environment (see Barkow et al., 1992 for instance): rather, it 

must depend on social cooperation, hybrid learning, communication skills, foraging 

strategies, and on planning, development and intergenerational transmission of local 

expertise, and technology (Farina, 2012b). In other words, there must be a continuity 

between biology and culture as skills and knowledge are passed on by high fidelity and 

high volume social/cultural learning.  

 

It is therefore phenotypic plasticity, on Sterelny‘s account, that allowed the 

human mind to adapt to variation in the environments in which evolutionary adaptations 

occurred (Sterelny, 2009). For Sterelny increased phenotypic plasticity allowed humans 

to become more adept at social learning and imitation, which were – for instance- 

required for the reliable transmission of culture (Linquist & Rosenberg, 2007, pp.480-

481). Phenotypic plasticity thus plays a fundamental role in bootstrapping the evolution 

of human cognition (Sterelny, 2012, p. 89) and is what one should expect as a result of 
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epistemic engineering taking place in our species. In short ―we (humans) are 

pervasively and profoundly phenotypically plastic‘ (Sterelny, 2012, p.5) and have 

evolved to be so (Sterelny, 2003, pp.162-167).   

 

The paragraphs above (on skills and expertise and phenotypic plasticity) are 

important because they show which contents and ideas I drawn from Sterelny in this 

dissertation. Issues related to skill and expertise acquisition pervade the whole thesis 

and are central to many of its chapters (e.g., ch.1,2,4,5). Sterelny‘s notion of phenotypic 

plasticity has inspired the production of chapter 5 where it is extensively discussed in 

the context of providing a new taxonomy of the types or varieties of plasticity observed 

in humans. 

 

From the description of Sterelny‘s research conducted above we can now fully 

appreciate the affinities (to which I hinted at the beginning of this section) between his 

work and mine. To reiterate: these affinities are about: 1. methods and style (hence 

mostly based on the desire to build new theories and theoretical systems through the 

philosophical analysis of scientific material – this is perfectly in line with a long 

standing tradition of naturalist (empirically-embedded) philosophy of cognition); and 

2.contents (hence based on analysis of issues that I draw from him).  

 

Having discussed the methods deployed in this dissertation and its main sources 

of inspiration, it is now time to wrap up this chapter. I do so by briefly summarising 

contents and themes of this introduction. 
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7. Conclusion 

 

I started this introduction by pitching my own project as a contribution to and 

development of the diverse range of embodied cognition approaches formulated in the 

literature. I thus discussed a set of approaches to embodied cognition (ranging from 

those requiring minimal embodiment to those requiring radical embodiment) and 

focused on highlighting – within one of these approaches – what I called full 

embodiment (Clark, 1997, 2008; Gallagher 2005, among the others) - the specific 

themes, conceptual issues and topics that are central to it and that animated and drove 

my own research in this dissertation.  

 

I then discussed two principles underlying this approach that are of crucial 

importance for my dissertation. So, I looked at how brain-body-world interactions and 

integration and real-time coupling processes -achieved by a fully mobile embodied 

perceiver- can change, augment or enhance cognitive and perceptual skills. In doing so, 

I highlighted the role of bodily movements/actions and distinct kinds of extra-bodily 

(worldly) features (such as technological wetware, cultural artefacts, culture-bound and 

socially entrenched practices) in triggering - via plasticity - important structural and 

functional changes in the neural circuitry underlying our cognitive behaviour.  

 

I presented two of the most successful domains of research in embodied 

cognition (robotics and vision) and shown how the discussion of these domains can 

help us shed light on crucial conceptual themes underlying this dissertation (real-time 

agent-world couplings and brain-body-world integrations). I presented my case studies 

(sensory substitution devices and embodied/enculturated skills), framed these latter case 
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studies within the paradigm of cultural neuroscience, and summarized commonalities 

between these them, highlighting points of contacts and specific relations.   

 

I discussed the methods I deployed in this thesis, emphasised that this work is in 

line with the long tradition of empirically-embedded natural philosophy of cognition 

and science that has among its precursors philosophers such as Dennett and the 

Churchlands, distanced my approach from radical embodied theorists (Hutto & Myin 

2013, among others) whose methods and style I deemed not being appropriate for this 

dissertation, and tried to develop a less provocative and more sober framework for 

understanding the relations between plasticity, enculturation, learning and cognition. 

 

I concluded this introduction, by extensively discussing the other major source 

of inspiration for this thesis: the interdisciplinary research conducted by Kim Sterelny 

(2012, 2003) in philosophy of biology and by showing the points of contact and 

analogies between his work and mine. 
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This chapter looks at the neuroscience of sensory substitution. Sensory 

substitution devices (SSDs) are a type of sensory prosthesis that (typically) convert 

visual stimuli transduced by a camera into tactile or auditory stimulation (Farina, 2013). 

They are designed to be used by people with impaired vision so that they can recover 

some of the functions normally subserved by vision. This chapter (co-written with 

Julian Kiverstein and Andy Clark) considers what philosophers might learn about the 

nature of the senses from the neuroscience of sensory substitution. It shows how 

sensory substitution devices work by exploiting the cross-modal plasticity of sensory 

cortex: the ability of sensory cortex to pick up some types of information about the 

external environment irrespective of the nature of the sensory inputs it is processing. It 

also explores the implications of cross-modal plasticity for theories of the senses that 

attempt to make distinctions between the senses on the basis of neurobiology (e..g, 

Keeley, 2009) and argues that these distinctions are unsuccessful. Furthermore, the 

chapter suggests (by virtue of comparison to the case of blind echolocators) that sensory 

substitution devices deliver (after intensive training) a new mode of perception to their 

visually impaired users. Crucially, this brand new mode of perception is made available 

to them by the meta-modality of sensory processing and it is not fully reducible to that 

of any existing sense (Hurley & Noë, 2003; Block, 2003; Prinz, 2006) or any 

combinations of existing senses.  

 

This invited chapter was prepared for submission to The Oxford Handbook of 

the Philosophy of Perception.  The descriptions of the volume and a list of contributors 

are appended to this chapter (pp. 108-111). 
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follow: 45% Kiverstein, 40% Farina, 15% Clark. I did most of the back work (including 

surveying the relevant neuroscientific literature and reviewing the case of echolocation 

we discuss). I also significantly contributed in developing the argument against Jesse 

Prinz and thus in the writing of sections 3 and 4. Julian Kiverstein maintained a leading 

role in developing sections 1 and 2 and much of the criticism against Brian Keeley is 

due to him. Andy Clark had a supervisory role: polished the manuscript before 

submission and suggested a number of relevant cuts after first round of revisions. We 

prepared the manuscript and then revised it in response to feedback from John Sutton 

and Jack Loomis. Additionally, the editor of the volume (Mohan Matthen) and two 

anonymous reviewers provided feedback on an earlier draft of this manuscript. 

 

This manuscript was written in 2013, and first published online in January 2014. 

The book in which this manuscript appears is going to be published in July 2015. The 

manuscript is presented here exactly as accepted for publication.  
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Abstract 

 

Sensory substitution devices are a type of sensory prosthesis that (typically) 

convert visual stimuli transduced by a camera into tactile or auditory stimulation.  They 

are designed to be used by people with impaired vision so that they can recover some of 

the functions normally subserved by vision.  In this chapter we will consider what 

philosophers might learn about the nature of the senses from the neuroscience of 

sensory substitution.  We will show how sensory substitution devices work by 

exploiting the cross-modal plasticity of sensory cortex: the ability of sensory cortex to 

pick up some types of information about the external environment irrespective of the 

nature of the sensory inputs it is processing.  We explore the implications of cross-

modal plasticity for theories of the senses that attempt to make distinctions between the 

senses on the basis of neurobiology.   

 

Keywords: Sensory substitution, the senses, cross-modal plasticity, meta-modal brain, 

echolocation, Müller‘s law of specific nerve energies   
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1.Introduction   

 

Are the eyes necessary for seeing or could a person or animal with impaired 

vision see by means of a sensory prosthesis?
8
  How one answers this question will 

depend on the criteria by which one makes a distinction between the senses.  Roxbee-

Cox (1970) discusses what he calls ―the sense organ account‖ according to which 

―certain parts of the body with which we are familiar, make an instance of perception 

sight; the functioning of other processes, involving other parts of the body, make it a 

case of hearing, etc.‖ (p.530, quoted by Nudds, 2004, p. 3)  Sensory substitution devices 

(or SSDs) are potential counterexamples to this ‗sense organ‘ account of the senses.
9
  

SSDs are wearable computing devices engineered to function as prostheses that 

compensate for the loss of the vision in the visually impaired.  Consider by way of 

analogy how a blind person uses a cane to find their way about in the world.  Each tap 

of the cane is felt in the hand, yet as Descartes noticed in his Physiological Optics the 

blind person can use these tactile sensations to feel the space around them.  Descartes 

even goes so far as to suggest that a blind person that has used the stick for all their 

lives might be able to ―see with their hands‖ (1653/1985, p. 153).   

 

The first sensory substitution devices were attempts at harnessing tactile inputs 

more globally, converting visual images transduced by a mobile camera into 

vibrotactile stimulation.  Paul Bach-y-Rita was the first to attempt such an experiment 

in the 1970s.  Through his work on neural rehabilitation Bach-y-Rita was among the 

                                                           
8
 When we talk of ―seeing‖ we will normally not distinguish between conscious and  unconscious vision.  

We wish to largely bracket questions about consciousness in this chapter.  When this is not possible we 

will make this explicit.   
9
 This might well be denied:  Morgan (1977) has argued for instance that the difference between sensory 

pick-up by means of a substitution device and sensory pick-up by means of the eyes is quantitative, not 

qualitative.  He argues  that these structural differences are not sufficient to warrant the conclusion that 

perception with an SSD is not visual.  We briefly return to this line of argument below in section 2.   
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first neurologists to recognise the brain‘s plasticity and the enormous potential for 

recovery it offered to patients suffering from brain damage.  This work led him to 

wonder whether it might be possible to exploit this plasticity to restore sight in the 

blind, using the sense of touch to substitute for their impaired visual sense. Vision is an 

enormously rich source of knowledge about the external world; Bach-y-Rita 

hypothesised that the brain could learn to work together with a prosthesis so as to 

acquire the very same types of knowledge through touch.  This was a hypothesis he was 

later to confirm, building, what by today‘s standards, look to be incredibly cumbersome 

devices.  Despite the apparent user unfriendliness of the devices, blind users 

nevertheless succeeded in mastering their use to report on a wide variety of different 

stimuli.  

 

―The most striking feature of the initial results with the systems is that subjects, 

blind and sighted, are able, after only relatively short training periods, to identify 

familiar objects and to describe their arrangement in depth….Evidently even a crude 

400-tactor system is capable of providing sufficient information to permit construction 

of what is usually called the visual world‖ (White et al., 1970, p. 25). 

 

The potential these devices offer to restore some degree of visual function is of 

course of tremendous practical relevance for those suffering from visual impairments.  

Still we should resist jumping to any conclusions about the type of sense perception the 

skilled user enjoys.  Does the device restore visual function or does it simply extend the 

range of objects and properties that can be discriminated using touch or hearing?  We 

can make this question a little more precise by introducing some terminology we will 

occasionally employ below. We will use the expression ―substituting modality‖ to refer 
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to the transducing sensory channel delivering the information to the brain (e.g. touch or 

hearing).  We will also refer to the ―substituted modality‖ by which we will mean the 

sense modality that the SSD is being used to replace
10

.  A key question we wish to 

address is whether the perceptual states the device helps to implement remain in the 

substituting modality, or do they switch from the substituting modality to the 

substituted modality once the user has learned how to use the device?
11

  

 

2. Sensory Substitution and the Meta-Modal Brain 

 

Sensory substitution devices (SSDs) have most commonly been researched as 

visual prostheses for the blind.
12

  A human machine interface (HMI) coverts images 

from a camera attached to the user‘s body into tactile or auditory inputs.  In the early 

tactile-visual devices, a fixed camera delivered real-time images to an HMI, which 

transformed these images pixel by pixel into electro-or vibro-tactile stimulation 

delivered to the skin of the user.  After a period of training the user learned how to 

interpret the tactile stimulation so as to recognise the orientation, distance and spatial 

arrangement of simple stimuli, and successfully perform discrimination tasks. Some 

subjects also reported undergoing such distinctively visual experiences as motion 

parallax and looming (Bach y Rita et al., 1969).  The early devices suffered from a 

number of problems, not least of all the user‘s lack of mobility. The first device built by 

Bach y Rita consisted of a dentist‘s chair that would produce a pattern of vibration on 

the back of the person sitting in the chair.  The devices in use today are much more user 

                                                           
10

 For useful reviews see Bach-y-Rita & Kercel (2003) and the opening sections of Auvray & Myin 

(2009).  
11

 Matthen (this volume) takes up the question of how to individuate the senses.     
12

 Touch has also been used to substitute for other senses.  For example, Shurmann et al (2006) have built 

an SSD that uses touch to replace hearing, and Tyler et al 2003 have done the same for the same 

vestibular sense (if this counts as sense).  Bach-y-Rita & Kercel (2003) describes a tactile–tactile 

substitution devices that restores peripheral sensation. In what follows we will concentrate entirely on 

devices that aim to function as substitutes for vision.  
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friendly and can be readily deployed by the visually impaired in their everyday dealings 

with the world.   Below we discuss two of the mostly widely researched devices:  a 

portable version of the original Bach-y-Rita visual-to-tactile system called Brain-Port 

and a visual-audio system known as the vOICe.
13

  

 

Brain-Port is built from three core components: (1) A 3cm x 3cm tongue array 

(containing 100 to 600+ electrodes); (2) a hand-held controller  (slightly larger than a 

cell phone) used for zoom and contrast inversion; and (3) a head mounted camera that 

maps the environment into high resolution pictures.  The camera captures high-

resolution images at a rate of 30 frames per second. The hand-held controller contains a 

central processing unit (CPU) that converts these images into retinotopically organized 

electrical pulses delivered to an array of stimulators worn on the tongue.
14

 Each 

electrode on the tongue array corresponds to a specific set of pixels.  When the user 

actively controls the camera, she gradually begins to acquire a feel for the things around 

her, and she does so on the basis of sensations on the surface of her tongue.  Long term, 

proficient users of Brain-Port report the sensation of ―seeing pictures painted on their 

tongue with champagne bubbles‖ (Danilov et al., 2005). They can routinely recognize 

high-contrast objects in a scene, read letters or numbers, individuate shapes, perform 

perceptual judgments using perspective, parallax, looming and zooming, and 

successfully estimate depth (Arnoldussen et al., 2012).
15

 

 

                                                           
13

 Perhaps the most well-known of this class of devices is the vOICe which we will discuss in more detail 

below (see e.g. Meijer, 1992).  Other devices that work according to the same principles are the PSVA 

(Prosthesis Substituting Vision with Audition, Capelle et al., 1998); the Vibe (Auvray et al., 2005).  
14

 Besides housing the central processing unit (CPU), the hand-held controller is also in charge of other 

crucial functions. Through its specific configuration it in fact allows the impaired user to: 1) zoom in on 

items of interest; 2) control light settings and shock intensity levels; and 3) adjust contrast at need.  
15

 For an impressive demonstration of what a blind user of Brain-Port can do, see: 

http://www.youtube.com/watch?v=OKd56D2mvN0 

http://www.youtube.com/watch?v=OKd56D2mvN0
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The vOICe
16

 is an visual-auditory substitution device that works by 

transforming images from a digital camera embedded in a pair of sunglasses into 

auditory frequencies (―soundscapes‖), which the user hears through headphones.  

The mapping of images onto sounds follows three basic rules:  

 

1) The vertical position of objects in the video image is encoded by tone 

frequency; high pitch tones correspond to objects located in the upper regions of 

the image and low pitch tones to objects located in lower regions.   

2) Once a second the camera scans from left to right and objects to the 

users left or right are encoded as sounds delivered to the left or right ear 

respectively.  

3) Finally, the luminosity or brightness of an object is encoded as 

loudness, the brighter the object the louder the sound it produces.   

 

Soundscapes preserve the visual information contained in the camera images to 

a high degree of spatial resolution.
17

 Visually impaired users of the vOICe can 

effectively determine the spatial location of objects (Auvray et al., 2007); discriminate 

size, shape and orientation (Amedi et al., 2007; Cronly-Dillon et al., 2000); identify and 

classify types of objects (Auvray et al., 2007) and discriminate between patterns of dots 

(Arno et al., 2001) and between images of objects and scenes (Cronly-Dillon et al., 

2000).  

 

                                                           
16

 ―OIC‖ stands for ―Oh I see!‖.  
17

 Up to about 60×60 pixels for a 1s sound scan and a 5 kHz audio bandwidth (Bubic et al., 2010).  

Further technical details can be found at http://www.seeingwithsound.com/ where it is also possible to 

download a demo of the vOICe and get a real sense of how the device works. 

http://www.seeingwithsound.com/
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Over the last ten years or so, cognitive neuroscientists have begun to study the 

changes that take place in the user‘s brain as they learn to use these devices.  There is 

growing evidence that SSDs work by exploiting the brain‘s cross-modal plasticity: the 

―ability of a cortical area normally specified for one type of sensory input … to take on 

some of the functions of another sensory system‖ (Huttenlocher, 2002, p. 81).  In this 

light, consider the classic work by Sadato and colleagues, who used positron emission 

tomography (PET) to study the behaviour of visual cortex in congenitally and early 

blind users of Braille (Sadato et al., 1996).  They found that tactile contact with Braille 

activates areas of occipital cortex that normally process visual inputs.  Visual cortex in 

early blind readers of Braille reorganizes so as to support the processing of tactile 

inputs.
18

  This kind of plasticity has also been observed in cases of auditory deprivation. 

Sign language for instance has been consistently reported to trigger the auditory cortex 

of deaf individuals (Sadato et al., 2004).  

  

Sensory substitution also works by exploiting the cross-modal plasticity of 

sensory cortex.  Ptito & Kupers (2005) trained a group of early blind patients and a 

blindfolded control group to use a tactile-visual substitution system (a Tongue Display 

Unit or TDU).
19

 Following training they were given the task of determining the 

orientation of a letter (T) presented on a screen while undergoing a PET scan of their 

brains.  Ptito and Kupers report the activation of ―large areas of occipital (cuneus, 

inferior, medial and lateral occipital cortex), occipito-parietal and occipito-temporal 

(fusiform gyrus) cortices‖ in blind subjects, but not in the control group (ibid, p. 486). 

                                                           
18

 This finding has been confirmed in countless studies.  Cohen et al. (1997) for instance used transcranial 

magnetic stimulation (TMS) over primary visual cortex in early-onset blind subjects during Braille 

reading.  This interfered and disrupted the subject‘s ability to discriminate the Braille characters again 

demonstrating the necessary role of visual cortex in supporting tactile discrimination in these subjects.   
19

 Also see the earlier study by Arno et al. (2001), a PET study in which activation of occipital cortex was 

found in blind users of a visual- auditory substitution device.   
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In the blind users, occipital cortex is recruited for tactile discrimination, and the 

patients‘ tongues come to act ―as portals to convey somatosensory information to visual 

cortex‖ (Ptito & Kupers, 2005, p. 606). 

 

We suggest that SSDs unmask a potential in sensory cortex to process stimuli 

regardless of sensory modality.  This contrasts with a view of sensory processing that 

goes back to the great neurophysiologist of the 19
th

 century Johannes Müller, and his 

law of specific nerve energies (Müller, 1843/2003). Müller argued that the nerve fibres 

connecting the different sense organs (the eyes, ears, tongue etc.) to the brain behave in 

fundamentally the same ways as the nerve fibres connecting the brain to the muscle 

system in the body.  Thus he was led to ask what it is about these nerve fibres that make 

for differences in sense perception.  The answer he returned was that the sensory 

differences are determined by the specific anatomical regions in the brain to which the 

nerve fibres lead.  Visual perception is the result of nerve fibers that connect the retina 

to the visual areas of the brain.  Auditory perception by contrast is the result of wiring 

that runs from the ears to the auditory cortex.  The discovery of cross-modal plasticity is 

quite consistent with fully developed sensory cortex having specialised functions, some 

areas of sensory cortex favouring the processing of visual inputs, other areas preferring 

to process auditory inputs and so on.  However cross-modal plasticity strongly suggests 

that every sensory area also has the potential to process inputs from other modalities.  

Just as Müller argued that the nerve fibres that connect the sense organs to the brain do 

not distinguish between the nature of the signals they transmit, so it seems we should 

say the same about the terminus of those signals.  Sensory cortex has a latent potential 

to process inputs from other sense modalities that is unmasked in cases of cross-modal 

plasticity.   
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Pascual-Leone & Hamilton (2001) suggest that we should understand sensory 

cortex as ―meta-modal‖: 

 

―One might envision a cortical region with a functional role in spatial 

discrimination that might therefore be predisposed to perform the kinds of processes 

that vision requires.  In this setting, from early development onward, sight would be 

progressively selected as the input signal for such an ‗operator‘.  Eventually such an 

operator might appear to be ‗visual cortex‘ by virtue of its dominant input, when in fact, 

under certain conditions, the presence of meta-modal inputs could be unmasked.‖ 

(Pascual-Leone & Hamilton, 2001, p. 6) 

 

During development, regions of cortex become increasingly specialised in 

function because regions differ in their computational properties with some brain 

regions being better at carrying out particular types of computation than others.   

Occipital cortex for instance might be particularly good at high-acuity processing of 

spatial information that is required for vision.  Over time processing of visual inputs in 

occipital cortex gets reinforced and its processing of inputs from other sensory 

modalities gets inhibited. In the early blind, occipital cortex never takes on this function 

but its computational properties make it best suited to processing tasks that require high 

acuity.  This is perhaps why we find it activated in tasks that might be thought to 

require highly accurate spatial processing such as Braille reading
20

 and SSD 

                                                           
20

  There is some evidence that Braille reading may not require particularly precise spatial processing, see 

e.g. Loomis et al. (2012).  Loomis and colleague‘s work strongly suggests that touch lacks the spatial 

resolution of vision presenting an upper bound on the spatial information visual cortex can extract from 

tactile inputs.  This doesn‘t impact on the ability of a blind person to read Braille since the latter doesn‘t 

require high acuity spatial processing (Loomis, 1990).  It may however provide a serious constraint on 

the types of visual information we can access through touch, and hence on the types of visual information 

a perceiver can access through this type of sensory substitution.  Loomis argues that tactile substitution 

works best in ecologically unrealistic settings in which subjects are presented with distinctive objects in 

simplified contexts against high-contrast backgrounds.   In this way work on tactile substitution avoids 
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perception.
21

  On a meta-modal view of sensory cortex we should think of functional 

specialization in terms of computation of features such as shape, motion, spatial 

location etc.  A given brain region can exhibit this specialization irrespective of the 

nature of the inputs that are projecting to this area
22

. 

 

3.Keeley on the senses 

  

Brian Keeley (2002, 2009) defends a neurobiological criterion for counting the 

senses, according to which token perceptions count as instances of different sense 

modalities because of the ―character of the putative sense organs and their modes of 

connection with the brain‖ (2002, p.13). Thus he is defending a revised version of what 

we‘ve called above the ‗sense organ account‘ of the senses.  Instead of differentiating 

the senses just on the basis of whether experience begins in the eyes, ears, nose, tongue 

or skin, Keeley argues we must also take into account whether the sense organ is, as he 

puts it, ―appropriately wired up‖.  The view of sensory processing we‘ve outlined above 

suggests that the sense organ account may be something of a red herring for a theory of 

the senses.  The brain can model the ways in which input varies as we interact with the 

environment in ways that are independent of the bodily transducer.  Keeley discusses a 

                                                                                                                                                                          
much of the challenge of segregating objects and features ordinarily taken care of in early visual 

processing.  Loomis‘s work suggests this is a challenge touch is ill-equipped to meet.  It is an important 

question for empirical research to what extent this problem also carries over to auditory substitution.   We 

thank Jack Loomis for discussion of this and other issues relating to the limits of sensory substitution.      
21

 There is further support for such a claim in the finding that auditory and tactile processing of motion in 

both blind and sighted subjects recruits area MT/V5, a visual area specialised for processing motion in 

normally sighted subjects (Ricciardi et al., 2007).  Amedi et al. (2003) have likewise shown that lateral 

occipital cortex is recruited for tactile processing of shapes and of Braille in sighted and blind subjects.  

Wolbers et al. (2011) found activation of the parahippocampal place area involved with processing of 

visually presented scenes in blind subjects haptically exploring lego-block models of rooms.  These 

studies and many other strongly point to the conclusion that sensory brain areas construct representations 

of properties like shape or motion independently of the format of the transducing sense.       
22

 This view of sensory cortex as made up of meta-modal operators fits well with a view of perception 

that is growing in popularity within cognitive neuroscience according to which perception is 

fundamentally a matter of prediction (see Rao & Ballard, 1999; Lee & Mumford 2003; Friston, 2005, 

2010; Clark, 2012). 
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view like the one we‘ve been defending in a part of his paper dealing with the 

ecological psychologist J.J. Gibson‘s theory of sensory systems.  He represents 

Gibsonians as holding that ―it makes sense to attribute a sensory modality to any 

organism that can act on structured stimuli of a particular physical type regardless of 

how that information is obtained by the organism‖ (Keeley, 2002, p. 18).  This accords 

well with the findings we described in the previous section.   

 

Keeley argues however that this Gibsonian position overlooks an important 

distinction between ―detection‖ and ―reception‖.  He invites us to suppose that a blind 

user of an SSD could ―come to have every propositional attitude a sighted person has.‖  

Still, he suggests, such a person would continue to count as blind because they would 

lack the modality of vision.  They would be equipped with a tool for reliably detecting 

information carried by electromagnetic forms of energy.  Their perceptual mode of 

interaction with the world would remain tactile because they lack a perceptual system 

dedicated to the reception of electromagnetic stimuli.   

      

If a person using a substitution device could come to share every propositional attitude 

with a sighted person would we really still count them blind?  Keeley says we would, 

but we might equally well conclude that this points to the implausibility of his account 

of the senses.  Suppose we adopt a functionalist definition of the senses for instance and 

we say the differences between the senses can be accounted for in terms of the causal 

role sensory states typically play in mediating between inputs and outputs.  Imagine a 

person that could use an SSD in such a way as to form, in the very same circumstances, 

the same propositional attitudes as a sighted person, would have perceptual states that 
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were functionally equivalent with the visual states of sighted person. We would say of 

such a user that the device provided him with a visual mode of access to the world 

  

In reality, substitution devices fall a long way short of achieving this level of 

performance (Loomis et al., 2012).  At best users can succeed in simplified 

experimental settings at localizing and recognizing objects to a level of competence that 

approximates that of a sighted person.  Furthermore many questions remain about how 

to fill out a functionalist theory of the senses. How are we to determine the nature of the 

inputs and outputs that the sensory states in question mediate between? How we answer 

this question will decide whether we count sensory substitution as functionally 

equivalent with vision.  If we take the relevant inputs to be proximal, vibro-tactile 

stimulation for instance, we will count tactile substitution and vision as distinct 

functional states.  The proximal stimulation will be vibro-tactile stimulation in the one 

case and light striking the retina in the other.  If we start from the distal stimulus 

however, this might support a conclusion that sensory substitution and vision are 

functionally equivalent. The distal stimulus that is the source of sensory inputs is the 

same in both cases even though there are differences in proximal stimulation. This is of 

course a well-known general problem for functionalist theories of mind (Block, 1978).   

Supposing however these and other questions can be finessed, a broad commitment to 

functionalism gives us some grounds for questioning Keeley‘s distinction between 

detection and reception.  Let us consider then how he goes about justifying this 

distinction.    

 

Keeley invites us to consider the human ability to behaviourally distinguish the 

electrical charge of two batteries by applying them to the tongue.  The tongue will 
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certainly allow us to distinguish a live from a dead battery, but it is not a sense organ 

dedicated to the reception of electrical forms of energy.  Now contrast the human 

tongue with species of fish that can allegedly sense the world using electric fields.  

Electric fish have a sense that we lack because they have a sense that has, says Keeley 

―evolved specifically to process biologically meaningful electrical stimuli in their 

environment‖ (Keeley, 2002, p. 26).   Electric fish need to detect electrical properties if 

they are to successfully navigate in the opaque environments in which they live.  The 

capacity to make sensory discriminations between electrical properties is the result of a 

dedicated anatomical structure that is ―electroreceptive‖.  The human tongue, and the 

neural circuitry to which it is wired up, is dedicated to the reception of pain, taste, and 

touch.  It can be used to detect electricity but only by means of receptors dedicated to 

picking up other forms of physical energy.   

 

The appeal to evolutionary history plays a central role in  Keeley‘s reasoning: 

 

―What makes the eye part of a visual system, but not part of a 

mechanosensory or stimulating-electrode-receptive system, is the 

evolutionary history of those verterbates which have eyes.  It is this history 

which determines to what sense a putative sense-organ is dedicated.‖  (ibid, 

p.18) 

 

However his account of the senses as dedicated sense organs hooked up to 

functionally specialized anatomical structures doesn‘t fit at all well with the idea of the 

meta-modal brain we discussed above.  This should come as no surprise since we‘ve 

already seen how he rejects Gibsonian views which share a commitment to meta-
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modality.  Compare Keeley‘s account of the senses with Müller‘s law of specific nerve 

energies discussed earlier (in section 1).  In more recent work, Keeley discusses with 

measured approval, Müller‘s claim that ―sensation consists in the sensorium receiving 

through the medium of the nerves, and as the result of the action of an external cause, a 

knowledge of certain qualities or conditions...of the nerves of sense themselves…the 

nerve of each sense having its own peculiar quality or energy‖  (Keele, 2009, p. 241) 

The ―sensorium‖ is Müller‘s term for the areas of the brain ―responsible for receiving 

and analysing information from the sense organs‖ (ibid).  Keeley doesn‘t accept 

Müller‘s claim that these brain areas each have their own peculiar quality or energy that 

cannot be given a further analysis.  However, he does endorse the claim that for each 

sense, there are neural pathway(s) dedicated to the reception of particular forms of 

energy in the environment.  In discussing sensory substitution he quotes Müller again: 

―Among the well-attested facts of physiology, again, there is not one to support the 

belief that one nerve of sense can assume the functions of another‖ (ibid, p.242).   

 

This last claim looks to be seriously challenged by the evidence for meta-

modality.  At least it does if we follow Keeley in interpreting the ―nerves of sense‖ as 

the ―sensorium‖ or ―the brain areas responsible for the receiving and analysis of 

information from the sense organs‖.  What this work shows is that one the same brain 

area (e.g. the lateral occipital cortex) can be involved in receiving and analysing 

information from very different senses.  We don‘t have anatomical structures that are 

dedicated (because of our evolutionary history) to the reception and analysis of 

particular forms of physical energy such as electromagnetic stimuli received by the eyes 

or chemical gradients picked up the tongue or nose.    

 



 

88 
 

Consider as a further example, Thaler et al‘s (2011) finding that when blind 

persons echolocate, there is time-locked activation of visual cortex.  Blind individuals 

echolocate by emitting high frequency burst clicks generated by tickling the palate of 

the mouth with the tip of the tongue.  These high frequency clicks bounce off the 

objects located in the external environment in a way that allows the adept echolocator to 

map the environment surrounding them perceiving the distance, size, position, shape 

and texture of objects (Teng et al., 2011).
23

 Proficient echolocators (such as Daniel Kish 

and the late Ben Underwood) have been reported to use echolocation to hike, roller-

skate, mountain bike, and to play fussball, basketball and video games.
24

   

 

Thaler and colleagues used fMRI to compare the brain responses of two blind 

subjects (EB, short for ―Early Blind‖ and LB ―Late Blind‖) that have been echolocating 

for many years with two control subjects that cannot echolocate.
25

  The subjects were 

played clicks and echoes recorded under three scenarios while they were scanned.  In 

all three of the conditions, they found increased activation in the calcarine area of visual 

cortex in the blind echolocators, but not in the controls.  Primary visual cortex (V1) is 

located in and around the calcarine sulcus, so it seems that primary visual cortex is 

being used in these subjects in the analysis of auditory signals.  Particularly interesting 

for us was a condition in which BOLD response
26

 was compared for recordings made 

outdoors, the first containing both clicks and echoes and a second, control recording 

                                                           
23

 The cognitive anthropologist Greg Downey has a rich discussion of echo-location, including the Thaler 

study we discuss posted on his Neuroanthropology blog accessible here: 

http://blogs.plos.org/neuroanthropology/2011/06/14/getting-around-by-sound-human-echolocation/    
24

  Daniel Kish (subject EB in the study discussed below) runs a school in California in which he trains 

other blind people in the use of echolocation and in what he calls "Perceptual Mobility". More 

information can be found here: http://www.worldaccessfortheblind.org/. For a sample of the outstanding 

skill displayed by echolocators, see the following: 

http://www.youtube.com/watch?v=vpxEmD0gu0Q&feature=player_embedded (last accessed June 2013) 
25

 Many thanks to Lore Thaler and Mel Goodale for discussion of this experiment.  
26

 The BOLD (Blood Oxygen Level Dependent) signal is the indirect measure of brain activity relied on 

in fMRI studies.  The nature of the correlation between levels of oxygen in blood flow and neural activity 

remains a matter of controversy in cognitive neuroscience.    

http://www.worldaccessfortheblind.org/
http://www.youtube.com/watch?v=vpxEmD0gu0Q&feature=player_embedded
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containing only the clicks and the background sounds with the echoes removed. The 

two echolocating subjects showed an increased BOLD signal in the calcarine sulcus, 

and in areas of the cerebellum, in contrast to the control subjects that showed no 

differential response in these areas.  Interestingly however no difference in the BOLD 

signal was found for activity in auditory cortex in any of the four subjects.  Auditory 

cortex was certainly active in both conditions, as was shown by a comparison of BOLD 

response in a silence condition with a condition in which the recording was played.  

There was however no difference in BOLD signal response in auditory cortex when the 

echo was part of the outdoor recording, and when it was not.  Thus, it seems that the 

brain responses (as reflected in the BOLD signal) that seem to make the difference for 

successful echolocation are not to be found in the auditory cortex, but are instead found 

in visual cortex, and in the cerebellum.  The experimenters interpret this as a further 

evidence for the meta-modal properties of primary visual cortex: ―calcarine cortex‖ 

they write ―performs some sort of spatial computation that uses input from the 

processing of echolocation sounds that was carried out elsewhere, most likely in brain 

areas devoted to auditory processing‖ (Thaler et al., 2011, p. 8).    

 

It seems then that visual cortex is not dedicated to the reception of forms of 

energy fixed by our evolutionary history.  Visual cortex processes information carried 

by light in the normally sighted, but it can also process information carried by clicks 

and echoes.  Visual cortex (and sensory cortex more generally
27

) is plastic, and its 

functioning is in large part experience-dependent.  In this case it is dependent on the 

acquisition of a skill.  The two subjects in this experiment have repeatedly engaged in 

echolocation, EB from a very early age and LB a little later in life.  There are also 

                                                           
27

 For evidence of cross-modal plasticity in auditory cortex see Lomber et al. (2010).   
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interesting individual differences in BOLD response in the two echolocation experts 

studied in this experiment which the experimenters suggest may reflect level of 

expertise or practice.   For instance, echo-related activity in the calcarine sulcus showed 

a contralateral bias in subject EB, but not in subject LB.  (This same contralateral bias is 

found in sighted subjects for light, so this is an example of visual cortex taking on 

structural properties independently of the character of inputs.)  EB also showed greater 

visual cortex response in some of the conditions as compared with LB, which the 

authors suggest ―could reflect EB‘s much longer use of echolocation and/or his more 

reliable performance in passive echolocation task‖ (ibid p.3).   There is then a match 

between the level of skill of the echolocator and the acuity and richness of the spatial 

information visual cortex can extract from sound.   

 

Returning to Keeley, it is clear what he will want to say our echolocators use 

hearing to detect spatial properties we normally perceive through vision such as the 

distance, size and position of objects.  However they are not doing so by means of 

auditory cortex which is what his theory requires.  They are doing this using primary 

visual cortex which is precisely not dedicated to processing information carried by 

sounds. Moreover, this is a function visual cortex acquires not as a result of our 

evolutionary history but through the repeated engagement in a skillful behaviour.  This 

is exactly the same kind of neural reorganization we find in readers of Braille whose 

brains devote a larger area of somatosensory cortex to the processing of sensory input 

from the fingertips (Pascual-Leone et al., 1993), or in London taxi-drivers whose 

hippocampus is enlarged as consequence of their learning to navigate around London 

(Maguire et al., 2000).   
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Keeley‘s defence of the distinction between detection and reception is 

unsuccessful, but doesn‘t his point about sensory substitution still stand?  Keeley 

argued that blind users of sensory substitution devices don‘t miraculously regain their 

sight.  To the extent that they are able to detect spatial properties of objects by means of 

touch or hearing they do so in much the same way as we can detect the electrical 

properties of batteries using our tongues.  Are blind users of substitution devices simply 

detecting properties we normally perceive visually by a non-standard sense?   

 

4. Does the substituting sense dominate in sensory substitution?    

 

When a blind person masters the use of an SSD do they learn to see or does their 

experience continue to have the character of the substituting modality?  Central to the 

idea of sensory substitution is that an intact, normally functioning sense can act as a 

stand in or substitute for an impaired sense.  We‘ve seen how substitution devices can 

provide some of the same information as the impaired sense, and can enable the user to 

act and respond in some of the same ways as vision.  Thus there is a functional 

similarity between perception with a substitution device and perception in the 

substituted modality.  Is this functional similarity a sufficient ground for saying that a 

blind person can learn to see through the use of an SSD?  We can distinguish between 

three possible answers which we must decide between in order to settle this question: 

 

1. Through training, the visually impaired user learns to acquire new types 

of sensory information by means of a substituting modality.  The mode of 

perception of the user‘s experience however remains in the substituting modality no 

matter how experienced they are with the device.  It remains tactile if the system is 
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a visual-tactile substitution system, or auditory if the system is a visual-auditory 

substitution system. 

2. Once the subject has learned how to use a substitution device the 

character of her experience changes.  The subject has learned how to use the device 

to see.  Seeing is thus something we can learn to do by learning how to make use of 

a prosthetic device.  It is a skill in much the same sense as echolocation (i.e. it is 

something that subjects can learn to do by learning how to use a visual prosthesis).  

Once the relevant skills have been learned the subject‘s experience switches from 

the substituting modality (touch or hearing) to the substituted modality (vision)
28

.  

3. After training with the device the subject‘s mode of perception changes 

– it doesn‘t continue to have the character of the substituting modality.  Now the 

subject perceives the world in part by means of the prosthesis.  However this way of 

perceiving the world cannot properly be described as visual.  The mode of 

perception the device enables isn‘t that of the substituting modality, but nor is it that 

of the substituted modality.  It is something new.   

 

How can we decide between these three possibilities?  There is significant 

evidence that during training subjects undergo some sort of change in the character of 

their experience, and possibly in their mode of perception.  From the earliest days of 

experiments with sensory substitution, subjects have reported that after training they 

cease to notice the proximal stimulation at the skin (in TVSS) and they become 

―directly aware‖ of objects and their properties that are detected by the camera (Bach y 

Rita, 1972).   Their attention is taken up with the external objects that are the causes of 

                                                           
28

 See O‘Regan & Noë (2001); Hurley & Noë (2003); and O‘Regan (2011) for an account of the senses in 

terms of sensorimotor skills.   
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this stimulation.  Might this change in experience be understood in terms of a change in 

mode of perception in a way that supports either the second or third option above?   

 

In a much quoted paper from the 1970s on the experience of tactile vision 

Gerard Guarniero describes his own experience of using a TVSS as follows: 

 

―Very soon after I had learned how to scan, the sensations no longer felt as if 

they were on my back, and I became less and less aware that vibrating pins were 

making contact with my skin.  By this time objects had come to have a top and a 

bottom; a right side and a left, but no depth – they existed in an ordered two-

dimensional space‖ (Guarniero, 1974, p. 104, quoted by Deroy  & Auvray forthcoming, 

p.6). 

 

Ward and Meijer (2010) documents the reports of two long-term users of the 

vOICe that repeatedly describe experiences that closely resemble vision much more 

than they do audition.  The type of visual experience subjects PF and CC report is 

indeterminate and lacking in acuity and fine detail, but precise enough to be able to 

make out edges and contours.  Both subjects report that the phenomenal character of 

their experience has developed over time: 

 

―Initially, both report their visual experiences induced from the vOICe to be flat, 

jerky, lacking in detail and monochrome.  The next major transitions are smooth 

movement perception and the perception of depth.  Both involve going beyond the 

information explicitly given in the soundscape, analogous to interpreting depth in a 
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photograph based on perspective, shading and occlusion‖ (Ward & Meijer, 2010, p. 

499). 

 

We will use the term ―distal attribution‖ to characterize the change in the 

character of experience that users of substitution devices report over time.  By ―distal 

attribution‖ we mean the ability to attribute the cause of proximal stimulation to some 

external object.  Does distal attribution provide us with grounds for saying that 

following training, the mode of perception switches from the substituting to the 

substituted modality?   

 

5. Explaining distal attribution 

 

Distal attribution is characterized by a lack of awareness of proximal 

stimulation.  The subject‘s attention is instead absorbed by the external objects that are 

the distal causes of this proximal stimulation. The substitution device comes to function 

as transparent equipment for the skilled user.  When all goes smoothly the user ceases 

to notice the ways in which her perception is mediated by the device, she relies on the 

device to inform her about the world in much the same way as we ordinarily rely on our 

other senses. Can we adequately account for this aspect of the phenomenology of 

sensory substitution if we suppose that the user‘s perceptual experience remains in the 

substituting modality?  The subject no longer notices the stimulation in the substituting 

modality.  If they did, the device would cease to function as transparent equipment for 

them. Should we say that although the subject doesn‘t notice she is perceiving the world 

by means of touch or sound, her experience nevertheless remains tactile or auditory in 

character?   
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Jesse Prinz agrees that when the user is capable of distal attribution the 

substituting sense has begun to perform a function for them a bit like vision. Still Prinz 

insists the perceptual experiences of the user don‘t feel like seeing (Prinz, 2006). Prinz 

denies that one sense ―begins to cause perceptual states that are qualitatively like 

another sense simply by conveying the same information‖ (2006, p. 4).  He suggests 

that distal attribution should be understood in terms of the substituting modality coming 

to supply some of the same kinds of information as vision.  We often have tactile 

experiences of objects that we are not in contact with: when we drive we feel the 

surface of the road beneath the car, when we move towards a fan or a flame we feel the 

change in temperature without coming into contact with the fan or flame. Prinz suggests 

that something analogous happens in sensory substitution.
29

           

 

Prinz‘s suggestion is however hard to square with the evidence for cross-modal 

plasticity. When occipital cortex is activated by tactile or auditory inputs why label this 

processing tactile rather than amodal?  At most Prinz establishes that distal attribution 

doesn‘t entail a change in mode of perception to vision.  It doesn‘t follow that the mode 

of perception remains in the substituting modality.  It could for instance result in a new 

mode of perception (option 3 above).  Moreover, although Prinz asserts that distal 

attribution could be understood in terms of accessing properties and objects normally 

perceived through vision by means of touch, he doesn‘t explain how this happens. 

 

If we are to attempt to settle our question about which mode of perception best 

characterizes perception with a substitution device, we need to know a little more about 

the process of learning that leads to distal attribution.  Fortunately there is some recent 
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 Block (2003) makes a similar point.  
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experimental work that addresses this question.  In an important study from 2005, 

Malika Auvray and colleagues gave a group of blindfolded subjects the task of using a 

visual-auditory substitution device without informing them of how the device 

functioned.  They were interested in determining whether subjects would settle on an 

interpretation of what the device was doing in terms of distal attribution if they knew 

nothing about how the device was functioning.  Subjects were told only that they would 

hear sounds produced by the device and they would be asked to rate various 

explanations of the sounds.  Subjects were allowed to play with the device for fifteen 

minutes and then where asked to assign scores to seven possible scenarios.  In a second 

part of the study an obstacle was introduced that interrupted the camera feed.  They 

found that subjects rated scenarios involving distal attribution highly when they were 

able to control either the camera, or were able to indirectly influence their relation to the 

external object. This allowed subjects to track the systematic ways in which proximal 

stimulation changed as the subjects varied their relationship to the external object.   

However, Auvray and colleagues also argue that this tracking ability is not sufficient for 

distal attribution. Subjects tended to rate more highly the correct scenario and 

downgrade their rating of the other scenarios in the second session after the obstacle 

had been introduced.  They argue that the experience of the obstacle was also necessary 

to give the perceiver an understanding that variations in proximal stimulation are 

causally linked to one and the same distal object.  Introducing the obstacle breaks this 

causal link in a way that seemed to enable the perceiver to grasp that the variations in 

stimulation brought about by their actions are causally dependent on their relation to a 

distal object.   
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Distal attribution seems to depend on a subject‘s grasp of sensorimotor 

contingencies or the patterns of dependence that hold between sensory inputs generated 

by the device and movement. Subjects begin to recognize the relationship between 

proximal stimulation and its distal causes as they move and discover patterns in sensory 

stimulation contingent on their movement.  The substitution device is a tool the user has 

to learn how to use, which means learning the effects the tool has on the world.  

Changes in input are brought about through the perceiver‘s own movements of the 

camera and what changes is the perceiver‘s relation to a distal object.  As the user 

becomes more at home with the ways in which her own movements generate changes in 

proximal stimulation, so the use of the device becomes more intuitive, and distal 

attribution more automatic (Auvray et al., 2007).      

 

Now we know more about how distal attribution works we will conclude by 

returning to the question with which we started this section.  When the blind person has 

learned how to use a substitution device does he also learn how to see, or does his 

perceptual experience remain in the modality of the substituting sense?    

 

6.Conclusions: Skills, Senses, and Substitution 

 

Sensorimotor theories of perception claim that perception with a substitution 

device is more like vision than it is like perception in the substituting modality.  Thus 

Hurley and Noë (2003) write: 

 

―What it is like to see is similar to what it is like to perceive by TVSS because 

seeing and TVSS-perception are similar ways of exploring the environment: they are 
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governed by similar sensorimotor constraints, draw on similar sensorimotor skills, and 

are directed toward similar visual properties…‖ (pp. 144-145). 

 

The sensorimotor contingencies that govern perception with a substitution 

device share much in common with vision.  Should we use sensorimotor contingencies 

as our criteria for distinguishing the senses and conclude that perception with a 

substitution device is ―vision-like‖?  

 

There are currently too many functional differences between perception with a 

substitution device and vision for such a description to be warranted.  The visual acuity 

of blind users of a visual-tactile device is extremely low for instance averaging 40/860 

in a standard ophthalmological study (Sampaio et al., 2001).  Carter Collins tested a 

visual-tactile device in a real world situation and found that the system was quickly 

overloaded by ―the wrong kind of tactile information.‖ He writes ―the bandwidth of the 

skin as an information-carrying medium is limited and apparently cannot handle the 

vast amount of data in a raw television image as complex as a sidewalk scene‖ (Collins, 

1985, p. 37)
30

.  Finally there is the worry that substitution devices so far at least do not 

deliver the perception of colour, and reports of depth perception are controversial and 

rare (but for the latter see Renier et al., 2005).  Vision is normally associated with 

representation of colour, depth, shape, and motion at a distance from our bodies.  Taken 

together these points suggest to us that a description of sensory substitution as being 

like vision cannot be sustained.
31

   

                                                           
30

 Loomis et al (2012) discuss this problem for what they call ―general purpose sensory substitution‖ in 

great detail.  
31

 We set aside the question of whether sensorimotor contingencies provide a basis for distinguishing 

between the senses.  O‘Regan (2011) defends a sensorimotor account of the senses, but he agrees with us 

that the sensorimotor contingencies in perception with a substitution device are currently not sufficiently 

like those in vision for us to count perception with a substitution device as visual.  Whether he is right 
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 Should we conclude then that following distal attribution perception remains in 

the substituting modality?  Consider again our blind echolocators: they have learned to 

navigate using clicks and echoes. Is this hearing or is it something new?  We suggest 

that it is a mode of perception best described in terms of skills we ordinary perceivers 

lack: a new mode of perception made available by the meta-modality of sensory 

processing. Existing and near-future technologies of ‗sensory substitution‘ are, we 

conclude, best understood in just this manner. Such technologies deliver new modes of 

perception that exploit the brain‘s plasticity and its rich capacity for meta-modal 

processing. SSDs are thus mind-enhancing tools (Clark, 2003; Auvray & Myin, 2009) 

that function as sensory prostheses enabling the visually impaired to acquire skills and 

capacities they would otherwise lack.  

 

What have we learned about the senses through our reflections on sensory 

substitution?  Many things, but we wish to highlight just two.  First we‘ve shown that 

the meta-modality of sensory processing has implications for theories that would 

attempt to distinguish the senses based on neurobiology.  The brain has a ―no 

discrimination policy‖ when it comes to establishing what in the world might be 

causing the changes in its internal states.  This is a problem the brain can solve 

irrespective of the format of the incoming sensory signals. In addition to the question of 

how to distinguish the senses, philosophers have also been interested in the question of 

how to count the senses. Are we restricted, as Aristotle claimed, to five senses, 

corresponding to the gross varieties of peripheral sense-organ?  The answer is no.  

Sensory substitution, we have argued, gives the subject a brand new mode of 

                                                                                                                                                                          
that sensorimotor contingencies provide us with the basis for distinguishing the senses is a question we 

must leave for another occasion.     
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perception, not fully reducible to that of any existing sense or any combinations of 

existing senses. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

101 
 

References 

 

Amedi A., Stern W.M., Camprodon J.A., Bermpohl F., Merabet L., & Rotman S. 

(2007). Shape conveyed by visual-to-auditory sensory substitution activates the 

lateral occipital complex. Nature  Neuroscience, 10, pp. 687–689.  

Amedi, A., Raz, N., Pianka, P., Malach, R., & Zohary, E. (2003). Early ―visual‖ cortex 

activation correlates with superior verbal memory performance in the blind. 

Nature Neuroscience, 6, pp. 758–766. 

Arno P., Vanlierde A., Streel E., Wanet-Defalque M. C., Sanabria-Bohorquez S., 

&Veraart C. (2001). Auditory substitution of vision: pattern recognition by the 

blind. Applied Cognitive Psychology, 15, pp. 509–19.  

Arnoldussen, A. & Fletcher, D.C.  (2012). Visual Perception for the Blind: The 

BrainPort Vision Device. Retinal Physician, 9, pp 32-34. 

Auvray, M., & Myin, E. (2009). Perception with compensatory devices. From sensory 

substitution to sensorimotor extension.  Cognitive Science, 33, pp. 1036-1058. 

Auvray, M., Hanneton, S., & O‘Regan, J. K. (2007). Learning to perceive with a visuo-

auditory substitution system: Localization and object recognition with The 

Voice. Perception, 36, pp. 416–430. 

Auvray M., Hanneton S., Lenay C., & O‘Regan J. K., (2005). There is something out 

there: Distal attribution in sensory substitution, twenty years later. Journal of 

Integrative Neuroscience, 4, pp. 505-521 

Bach-y-Rita, P., & Kercel, S. W. (2003). Sensory substitution and the human-machine 

interface. Trends in Cognitive Sciences, 7, 541-546. 

Bach-y-Rita, P. (1972). Brain mechanisms in sensory substitution. New York: 

Academic Press. 



 

102 
 

Bach-y-Rita, P., Collins, C. C., Saunders, F. A., White, B., & Scadden, L. (1969). 

Vision substitution by tactile image projection. Nature, 221, pp. 963–964. 

Block, N. (2003). Tactile sensation via spatial perception. Trends in Cognitive Sciences, 

7, pp. 285–286. 

Block, N. (1978). Troubles with functionalism. Minnesota Studies in the Philosophy of 

Science, 9, 261-325.  

Bubic A., Striem-Amit E., & Amedi, A. (2010). Large-Scale Brain Plasticity Following 

Blindness and the Use of Sensory Substitution Devices. In: M. Naumer, J. 

Kaiser, Multisensory Object Perception in the Primate Brain, (pp. 351-380), 

New York:USA, Springer-Verlag. 

Capelle C., Trullemans C., Arno P., & Veraart, C., (1998). A real-time experimental 

prototype for enhancement of vision rehabilitation using auditory substitution. 

IEEE Transaction on Biomedical Engineering, 45, pp. 1279-1293. 

Clark, A. (forthcoming). ―Whatever Next?:  Predictive Brains, Situated Agents, and the 

Future of Cognitive Science. Behavioural and Brain Sciences. 

Clark, A. (2003). Natural Born Cyborgs: Minds, technologies, and the future of human 

intelligence. New York: Oxford University Press. 

Cohen L.G., Celnik P., Pascual-Leone A., Corwell B., Falz L., Dambrosia J., et al. 

(1997). Functional relevance of cross-modal plasticity in blind humans. Nature; 

389, pp. 180–183. 

Collins, C.C. (1985). On mobility aids for the blind. In D. Warren, and E.R. Strelow, 

E.R. (Eds.). Electronic Spatial Sensing for the blind: Contributions from 

perception, rehabilitation, and computer vision, (pp. 35-64),  Dordrecht: 

Martinus Nijhoff Publications. 



 

103 
 

Cronly-Dillon J., Persaud K., & Blore, F. (2000). Blind subjects construct conscious 

mental images of visual scenes encoded in musical form. Proceedings of Royal 

Society of London, B 267, pp. 2231-2238.  

Danilov, Y, & Tyler, M. (2005).  BrainPort: An Alternative Input to the Brain. Journal 

Integrative Neuroscience. 4, 537-550. 

Deroy, O., & Auvray, M. (forthcoming). Quasi-Vision: the Sensory Substitution 

Dilemma.  in S. Biggs, M. Matthen, & Stokes, D. (Eds.). The senses 

volume, Oxford: Oxford University Press. 

Descartes (1637/1985). Philosophical writings. J. Cottingham, R. Stoothoff & D. 

Murdoch (tr.), Cambridge: Cambridge University Press. 

Friston K. (2010). The free-energy principle: a unified brain theory?  Nature Reviews 

Neurosciences 11, pp. 127-138. 

Friston K. (2005). A theory of cortical responses. Philosophical Transactions of the 

Royal Society, London B Biological Sciences, 29, 360, pp. 815-836. 

Guarniero, G. (1974). Experience of tactile vision. Perception, 3, pp. 101-104. 

Hurley, S., & Noe¨, A. (2003). Neural plasticity and consciousness. Biology and 

Philosophy, 18, pp. 131–168. 

Huttenlocher, P. R. (2002). Neural plasticity: The effects of the environment on the 

development of the cerebral cortex. Cambridge, Mass: Harvard University 

Press. 

Keeley, B. (2009). The role of neurobiology in differentiating the senses, In: J. Bickle 

(Ed.), The Oxford Handbook of Philosophy and Neuroscience, (pp. 226-250). 

Oxford: UK,  University Press. 

Keeley, B. (2002). Making sense of the senses: Individuating modalities in humans and 

other animals. The Journal of Philosophy, 99, pp. 5–28. 



 

104 
 

Lee, T.S., & Mumford, D. (2003). Hierarchical Bayesian inference in the visual cortex. 

Journal of Optical Society of America, 20, pp. 1434-1448. 

Loomis, J. Klatzky, R.L., & Giudice, N.A. (2012). Sensory substitution of vision: 

importance of perceptual and cognitive processing. In R. Manduchi & S. 

Kurniawan (Eds.) Assistive Technology for Blindness and Low Vision. Boca-

Raton, FL: Taylor & Francis/CRC Press.   

Loomis, J. (1990). A model of character recognition and legibility. Journal of 

Experimental Psychology: Human Perception and Performance, 16, pp. 106-

120. 

Lomber, S.G., Meredith, A.M, & Kral, A.(2010). Cross-modal plasticity in specific 

auditory cortices underlies visual compensations in the deaf. Nature 

Neuroscience, 13, pp.1421-1427. 

Maguire E.A., Gadian D.G., Johnsrude I.S., Good C.D., Ashburner J., Frackowiak 

R.S.J., &  Frith C.D. (2000). Navigation-related structural change in the 

hippocampi of taxi drivers. Proceedings of the National Academy of Science 

USA, 97, pp. 4398–4403. 

Meijer, P. B. L. (1992). An experimental system for auditory image representations. 

IEEE Transactions on Biomedical Engineering, 39, pp. 112-121. 

Morgan, M. J. (1977). Molyneux‘s question. Vision, touch and the philosophy of 

Perception. Cambridge: Cambridge University Press. 

Müller, J. (1843/2003): Müller‘s elements of physiology. Tr. W. Baly, (4 volumes) 

Bristol: Thoemmes Press.  

Nudds, M. (2004). The Significance of the Senses. Proceedings of the Aristotelian 

Society, 104, pp.31-51. 



 

105 
 

O‘Regan, J.K. (2011). Why Red Doesn't Sound Like a Bell: Explaining the Feel of 

Consciousness. Oxford: Oxford University Press. 

O‘Regan, J. K., & Noe¨, A. (2001). A sensorimotor account of vision and visual 

consciousness. Behavioral and Brain Sciences, 24, pp. 939–973.  

Pascual-Leone, A., & Hamilton, R. (2001). The metamodal organization of the brain. 

Progress in Brain Research. 134, pp. 427–445. 

Pascual-Leone A., Cammarota A., Wassermann E.M., Brasil-Neto J.P., Cohen, L.G., & 

Hallett M. (1993). Modulation of motor cortical outputs to the reading hand of 

braille readers. Annals Neurology, 34, pp. 33–37. 

Prinz, J. (2006). Putting the brakes on enactive perception. Psyche, 12, pp. 1–19. 

Ptito, M., Moesgaard, S. M., Gjedde, A., & Kupers, R. (2005). Cross-modal plasticity 

revealed by electrotactile stimulation of the tongue in the congenitally blind. 

Brain, 128, pp. 606–614. 

Rao, R, & Ballard, D. (1999). Predictive coding in the visual cortex: A functional  

interpretation of some extra-classical receptive-field effects. Nature 

Neuroscience, 2, 1, p. 79. 

Renier, L., Collignon, O., Poirier, C., Tranduy, D., Vanlierde, A., Bol, A., Veraart, C., 

& De Volder, A.G. (2005). Cross-modal activation of visual cortex during 

depth perception using auditory substitution of vision. Neuroimage 26, pp. 573-

580. 

Ricciardi, E., Vanello, N., Sani, L., Gentili, C., Scilingo, E.P., Landini, L., Guazzelli, 

M., Bicchi, A., Haxby, J.V., & Pietrini, P., (2007). The effect of visual 

experience on the development of functional architecture in hMT+. Cereb. 

Cortex, 17, pp. 2933–2939. 



 

106 
 

Roxbee-Cox, J.M.  (1970). Distinguishing the Senses. Mind, New Series, 79, 316, pp. 

530-550. 

Sadato N., Okada T., Kubota K., & Yonekura Y. (2004). Tactile discrimination 

activates the visual cortex of the recently blind naive to Braille: a functional 

magnetic resonance imaging study in humans. Neuroscience Letters, 359, pp. 

49–52. 

Sadato N., Pascual-Leone A., Grafman J., Ibanez V., Deiber M.P., Dold G., & Hallett, 

M. (1996). Activation of the primary visual cortex by Braille reading in blind 

subjects. Nature, 380, pp. 526–528. 

Sampaio E., Maris S., & Bach-y-Rita P. (2001) Brain plasticity: ‗visual‘ acuity of blind 

persons via the tongue. Brain Research, 908, pp. 204–207. 

Schurmann M., Caetano G., Hlushchuk Y., Jousmaki V., & Hari R. (2006). Touch 

activates human auditory cortex. Neuroimage, 30, pp. 1325–1331.  

Teng, S.,Puri, A., & Whitney, D. (2011). Ultrafine Spatial Acuity of blind expert human 

echolocators. Experimental Brain Research, DOI 10.1007/s00221-011-2951-1 

Thaler, L., et al. (2011). Neural Correlates of Natural Human Echolocation in Early and 

Late Blind Echolocation Experts. PLoS ONE 6.5, e20162. 

doi:10.1371/journal.pone.0020162. 

Tyler, M.E., Danilov, Y., & Bach y Rita, P. (2003). Closing an open-loop control 

system: vestibular substitution through the tongue. Journal of Integrative 

Neuroscience, 2, pp. 1-6.  

Ward, J., & Meijer, P. (2010). Visual experiences in the blind induced by an auditory 

sensory substitution device. Consciousness and Cognition, 19, pp. 492-500. 

White, B. W., Saunders, F. A., Scadden, L., Bach-y-Rita, P., & Collins, C. C. (1970). 

Seeing with the skin. Perception & Psychophysic, 7, pp. 23–27. 



 

107 
 

Wolbers, T., Zahorik, P., & Giudice, N.A. (2011). Decoding the direction of auditory 

motion in blind humans. Current Biology 2111, pp. 984-989. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

108 
 

Publisher Description 

 

Oxford University Press is a department of the University of Oxford, which 

furthers the University's objective of excellence in research, scholarship, and education 

by publishing worldwide. Oxford University Press has a reputation for quality and 

integrity all over the world and is universally recognized as one (if not the) most 

prestigious publishing house in the world. 

Book Description 

 

 

The Oxford Handbook of the Philosophy of Perception is a survey by leading 

philosophical thinkers of contemporary issues and new thinking in philosophy of 

perception. It includes sections on the history of the subject, introductions to 

contemporary issues in the epistemology, ontology and aesthetics of perception, 

treatments of the individual sense modalities and of the things we perceive by means of 

them, and a consideration of how perceptual information is integrated and consolidated. 

New analytic tools and applications to other areas of philosophy are discussed in depth. 

Each of the forty-five entries is written by a leading expert, some collaborating with 

younger figures; each seeks to introduce the reader to a broad range of issues. All 

contain new ideas on the topics covered; together they demonstrate the vigour and 

innovative zeal of a young field. The book is accessible to anybody who has an 

intellectual interest in issues concerning perception. More information about the book 

can be found here: http://ukcatalogue.oup.com/product/9780199600472.do 

(last accessed in June 2015). 

 

http://ukcatalogue.oup.com/product/9780199600472.do


 

109 
 

List of Contributors 

 

Edited by: 

Mohan Matthen, University of Toronto 

 

Contributors:  

Kathleen Akins, Simon Fraser University  

Malika Auvray, CNRS - CR1  

Tim Bayne, University of Manchester  

Berit Brogaard, University of Miami  

Lisa Byrge, Indiana University  

John Campbell, University of California, Berkeley  

Peter Carruthers, University of Maryland  

Roberto Casati, Ecole Normale Supérieure, Paris  

Victor Caston, University of Michigan  

Andy Clark, The University of Edinburgh  

Jonathan Cohen, University of California, San Diego  

Frédérique de Vignemont, CNRS  

Ophelia Deroy, University of London  

Imogen Dickie, University of Toronto  

Jérôme Dokic, École Normale Supérieure; École des Hautes Études en Sciences 

Sociales  

Mirko Farina, Macquarie University  

Rob Goldstone, Indiana University  

Martin Hahn, Simon Fraser University  

Valerie Hardcastle, University of Cincinnati  



 

110 
 

Gary Hatfield, University of Pennsylvania  

David Hilbert, University of Illinois at Chicago  

Pierre Jacob, Ecole Normale Supérieure, Paris  

Brian Keeley, Pitzer College  

Julian Kiverstein, University of Amsterdam 

John Kulvicki, Dartmouth College  

Robin Le Poidevin, University of Leeds  

Heather Logue, University of Leeds  

Dominic Lopes, University of British Columbia  

Alisa Mandrigin, University of Warwick  

Olivier Massin, Université de Genève  

Mohan Matthen, University of Toronto  

Bence Nanay, University of Antwerp  

Matthew Nudds, University of Warwick  

Charles Nussbaum, University of Texas at Arlington  

Casey O'Callaghan, Washington University in St Louis  

Christopher Peacocke, Columbia University  

Dominik Perler, Humboldt-Universität zu Berlin  

Jesse Prinz, The Graduate Center, CUNY  

Diana Raffman, University of Toronto  

Baron Reed, Northwestern University  

Michael Rescorla, University of California, Santa Barbara  

Brendan Ritchie, University of Maryland  

Peter Ross, California State University, Pomona  

Susanna Siegel, Harvard University  



 

111 
 

Charles Siewert, Rice University  

Nicholas Silins, Cornell University; NUS-Yale, Singapore  

Alison Simmons, Harvard University  

Barry Smith, University of London  

Michael Snodgrass,University of Michigan  

Paul Snowdon, University College London  

Roy Sorensen, Washington University in St. Louis  

Charles Spence, University of Oxford  

Evan Thompson, University of British Columbia  

E. Samuel Winer, Mississippi State University  

Wayne Wright, California State University, Long Beach 

 

 

 

 

 

 

 

 

 

 

 

 





 

113 
 

 

 

 

 

Chapter 2 

Neither Touch nor Vision: Sensory 

Substitution as Artificial Synaesthesia? 
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In this chapter, in line with the argument developed in chapter 1, I suggest the 

emergence of a new sensory modality in sensory substitution perception. In arguing that 

SSD perception in proficient users might be a kind of artificially induced synaesthesia, 

this chapter tries to undermine the widely shared assumption that there are only two 

options available to explain SSD acuity, namely, that it either stays in the substituting 

modality and is therefore touch/audition (Block 2003; Prinz 2006), or is entirely visual 

(Hurley and Noë 2003). So, the chapter‘s major objective is to take us out of the dead-

end of the visual versus nonvisual (auditory/tactile) dilemma by refusing its two horns. 

This goal is achieved through an in-depth analysis of how skilful SSD usage helps the 

visually impaired developing (via intensive training and reiterated coupling with the 

device) new cognitive and perceptual skills. 

 

Although this paper is not about robots and does not discuss recent work 

conducted in the field of robotics; it nevertheless provides interesting grounds to 

highlights the importance of sensory substitution for a number of issues that are central 

to robotics (such as real-time navigation skills and brain, body, world/technology 

interaction/integration), which I introduced and discussed earlier on in the introduction 

(section 3: pp.17-22). Sensory substitution devices, as we have seen above, are pieces 

of technological wetware that exploit brain, body, tool interactions to allow their 

proficient (well-experienced and well-trained) users (typically visually impaired 

individuals) to develop new perceptual and cognitive skills. These skills involve 

navigation and recognition skills. Sensory substitution are therefore important for 

robotics because: 1. they highlight the fundamental role of hybrid concocts (human + 

machine + environment) in the development of crucial aspects of human cognition; 2. 
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they show how skilful usage and real-time interactions can lead to the development of 

significant navigation abilities. 

 

This paper was prepared specifically for submission to Biology and Philosophy. 

The description of the journal are appended tho this chapter (p.150). This paper refines 

some of the ideas contained in Ch.1. 
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Abstract 

 

Block (2003) and Prinz (2006) have defended the idea that SSD perception 

remains in the substituting modality (auditory or tactile). Hurley and Noë (2003) instead 

argued that after substantial training with the device, the perceptual experience that the 

SSD user enjoys undergoes a change, switching from tactile/auditory to visual. This 

debate has unfolded in something like a stalemate where, I will argue, it has become 

difficult to determine whether the perception acquired through the coupling with an 

SSD remains in the substituting or the substituted modality. Within this puzzling 

deadlock two new approaches have been recently suggested. Ward and Meijer (2010) 

describe SSD perception as visual-like but characterize it as a kind of artificially 

induced synaesthesia. Auvray et al. (2007) and Auvray and Myin (2009) suggest that 

SSDs let their users experience a new kind of perception. Deroy and Auvray 

(forthcoming) refine this position, and argue that this new kind of perception depends 

on pre-existing senses without entirely aligning with any of them. So, they have talked 

about perceptual experience in SSDs as going ―beyond vision‖. In a similar vein, Fiona 

MacPherson (2011b) claims that ―if the subjects (SSD users) have experiences with 

both vision-like and touch-like representational characteristics then perhaps they have a 

sense that ordinary humans do not‖ (MacPherson, 2011b, p.139). 

 

I use this suggestion of MacPherson‘s as a motivation for exploring more fully 

the idea that SSD perception is something new. In this paper, in line with Auvray and 

Deroy, I therefore argue that SSD perception (at least in long-term, experienced users) 

doesn‘t align with any of the pre-existing senses and that although it relies (quite 

heavily) on them, it nevertheless counts as something different and partially new. 

Unlike Auvray and Deroy however, I tentatively explain the new sensory sensitivity 
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that these devices enable in terms of artificially induced synaesthesia. So the main goal 

of this paper is to synthesize and integrate the empirical work of Ward and Meijer 

(2010) within the conceptual framework developed by Deroy and Auvray 

(forthcoming), trying to cash out, in a more specific way, the details of their idea that 

SSD perception goes ―beyond vision‖. In suggesting the emergence of a new sensory 

modality in practised SSD users, I aim to make more explicit the false dilemma on 

which both Block/Prinz and Hurley/Noë rely; the shared assumption that there are only 

two options available to explain SSD perception (namely, that it either stays in the 

substituting modality, or is entirely visual). In endorsing an emergence thesis, which 

aims at taking us out of the dead-end of the visual vs not-visual (auditory/tactile) 

dilemma by refusing its two horns, I thus aim at breaking the deadlock in which the 

philosophical debate about sensory substitution has fallen.  

 

Keywords: Sensory Substitution, Individuation of the Senses, Human Sensory 

Modalities, Phenomenology, Synaesthesia. 
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1. Sensory Substitution: a brief introduction 

 

The term ‗sensory substitution‘ refers to the use of a sensory modality to supply 

environmental information normally gathered by another sense. Sensory substitution 

devices (SSDs) thus provide through one sensory modality (the substituting modality) 

access to features of the world that are generally experienced through another sensory 

modality (the substituted modality) (Auvray & Myin, 2009). The expression ‗sensory 

substitution‘ is therefore generally invoked to describe a form of technological 

intervention performed by an auxiliary system (via an appropriately structured 

interface) that aims at correlating tactile or auditory inputs to their distal causes.  

 

SSDs are generally divided into two main categories. These are visual-to-tactile 

substitution devices that convert images into tactile stimuli, and visual-to-auditory 

substitution systems that transform images into sounds. Under the umbrella of tactile 

substitution fall a large number of machineries, the most effective of which are the 

Brain Port (Kaczmarek & Bach-y-Rita 1995); and the AuxDeco Forehead Sensory 

Recognition System (FSRS) (Kamiyama et al., 2001). The class of visual-to-auditory 

substitution features also comprises several devices, including the vOICe (Meijer 

1992); the PSVA (Capelle et al., 1998), and the Vibe (Hanneton et al., 2010). To give 

the reader concrete examples of the functioning of these systems, I focus next on two of 

these devices (the AuxDeco Forehead Retina System and the vOICe), and briefly 

discuss them to illustrate these two categories. 

 

The AuxDeco Forehead Sensory Recognition System (FSRS) is an (electro) 

visual-to-tactile sensory substitution device that consists of three elements: 1) A high 

resolution digital camera; 2) a headband constituted of 512 electrodes; and 3) a central 
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processing unit (CPU). The device works by encoding, through the video camera 

embedded on the headband, the surrounding environment into digital images. These 

images are sent to the CPU which converts them into data and transmits them to the 

headband‘s flexible contact board, which recreates the outline of the objects mapped by 

the camera directly onto the user's forehead. Users of the device typically report having 

rich, dynamic 2D experiences that enable them to feel through their skin the shape of 

the objects they come across.  

 

The vOICe, in contrast, belongs to the category of visual-to-auditory 

substitution devices and was established by Peter Meijer in 1992. The device consists of 

three basic components: 1) a video camera embedded on a pair of sunglasses; 2) a 

Smartphone running a converting algorithm; 3) stereo earbuds. The vOICe relies on the 

converting algorithm pre-installed in the Smartphone to convert the gray-scales images 

captured by the camera into different sounds. These ―soundscapes‖ vary as a function of 

the position and brightness of the pixels in the column of the image that is under the 

scan at each moment, and are then delivered to the visually impaired subject via a pair 

of simple earbuds. Although the conversion algorithm used by the vOICe is not 

immediately intuitive for inexperienced perceivers, several studies conducted on long-

term (proficient) users of the device attest to the capacity of impaired individuals to 

locate unfamiliar objects in the world (Auvray et al., 2007), to discriminate their size 

and form (Amedi et al., 2007), and ultimately to use the apparatus as a tool for 

locomotor guidance and autonomous spatial navigation. 

 

SSDs raise many interesting philosophical questions (see Chirimuuta & 

Paterson forthcoming; Humphrey, 1992) but two will keep me busy in this paper. 
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Question 1 (Q1) is: ‗what is SSD-supported experience like?‘ In other words, what type 

of experience does the blind person undergo when using the device? And Question 2 

(Q2) is: ‗to what sensory modality does the perception acquired through the coupling 

with an SSD belong?‘ In short, does SSD perception belong to one of the existing 

senses, or does it constitute a new kind of sense? As an anonymous reviewer rightly 

pointed out, these two questions are related, but bring subtly different and rather 

controversial issues into play
32

. To answer Q1 in fact, we need to know more about 

phenomenology and how to tap and evaluate it
33

. To answer Q2, we need to know how 

to individuate sensory modalities
34

 and perhaps we need to better understand the 

mechanisms regulating human perception. I will leave an in depth analysis of the 

criteria required to distinguish the senses, of the mechanism regulating human 

perception, and of what count as a sense for another occasion
35

 and for the purpose of 

this paper I will rather address the two questions mentioned above together, as I believe 

this is the most fruitful approach for understanding SSD perception. In this spirit, I 

therefore advocate a strategy that aims at combining Q1 and Q2. Rather than appealing 

to either the phenomenology of SSD perception or to neuroscientific accounts of the 

                                                           
32

 Thanks also to John Sutton for clarifying these issues. 
33

 So, we probably need a substantial amount of reports in order to make a strong statistical argument 

based on them. 
34

 The question of how to individuate the senses has a long history. H. P. Grice (1962) discussed four 

criteria (the proper objection criterion, the character of experience criterion, the physical features 

criterion, and the sensory organ criterion) that one might use to distinguish the senses and argued that 

there is an ineliminable role for the phenomenal character of experiences in individuating them. More 

recently, Nudds (2004) has argued that sense is an intuitive concept that we employ for certain everyday 

purposes. In particular, he suggests that the concept of sense relies on societal agreement and 

‗convention‘. Nudds thus embraces a folk-psychological understanding of the senses. Keeley (2002) has 

defended a neurobiological criterion for counting the senses, according to which token perceptions count 

as instances of different sense modalities because of the ―character of the putative sense organs and their 

modes of connection with the brain‖ (2002, p. 13). Instead of differentiating the senses just on the basis 

of whether experience begins in the eyes, ears, nose, tongue or skin, Keeley argues we must also take into 

account whether the sense organ is, as he puts it, ‗appropriately wired up‘ (Keeley, 2009). So Keeley 

defends a scientific account of the senses. The question of how to individuate the senses has taken on 

fresh interest (Macpherson, 2011a) and a series of philosophers have recently proposed other views to 

specify what counts as a sense and how to individuate sensory modalities. See in particular O‘Callaghan 

(2012); Matthen (forthcoming); and Stokes, Biggs, & Matthen, (forthcoming). 
35

 In Kiverstein, Farina, & Clark (forthcoming), we address the debate on human sensory modalities and 

its link with sensory substitution, and offer a critical analysis of Keeley‘s notion of dedication with 

respect to SSDs. 
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cognitive mechanisms underlying SSD usage on their own, I hereby propose to 

complement the former with the latter, and hold them together, trying to keep the 

balance between them.  

 

Before I unfold my suggested strategy, let me however look at the literature on 

these two questions and briefly but firmly state the philosophical point of this paper. 

Block (2003) and Prinz (2006) have defended the idea that SSD perception remains in 

the substituting modality (auditory or tactile). Hurley & Noë (2003) instead argued that 

after substantial training with the device, the perceptual experience that the SSD user 

enjoys undergoes a change, switching from tactile/auditory to visual. This debate has 

unfolded in something like a stalemate where, I will argue, it has become difficult to 

determine whether the perception acquired through the coupling with an SSD remains 

in the substituting or the substituted modality. Within this puzzling deadlock two new 

approaches have been recently suggested. Ward and Meijer (2010) describe SSD 

perception as visual-like but characterize it as a kind of artificially induced 

synaesthesia. Auvray et al. (2007) and Auvray & Myin (2009) suggest that SSDs let 

their users experience a new kind of perception. Deroy and Auvray (forthcoming) refine 

this position, and argue that this new kind of perception depends on pre-existing senses 

without entirely aligning with any of them. So, they have talked about perceptual 

experience in SSDs as going ―beyond vision‖. In a similar vein, Fiona MacPherson 

(2011b) claims that ―if the subjects (SSD users) have experiences with both vision-like 

and touch-like representational characteristics then perhaps they have a sense that 

ordinary humans do not‖ (MacPherson 2011b, p.139). 
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I use this suggestion of MacPherson‘s as a motivation for exploring more fully 

the idea that SSD perception is something new. In this paper, in line with Auvray and 

Deroy, I therefore argue that SSD perception (at least in long-term, experienced users) 

doesn‘t align with any of the pre-existing senses and that although it relies (quite 

heavily) on them, it nevertheless counts as something different and partially new. 

Unlike Auvray and Deroy however, I tentatively explain the new sensory sensitivity 

that these devices enable in terms of artificially induced synaesthesia. So the main goal 

of this paper is to synthesize and integrate the empirical work of Ward and Meijer 

(2010) within the conceptual framework developed by Deroy and Auvray 

(forthcoming), trying to cash out, in a more specific way, the details of their idea that 

SSD perception goes ―beyond vision‖. In suggesting the emergence of a new sensory 

modality in practised SSD users, I aim to make more explicit the false dilemma on 

which both Block/Prinz and Hurley/Noë rely; the shared assumption that there are only 

two options available to explain SSD perception (namely, that it either stays in the 

substituting modality, or is entirely visual). In endorsing an emergence thesis, which 

aims at taking us out of the dead-end of the visual vs not-visual (auditory/tactile) 

dilemma by refusing its two horns, I thus aim at breaking the deadlock in which the 

philosophical debate about sensory substitution has fallen.  

 

Before unfolding my argument for the idea that SSD perception in practiced 

users is a kind of artificially induced synaesthesia, I go back to earlier stages of the 

debate and briefly explore the two different positions that say that SSD perception is 

either auditory/tactile (Block, 2003; Prinz, 2006) or visual (Hurley & Noë, 2003), 

motivating the arguments that have been presented to support these alternative claims. 
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2.Does SSD perception remain in the substituting modality? 

 

A number of philosophers have defended the idea that SSD perceivers only use 

a pre-existing sense to decode some form of proximal stimulation, and that the 

perceptual experience obtained remains in the substituting modality (auditory/tactile). 

Ned Block (2003) and Jesse Prinz (2006) both accept that the SSD perceiver can enjoy 

experiences with spatial significance. They nevertheless deny that this spatial 

significance is visual in character. They both think that the SSD allows the subject to 

experience stuff in the wider world, but they believe that the experience the device 

delivers to its user remains tactile/auditory in modality. So, there are essentially two 

parts to their argument. One is negative: (A) SSD perception is not vision. The other is 

positive: (B) SSD perception is either tactile or auditory in character. I disagree with 

Block and Prinz on (B) but am sympathetic with (A). I disagree with them on (B) 

because the main reason Block and Prinz affirm B), that SSD experience is tactile or 

auditory, is just A), because it is not visual. So, they too quickly assume that since SSD 

perception is not vision, then it must remain in the substituting modality and therefore 

be either auditory or tactile in character. This neglects a third possibility. 

 

In his treatment of SSDs, Block (2003) argues that findings do not provide 

sufficient evidence to support the idea that the perceptual experience underlying SSD 

usage is distinctively visual. The reports, he says, sound quite contradictory (as much 

spatial as visual). To corroborate his claim Block goes on to analyse a study in which 

Bach-y-Rita and Kercel (2003) report the experience of a tongue display unit (TDU)
36

 

user. ―The subject, they write, only describes visual means of analysis (e.g. parallax) 

                                                           
36

 TDU or Tongue Display Unit is a sensory substitution device that belongs to the category of visual-to-

tactile substitution features. The FSRS discussed above and the Brain Port are probably the most 

successful example of a TDU.  
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but not visual phenomenology‖ and ―even during task performance with the sensory 

system she can perceive purely tactile sensations when asked to concentrate on these 

sensations‖ (Bach-y-Rita & Kercel 2003, p.543). On the grounds of this report Block 

claims that when a subject perceives with a TDU, the SSD can encode spatial contents 

but the experience its user enjoys remains tactile. He therefore concludes that ―TDU is a 

case of spatial perception via tactile sensation‖ (Block, 2003, p.286). This quote is 

instructive, because it shows us that Block illegitimately slides from A) [SSD 

perception is not vision] to B) [it must be tactile/auditory] when he tacitly assumes that 

those spatial contents encoded via tactile sensations inevitably lead the SSD user to 

experience an occurrence that remains in the substituting modality. But couldn‘t they 

lead to a new form of perceiving and experiencing? Block doesn‘t say. 

 

In a similar vein, Prinz doubts that TDU users can ever experience anything 

distinctively visual (Prinz, 2006). He concedes that once the subjects have mastered the 

device, they can use the apparatus to avoid obstacles, locate items in the world or adjust 

their behavioural dispositions accordingly, but he remains sceptical about the 

possibilities of treating these responses as visual, for he claims, ―there are conditions 

under which we can use touch to sense objects that are not in contact with our bodies‖ 

(Prinz, 2006, p.4). Tapping an item with a stick enables us to locate it in the world and 

permits us to feel its shape and size, driving a car allows us to experience the surface of 

the asphalt; yet the qualities of all these experiences, cannot be said to be visual but 

rather remain essentially tactile (Prinz, 2006). Similar considerations, Prinz continues, 

can be drawn for SSDs where it is hard to believe that an input (either auditory or 

tactile) can successfully instantiate perceptual states that are qualitatively analogous to 

those triggered by a visual stimulation simply by delivering analogous type of 
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information. Again Prinz, as Block did before him, slides from A) to B) when he too 

hastily assumes that SSD perception must necessarily remain in the substituting 

modality because distal attribution does not entail a change in mode of perception to 

vision. 

 

Like Block, Prinz therefore suggests that SSDs at best enable the encoding of 

spatial contents and that this encoding leads the impaired user to the production of high-

level cognitive inferences and associations, which are then used by the subjects to 

perceive the distal environment. Thus, spatial encoding of contents and distal cognitive 

inferences are, for Block and Prinz, the best an impaired user can get out of the 

coupling with these devices.  While the negative component A) of Prinz and Block‘s 

arguments seems just fine, a number of problems affect the constructive part B). 

 

First and most important, Prinz and Block at most establish that distal attribution 

does not entail a change in mode of perception to vision. From this, it doesn‘t however 

follow that SSD perception remains in the substituting modality: it could well lead the 

SSD user to experience an entirely new form of phenomenal access to the world. It 

could, for instance, result in a new form of perceiving and experiencing. Second, Prinz 

and Block do not offer us an account of how we make the inference from tactile 

sensations to distal phenomena. That is, they don‘t explain the inference is by which we 

get it.  Further, there are important methodological issues raised by Block and Prinz‘s 

argument. Block and Prinz only focus on the TDU and make general claims, inferences, 

and assumptions about SSD perception on the basis of this very specific and quite 

restricted category of compensatory devices. In other words, Block and Prinz base their 

treatment of SSDs on users of visual-to-tactile substitution devices and don‘t tackle the 
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case of users of visual-to-auditory systems at all. They nevertheless believe that the 

considerations that apply to visual-to-tactile substitution devices generalize to visual-to-

auditory substitution systems. But is this belief well-grounded?  I believe it is not. One 

cannot make general claims on narrow empirical grounds. Block and Prinz may have 

thought that the reports coming from TDU users were all taken from long-term 

(proficient) perceivers. But this wasn‘t clearly the case. Until perhaps 7-8 years ago in 

fact few users of the TDU had been trained for more than 6-8 hours, and 6-8 hours isn‘t 

certainly a sufficient period for someone to become an expert perceiver
37

. So, lack of 

training might affect the credibility of the reports that Block and Prinz mention. 

Furthermore, if Block and Prinz had analysed other types of systems (such as visual-to-

auditory substitution features) they would have found other reports and realized (as we 

will see in the next section) that training has a direct impact on the capacity to interpret 

the stimuli, and therefore bears on the ability to perceive with the device. In other 

words, if Block and Prinz had looked at a wider range of cases, reports, and devices 

they would have noticed the incompleteness of their positive proposal (B): the idea that 

SSD perception is tactile or auditory in character.  

 

The points Block and Prinz make against the idea that SSD users can experience 

full-blown visual occurrences are consistent and reasonable, and the negative part of 

their argument (A) is well-grounded. But the conclusion (B) they draw from it is highly 

problematic for the three reasons I have given above. Given those concerns, I therefore 

think we should look for an alternative account. In pursuit of such an alternative I next 

                                                           
37

 Anders Ericsson (1993) claims that it takes 10,000 hours [20 hours for 50 weeks a year for ten years] of 

deliberate practice to become an expert in any particular activity. I do not wish to evaluate this 

controversial assumption, but rather use it to emphasise the role of experience in the development of 

skills and expertise.  
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consider, and reject, a view (endorsed by Susan Hurley and Alva Noë) that invites us to 

think that SSD perception might be vision-like after all.  

 

3.Is SSD perception rather vision?  

 

Susan Hurley and Alva Noë (2003) argue that, after substantial training and 

adaptation, the perceptual phenomenology obtained through coupling with a TDU 

switches from tactile to visual. Contra Block and Prinz, they claim that the similarities 

between TDU perception and natural vision go far beyond mere localisation or spatial 

encoding of information and rather extend ―to the distinctively visual way in which 

dynamic sensorimotor interactions with the environment provide information to the 

TDU perceiver‖ (Hurley & Noë 2003, p.145). But in what way does TDU perception 

after adaptation resemble natural vision, and in which structural respects is TDU 

perception more like vision than touch or audition? Hurley and Noë claim that after 

successful adaptation the practised TDU user undergoes an intermodal change in her 

experience (from tactile to visual). To corroborate this claim Hurley and Noë try to 

show two things: 1) that the subject, while using the device, experiences a visual form 

of perception or something that resembles vision very closely and 2) that this 

experience becomes visual in character because of the user‘s commitment to learn and 

connect the inputs she experiences with the motor responses that are characteristic of 

vision. Let me address these two points separately. 

 

3.1 Alleged similarities between natural vision and TDU perception 

 

Hurley and Noë notice that there are some similarities between natural vision 

and TDU perception. First, expert TDU users consistently attest to the emergence of 

visual effects or of visual illusions after wearing the device. These effects and illusions 
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typically include ―parallax, perspective, looming, zooming and depth effects, and the 

waterfall illusion‖ (Hurley & Noë, 2003, p.145; see also Bach-y-Rita & Kercel, 2003). 

Second, Hurley and Noë claim that both natural vision and TDU perception are 

governed and directed by analogous laws of occlusion. ―You see, or TDU-perceive, 

objects around you only if they are not blocked from view by other opaque objects‖ 

(Hurley & Noë 2003, p.144). So, on their account, TDU perception is linked to natural 

vision in manners that are not exclusively captured by its spatial significance. These 

alleged similarities (though fascinating), aren‘t however yet sufficient to demonstrate 

that TDU experience becomes, after training, distinctively visual. In order to establish 

this much Hurley and Noë need to show something more. They need to show the role 

that motor responses play in converting tactile sensations into something that is 

qualitatively like vision.  

 

3.2 Inputs and Motor responses: the experience becomes distinctively visual 

 

The distinctively visual character of TDU perception, Hurley and Noë thus 

argue, ―stems from the way perceivers can acquire and use practical knowledge of the 

common laws of sensorimotor contingency that vision and TDU perception share‖ 

(Hurley & Noë  2003, p.145).  One of the essential components of their account is 

therefore the concept of qualitative adaptation, which depends on processes of 

sensorimotor integration and is carried out via a motor element. O‘Regan & Noë (2001) 

conjectured that proficient users of the TDU are able to individuate and pick up on 

different patterns of contingencies that hold between the movements they make and 

what they are able to perceive. O‘Regan & Noë (2001) have called these patterns of 

dependencies ―the sensorimotor dynamics‖ and have argued that these patterns govern 

TDU perception. To explain the role of these patterns in TDU perception, Hurley & 
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Noë (2003) invite us to imagine a situation in which the perceiver has to move around a 

given object. As the perceiver moves around the object, different portions of it become 

available to the camera and are automatically mapped into tactile sensations. When the 

perceiver approaches the object, the image related to the mapping expands, as if she 

were seeing properly. Conversely, when she moves away from the object the size of the 

related image shrinks. ―Subjects, they argue, cannot become attuned to these 

sensorimotor dynamics if they are not in control of the device‖ (Kiverstein, 2007, 

p.130). On these grounds, Hurley and Noë go on to claim that:  ―what it is like to see is 

similar to what it is like to perceive by TDU because seeing and TDU-perception are 

similar ways of exploring the environment‖ (Hurley & Noë, 2003, p.145).   

 

So the nature of SSD perception, on their account, depends on the amount and 

quality of sensorimotor contingencies that this acquired perception shares with natural 

vision and on the nature, intensity and duration of the coupling with the device. The 

more the user is trained with the device, the more she masters it. The more the subject 

masters the device, the more invariants her acquired perception shares with vision. The 

more invariants the acquired perception shares with natural vision the more it resembles 

it. The importance of mastering the device to acquire the sensorimotor dependencies 

necessary to trigger visual skills and to develop visual-like spatial abilities is also 

confirmed by some reports. ―Very soon after I had learned how to scan, the sensations 

no longer felt as if they were on my back, and I became less and less aware that 

vibrating pins were making contact with my skin‖ (Guarniero, 1974, p. 104; quoted in 

Deroy & Auvray, forthcoming, § 2).  
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But does the Hurley and Noë sensorimotor theory really hold up? And do the 

arguments offered and the reports presented suffice unequivocally to establish the claim 

that SSD perception is visual? A number of considerations might be used to challenge 

their understanding of SSD usage. SSDs, for instance, do not provide their users with 

colours; neither endow them with the capacity of smooth tracking objects, or the ability 

to fully perceive depth. Sure there can still be vision without colours, but it seems 

extremely difficult to experience characteristically visual sensations without the 

possibility of discriminating depth properly or without the ability to smoothly track 

even slow moving objects
38

. For all these reasons, current visual-to-tactile and visual-

to-auditory substitution devices seem to be a long way from the goal of achieving a real 

sense of vision. As Kevin O‘Regan has recently noticed ―using tactile or auditory 

stimulation, it is possible only to provide a few aspects of normal visual impressions, 

like the quality of being out there in the world, and of conveying information about 

spatial layout and object form. But the image-like quality of vision still seems far away‖ 

(O‘Regan, 2011, p.142-143). 

 

If however neither of the understandings proposed so far appropriately capture 

the nature of the experience that accompanies SSD perception, then how do we 

characterise it? In what remains of this paper I argue, in line with more recent empirical 

findings, that the continuous coupling with SSDs leads the expert user to experience a 

quality of perception that is neither visual nor auditory/tactile in a straightforward way. 

Crucially this kind of perception possesses both visual and tactile/auditory components 

and can therefore be said to be both seen and heard/felt. If however this particular mode 

of access to the world is neither entirely tactile/auditory nor exclusively visual, what 

                                                           
38

For an in-depth analysis of the limitations of perceptual and cognitive processing associated 

with current sensory substitution devices see [Loomis (2010): Loomis et al., (in press)]. 
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exactly is it? In the next section I offer my own view of the form that this perceptual 

experience eventually takes.   

 

4.Neither Touch nor Vision but something different: Beyond Vision or Artificial 

Synaesthesia? 

 

In a recent study Malika Auvray and colleagues gathered a group of six normal 

sighted subjects (with age ranging from 23 to 32 years). They blindfolded and trained 

them with the vOICe for approximately fifteen hours
39

 (Auvray et al., 2007). The 

participants in this study were not familiar with the device and after a short training 

session of three hours, they underwent a series of experiments involving localization, 

recognition, and discrimination tasks. In the localization task the experimenters 

assessed the participants' ability to individuate and to point at a target when using a 

constrained pointing task. In the recognition task Auvray and colleagues examined 

whether participants could recognise items in the world via their auditory rendering. In 

the discrimination task the experimenters finally considered whether participants, who 

recognized different items, could also discriminate among different versions of the 

same object (Auvray et al., 2007). After these experiments took place, the subjects were 

given questionnaires (in French) and solicited to report their qualitative apprehension of 

the use of the device both for localization and for recognition/discrimination tasks. In 

particular, the participants were asked the following question: ―to which sensory 

modality would you compare your experience?‖ (Auvray et al., 2007, p.430).The 

participants‘ answers came as very varied (see table below).  

                                                           
39

 15 hours of training are most probably not enough to turn a naïve subject into an expert user (see note 5 

above). But 15 hours of training are better than just 6-8 hours (the standard amount of practice to which 

many TDU users were normally exposed in the past). So, even if the labels ―expert users‖ or ―over-

trained participants‖ are not, by Ericsson‘s standards, appropriate to define the subjects involved in this 

experiment; their usage appears legitimate when we compared these subjects to standard TDU users, who 

were tested after a much reduced period of training. 
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So for five out of six over-trained participants the perception with the SSD 

wasn‘t neither visual nor auditory in a straightforward way. Testimonies, in particular, 

indicated that localization tasks were more likely to be apprehended either as giving rise 

to visual experiences or as belonging to a new sense. [see table above]. Most of the 

subjects however provided alternative descriptions of their qualitative experience when 

they were asked to describe what it felt like for recognition and discrimination tasks. 

―One of the participants, in particular reported, that his experience was felt as visual 

when he was locating an object in space and as auditory when he was recognizing the 

shape of the object‖ (Deroy & Auvray, forthcoming, § 5). In sum, while subjects could 

develop visual-like abilities in localisation tasks, the very same people had difficulties 

in experiencing full-blown visual awareness in recognition and discrimination tasks.  As 

a consequence, the conveyed qualitative experience was not automatically associated 

with either audition or vision but its task-dependent nature was very much emphasized. 

These results (despite the admittedly restricted sample of individuals) seem to confirm 

the fact that in relatively vOICe users the perceptual occurrence neither completely 

aligns with hearing/touch, nor fully coincides with vision. An option that these findings 

leave open is therefore to interpret perception with the device as floating between 
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different sensory modalities in accordance to the task given and the tool used. Another 

option is to understand these results as offering evidence for a frequent but distinct 

switch between hearing/touch and vision.  

 

On the grounds of the empirical findings mentioned in the previous paragraph, 

Deroy & Auvray (forthcoming) have recently proposed explaining the perceptual 

experience that accompanies SSD usage as going ‗beyond vision‘. They claim that even 

though SSD perception can at times be reminiscent of either touch/audition or vision, it 

is nevertheless profoundly different from both of them. SSD usage, for Deroy and 

Auvray, provides a novel mode of experience to its user, and the best way to capture 

this novelty is to think about the use of an SSD as being something closer to the 

development of a new set of automatic recognition abilities, emerging from other 

sensory modalities and other pre-existing capacities (Deroy & Auvray forthcoming, §6). 

Deroy and Auvray thus defend an emergence thesis, which aims at taking us out of the 

dead-end of the visual vs not-visual (auditory/tactile) dilemma, by refusing its two 

horns. Unfortunately, they have not yet cashed out the details of their hypothesis: this is 

what I try to do in what remains of this paper.  

 

If the phenomenology of SSD perception (in relatively well-experienced users) 

doesn‘t stay in one modality but exploits the pre-existing senses to give the impaired 

users a different kind of perception, couldn‘t we speculate that SSD perception, in 

giving them something new, blends vision with hearing or touch? Before I try to 

corroborate this claim, let me note that this idea is indeed, at present, a speculation. It 

could well be, as noted above, that there is a frequent switch between hearing/touch and 

vision instead. However, even if there is such a frequent switch in accordance to the 
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task given (localization, recognition, or discrimination), it seems plausible to interpret 

the final percept experienced by the SSD user as a combination of the several switches 

that take place in different tasks, and therefore it seems legitimate to say that this 

percept blends vision with hearing/touch. So these findings, however understood (either 

as providing evidence for switches or floating between modalities), tell us that SSD 

perception, in practised vOICe users at least, is different both from hearing/touch and 

vision but nevertheless intrinsically possesses both of these components. Given this 

interesting suggestion, couldn‘t we then just say that SSD perception becomes a kind of 

artificially induced synaesthesia?  

 

4.1 Synaesthesia in a nutshell 

 

Synaesthesia is a neurologically-based condition in which stimulation of one 

sensory or cognitive pathway leads to involuntary (Rich & Mattingley, 2002), and 

unintentional occurrences in a second sensory or cognitive pathway (Cytowic, 2003). In 

synaesthesia,―sensory experiences, such as tastes, or concepts, such as numbers, 

automatically evoke additional percepts, such as colours‖ (Cohen Kadosh & Walsh, 

2006, R963).  For example, a vision–touch synaesthete can experience the feeling of 

being touched when seeing other humans being touched as well as a grapheme–colour 

synaesthete can experience colour when reading a digit or a letter. For this reason, 

synaesthesia is often described as a merging of the senses, a cross-modal union of 

different sensory modalities or of different features within the same sensory modality 

(i.e., colors and digits within vision). Researchers have tried to classify synaesthetic 

experiences into different categories. Ramachandran and Hubbard (2001) in particular 

distinguish grapheme-colour synaesthetes between lower and higher synaesthetes. The 

former, they argue, are sensitive to the basic sensory features of the inducer whereas the 
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latter are responsive to the kind of object they recognize. Dixon et al. (2004) endorse 

another type of categorisation and propose to divide synaesthetes between 

―associators‖, those who perceive the atypical color in an internal space (in the ―mind's 

eye‖, as they report), and ―projectors‖, those who experience it in the external world, 

(for instance overlaying the letter on the page). In the attempt to provide a unitary 

framework within which to describe synaesthesia, researchers have also individuated a 

number of diagnostic criteria that characterize this phenomenon. 

Neuroscientists Richard Cytowic and David Eagleman (2009) in particular have 

individuated five crucial components underlying any synaesthetic experience. 

Synaesthesia, they argue, is 1) involuntary; 2) extremely memorable; 3) laden 

with affect
40

; 4) consistent
41

; and 5) spatially extended
42

. Synaesthesia is thus a 

condition that accompanies the individual during her lifetime. 

 

4.2 Synaesthesia, Sensory Substitution, and the Neuroscience behind them 

 

Having described synaesthesia as a cross-modal union of different sensory 

modalities (or of different features within the same sensory modality), and speculated 

that SSD perception might turn out to be a kind of artificially induced synaesthesia, I 

now turn to some empirical findings in neuroscience that seem to provide grounds for 

this speculation. Let me start with the idea of cross-modal plasticity. I will show first 

                                                           
40

 Not all forms of synaesthesia are laden with affect. So, this definitional aspect doesn‘t seem to be 

strictly necessary. 
41

Perhaps the most discussed of all these definitional aspects is the consistency criterion. Consistency or 

persistency over time is the idea that the same inducer always triggers the same concurrent type of 

synaesthetic experience. See Auvray & Deroy (forthcoming). For some criticism of the idea that 

consistency can be used as a gold-standard criterion for establishing the authenticity of an individual‘s 

synesthesia see Simner (2012) instead. 
42

Is the synesthetic occurrence experienced internally or rather perceived as having a spatial connotation? 

This is a much debated issue in the literature. Saying that synaesthesia is spatially extended might indeed 

depend on the projector/associator divide. It is important to note however that some authors, such as 

Simner (2012) and Rich & Mattingley (forthcoming) reject this divide and instead claim that there is a 

continuum between projectors and associators. 
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that both synaesthesia and SSD perception are profoundly cross-modal. Then I will go 

on to further highlight other analogies. 

 

In the field of sensory substitution, neuroscientific evidence suggests that SSD 

users experience cross-modal occurrences and multisensory integration after immersive 

training with these devices. In a recent study, Amedi and co-workers (2007) take for 

granted that the lateral-occipital-temporal cortex (LOtv) is primarily involved in the 

integration of visual and tactile information about objects (in general, i.e. normal touch 

or vision) and then show that the LOtv is also activated when using the vOICe (Amedi 

et al., 2007). Analogously, Ptito and Kupers (2005) suggest that patients‘ tongues come 

to act ―as portals to convey somatosensory information to visual cortex‖ (Ptito & 

Kupers, 2005, p. 606). More recently, Ortiz et al. (2011) report the recruitment of the 

occipital cortex during training with SSDs and the emergence of ‗visual qualia‘, the 

subjective sensation of seeing flashes of light congruent with tactile stimuli, in trained 

blind subjects. So, all these studies demonstrate the recruitment of the occipital cortex 

in early blind subjects during the processing of tactile encoded visual information and 

reveal that SSDs can exploit cross-modal plasticity to get integrated into the user‘s 

perceptual repertoire. These findings thus demonstrate that SSD perception is deeply 

and profoundly cross-modal. But there is more. 

 

Kupers and colleagues (2011) favour an account of cross-modal plasticity in 

SSD users that involves disinhibition of existing pathways over a view that prescribes 

cortical reorganisation. A number of other neuroscientists working on synaesthesia have 

proposed a similar understanding to comprehend and describe the neurocognitive 

mechanisms that characterise this phenomenon. In particular, they have suggested that 
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synaesthesia is a cross-modal occurrence due to disinhibition (Grossenbacher & 

Lovelace, 2001) or unmasking (Cohen Kadosh & Walsh, 2006; Cohen Kadosh & 

Henik, 2007) between or within brain areas.  

 

Now, if cross-modal plasticity and multisensory integration in SSD users are 

explained in terms of disinhibition, and this form of disinhibition or unmasking also 

characterises the phenomenon of synaesthesia, couldn‘t we propose that the same thing 

happens in SSD users? The new type of perception that SSD users enjoy through cross-

modal plasticity would just be a variety of synaesthesia, namely artificially induced 

synaesthesia.  While there is no empirical evidence, at the time of writing at least, to 

support this idea, there isn‘t any either that goes against it. So we can take this 

suggestion as a fascinating speculation that deserves further empirical corroboration. A 

good way to evaluate this speculation might be to look at a number of reports from 

well-trained SSD users. If we do so, we see that these reports attest to the emergence of 

synaesthetic experiences after prolonged usage of an SSD. In an interesting study 

conducted on two late blind long-term vOICe users who are also Dr. Meijer‘s long term 

collaborators
 43

, Ward and Meijer (2010)
 
found that the experience of the two subjects 

were analogous to a form of:  

 

―Monochrome artificially induced synaesthesia only in certain frequencies of 

sound… It is almost as if you had a computer with two monitors running 

simultaneously different pictures, one was a very grey blurred version of the real world, 

and the other was a pure grey background with a big semi-circular light grey arc on it, 

                                                           
43

 PF became blind at the age of 21 after an accident. She first used The vOICe in 1998. CC was born 

with rod dystrophy. She had very bad eyesight as a child and as a teenager but was registered blind only 

at the age of 33. She first used The vOICe in 2001. 
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and sometimes you switched your attention between both‖ (Ward & Meijer, 2010, 

p.497-498). 

 

One of the two users (PF) also claims that the sounds generated by the device 

elicited visual occurrences, causing her to progressively experience colors (Ward & 

Meijer, 2010, p.497). Interestingly, both subjects claimed, after extensive training and 

practise with the device, to ‗see sounds‘ even when not wearing the vOICe. So, it looks 

like their brain has learned or internalized the vOICe rules for mapping and re-deploys 

them both when the device is worn and when it is not (Ward & Meijer, 2010). Another 

interesting thing that emerged from these reports is that one of the users (PF) also 

affirmed that her ―synaesthetic experiences‖ to the soundscapes produced by the vOICe 

were stable and consistent over time. 

 

―.... I thought my mood, time, environment factors, etc., would change the 

images, color, motion effects. It does not‖ [email from PF, 26th March 2008, quoted in 

(Ward & Meijer, 2010, p.498)]. 

 

This is a crucial point because it highlights the stability of the experience during 

lifetime. Stability or consistency, as we have seen in the previous subsection, is (for 

many theorists at least) a hallmark trait of developmental synaesthesia and the fact that 

we found it in the reports seem to redound in favour of the idea that SSD perception 

might resemble a form of artificially induced synaesthesia after all.   

 

But what about the other four definitional aspects of synaesthesia we discussed 

in the previous sub-section? Is SSD perception in long term users spatially extended? In 
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SSD perception sounds or vibrotactile stimulations are generally "spatialized". Despite 

being heard or felt, the SSD user always perceives these sounds as coming from a very 

specific location in the world. Experienced SSD users can usually make correct verbal 

and graphical descriptions of unfamiliar environments (i.e. a room) or of the position of 

objects and surface they encounter on it (Rodríguez-Hernández et al., 2010).  In other 

words, quite often many objects‘ spatial properties (such as shape, width and location) 

can be experienced by the blind perceivers through hearing or touch and then 

―spatialized‖ (located in the world) when the users are asked to report about their 

position. So yes, SSD perception seems to be spatially extended. SSD perception is also 

highly memorable. In fact it is memorable because it is extremely learnable. As we have 

seen before, via training the vOICe users learn how to interpret the stimulation coming 

from the device and their brain gradually internalises or memorises the vOICe rules for 

mapping, redeploying them even when the subjects are not wearing the device. But 

SSD perception is also involuntary. After extensive practice, the device gets 

increasingly transparent, its boundaries progressively fade away, and the perception 

experienced through the coupling with it becomes involuntary. SSD perception isn‘t 

however (normally) laden with affect. In truth, as noted before, not all forms of 

synaesthesia are laden with affect and so this particular definitional aspect doesn‘t seem 

to be necessary for the emergence of synaesthetic experiences. Nor does the fact that 

SSD perception isn‘t laden with affect preclude the corroboration of my argument.   

 

Before I wrap up with some concluding remarks, I would like to briefly return to 

the balancing strategy (between neuro-scientific accounts and phenomenological 

reports) I advocated at the beginning of this paper to analyze its efficacy. I think the 

integrationist take I have embraced has been successful. If I were to concentrate on 
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either mechanisms or phenomenology separately, I probably wouldn‘t have discovered 

the link between synaesthesia and SSD perception; a link that indeed proved to be most 

intriguing and fascinating. So with regard to this point the balancing strategy I adopted 

has paid off. 

 

But what have we learned from our brief analysis of the similarities between 

SSD perception and standard forms of synaesthesia as revealed through the lens of this 

integrationist take? Well, the considerations of the previous paragraphs suggest that, 

prima facie at least, it might be reasonable to say that SSD perception could resemble a 

novel form of perception, namely a kind of acquired (artificially induced) synaesthesia. 

This claim seems plausible, for at least four important reasons. First, the experienced 

users of an SSD undergo a form of perceiving that fulfils many of the key properties 

that characterise standard synaesthetic experiences. Second, there is a strong analogy at 

the level of neuro-cognitive mechanisms of activation (essentially the idea of 

disinhibition), between developmental forms of synaesthesia and SSD perception. 

Third, both SSD perception and developmental forms of synaesthesia are deeply and 

profoundly cross-modal. Fourth, we possess a number of subjective reports (from 

experienced SSD users) that corroborate (empirically) the analogy I presented above.  

 

However, the level of generality and the credibility of the reports that provide 

empirical grounds for that analogy is at stake. What kinds of generalisation can we 

make based on two single reports, and what credibility do these reports achieve? Sadly, 

no hard evidence (apart from those two reports) has been produced so far to confirm the 

idea that the perception acquired through coupling with the SSD is a kind of artificially 

induced synaesthesia and unfortunately we just don't have those many proficient blind 
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users yet to test this hypothesis empirically and make a statistical argument on a larger 

scale, say 80%+ of the users. So, the pillars of the analogy I have drawn admittedly rest 

on (statistically) weak empirical grounds and, no doubt, there is still lots more work to 

be done in order to confirm my claim empirically. How could my claim be better 

corroborated? As Peter Meijer (in private correspondence) has noticed: ‗in order to 

better evaluate this proposal we may indeed need to resort to third-person statistics of 

first-person accounts of subjective experiences‘, or we might look for differences in 

brain activation between SSD users who report e.g. seeing colours (in response to 

soundscapes) and those who don't. It might turn out that the former show a pattern of 

brain activation more closely resembling that of developmental synaesthetes. 

 

In this paper, awaiting such stronger empirical evidence, I nevertheless hope to 

have demonstrated (theoretically at least) that SSD perception, in relatively well-

experienced users, is neither tactile nor visual (in a straightforward way) and that it 

rather counts as something different, quite possibly new, regardless of the precise way 

we cash out the details of the novel sensory sensitivity that these devices seem to 

enable.  
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Chapter 3 

Patrolling the Boundaries of Synaesthesia: 

A critical appraisal of transient and 

artificially-acquired forms of synaesthetic 

experiences 

 

 

This chapter is in Press as: 

Auvray, M. & Farina, M. (the two authors made equal contributions, authors listed 

alphabetically). (Accepted Jan 2014, In Press 2015). Patrolling the boundaries of 

synaesthesia: a critical appraisal of transient and artificially-acquired forms of 

synaesthetic experiences. In O. Deroy (Ed.). Sensory Blending: New Essays on 

Synaesthesia. Oxford, UK: Oxford University Press. 
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In this chapter, I link my previous work on sensory substitution to the study of 

synaesthesia. This chapter investigates conceptually whether alleged non-developmental 

(artificial) forms of synaesthesia (such as posthypnotic suggestions, drug habits, flavor 

perception and use of sensory substitution devices) could be counted as genuine 

synesthetic experiences.  To do so, the chapter discusses a number of criteria (i.e., 

inducer-concurrent pairing, idiosyncrasy, consistency over time, and automaticity of the 

process) that have been taken as definitional aspects of synaesthesia and subsequently 

investigates whether those (alleged) non-developmental cases could fulfill these criteria. 

The chapter argues that none of the (alleged) non-developmental cases discussed can be 

truly counted as a genuine expression of the condition; although it suggests that linking 

(alleged) non-developmental cases to synaesthesia could result in the production of 

fruitful working hypotheses, which may allow to better document, test and understand 

those cases. The argument presented in this chapter was developed in collaboration with 

Malika Auvray and, for the part related to sensory substitution at least, is a refinement of 

ideas presented in chapter 2 above. 

 

This invited chapter was prepared for submission to a volume (Sensory Blending: 

New Essays on Synaesthesia) edited by Ophelia Deroy (London) for Oxford University 

Press.  The descriptions of the volume and a list of contributors are appended to this 

chapter (pp. 203-205). 

 

The authors of this chapter are listed alphabetically above, but made equal 

contributions to its writing. We prepared the manuscript and then revised it in response 

to feedback from John Sutton and Julian Kiverstein. Additionally, the editor of the 



 

153 
 

volume (Ophelia Deroy) and two anonymous reviewers provided comments on an 

earlier draft of this manuscript.  

 

Parts of section 4.1 below (‗Flavour Perception‘) as well as the argument 

developed in it are based on a paper my co-author (Malika Auvray, CNRS) published in 

2008. Details of the paper follow below:  

Auvray, M., & Spence, C. (2008). The Multisensory Perception of Flavour. 

Consciousness and Cognition, 17, pp.1016-1031.  

 

This manuscript was written in the second half of 2013 and is currently In Press. 

It is presented here exactly as it is going to be published. 
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Abstract 

 

Synaesthesia is a neurological condition in which people make unusual 

associations between various sensations. In recent years, a number of non-developmental 

cases, including posthypnotic suggestion, drug-use, flavor perception, and use of sensory 

substitution devices have been linked or directly associated to the emergence of 

particular types of synaesthetic experiences. Our aim in this chapter is to investigate the 

extent to which the abovementioned borderline cases can be counted as genuine 

synesthetic experiences. To do so, we first discuss a number of criteria (i.e., inducer-

concurrent pairing, idiosyncrasy, consistency over time, and automaticity of the process) 

that have been taken as definitional aspects of the condition. We subsequently 

investigate whether those non-developmental cases fulfill these criteria. Drawing on the 

lessons learned from the analysis of the borderline cases; we finally highlight the 

implications of their inclusion on the unity or plurality of the condition.  

 

Keywords: developmental synaesthesia, artificially-induced synaesthesia, definitional 

aspects of synaesthesia 
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1. Synaesthesia: An introduction 

 

The first documented case of synaesthesia dates back to 1812 when Georg Sachs, 

an Austrian doctor, submitted within his doctoral dissertation an account of himself as 

synaesthete, giving detailed explanations of color perception for both numbers and 

letters (for an English translation of Sachs‘ report, see Jewanski et al., 2009). After 

Sachs‘ pioneering account, it took synaesthesia almost 70 years to enter mainstream 

science, and to be recognized as a genuine phenomenon of scientific relevance 

(Chabalier, 1864; Galton, 1880; Nussbaumer, 1873). By the end of the 1890s 

synaesthesia had nevertheless achieved a fully-fledged scientific status, and its study had 

acquired a strong medical character (see Jewanski et al., 2011; Ward, 2013, for an in-

depth historical analysis of synaesthesia).  

 

The beginning of the twentieth century however took the study of synaesthesia 

far away from its earlier scientific tradition. With the emergence of expressionism and 

abstract art (Kandinsky and his synaesthetic paintings), dodecaphony in music (Vladimir 

Rossine, 1916), and futurism in literature (Marinetti, 1911) the term gradually but 

progressively became to be associated with these artistic movements. Consequently, 

synaesthesia began to be studied more as a cultural metaphor for the expression of 

intersensory correspondence than as a biological, psychological, and medical 

phenomenon deeply and profoundly rooted in scientific practice. With the emergence of 

behaviorism in psychology (e.g., Skinner, 1938; Watson, 1930), the fate of research on 

synaesthesia changed again. Synaesthesia lost its surrealistic aura, its magical appeal, 

and ceased to puzzle psychologists, who started seeing it as nothing more than a learned 

association (see Howells, 1944), a rather trivial phenomenon of dubious scientific 

importance.  
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In recent decades however (especially since the late eighties), with the advent of 

cognitive neuroscience, synaesthesia has experienced a tremendous resurgence of 

interest (e.g., Baron-Cohen, 1997; Steven & Blakemore, 2004; Hubbard & 

Ramachandran, 2005; Rouw et al., 2011; Ward, 2013). This major modern revival has 

provided a new platform for a broad range of interdisciplinary collaborations (between 

neuroscientists, psychologists, and philosophers), that are now trying to better 

understand the neurological and psychological mechanisms underlying this peculiar 

form of experiencing the world. Even though this resurgence of interest has triggered 

important improvements in our general understanding of the phenomenon, bringing to 

light many new important findings, we still know very little about the neurological 

causes of synaesthesia and about the way it develops and progresses. 

 

Synaesthesia is a condition in which people make unusual associations between 

various sensations. The stimulus triggering the unusual association can be sensory (such 

as a printed 2, e.g., see Grossenbacher & Lovelace, 2001), conceptual (such as the result 

of an arithmetic operation, e.g., see Dixon et al., 2000) or emotional (e.g., Ward, 2004). 

Such stimuli give rise to so-called canonical or developmental forms of synaesthesia, 

which are either innate or developed early in infancy (e.g., Baron-Cohen, 1996; Maurer, 

1993) and remain constant throughout the lifetime. In recent years however, a number of 

non-developmental cases, including posthypnotic suggestion (e.g., Cohen Kadosh et al., 

2009), drug habits (e.g., Friedrichs, 2009; Shanon, 2002), flavor perception (e.g., 

Stevenson & Boakes, 2004), and use of sensory substitution devices (e.g., Farina, 2013; 

Proulx & Stoerig, 2006; Ward & Meijer, 2010), have been linked or directly associated 

to the emergence of particular types of synaesthetic experiences. These borderline cases 

have been associated with cases of proper synaesthesia because they either induce some 
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form of conscious, concurrent experience or show patterns of cross-modal interference 

that characterize canonical cases of synaesthesia (such as the Stroop interference effect, 

e.g. Mills et al., 1999; see Eagleman et al., 2007, for a review of the existing tests). Our 

purpose in this chapter is to investigate conceptually whether it is possible to count the 

abovementioned borderline cases as genuine synesthetic experiences.  

 

In section 2, we provide a number of definitions of synaesthesia in terms of its 

core definitional aspects (e.g., inducer-concurrent pairing, idiosyncrasy, consistency over 

time, and automaticity). The analysis of these criteria helps us in setting the benchmark 

for what it ought to be counted as proper synaesthesia and therefore allows us to explore 

theoretically the question of whether borderline cases can be explained in light of these 

definitions. Having introduced such criteria, we then turn, in section 3, to the empirical 

analysis of two temporary forms of synaesthesia: those induced by post-hypnotic 

suggestion and drug-use. We review evidence for these cases and discuss whether it is 

appropriate to treat them as genuine forms of the condition. In section 4, we analyze two 

alleged forms of learned synaesthesia. We first address the case of flavor perception, 

where certain odor-taste interactions have been claimed to correspond to a learned 

synaesthesia that would be common to us all (e.g., Stevenson & Boakes, 2004). We then 

turn to sensory substitution, tackling the idea of artificially-acquired synaesthesia. We 

report preliminary evidence for this claim (Proulx & Stoerig, 2006; Ward & Meijer, 

2010, Farina, 2013; Ward & Wright, 2013) and then critically discuss it. In section 5, 

drawing on the lessons learned from the analysis of transient and acquired cases of 

synaesthesia, we highlight the implications of their inclusion on the unity or plurality of 

the condition (e.g., Terhune & Cohen Kadosh, 2012). Counting such a wide range of 

phenomena as genuine synaesthetic experiences does indeed raise the question of 
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whether it still makes sense to describe synaesthesia as a unitary event or whether we 

should interpret it as an umbrella term that encompasses several different domains with 

independent probabilities of expression. 

 

2. Definitions of synaesthesia 

 

Synaesthesia is a condition in which ―stimulation in one sensory or cognitive 

stream leads to associated experiences in a second, unstimulated stream‖ (Hubbard, 

2007, p. 193; see also Cytowic, 2003). Synaesthesia is thus normally described as a 

―startling sensory blending‖ (Cytowic, 1997, p. 17) ―not experienced by most people 

under comparable conditions‖ (Grossenbacher & Lovelace, 2001, p. 36). In synaesthesia, 

in fact, sensory experiences (such as tastes) or concepts (such as numbers) automatically 

evoke additional percepts, such as colors‖ (Cohen Kadosh & Walsh, 2006, p. R963). For 

example, a grapheme-color synaesthete can experience color when reading a digit or a 

letter. Analogously, a hearing-color synaesthete can see colors when she hears particular 

sounds (Baron-Cohen et al., 1987), and a lexical-gustatory synaesthete can experience 

tastes when she hears or reads certain words (Ward & Simner, 2003). Thus, synaesthetic 

occurrences can be elicited by the visual appearance of a printed item, or by certain 

sounds, when spoken aloud. In other cases, just thinking about a particular letter, digit, 

or word can induce color experiences (Dixon et al., 2000; Smilek et al. 2001) and 

someone can have a synaesthetic experience through the imagination of the meaning of 

certain words (Rich et al., 2005).  

 

To date, more than 65 different types of synaesthesia have been reported (Day, 

2009; see http://www.daysyn.com/Types-of-Syn.html for a complete list) each with its 

own set of triggering stimuli and its correlated synaesthetic occurrences. Because of the 

http://www.daysyn.com/Types-of-Syn.html
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intrinsic diversity and complexity of the phenomenon, a comprehensive and universally 

accepted definition of synaesthesia is yet to be formulated. The broad range of 

occurrences usually classified as synaesthetic presents a challenge for any researcher 

who wants to arrive at a shared understanding. Yet, there are four criteria that can be 

used to get started. We would like to note here that none of these criteria should be taken 

as being individually necessary. We will argue instead that they are jointly-sufficient, 

i.e., their joint-combination allows us to distinguish between synesthesia and other 

related phenomena. This point will be further detailed in the discussion. 

 

First, synaesthesia is characterized by the existence of what Grossenbacher and 

Lovelace (2001) have called, an inducer-concurrent pairing. The term ―inducer‖, on their 

account, refers to the experience of the triggering stimulus that causes the correlated 

synaesthetic experience to emerge. The term ―concurrent‖ denotes the associations being 

experienced by the synaesthete. Since this distinction was established in the literature at 

the onset of the 2000s, every type of synaesthesia is now minimally described in terms 

of this pairing (see Auvray & Deroy, forthcoming, for an in-depth discussion). This 

helpful distinction certainly provides a good starting point for a characterization of 

genuine forms of synaesthesia. However, there is an aspect of the concurrent that seems 

crucial in addition to its being paired with an inducer: this is the fact that the inducer is 

always consciously experienced. This requirement is central in many definitions that 

emphasize that synaesthesia is ―a conscious experience of systematically induced 

sensory attributes‖ (Grossenbacher & Lovelace, 2001, p. 36). As Deroy and Spence (in 

press) have recently noted, there are, among others, two related differences between 

synaesthesia and crossmodal correspondences. First, in the former, the concurrent is 

necessarily conscious, whereas in the later the crossmodal matching is not. Second, in 
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synaesthesia the concurrent is determined in an absolute way (i.e., a particular sound 

associated to a shape), in cross-modal correspondences it functions in a relative way (a 

higher-pitched sound associated to a higher position in space, e.g., see Marks, 1987; 

Pedley & Harper, 1959). These two differences are directly linked as we are more 

conscious of absolute experiences than of relative ones. Thus, the first criterion to define 

synaesthesia must be the existence of a pairing between an inducer and a conscious 

concurrent.  

 

A second important characteristic of synaesthesia is its relative idiosyncrasy. It 

has often been emphasized that in synaesthesia, the induced sensory attributes ―are not 

experienced by most people under comparable conditions‖ (Grossenbacher & Lovelace, 

2001, p. 36). In addition, there is not always a one to one correspondence between one 

type of concurrent and one type of inducer. For instance D. reports having the 

experience of a ―pretty yellow green‖ when she hears a B2 and of a ―dirty yellow-

green‖ when hearing a D# (Ortmann, 1933). Another synesthete can nevertheless 

experience the contrary without anyone being entitled to question his synaesthetic 

associations. The possibility of generalization has also been investigated with letters; 

where As tend to be mainly seen as red and Bs as blue (Simner et al., 2005). Yet, 

genuine synaesthetes can have very different associations (such as seeing a green A). 

Thus, even if certain regularities or tendencies can be observed, the inducer-concurrent 

pairing cannot be reduced to a learned association between regularities to which people 

have been exposed (Hubbard & Ramachandran, 2003). Rather, the set of observed 

concurrent pairings is broad and varies, even within a same family and between twins 

(Barnett et al., 2008). The atypical character of synaesthetic experiences thus seems to 

be another important aspect of synaesthetic occurrences.  
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A third important feature of synaesthetic experiences is their automaticity, i.e. the 

fact that the concurrent is experienced as an inevitable and involuntary consequence of 

the synaesthete coming across a specific inducer. The automaticity criterion has been 

extensively used in experimental tests (such as with a variant of the Stroop task, e.g., 

Dixon et al., 2000). For example, a person with grapheme-color synaesthesia should be 

able to determine unequivocally and automatically what color certain letters trigger in 

her mind. If the person needs mental effort or extra time to recall the colors she 

previously attributed to those letters, then she is most likely not a synaesthete and she is 

probably associating the two experiences at another level (e.g., semantic associations). It 

should be noted that in synesthesia, the automaticity at stake is not pre-attentional. It is 

only after the inducer has been attended that the concurrent is elicited (e.g., see Sagiv et 

al., 2006; Deroy & Spence, 2013a). Nonetheless, the concurrent is elicited without 

voluntary control, and it cannot be recalled or dismissed at will. In recent years, a 

number of functional neuroimaging studies have further highlighted the automaticity of 

synaesthesia (MacLeod & Dunbar 1988; Nunn et al., 2002) and its crucial role in 

processes of attention, saliency, perceptual judgment, and awareness (for an interesting 

discussion of this topic see Mattingley, 2009). For all these reasons, the automaticity 

criterion has become increasingly important in the characterization of synaesthetic 

experiences and we include it in ours. 

 

A fourth crucial condition is consistency, which refers to the fact that the same 

inducer always triggers the same concurrent. To give an example, if the letter ‗b‘ is 

perceived by the synaesthete as green, that letter should be consistently perceived as 

green even if the synaesthete is asked about it on multiple occasions over the course of 

her lifetime. In many articles in the contemporary literature, consistency has been 
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described as the most fundamental characteristic of synaesthesia (Brang & 

Ramachandran, 2010; Ward et al., 2010) and the test of consistency has come to be 

referred as the behavioral ‗gold standard‘ for determining the authenticity of the 

condition (Rich et al., 2005). Synaesthetes are in fact normally included in empirical 

studies only after having passed the consistency test (Baron-Cohen et al., 1987), in 

which they first have to provide a set of their synaesthetic associations and then, after a 

considerably long period of time (e.g., after 6 months; Ward and Simner, 2003), they are 

given a surprise retest. The consistency between their initial and re-tested scores is 

compared to a control group of non-synaesthetes. This control group is requested to 

invent analogous associations and recall them by memory alone in a shorter period of 

time (e.g., 2 weeks, Ward and Simner, 2003). Only those synaesthetes who clearly 

outperform control participants are considered as genuine synesthetes, and therefore 

assessed by means of further studies (Ward & Simner, 2003). Typically, only one in six 

people who initially report synaesthesia are ultimately classified as synaesthetes 

(Simner, Glover, et al., 2006; Simner, Mulvenna, et al., 2006). While this rigorous 

approach seems to be effective to identify genuine cases of synaesthesia, it has been 

recently questioned for its circularity and somewhat biased nature (for more details see 

Proulx and Stoerig, 2006; Rich & Mattingley, forthcoming; Simner, 2012). 

 

What should we make of those people who fail the consistency test but still 

report having synaesthetic experiences? There are, at least, two possibilities here; the 

first one is to consider that those persons are intentionally misreporting or inventing 

experiences they do not have. The second possibility is to acknowledge that they could 

also be genuine synaesthetes, and that they possess a type of synaesthesia that is not 

fully captured by the consistency requirement. If we accept the second possibility, we 
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must consider ―whether synaesthesia is truly consistent over time as a definitional 

criterion, or whether, instead, consistency over time merely characterizes a subset of 

synaesthetes only‖ (Simner 2012, p.7). To date there is no hard evidence available to 

settle this question. If anything the opposite is true and many researchers have begun 

investigating the relevance of consistency, highlighting its potential circularity 

(Eagleman, 2009; Rich & Mattingley, forthcoming; Simner 2012). They pointed out that 

almost all synaesthetes reported in the literature are synaesthetes who display 

consistency, but this is due to the fact that these synaesthetes have been recruited for 

empirical studies on the basis of the consistency criterion. This was the test used for 

defining what ought to be counted as proper synaesthesia. Thus, there is theoretical room 

for arguing that the consistency criterion ends up being circular. Given this possibility, 

rather than seeing the requirement of consistency as a gold standard to assess the 

significance of any synaesthetic experience, we would like to call for a more careful and 

prudent assessment of its role in defining synaesthesia. Consequently, while we believe 

that consistency (when complemented by inducer-concurrent pairing, idiosyncrasy and 

automaticity) can offer a pretty reliable tool for singling out proper forms of 

synaesthesia; our characterization of the condition is not bounded to it, and rather 

envisages the need to complement consistency with other hallmark traits. 

 

It is worth mentioning here that there are several other features that have been 

considered as definitional aspects of synaesthesia, but we have not included them as 

jointly-sufficient requirements, either because they can be considered as consequences of 

other criteria or because they do not seem to be applicable to the vast majority of the 

standard cases. In what follows we briefly discuss spatial extension and affect. Some 

researchers (e.g., Eagleman & Cytowic, 2009) have argued that spatial extension 
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qualifies as a defining aspect of synaesthesia. According to these authors the 

synaesthetic occurrence experienced by the synaesthete is perceived as being localized in 

the world. This requirement however remains highly controversial as certain 

synaesthetes do experience the concurrent as being external; however, others experience 

it in an internal space (for an in-depth analysis of the divide between associators and 

projectors, see Dixon et al., 2004). Note that the argument of spatial extension would not 

hold for the inducer either as it need not always be spatially extended for the 

synaesthetic percept to arise. Indeed some people do have synaesthetic experiences by 

simply imagining the meaning of words. We therefore believe that the requirement of 

spatial extension is not a defining character of any synaesthetic occurrence. Cytowic 

(1997) has also argued that synaesthesia is always affect laden. We believe that not all 

forms of synaesthesia manifest this feature. For instance, it is unlikely that spatial 

sequence synaesthesia - where people see all numerical sequences they come across as 

points in space - is necessarily affect laden. Hence, we believe that the requirement of 

being affect laden is not strictly necessary for genuine forms of synaesthesia and 

therefore we did not take it as a definitional aspect of the condition. 

 

In summary, there are four fundamental criteria that we believe are jointly 

sufficient for individuating genuine forms of synaesthesia. These are: 1. the existence of 

pairing between an inducer and a conscious concurrent; 2. the relative idiosyncrasy of 

the pairings; 3. the automaticity of the process; 4. the consistency of the occurrence over 

time. In recent years, a number of researchers have hypothesized that synaesthesia can 

also be experienced in a more or less intermittent way and that it can be acquired. It has 

indeed been suggested that synaesthesia-like experiences can be induced by post-

hypnotic suggestions (e.g., Kadosh et al., 2009), drug-use (e.g., Friedrichs, 2009; 
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Shanon, 2002), flavor perception (e.g., Stevenson and Boakes, 2004), and extensive 

training with sensory substitution devices (e.g., Farina, 2013; Proulx & Stoerig, 2006; 

Ward & Wright, 2013; Ward & Meijer, 2010). In the next two sections we turn to these 

cases and assess whether they count as examples of synaesthesia in the light of the 

conditions we have just identified. 

 

3.Transient forms of synesthetic experiences: post-hypnotic suggestion and drugs-

use 

3.1. Synesthetic experiences triggered by post-hypnotic suggestion 

 

Post-hypnotic suggestion has been used to trigger synaesthetic-type experiences. 

During post-hypnotic suggestion, the experimenter administers suggestions to their 

participants which consist in verbal statements that are intended to trigger various kinds 

of responses, i.e., affective, cognitive, or motor. It is worth noting here that this method 

works well only with highly suggestible persons, which comprise approximately 10-15 

  of the total population tested (see Laurence, Beaulieu-Pr vost, & du Ch n , 2008; 

see also Terhune et al. this volume). Consequently, only this subset of people was 

involved in the studies described below.  

 

In one study by Cohen Kadosh et al. (2009), four highly suggestible non-

synaesthetes were hypnotized and instructed to associate six digit-colors pairs. These 

participants were subsequently presented with black inked digits on a colored 

background and asked to detect the grapheme presented. The background could be in a 

color that is congruent with the one associated with the grapheme (e.g., if the N is 

perceived as yellow, a black N on a yellow background) or it could be inconsistent with 

it (e.g., a black N on a blue background). The participants displayed the same pattern of 

responses as congenital synaesthetes (as reported in Smilek et al., 2001, for instance); 
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that is, they made more errors in the congruent condition than in the incongruent one. 

There was no such difference in the control group. These results suggest a form of 

automaticity in the associations. But did the participants show consistency? Only two 

participants in the study were re-tested; immediately after the experiment took place 

and then again one week after it. These two participants, unlike two control ones, 

displayed a consistency effect in the sense that they made more errors in the congruent 

condition than in the incongruent one.  

 

Terhune and Cohen Kadosh (2012) investigated whether a post-hypnotically 

induced synesthesia would display, as with its congenital counterpart, a divide between 

projectors (the concurrent is experienced as being located externally) and associators 

(the concurrent is experienced mentally, i.e., as being located in the mind‘s eyes). 

Terhune and Cohen Kadosh first distinguished the participants, who were responsive to 

hypnotic suggestions for either associator or projector grapheme-color synaesthesia. 

They subsequently administered posthypnotic suggestions to associate four numbers 

with four colors and to experience the colors as either being spatially co-localized with 

graphemes (for the subgroup of projectors) or as mental images (for the subgroup of 

associators). The participants then underwent two versions of the Stroop color-naming 

task. One in which they had to name the colors of the digits and one in which they had 

to name the color associated with the digit. Researchers found similar results to those 

previously obtained with congenital synaesthetes (e.g., Dixon et al., 2004): projectors 

had larger congruency effects (i.e, faster responses for graphemes in the same color as 

that used for this pairing during the post-hypnotic suggestion than for graphemes in a 

different color) than associators in the first experimental conditions and there was no 

difference between the two in the second condition. Phenomenologically, participants 
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reported an involuntary and vivid character of the induced color during the Stroop task, 

as congenital synaesthetes do. 

 

It should be mentioned that, so far, there are no studies conducted on the neural 

mechanisms underlying post-hypnotically induced synaesthesia. Terhune (this volume) 

argues that the very possibility of inducing synaesthesia with post-hypnotic suggestion 

is at odds with the theory of greater anatomical connectivity. Indeed, it is highly 

unlikely that a corresponding hyper connectivity could be induced in such a short 

amount of time, i.e., the few minutes of hypnotic suggestions. Post-hypnotic suggestion 

does seem sufficient to elicit similar behavioral and phenomenological markers as are 

found in congenital synaesthesia. More precisely, it appears to be sufficient to produce 

a pairing between an inducer and a concurrent. It should however be noted that a much 

debated question in the literature concerns the extent to which a conscious status can be 

achieved in cases of post-hypnotic suggestion (Cohen Kadosh et al., 2009). In addition, 

in the current state of data, it can be equally argued that, rather than having the 

experience of synaesthetic concurrents, the participants engage in a vivid form of 

mental imagery (see Deroy & Spence, 2013a, see also Spence & Deroy, 2013b for an 

analysis of the difference between mental imagery and synesthesia). Thus, further 

empirical investigation is needed to confirm the possibility of post-hypnotically elicited 

conscious concurrents. With respect to the second criterion of our characterization, the 

obtained pairing seems relatively idiosyncratic, as reflected by individual differences. 

Behavioral tests also suggest a high degree of automaticity in the process. The 

consistency criterion needs further empirical testing, as only two participants in Cohen 

Kadosh, et al.‘s (2009) showed a positive result.  
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3.2. Drug-induced synaesthesia 

 

Administration of pharmacological agents has long been used to induce 

abnormal crossmodal experiences that can be thought of as resembling synaesthetic 

experiences. Notable cases involve the use of mescaline (Ellis, 1898), LSD (Hofmann, 

1983), and psilocybin (Luke et al., 2012; Wasson, 1978). It is hypothesized that these 

pharmacological agents trigger synaesthetic experiences over short periods of time and 

can potentially work with a great number of people (around 60% see Luke, et al., 2012; 

Tart, 1975), as opposed to post-hypnotic suggestion that is effective only with highly 

suggestible individuals.  

 

Despite these potentialities, only a few early studies (Hartman & Hollister, 

1963; Simpson & McKellar, 1955) investigated the possibility of triggering 

synaesthetic experiences through drug use, mostly because this kind of research started 

to be prohibited in the sixties. In one of these studies two congenital synaesthetes and 

two controls, (the two authors of the article) reported their synaesthetic impressions 

after ingestion of mescaline when presented with a range of possible inducers (Simpson 

& McKellar, 1955). The participants reported eight different types of synaesthetic 

experiences that for the synaesthetes were not the variant they previously possessed. 

This study therefore suggests the possibility of inducing synaesthetic experiences in 

non-synaesthetes and of triggering novel synaesthetic experiences in synaesthetes. In a 

similar vein, another early study by Hartman and Hollister (1963) showed that, when 

the 18 participants involved in the experiment were presented with different sounds, 

they experienced more visual concurrents (colors, brightening of the visual field, and 

other visual effects) when they were under the influence of LSD and mescaline than 

when they were not. 
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Other studies have used questionnaires and surveys to ascertain the possibility 

of drug-induced synaesthesia. Most of these surveys and questionnaires were however 

part of other studies investigating different topics and were only subsequently used for 

understanding the phenomenon of drug-induced synaesthesia. These surveys 

nevertheless revealed that synaesthetic experiences can be obtained with a broad set of 

different substances (that will not be further described here; the interested reader can 

consult Luke et al., 2012, for a review) and that they elicited a broad range of inducer-

concurrent associations, with a greater variability in the inducer than in the concurrent. 

With regard to the former, although sounds are the most frequently reported, tactile, 

gustatory, olfactory, and pain also act as inducers (Leuner, 1962; Shanon, 2002). As for 

the latter, the most common concurrents are visual and can consist in abstract geometric 

imagery or more complex scenes (Friedrichs, 2009; Grof, 1975; Leuner, 1962; Siegel, 

1975). 

 

From the results mentioned above it seems possible to produce an inducer-

concurrent pairing through drug use. These pairings can be consciously reported, 

although - as was noted by Hubbard and Ramachandran (2003) - there is a difficulty in 

identifying experiences that are produced by drug use. With respect to the pairing itself, 

Sinke et al. (2012), building on previous results by Mayer-Gross (1931), notice that the 

inducer and concurrents are experienced as an integrated unified entity. The experience 

can be so confusing in certain individuals that some people might even find it difficult 

to describe the modalities in which the stimuli occur. Thus, the inducer and concurrent 

seems to be experienced as less demarcated than in congenital synaesthesia. In addition, 

it should be mentioned that no studies conducted so far has investigated whether or not 
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the experience is genuinely perceptual as opposed to a mere vivid association 

(Aghajanian & Marek, 1999).  

 

The studies we have revealed found variability among the inducer-concurrent 

pairing across people, satisfying the idiosyncrasy criterion. However, so far, no work 

has yet investigated systematically and experimentally automaticity in drug usage (see 

also Terhune, this volume). Sinke et al. (2012) suggest, based on previous verbal 

reports, that the experience of a synesthetic concurrent is not necessarily triggered, 

which raises doubts on the fact that the automaticity criterion can be fulfilled. Indeed, 

sometimes, under drugs, one inducer can elicit a synaesthetic concurrent; however, in 

other occasions, the same inducer does not elicit anything (Studerus, Kometer, Hasler, 

& Vollenweider, 2010). Furthermore, even in cases of experienced synaesthesia, a 

stimulus does not always elicit its expected concurrent (Delay, Gérad, & Racamier, 

1951; Leuner, 1962; Masters & Houston, 1966). For example, when a synaesthete 

perceives a letter (e.g., A), she always experience it with the same colour (e.g., red). In 

drug induced synaesthesia, one person can sometimes experience one letter (an A) as 

red and sometimes perceive the same letter with no color.  

 

Consistency is also very problematic: preliminary research by Brang and 

Ramachandran (2008) suggested that pairings obtained through drugs could be 

consistent. Using a texture segregation test, Brang and Ramachandran in fact showed 

that one grapheme-colour synaesthetic experience could be consistent. On the other 

hand, Sinke et al. (2012), referring to an old study by Beringer (1927) investigating 

mescaline-induced synaesthetic experiences, claims that experience was not consistent. 

According to Sinke et al. (2012), there are no consistent inducer-concurrent couplings. 
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For instance, the same tone might be red, but when repeated, it may be experienced as 

another color, and it can even be translated into another sensory modality. The authors 

nonetheless emphasize the possibility that some stimuli that are considered to be more 

associative may produce more consistent pairings. In this case they would display lower 

intra-personal and inter-personal variance; in our terminology, they would better satisfy 

the consistency criterion while counting as weaker cases of idiosyncrasy. In summary, 

there is no wide agreement on whether the synaesthetic experiences obtained through 

pharmacological agents satisfy the consistency and automaticity criteria.  

 

4. Acquired synaesthesia: flavor perception and use of sensory substitution 

 

We now turn to forms of synaesthesia that are induced less intermittently, i.e. 

the case of acquired synaesthesia. We first address the case of flavor perception and 

then turn to sensory substitution. 

4.1. Flavor perception 

 

Recent psychophysical research on flavor perception has investigated the 

possibility of odors eliciting changes in the perceived sweetness (i.e., taste) of liquid 

solutions (e.g., Stevenson, Prescott, & Boakes, 1999). This phenomenon, known as 

sweetness enhancement, led Stevenson and Boakes (2004; see also Stevenson & 

Tomiczek, 2007) to suggest that odors can induce a synaesthetic experience of taste that 

is common to us all. 

 

Sweetness enhancement consists in adding ‗sweet‘ odors, which have no taste 

(they cannot be detected by the taste receptors) as flavorings to solutions. When 

participants have to taste such solutions, they perceive them as being sweeter than the 
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same solution deprived of the added odors (Cliff & Noble,
 
1990; Frank & Byram, 1988; 

Frank, Shaffer, & Smith, 1991; Schifferstein
 
& Verlegh, 1996). For example, when 

caramel odor is added to a sucrose solution, the taste of the resulting mixture is 

perceived as being sweeter than the pure sucrose solution if tasted alone. It should be 

mentioned that the odors that typically induce sweet tastes appear to be related to 

previous instances of co-exposure with a sweet taste, such as might naturally occur 

during eating (e.g., Prescott, 2004; Stevenson & Boakes, 1995; Stevenson, Boakes, & 

Prescott, 1998). For example, the odors of vanilla, caramel, strawberry, and mint induce 

sweetness enhancement in western countries where people often experience those odors 

with sucrose. On the other hand, non-western participants do not describe some of these 

odors as sweet, probably due to a less frequent pairing of these odors with sweetness in 

their food culture (Nguyen, Valentin, Ly, Chrea, & Sauvageot, 2002). The 

modifications of the attribution of taste qualities to odors can also be obtained in 

laboratory settings, thanks to the repeated pairing of novel odors with a particular 

tastant. For example, novel odors (such as lychee or water chestnut) repeatedly paired 

with sucrose are later reported to be sweeter than their initial ratings (Stevenson et al., 

1995, 1998; Yeomans & Mobini, 2006; Yeomans et al., 2006). Similarly, novel odors 

are reported to be sourer than their initial ratings if they are repeatedly paired with citric 

acid (Stevenson, Boakes, & Wilson, 2000a, 2000b), or more bitter, if paired with bitter 

tastes such as sucrose octa-acetate (Yeomans et al., 2006; for the difficulty of 

distinguishing between tastes and  flavors, see Spence et al., forthcoming). 

 

The idea that odors can induce a synaesthetic experience of taste that is common 

to us all (Stevenson & Boakes, 2004; Stevenson & Tomiczek, 2007) could be central to 

the field of synaesthesia. Indeed, if it was possible to acquire synaesthetic experiences 
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through repeated co-exposure to stimuli, this would provide an excellent model system 

for the study of synaesthesia, as every one of us experiences flavor. We believe 

however that two main arguments question the appropriateness of considering flavor 

perception as a ubiquitous example of synaesthetic experience between the senses of 

smell and taste. First, sweetness enhancement does not fulfill the second criterion, 

idiosyncrasy, as the addition of the same flavorants give rise to the same effect within a 

given culture (e.g., mint increases the perception of sweetness in all Westerners) or, in 

laboratory settings, through the same repeated pairings.  

 

In addition, there are reasons to believe that sweetness enhancement does not 

satisfy our first criterion either, i.e., the existence of distinct inducer and consciously 

perceived concurrent. In particular, it has been shown that the results depend on the task 

given to the participants: the adoption of an analytic versus synthetic approach to the 

perception of flavor strongly influences the extent to which odor-taste integration is 

observed. Indeed, on the one hand, when the participants are encouraged to adopt a 

strategy of analyzing the individual elements
 
in the mixtures, this results in a decrease 

in sweetness enhancement (Prescott, Johnstone, & Francis, 2004). On the other hand, it 

is when the participants are encouraged to adopt a synthetic approach, by being required 

to attend only to the overall flavor intensity, that a sweetness enhancement effect is 

obtained. However, it can then be argued that, in this later case, attending only to the 

overall percept does not allow disentangling the relative contributions of the senses of 

taste and smell to the overall flavor. In other words, it encourages the blurring of the 

senses of taste and smell. In summary, in this case the stimuli in the two sensory 

modalities are not both consciously perceived at the same time (rather it is the synthesis 

of the two that is attended to); thus this does not count as inducer-concurrent pairings. 
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In addition, a study by Frank, van der Klaauw, and Schifferstein (1993) has shown that 

sweetness enhancement crucially depends on the responses allowed to participants. 

Their study revealed that the sweetness enhancement of a sucrose solution that can be 

elicited by adding strawberry odor only occurs when the participants are asked to rate 

sweetness, and nothing else. However, when they are also asked to judge other 

qualities, such as sweetness, saltiness, sourness, and bitterness, the sweetness 

enhancement effect disappears. In summary, if the occurrence of sweetness 

enhancement is a function of the task requirements, this would undermine the very idea 

of a learned synaesthesia between the senses of taste and smell. 

 

It should be mentioned that the same line of reasoning applies to other cases in 

the field of flavor where other types of interactions could be, at a first glance, similarly 

interpreted as a synaesthetic experience. But it will turn out that mostly, what is 

obtained is not an additional and distinct perceptual experience, but rather the 

replacement of one sensory experience by another. For example, in a study by Davidson 

and colleagues (1999), participants had to continuously rate the perceived intensity of 

flavor in their mouths while chewing a piece of mint-flavored gum. The taste of the 

mint-flavored gum comes from the sugar contained in it, while the menthol gives rise to 

the olfactory and trigeminal components. The perceived intensity of the menthol odor 

was shown to increase very rapidly when people initially started to chew the gum. 

Then, while the actual intensity of the menthol odor stayed fairly constant over the 

course of 4-5 minutes of chewing, its perceived intensity declined rapidly (tracking the 

decline in the sugar taste in the mouth), and could only be brought back up again by the 

release of additional sugar (i.e., by the addition of a tastant which has no smell). 

Davidson et al.‘s results therefore show that people‘s perception of the intensity of the 
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menthol flavor was actually being driven by the release of sugar in their mouths (and 

detected on their tongues). But in this case, the participants should not be considered as 

having a synaesthetic experience either because what they perceived was not the 

original sensory impression (that of sweetness) plus the individuated sensory 

impression of menthol odor, but instead one sensory impression replaced the other. In 

other words, in this case, the sensory impression of sweetness was replaced by the 

sensory impression of the menthol odor and not added to it. 

 

To conclude, sweetness enhancement (along with other phenomena in the field 

of flavor) surely is, once acquired, consistent over time, thus fulfilling our fourth 

criterion. The third one, automaticity of the process, however, remains controversial. 

Furthermore, sweetness enhancement does not satisfy the first one criterion (i.e., 

inducer-concurrent pairing) in that it does not involve distinct concurrents and inducers 

that are consciously perceived at the same time. In addition, it does not involve 

idiosyncrasy, at least intra-culturally.  

 

4.2. Sensory substitution 

 

Sensory substitution devices (SSDs) aim at replacing the functions of an 

impaired sensory modality (e.g. sight) by providing the environmental information 

normally gathered by another sensory modality (e.g. touch or audition). To do so, these 

systems typically convert visual images, obtained through a video camera, into patterns 

of either auditory (e.g., the vOICe see Meijer, 1992; Vibe see Hanneton et al., 2010) or 

tactile (e.g., the Tongue Display Unit, see Bach-y-Rita & Kercel, 2003) stimulation. The 

translation code for visual-to-tactile devices is analogical; for instance a visual circle is 

translated into a circular pattern of tactile stimuli. The code used in visual-to-auditory 
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devices translates several dimensions of the visual signal into dimensions of the auditory 

signal. For instance, the vOICe translates vertical position into frequency, horizontal 

position into time scanning, and visual brightness into auditory loudness. Through 

training with sensory substitution devices, users gradually develop the ability to perform 

localization tasks (e.g., Levy-Tzedek et al., 2012; Proulx et al., 2008; Renier et al., 2005) 

and simple form, as well as complex shapes recognition (e.g., Arno et al., 2001; Auvray 

et al., 2007; Pollok et al., 2005; see also Auvray & Myin, 2008; Kiverstein et al., 

forthcoming, for reviews). 

 

Proulx and Stoerig (2006) speculated that the long-term use of sensory 

substitution devices may induce, in practiced users, the emergence of forms of 

synaesthesia (for an analogous claim see also Farina, 2013; Proulx, 2010, Renier & De 

Volder, 2013; Ward & Wright, 2013). Ward & Meijer (2010) defended this view based 

on the phenomenological reports gathered on two persons who became blind later in life 

and have been using the vOICe for more than 10 years. One of these practiced users (PF) 

describes her experiences as analogous to a form of: 

  

―Monochrome artificially induced synaesthesia only in certain frequencies of 

sound. It is almost as if you had a computer with two monitors running simultaneously 

different pictures, one was a very grey blurred version of the real world, and the other 

was a pure grey background with a big semi-circular light grey arc on it, and sometimes 

you switched your attention between both‖ (Ward & Meijer, 2010, pp. 497-498). 

 

PF also affirms that the sounds generated by the device elicited visual 

experiences, caused forms of depth perception to emerge and even triggered the 
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experience of colors (Ward & Meijer 2010, p. 497). Another interesting thing that PF 

reported was that her experiences of images, color or motion when hearing sounds do 

not change as a function of other parameters such as her mood, the time or 

environmental factors. This has been taken to suggest a form of consistency of her 

―synaesthetic percepts‖ over time (quoted in Ward & Meijer 2010, p. 498). 

 

Is the claim that SSD-use is comparable to the synaesthetic experiences enjoyed 

by colored-hearing synaesthetes (e.g., Ward & Meijer, 2010; Ward & Wright, 2013) 

tenable? To answer this question we need to be specific and carefully define the level of 

users‘ experience and the different processes that are involved in SSD-use. This has not 

been done clearly so far. In SSD-use there is the information that is provided to the users 

in their intact sensory modality (audition in the case of visual-to-auditory devices), 

which we label here as the ―substituting information‖. This information corresponds to 

the conversion of a signal from another sensory modality (i.e., vision in the case of 

visual-to-auditory sensory substitution devices), which we define as the ―substituted 

information‖. The substituted information can be understood at the level of information 

processing; that is, it can be inferred from the substituting information and the 

knowledge of the translation code (e.g., understanding that there is a visual diagonal line 

from a sound increasing in pitch). Note that this also involves specific knowledge of our 

movements. For instance the distance of an object, although not given by the translation 

code, can be deduced from triangulation, i.e., two points of view on the object. Then, 

there could be a phenomenology associated with the process of perceiving, that we will 

label ―associated phenomenology‖. This corresponds to phosphenes or impressions of 

colors that blind persons reported while using the device, and can be considered as an 

‗extra‘, an addition to the level of pure information processing. The associated 
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phenomenology thus does not necessarily follow from the translation code but is joined 

to the sensory occurrence experienced through the coupling with the device. 

 

When researchers argue that SSD-use is a form of acquired synaesthesia, they 

identify the inducer with the substituting information. The concurrent is linked to either 

the substituted information or to the associated phenomenology. There is therefore a trap 

into which one can easily fall by confusing these two levels. In what remains of this 

section we will disentangle the two claims and will analyze them separately to establish 

the extent to which each of them fulfills the four criteria for genuine forms of 

synaesthesia that we listed in section 2
44

. Note, a potential difficulty comes from the fact 

that there are many results gathered at the level of information processing, whereas the 

claims on the associated phenomenology are based only on the verbal reports from two 

late blind persons. 

 

The first criterion we discussed for identifying genuine forms of synaesthesia is 

the existence of a pairing between an inducer and a conscious concurrent. This involves 

that both the inducer and the concurrent are consciously perceived at the same time; and 

thereby that it is not the case that, in trained users, access to the substituting information 

fades away (as was claimed for instance by O‘Regan & Noë (2001). Ward and Wright 

(2013) defend the first alternative while acknowledging that there are actually no data to 

confirm or disconfirm this point. What can be said for now is that, if the concurrent is 

the substituted information only additional data will shed light on the question of 

                                                           
44

 Besides an in-depth analysis of the four criteria we discussed in this entry, Farina (2013) also reported 

two other interesting analogies between developmental forms of synaesthesia and SSD-use. According to 

him, both SSD-perception and developmental forms of synaesthesia exploit cross-modal plasticity and 

both could be characterized by analogous neural mechanisms. In other words, both these forms of 

perceiving (on his account) are cross-modal and both exhibit "disinhibited feedback", or better a 

reduction in the amount of inhibition along feedback pathways - a phenomenon known as cortical 

unmasking. 
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whether or not, after training, both the inducer and the concurrent are consciously 

perceived at the same time. Similarly, if the concurrent is the associated 

phenomenology, more data is clearly needed. Let‘s just note here that many of the 

claims equating SSD-use and synaesthesia re-occurring in the literature mention the 

verbal report from one of the two participants in Ward and Meijer‘s (2010) study who 

describes her experiences as analogous to a form of ―monochrome artificially induced 

synaesthesia‖ (see the complete quote at the beginning of the section). However, while 

she describes her experience as being akin to synaesthesia her report underlines that she 

switched her attention between the different impressions that the sounds give rise to her, 

which is at odds with congenital synesthetic experiences. 

 

The second criterion that we listed for characterizing proper forms of 

synaesthesia is idiosyncrasy. This involves two levels: first that synaesthetes have an 

experience that is additional to what the rest of the population experiences; second that 

this additional experience greatly differs among them. While saying that SSD-users have 

an experience that is not shared with non-users is not problematic; saying that this 

experience differs among users proves to be far more controversial. Here again, let‘s 

dissociate the substituted information from the associated phenomenology. With respect 

to the former there is nothing idiosyncratic about the users‘ experience. This is obvious 

from the fact that SSDs are based on a determined translation code, which is the same 

for each user. Given specific visual information recorded by the camera, this information 

will be translated into an auditory one in the same way. Thus, for a given visual image 

every user will obtain the same auditory information. From that information, users are 

then given the same possibility to have experiences of shapes, size and so on with the 

device. The extent to which they do reach these abilities then only depends on the 
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amount of training they had. But here there is no qualitative difference between them, 

only quantitative ones correlated with training. With respect to the associated 

phenomenology, there is again a crucial lack of data to confirm idiosyncrasy, as only 

two persons reported some forms of colors and light. One important thing we would like 

to emphasize is that any supposed idiosyncrasy of associated phenomenology would 

remain very limited (merely colors and light) and it is hard to imagine it reaching the 

wide set of pairings occurring in congenital synaesthesia. 

 

With respect to the third criterion, there are actually no data to assess if SSD-use 

becomes automatic or not. It seems that the argument could be problematic in the case of 

the substituted information. Several authors, such as O‘Regan and Noë (2001) have 

claimed that after training, SSD-use becomes automatic and that at this moment the 

device and the sensory processing becomes transparent. Similarly, Farina (2013) 

hypothesized that ―after extensive practice, the device gets increasingly transparent, its 

boundaries progressively fade away, and the perception experienced through the 

coupling with it becomes involuntary.‖ (p.652). However, it should be noted that while 

the experience of the concurrent becomes automatized, the fact that the inducer remains 

consciously perceived (first criterion) might be lost correspondingly. It thus might be the 

case that before training the experience lacks automaticity, whereas after training it lacks 

conscious attention to the inducer. Of course users could regress to the substituting 

modality but then this could reflect breaks of transparency (thereby losing the 

automaticity criterion) or an attentional displacement. The question being, in this case 

would the user still have access to the substituted information? Note that in opposition to 

this idea that after experience, while the device becomes transparent the inducing 

modality is lost, Ward and Wright (2013) have argued that it remains a complicated dual 
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experience. These two opposite views remain purely speculative and any scientific claim 

about automaticity will have to await further empirical investigation (such as Stroop 

tests run on expert users).  

 

Finally, with respect to the fourth criterion - the consistency of the occurrence 

over time - there are similarly no data to confirm or disconfirm this position. With regard 

to the associated phenomenology, there is only one verbal report (an e-mail from PF) 

that was quoted at the beginning of this section saying that mood, time, and 

environmental factors do not change the images, color, motion effects she had. Thus, 

much more evidence is indeed needed to build a case for consistency. With regard for 

the substituted information, even in lack of data, the argument to say that it fulfills 

consistency is not very strong: through the same translation code; the same inducer will 

give rise to the same concurrent. Along the same lines as the first criterion (the presence 

of an inducer concurrent pairing), it is not hard to see how the consistency criterion is 

fulfilled exactly to the extent to which it does not fulfill the idiosyncrasy one. The same 

inducer might give rise to the same concurrent, but this will also be the same for all of 

the users in a way that negates idiosyncrasy. 

 

To summarize, the aim of this section was to clarify the debate on SSD-use being 

akin to synaesthesia, by dissociating the substituted information from the associated 

phenomenology. When considering the associated phenomenology, the genuine 

existence of a concurrent that would be different from visual imagery is currently 

lacking empirical support. In addition, this concurrent would not be absolute (as in 

synaesthesia) but rather relative (for instance the louder, the brighter). The idiosyncrasy 

of the pairing, although limited to a narrow set, is still an option, and there is currently 
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no substantial evidence for automaticity and consistency; although these cannot be ruled 

out either. This suggests that the idea that the associated phenomenology involved in 

SSD-use is a form of artificially induced synaesthesia is not yet scientifically 

established. It can be either provisionally endorsed, conditional on further scientific 

evidence (as Farina 2013, suggests), or rejected as scientifically unfounded (as Auvray 

& Deroy, 2012, have previously argued). When considering the substituted information, 

there is no problem in considering that the experience is consistent, and the presence of a 

concurrent is not questionable either. However, the extent to which both the concurrent 

and the inducer are consciously perceived remains unclear. The question of automaticity 

remains open, and there cannot be any idiosyncrasy involved. Thus, anyone defending 

SSD-use at the level of the substituted information will have to give up this last criterion. 

 

5. Conclusions 

5.1 Summary of the analyses 

 

The aim of this chapter was to examine the extent to which alleged cases of 

transient and acquired forms of synaesthetic experiences can be considered as genuine 

cases of synaesthesia.  

  

                          Criteria 

  

Cases 

Inducer -

concurrent 

pairing 

Idiosyncrasy Automaticity of   

the process 

Consistency over 

time 

Congenital synaesthesia Yes Yes Yes Yes 

Post-hypnotic suggestions Debated Yes Yes Lack of Data 

Drug use Debated Yes Lack of Data Lack of Data 
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Sweetness enhancement No No Debated Yes 

SSD: associated phenomenology Debated Yes (narrow set) Lack of Data Lack of Data 

SSD: substituted information Lack of Data No Lack of Data Yes 

Crossmodal correspondences No No Yes Yes 

 

Table 1. Summary of the criteria fulfilled by four alleged cases of synaesthetic 

experiences: post-hypnotic suggestion, drug-use, flavor perception, and use of sensory 

substitution devices. In the table we also added congenital synaesthesia and crossmodal 

correspondences. The terms yes and no are used when the claim is not controversial, 

debated is added when there are existing data, but their interpretation is subject to 

controversy, lack of data is used when more empirical data are needed. 

 

Table 1 gives an overview of the analyses. To summarize them, in post-hypnotic 

suggestion, the concurrent is consciously reported during the experiment although the 

extent to which a conscious status can be achieved in such cases remains highly 

controversial. There is idiosyncrasy, and automaticity, however the question of 

consistency remains open to further empirical confirmation (although preliminary results 

by Cohen Kadosh, et al., 2009, point toward this direction). With respect to drug-use, there 

is an inducer-concurrent pairing, although the inducer and concurrent seems to be 

experienced as less demarcated than in congenital synesthesia. As for post-hypnotic 

suggestions, these pairings can be consciously reported, although there is a difficulty in 

identifying experiences that are induced while being under drugs, and it still remains 

unclear whether the concurrent is different from vivid hallucinations. There is 

idiosyncrasy. However, there are no studies investigating experimentally automaticity. 
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Furthermore there are reports suggesting that it‘s unlikely to be the case as under drugs 

someone can report a pairing one time and not the other. Consistency remains also 

controversial with preliminary studies pointing to different directions. 

 

With regard to sweetness enhancement, the inducer and concurrent are not both 

consciously perceived at the same time, as the phenomenon occurs when the participants 

adopt a synthetic strategy and when they are not provided with the scales that allow them 

to disentangle their perception from different sensory modalities. There is no idiosyncrasy 

(at least intra-culturally), the automaticity remains controversial, and there is consistency. 

With respect to sensory substitution, when the concurrent is considered to be the 

associated phenomenology there is a crucial lack of empirical data, as the hypothesis arise 

from only two verbal reports. These preliminary reports suggest that there might be a 

consciously perceived concurrent (but without certainty of its perceptual status, i.e., 

differences from added visual imagery). There can be idiosyncrasy, although narrower 

than congenital synesthesia, and there are no substantial data to know if there can be 

automaticity and consistency. When the concurrent is considered to be the substituted 

information, the existence of an inducer concurrent pairing can be acknowledged, 

however, the extent to which both the concurrent and the inducer are consciously 

perceived awaits further empirical data. In addition the concurrent is linked to the inducer 

more in a relative than in an absolute way (which is closer to cross-modal correspondences 

than synesthesia; see Deroy & Spence, 2013a) and there is no idiosyncrasy. In summary, it 

appears that none of the alleged cases of synaesthesia we considered can be claimed to 

match the criteria that we established to single out genuine forms of synaesthesia.  
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5.2 Borderline cases: Closer to crossmodal correspondences than synesthetic 

experiences? 

 

Table 1 also shows that the alleged cases of transient and acquired synaesthesia are 

not closer to congenital synaesthesia than they are to crossmodal correspondences. Indeed, 

two main criteria distinguish synaesthesia from crossmodal correspondences: pairing and 

idiosyncrasy, whereas they both share automaticity and consistency. We will first discuss 

the shared criteria and then move on to analyse the non-shared ones. Many of the claims 

that link borderline cases to synaesthesia emphasize their automaticity and consistency, 

however these two criteria alone does not allow distinguishing these cases from 

crossmodal correspondences. Thus, obtaining a Stroop effect or any measure of 

automaticity allows assessing the strength of an association, but it does not allow assessing 

if this association occurs at a semantic level or at a perceptual level. The same is true for 

any measure of consistency. To repeat it again, further empirical data will only confirm 

that there is a strong association of the pairings. However, in the absence of the two 

remaining criteria (i.e. pairing and idiosyncrasy), this will not help disentangling whether 

these associations resemble synaesthesia, crossmodal correspondences, or associations 

occurring at an even higher level of processing (such as conceptual or semantic 

associations). 

 

Thus, in order to say that the borderline cases resemble more synaesthesia than 

crossmodal correspondences the other two criteria must to be fulfilled. Idiosyncrasy is the 

easiest to discuss as the extent to which each of the borderline cases fulfills it is less 

subject to debates. This criterion rules out sweetness enhancement and SSD-use with 

substituted information as concurrent. The first criterion is less straightforward to discuss 

as it involves taking into account different levels of associations. Many articles discuss the 
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nature of synaesthetic experiences (see Auvray & Deroy, in press, for a review) but there 

seems to be a consensus on the idea that it has to involve a process close to a perceptual 

one otherwise there would not be ways to say that synaesthesia is different from 

hallucination, from visual imagery, and from semantic and conceptual associations. So far, 

none of the mentioned borderline cases can be affirmed with certainty to be genuinely 

perceptual. To reiterate, this is not the case of sweetness enhancement and SSD-use with 

substituted information as concurrent. In the case of SSD-use with associate 

phenomenology as concurrent, as well as with post-hypnotic suggestions, there is no data 

so far to distinguish the associated experience from mental imagery. As for drug-use, there 

is no data either to distinguish the associations that are made from hallucinations. 

 

In light of these considerations we would like to conclude this chapter with an 

appeal for cautiousness. If anything, these borderline cases crucially show that it is false to 

think of sensory modalities as being non-overlapping and discrete (see Haigh et al., 2013, 

for this claim in the context of SSD-use). This claim is already crucial in the fields of 

psychology and philosophy of perception. Going one step further and linking borderline 

cases to synaesthesia can be interesting as a working hypothesis, as it gave rise to studies 

using the experimental methodologies from synaesthesia that in return allow to better 

document and hence understand these cases. However it can prove highly misleading to go 

beyond the limits of a working hypothesis and have strong affirmations that do not rest on 

firm empirical grounds. There are two main reasons for resisting the fashionable 

phenomenon of synaesthesia and applying this term to any phenomena which would share 

a vague resemblance (thereby avoiding terminological confusions). First, in order to fully 

understand different phenomena we have to keep their study separate. It is thus important 

to bear in mind what these borderline cases do not share with synaesthesia in order to 
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allow research digging into these differences, which might prove to be the specificity of 

each of these borderline cases. Second, keeping different phenomenon as being distinct is 

specifically what allows having a unified vision of each of these phenomena. It is by 

considering as synaesthetic only the cases that were identified as fulfilling the definitions 

that the study of synaesthesia can preserve a scientific robustness. Furthermore treating 

such a wide range of phenomena as genuine synaesthetic experiences does threaten an 

understanding of synaesthesia as a unitary event. It additionally prevents treating 

synaesthesia as a natural kind of its own. Anyone defending a broad acceptance of the term 

synaesthesia will have to give an account of why one or several criteria to define 

synaesthesia can be loosened in some cases without weakening the understanding and 

definitions given to congenital synaesthesia. 
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This chapter focuses on themes and topics discussed at the intersection between 

evolutionary biology, cultural psychology and developmental neuroscience. In this 

chapter, I show how recent research on neural plasticity can inform debates about 

nativism and anti-nativism in cognitive science. The chapter, specifically, discusses 

three views of human cognitive development - 1) Gary Marcus‘ neo-nativism (2004), 2) 

a set of views which I label standard neuroconstructivism (Mareschal et al., 2007; 

Karmiloff-Smith, 2009, 2007), and 3) neo-neuroconstructivism (a label and a view that 

I develop here) and investigates differences and relations between them. It suggests that 

on close scrutiny neo-nativism does not differ substantially from standard 

neuroconstructivism (and could well be accommodated within its richer theoretical 

framework) and then puts forward the idea that standard neuroconstructivism, in order 

to fully account for recent empirical findings in neuropsychology (Giedd et al., 2009, 

Sowell et al., 1999), needs to be revised along the lines envisaged by neo-

neuroconstructivism 
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Abstract 

 

In section 1, I introduce three approaches that explain human cognitive 

development from different standpoints: Marcus‘ neo-nativism, standard 

neuroconstructivism, and neo-neuroconstructivism. In section 2, I assess Marcus‘ 

attempt to reconcile nativism with developmental flexibility. In section 3, I argue that in 

structurally reconfiguring nativism, Marcus ends up transforming it out of a 

recognizable form, and claim that his view can be accommodated within the more 

general framework provided by standard neuroconstructivism. In section 4, I focus on 

recent empirical findings in neuropsychology and cultural/social neuroscience, and 

propose a significant revision to standard neuroconstructivism, thus developing the neo-

neuroconstructivism view. I conclude the paper (section 5) by analyzing the 

implications of the results discussed in section 4 for both neo-nativism and standard 

neuroconstructivism. 

 

Keywords: nativism, neuroconstructivism, dynamic enskilment, brain plasticity 
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1. Introduction   

 

In this paper I discuss three views that aim to explain human cognitive and 

cortical development - 1) Gary Marcus‘ neo-nativism, 2) standard neuroconstructivism, 

and 3) neo-neuroconstructivism. I first distinguish how these theories are thought to 

relate in the mainstream literatures and then go on to analyse how I believe they 

actually relate. I argue that neo-nativism is not that distinct from standard 

neuroconstructivism (and could be accommodated within its richer theoretical 

framework) and that standard neuroconstructivism, in order to fully account for recent 

empirical findings, needs to be revised along the lines envisaged by what I call ‗neo-

neuroconstructivism‘.  

 

I begin this introduction by offering a short description for each of the three 

accounts at stake, providing some general philosophical background for each of the 

three understandings discussed
45

. Having done this, I analyse the links between them 

and summarize the arguments of the paper.  

 

1) Neo-nativism, which I discuss in section 2, is Marcus‘ theory that asserts that 

the cognitive structures with which we come to the world are ‗prewired at birth‘ 

(Marcus, 2004) and can be (occasionally) reprogrammed later in life by specific 

experience-dependent activities (appropriately mediated by the regulatory action of 

genes). This position draws from the conceptual palette developed by evolutionary 

psychologists (such as Pinker, 1997; and Barkow et al., 1992) but significantly differs 

from hardwired nativism (see section 2 below for a discussion of the differences 

                                                           
45

 I do not discuss standard nativism in this paper, but rather a specific strand of nativism - Marcus' neo-

nativism - in relation to standard neuroconstructivism and my own view, neo-neuroconstructivism. For 

critical discussion of standard nativism see Karmiloff-Smith (1992, 2009). 
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between hardwiring and prewiring)
46
, because it doesn‘t posit the existence at birth of 

domain specific, functionally specifiable modules
47

. Instead it accepts, at least in 

principle, the idea of rewiring as a way through which experience can alter and very 

partially reprogram the inborn predispositions with which we come to the world. So, it 

is strength of Marcus‘ view that in considering questions about the contribution of 

genes to development he does pay attention to the role of environmental activities in 

shaping human cognitive behaviour. However, it is important to note that for Marcus, 

genes still maintain a special role in guiding development, as they possess a priority 

over environmental contributions (more on this later). 

 

2) Standard neuroconstructivism (Karmiloff-Smith, 2009; Mareschal et al., 

2007; Quartz & Sejnowski, 1997), as addressed in section 3, proposes a unifying 

framework for the study of cognition in neuroscience and aims at describing how the 

brain progressively sculpts itself and how it gradually becomes specialized over 

developmental time, by deploying a number of different strategic cognitive tools, 

including phylogenetic (such as gene/gene interaction or gene/environment interaction) 

and ontogenetic (such as pre- and post-natal) developmental processes. A central goal 
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 Hardwired nativism is a complex position that includes very different emphases and variants: a) 

nativism about contents or concepts (Fodor, 1975); b) genetic determinism (Cronin, 1991); and c) 

nativism about cognitive architectures (Barkow et al., 1992; Pinker, 1997). Since Marcus does not accept 

hardwired nativism, I set aside the goal of providing a critical exposition of this position and rather focus 

on his view only. 
47

 Jerry Fodor (1983) originally defined modules as "functionally specialized cognitive systems" that 

have nine crucial features: 1) domain specificity, 2) mandatory operation, 3) limited central accessibility, 

4) fast processing, 5) informational encapsulation, 6) shallow outputs, 7) fixed neural architecture, 8) 

characteristic and specific breakdown patterns, and 9) characteristic ontogenetic pace and sequencing. 

Fodor later narrowed down the essential features of any module to two: domain-specificity and 

information encapsulation (Fodor, 2000). In his view modules can be found in peripheral processing but 

not in central processing. Evolutionary psychologists (such as Cosmides and Tooby) have defined a 

module as a functionally specialized cognitive system that is domain-specific. Modules, on their account, 

are the units of mental processing that have evolved in response to selection pressures and that contain 

innate knowledge about the class of information processed. Unlike Fodor, Cosmides and Tooby believe 

that quite often modules can be found in central processing and that they can perform a sheer number of 

functions. Their thesis is for this reason known as ―the Massive Modularity Hypothesis‖. For some 

arguments in favour and against the massive modularity hypothesis, see Buller (2005); Prinz (2006); and 

Carruthers (2006). For background interpretations of modularity see Coltheart (1999). 
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of standard neuroconstructivism is to understand how the neural substrates supporting 

mental representations are shaped. Standard neuroconstructivism explains the 

development of neural systems as ‗heavily constrained by multiple interacting factors 

intrinsic and extrinsic to the developing organism‘ (Westermann et al., 2007, p.75), so it 

focuses on the construction of representations in the developing brain and on the role 

that the environment plays in shaping the biological constraints with which we come to 

the world. According to standard neuroconstructivism, genetic activity is profoundly 

modified by neural, behavioural, and external environmental events and all of these 

interactions play an au-pair role in cognitive development. Thus, standard 

neuroconstructivism (unlike neo-nativism) acknowledges that the progressive 

specialisation of neural structures is, to a large extent, driven by the environment and 

that both the genes and the environment play an equally important role (no ontological 

priority is given here to either of them) in determining developmental outcomes. 

Furthermore, in the primary neuroconstructivist texts (Karmiloff-Smith, 1992; Elman et 

al., 1996) there is a total, or near total, focus on brain plasticity in early phases of 

development, at the expense of the plasticity found in later life-stages. Standard 

neuroconstructivism in fact emphasizes ‗the special role of the evolving social 

environment for the developing child‘ (Westermann et al., 2010, p. 724). 

 

3) Neo-neuroconstructivism, which I discuss in section 4, is an account of brain 

organization and cognitive development that retains a solid (standard) 

neuroconstructivist basis, but attempts to update and extend this basis in light of recent 

empirical findings in neuropsychology and cultural/social neuroscience
48

. Neo-

                                                           
48

 There are two important remarks to make about what I have called standard neuroconstructivism. The 

first point concerns the characterization of it I have given above. In particular it‘s to do with the last point 

(sensitive window of opportunity) that I introduced earlier on in this section (on page 2). In the 

description I have provided above there is no reference to the crucial role that evolving socio-cultural 
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neuroconstructivism is therefore an improved view of the role of plasticity in 

development to both standard neuroconstructivism and to Marcus‘ neo-nativism that 

takes on-board much of the standard neuroconstructivist conceptual palette, but 

introduces within it a very much needed and genuinely innovative dimension, which I 

call – dynamic enskilment (on which more in section 4) - that I believe standard 

neuroconstructivists have failed to take into account when they first formulated their 

framework. Dynamic enskilment, the central key concept of the neo-neuroconstructivist 

view I am after, is a notion inspired by (but not fully coincident with) the patterned 

practices approach developed by Andreas Roepstorff and colleagues at the University 

of Aarhus (Roepstorff et al., 2010). Dynamic enskilment is, roughly speaking, the idea 

that both brain organization and cortical development are heavily dependent on 

patterned practices
49

 and culture sensitive activities throughout the entire lifespan. 

Dynamic enskilment therefore aims at investigating lifespan changes in behaviour as 

interactions among maturation and learning and tries to integrate empirical evidence 

across different domains (from behavioural to neural levels of analysis), while 

maximally acknowledging the dramatic power of brain plasticity and rewiring in an 

                                                                                                                                                                          
environments play in reorganizing and redirecting the functioning of our brains during adulthood, rather 

standard neuroconstructivists have only envisaged ‗the special role of the evolving social environment for 

the developing child‘ (Westermann et al., 2010, p. 724). So, standard neuroconstructivists haven‘t put 

much emphasis on developmental issues throughout the lifespan but have rather confined the influence of 

formative experiences and of experience-dependent activities in early childhood. This is part of the 

reason why in this paper I propose a friendly revision, an update if you like, of this framework. The 

second point is related to the relevance and impact of the neuroconstructivist perspective in philosophy. 

Much of the philosophical enthusiasm for the developmentally based work of Elman 1993, Karmiloff-

Smith 1992, which culminated in the collaboration between Clark & Karmiloff-Smith (1993), and more 

famously in the publication of Rethinking Innateness (Elman et al., 1996), hasn‘t however been carried 

through to present days and neuroconstructivism, after receiving a lot of press from philosophers in the 

early ‗90s, has totally dropped off the philosophical radar since (the Philosophers' Index database lists 

only three papers on neuroconstructivism in the 2000s). I find this rather odd. So, in this paper (and in 

other projects), by returning (as a philosopher) to standard neuroconstructivism, I attempt to bring it back 

to philosophy and try to make it the centre of a fresh and new theoretical debate. 
49

 The concept of patterned practices refers to the persistent participation of subjects in certain socio-

cultural activities (e.g., spending hours listening to and producing music). Participating in these socio-

cultural activities and so taking part in particular pattern of practice drives how subjects perform and 

regulate how people perceive and act in particular group-and context specific ways. 
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individual‘s lifetime (not only in early stages of life as standard neuroconstructivists 

have rightly pointed out). In doing so, dynamic enskilment affirms that adult 

entrenchment in different socio-cultural contexts can profoundly shape the functioning 

of the human mind and generate completely dissimilar neural responses (even among 

conspecifics) through embodiment and internalization; leading to structurally different, 

cognitively diverse, and deeply enculturated brains. Dynamic enskilment thus adds 

another element to the rich standard neuroconstructivist picture and aims at radicalizing 

it by proposing a friendly revision of its framework (what I call neo-

neuroconstructivism).  

 

In section 2, I present Marcus‘ neo-nativism and assess his attempt to reconcile 

nativism with developmental plasticity. In section 3, I argue that Marcus in doing so 

ends up reconfiguring nativism out of its recognizable form and comes very close in all 

but jargon to standard neuroconstructivism. I also suggest that despite his more 

sophisticated nativism (one that claims to be able to account for both innateness and 

developmental plasticity), Marcus still significantly underemphasizes the importance of 

neural plasticity and the relevance of constructive mechanisms of learning for the 

development of our cognitive functions.  

 

According to Marcus, learning is guided by a tiny number of genes (Marcus, 

2004b), which serve our brain as an ancillary tool for reprogramming both its 

configuration and cognitive responses in accordance with very minor (and restricted) 

critical environmental stimulation. Contra Marcus‘ neo-nativism, I argue that rather 

than a ‗tiny number of genes‘, it is cortical plasticity that enables our distinctive 

intelligent behaviour to emerge from the enmeshing, on multiple timescales, of our on-
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board neural machineries with the wider world. I thus defend (section 4) a fully 

developmental account of our cognitive capacities, a view which I label ‗neo-

neuroconstructivism‘ (in which dynamic enskilment plays a crucial role) that stresses 

and emphasizes the extraordinary power of culture and socio-cultural/technological 

environs in moulding the functioning and processing of our brains.   

 

Congruent with standard neuroconstructivism, I therefore claim that although 

there might be some prewired, softly specialized circuits in place in the brain prior to 

birth (developmental bootstrapping precursors which become obsolete rather than pre-

established, permanent architecture for cognition), their organization as well as their 

cognitive functions can be continually altered and rewired through patterned practices 

(Roepstorff et al, 2010), and culturally specific activities (Han & Northoff, 2008). 

Unlike standard neuroconstructivism, 1) I however emphasize that the constraints 

imposed on development by prior architectures in early stages of life can be 

dramatically rewired throughout the teenage years due to a second, intense, period of 

synaptic plasticity found in adolescence (Giedd et al., 2006; Sowell et al., 1999); and 2) 

I stress the pivotal role that evolving socio-cultural environs play in influencing and re-

directing the developmental path during adulthood. In other words, I take the second 

(dramatic) window of opportunity found in adolescence to entail a friendly revision of 

the standard neuroconstructivist framework, especially of its emphasis on the sensitive 

window for learning confined in infancy. I then argue that, besides this second window 

of opportunity there is still a constant, obviously less dramatic yet quite remarkable 

degree of rewiring (that has been neglected by both neo-nativism and standard 

neuroconstructivism), that goes on throughout the entire lifespan and that that rewiring 

is best explained by adding to the standard neuroconstructivist picture another 
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dimension, dynamic enskilment
50

. To corroborate this hypothesis I present a number of 

crucial case studies in cultural and social neuroscience. I wrap up this paper (section 5) 

by showing how these findings shed light on the plastic and highly malleable nature of 

our minds and take them to undermine Marcus‘ version of nativism. From the analysis 

of these results, I also extract the conclusion that the original (standard) 

neuroconstructivist framework, in order to accommodate the role that evolving social 

environments play in adulthood (what I call the dynamic enskilment) and the second 

dramatic window of opportunity for learning, needs a friendly revision, and argue that 

the pay-off of this suggested update (the neo-neuroconstructivism view I am after) is 

highly desirable. 

 

2. Marcus’ neo-nativism  

 

In The Birth of The Mind (2004), Gary Marcus
51

 reconfigures the hardwired 

nativist position, according to which our minds come to experience the world fully 

equipped with pre-specified knowledge and endowed with a set of inborn mechanisms, 

which are ―innate‖
52

 and hardwired into the brain at birth, being the result of dedicated 

and specialized cognitive mechanisms tailored by natural selection over evolutionary 
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 Explaining why some rewiring throughout the lifetime is incompatible with neo-nativism and with 

standard neuroconstructivism is going to take some doing, but I shall make the argument for this claim 

below. 
51

 In this paper I focus on Marcus‘ 2004 book (although it is a popular one) because it represents a sort of 

watershed in his academic career. It summarizes many of Marcus‘ previous ideas about connectionism, 

constructivism (1998) and brain plasticity (2001); and at the same time points to an evolution of his 

thought towards new fields (e.g., 2012). 
52

 Innateness is one of the central concepts in cognitive science, but also one of the most puzzling and, as 

Griffiths has noticed (2002), a source of considerable confusion. Mameli and Bateson (2006, p. 177–178) 

have helpfully distinguished 26 definitions of innateness in the scientific literature. More recently, 

Griffiths and colleagues (2009) have systematized these definitions along three core dimensions. 

However, a growing consensus in the literature holds that in light of all this ambiguity, the very concept 

of innateness is a misguided folk concept. So, as an anonymous reviewer rightly pointed out, ‗if this 

concept is so imprecise, what hangs on whether we label Marcus as a nativist or not‘? I emphasise that in 

this paper (despite the ambiguity of the notion of innateness) I am trying to identify one important strand 

(neo-nativism) within the complex range of nativist positions and that this strand is the one at stake here. 
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time (Pinker, 1997; Barkow et al., 1992). To fulfil his goal Marcus makes two crucial 

moves. First, he abandons strong genetic determinism
53

, the view that describes the 

genome as the blueprint for development (which has been shaped by evolution), and 

favours a way of conceiving genetic activity in terms of ―cascades‖ or ―self-regulating 

recipes‖ (Marcus, 2004b, p.169). Second, he renounces the hardwiring account of 

psychological development and with it the existence at birth of domain specific, 

functionally specifiable modules. Rather Marcus endorses a ‗prewiring‘ understanding 

of the evolution of our cognitive behaviour, according to which some of our brain 

structures possess prewired patterns (independently of learning and experience), but 

learning and experience can impact on these patterns by partially reprogramming and 

redirecting their functions in later stages of development. In this section I discuss 

Marcus‘ approach, focusing in particular on his idea of prewiring. Before I describe 

how Marcus‘ notion of prewiring informs his neo-nativism, let me however quickly 

look at the way he understands genetic activity, as this understanding provides him with 

the conceptual palette necessary to develop his  positive proposal.  

 

In his book Marcus attacks strong genetic determinism and in place of the 

hardwired psychological nativism related to it, he defends a more liberal account of the 

development of our cognitive functions, one that emphasises the power of gene 

cascades
54

 in regulating [or better ‗controlling‘ [p. (163) and ‗supervising‘ (p. 168) to 

use Marcus‘ terminology] the multi-branched construction of phenotypic structures. 
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 In the context of natural selection, strong genetic determinism attempts to describe evolution through 

the differential survival of competing genes. It therefore asserts that those genes whose phenotypic effects 

effectively promote the reproductive success of the organism throughout generations will be favourably 

selected to the detriment to their competitors. Proponents of this approach thus argue that genes are the 

driving force of evolution, which exclusively takes place by change in their frequency. 
54

 Because a gene can trigger the action of another gene, which in turn might trigger the action of several 

others, and so forth, it is customary to call the process by virtue of which these complex activations are 

realized gene cascades. With the expression gene cascades biologists therefore describe the gene 

regulatory networks, whose actions provide a way for evolutionary novelty to emerge. 
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The idea is that ‗each gene contributes to many phenotypic structures and each 

phenotypic structure depends on many genes‘ (Mameli and Papineau, 2006, p.560). 

‗Without genes‘, Marcus claims, ‗learning would not exist‘ (Marcus, 2004b, p. 170). 

So, cascades of genes create the complexities of human thought by being actively 

involved in processes of learning – that is, by supporting, changing, and modifying the 

neural structures that underlie our cognitive architectures. Learning, on Marcus‘ 

account, consists of several different sets of distinctly and uniquely specialized 

subtasks, each supported by a specific bit of neural activity, that is fine-tuned by 

experiences appropriately mediated by the regulatory action of a relatively ―tiny‖ 

number of genes (p.105). Thus, learning is facilitated a) by genetic activity (p.109); and 

b) by a moderate amount of experience-dependent mechanisms that we use to tune the 

modules and the connections between them (p.105).  

 

In The Birth of the Mind, Marcus also emphasizes the ―electrical nature‖ of 

learning and repeatedly asserts that learning often requires some sort of electrical 

activity to be triggered in the brain. He discusses a series of interesting studies on 

synaptic strengthening and shows that the electrical activity underlying processes of 

synaptic activation is necessary to trigger cascades of genes that result in the production 

of actions that are in the long term instrumental for learning. Cascades of genes and the 

electrical activity of the synapses, he thus argues, work in parallel and are in most cases 

entangled and deeply interwoven. So, for Marcus, the electrical impulses generated by 

the synapses together with the interaction between external environment and sensory 

apparatuses mediated by the regulatory power of genes become essential for the fine-

tuning of our cognitive capacities. Marcus uses this idea of genetic-driven development 

as a conceptual palette for his prewired neo-nativism, according to which the prewired 
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configuration of our brain can only be reprogrammed by the action of cascades of genes 

in conjunction with restricted environmental exposure. In what remains of this section, I 

describe Marcus‘ notion of ―prewiring‖ and finish up by showing how it fits in his 

account of brain development. 

 

Marcus distinguishes between ―hardwiring‖ and ―prewiring‖. Certain skills or 

abilities are hardwired if they are built in in the brain prior to birth; that is, if their 

development is predetermined by the genome and they develop through rigid domain-

specific mechanisms of learning. Marcus doesn‘t believe that hardwired nativism is the 

right way to think about psychological development and on the grounds of both 

theoretical considerations concerning the complexities of genetic expression and 

experimental evidence pointing to a crucial role of sustained experiences in the 

development and organization of our cognitive functions, he rejects it. He argues 

instead for a more sophisticated form of nativism, one that puts the idea of prewiring at 

the core of his proposal. Something, for Marcus, is prewired if ‗there is a default setting 

that gets inscribed prior to learning, but which can later be rewired by subsequent 

sensory experience‘ (Mameli and Papineau, 2006, p.563). Thus, for Marcus, there is no 

one-to-one mapping between genes and neurons. ‗The role of individual genes is not so 

much to give pixel wise portraits of finished products as to provide something far more 

subtle: an environmentally sensitive set of instructions for constructing (and 

maintaining) organisms‘ (Marcus, 2009, p. 149]. Therefore, there is no conflict between 

prewiring and rewiring on his account. ‗If the human mind is neither rigid and fixed nor 

arbitrarily malleable, it is precisely because genes are conditional recipes rather than 

blueprints‘ (Marcus 2009, p.151). 
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In other words, to be ‗prewired‘ is not to be utterly unmalleable, but rather to be 

organized in advance of experience. Just because something is preprogramed at birth, 

Marcus notices, it doesn‘t necessarily mean that it cannot be reprogrammed later in life. 

However, since reprogramming via learning is costly and evolutionarily demanding, 

Marcus argues that this cannot be the general norm. Normally, he asserts, development 

is driven from within the organism by ―internally self-generated experiences‖ (Marcus, 

2004b, p.106). An interesting example that Marcus discusses to highlight the power of 

this internally self-generated activity concerns the way in which primates develop 

stereo vision (for more details see section ―autodidact‖ in Marcus, 2004b, p. 108). 

Many species of monkeys, he notices, develop stereo vision by fine-tuning their ocular 

dominance columns
55

 in a darkened womb
56

, without the influence of any external input 

– that is, by spontaneously generating their own experience via specific internal 

molecular cues. The idea is thus that normal development is just like development in 

these monkeys, the product of internally generated activity (mostly) regulated by the 

power of gene cascades
57

 (Marcus, 2004b, p.109). When however cortical structures do 

get reprogrammed later in life, by being rewired in accordance to environmentally 

generated patterns, learning (the electrical process triggered by synaptic activation in 

conjunction with the regulatory activity of cascades of genes) does not proceed by 
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 Ocular dominance columns are clusters of neurons present in the striate cortex of many mammals 

(including humans) that are particularly sensitive to inputs from one eye or the other. 
56

 Analogous findings have been observed in turtles and mice. Scientists have consistently demonstrated 

that embryonic vertebrate brains  instinctively produce neurons before their senses can enter in contact 

with the world (Coppinger & Coppinger, 2001), and that this self-generated activity enables those brains 

to refine their own pre-existing wiring (Wickett et al., 2000). 
57

 Here I would like to hint at a possible criticism of Marcus‘ view. Hochman (2013) has recently argued 

that a phylogeny fallacy (Lickliter & Berry, 1990) is committed when what looks like a proximate 

explanation is given as an evolutionary explanation in disguise. Even if there is not enough room in this 

paper to come to a conclusion on this issue, it is interesting to ask whether Marcus commits this fallacy 

here. When Marcus says that it makes sense (evolutionarily) to use prewired genetically-driven 

developmental strategies, and goes on with this claim without describing the proximate 

biology/neurology related to it, he could be committing the phylogeny fallacy. That is, he could be giving 

an evolutionary explanation that looks like it has proximate science supporting it, when it in fact does 

not. Thanks to an anonymous reviewer for the helpful suggestion. 
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overriding the internally generated structures but rather improves upon them, 

repurposing their distinctive functions. Prewiring thus becomes the keystone of Marcus‘ 

neo-nativism, what allows him to explain developmental flexibility and the plasticity of 

our cognitive functions, while hanging on to a nativist stance about the nature and 

structure of our minds.  

 

With this discussion of genetic activity and prewiring in place Marcus 

apparently manages to develop a reasonable middle ground position that is capable of 

accounting (even experimentally) for both innateness and developmental plasticity. 

Marcus is capable of doing this, so he claims at least, because he believes that a number 

of cognitive structures are inborn, emphasizes the importance of gene cascades in 

guiding and directing the developmental process, acknowledges the role of 

developmental plasticity in both brain organization and cognitive development, thinks 

that (in principle at least) everything can be rewirable, and so recognizes the role of 

very specific environmental exposure in moulding, forging, and sculpting the 

functioning of our brain.  

 

Marcus is right in many ways. He is right when he attacks strong 

instructionism
58

 and the hardwired account of psychological development related to it. 

He is right when he asserts that genetic activity is designed to respond to environmental 

cues in the course of natural development. He is right when he accepts the existence of 
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 Strong instructionism, according to Wheeler (2007), ―is the claim that what it means for some element 

to code for an outcome is for that element to fully specify the distinctive features of that outcome, where 

‗full specification‘ requires that the kind of exhaustive predictive power just indicated may, in principle, 

be achieved on the basis purely of what may be known about the putatively representational factor‖. 

(Wheeler, 2007, p.377). In the context of natural selection, strong instructionism therefore indicates the 

view that asserts that the genotype is the blueprint for the organism, the holy grail of biology, the recipe 

for development 
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a degree of plasticity in our brain. He is therefore right when he affirms that the 

environment can play a role in reprogramming our prewired predispositions. However, 

there are some elements (on which more below) that are missing from his proposal. 

Moreover, a fundamental question arises when we look at his neo-nativism: can the 

approach he is proposing still be considered as a form of nativism? There seem to be in 

fact many points of contacts and very few important differences (as we shall see in the 

next section) between Marcus‘ neo-nativism and moderate anti-nativist positions 

(standard neuroconstructivism, for instance). This observation invites me to think that, 

perhaps, in reconfiguring hardwired nativism, Marcus has pushed the nativist position a 

little bit too far and has ended up depicting it out of its recognizable form, thereby 

coming close in all but jargon to standard neuroconstructivism. In the next section I 

explain why. 

 

3. Is Marcus’ neo-nativism really a form of nativism? 

 

Standard neuroconstructivism, as we have seen in the brief preview in section 2, 

proposes a unifying framework for the study of cognition in neuroscience and explains 

the emergence of our cognitive architectures as by-products of the progressive 

organization that our brain structures undergo in response to both internal and external 

contingencies. Westermann et al., (2010) helpfully describe standard 

neuroconstructivism as the perspective that ‗characterizes development as a trajectory 

that is shaped by multiple interacting biological and environmental constraints‘ (p.724), 

whose guiding principle is the idea of context-dependent learning, within and between 

levels of organization. One of the fundamental aspects of (standard) 

neuroconstructivism is the acknowledgement that cortical activity, affected by 

environment, behavioural patterns, and a host of other influences can profoundly alter 
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our cognitive architectures. Thus, neuroconstructivism unlike traditional nativism does 

not prescribe the ontological priority of a specific level of analysis over another but 

rather calls for ―consistency between the neural and cognitive levels in characterizing 

developmental trajectories‖ (Westermann et al., 2007, p.76). Standard 

neuroconstructivists therefore posit the interrelatedness (on multiple timescales) of 

brain, body, and world, and argue that the interweaving of all these factors is equally 

important for brain development
59

. 

 

So, standard neuroconstructivists do not embrace a reductionist standpoint in 

which cognitive change can be explained solely on the basis of neural adaptation; but 

rather describe cortical specialization as the results of an intricate process in which 

constrained mental representations get reshaped via learning and experience-dependent 

activities. Crucial in this respect is the debt that standard neuroconstructivism owes to 

Piaget‘s theory of cognitive development (Piaget, 1953), according to which intellectual 

development goes through 4 fundamental stages (sensorimotor, preoperational, concrete 

operational, formal operational) and knowledge is the result of a progressive 

reorganization of mental processes that is determined by biological maturation and 

specific environmental experience. Thus, standard neuroconstructivists strongly 

emphasize the role of developmental plasticity and specific environmental exposure in 

the unfolding of our cognitive behaviour. Having presented the conceptual palette on 

which standard neuroconstructivists rely, I now want to investigate the relationship 

between standard neuroconstructivism and Marcus‘ neo-nativism. Let me begin by 

looking at how they diverge. I will then turn to the points of contact and will argue that 
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 There is a strong analogy between the neuroconstructivist idea of brain development and the concept of 

interactive constructionism (on which more in section 5 below) as proposed by Developmental Systems 

Theorists (Shea, 2011; Oyama et al., 2001, for instance) in evolutionary biology. 
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one (neo-nativism) could be accommodated within the richer framework provided by 

the other (standard neuroconstructivism). 

 

It is obvious that there are some differences between Marcus‘ view and standard 

neuroconstructivism. Even if both Marcus and standard neuroconstructivists broadly 

agree that in the context of brain development everything can in principle be 

‗rewirable,‘ they still fundamentally disagree on the importance of developmental 

processes in generating our cognitive architectures. More specifically, Marcus believes 

that 1) certain (quite a few) fundamental cognitive and anatomical structures are the 

result of domain-specific learning (although there is room for domain-general learning 

on his account, and this is how Marcus differs from hardwired nativism); 2) these 

structures remain as almost intact prewirings in the mature brain; and 3) gene cascades 

is what really matters in explaining their development. Standard neuroconstructivists, 

by contrast, think that 1) learning is essentially domain-general; 2) only a very restricted 

amount of cognitive functions develop independently of learning and experience; 3) 

nearly all prewired modules present in the brain at birth get rewired during the 

developmental process; and 4) not only gene cascades but rather gene-environment 

cascades are crucial to understand the developmental process. These differences lead us 

to the real source of disagreement between these two accounts; that is, the extent to 

which learning and experience is believed to impact on the development of the brain. 

So, the main difference between these two approaches is essentially quantitative, 

involving the proportion of cases in which there is a key role for learning
60

. For Marcus, 

it makes sense (evolutionarily) to use prewired genetically-driven developmental 
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 It is important to note that one of the insights that could be attributed to neuroconstructivists is that 

there are all sorts of developmentally important experiences that would not at all be construed as 

―learning‖ in the traditional sense (to choose just one example, perceiving patterned light binocularly has 

important effects on brain structure, but such perception would not ordinarily be considered a form of 

―learning‖). Thanks to an anonymous reviewer for pressing this point. 
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strategies (strategies that do not rely too much on learning, because learning is costly, 

and demanding) to guide and direct the development of our cognitive behaviour. For 

standard neuroconstructivists instead, it seems perfectly legitimate to affirm that the 

experience can play a major role in the developmental process because learning makes 

brain development more sensitive and adaptable to local conditions. 

 

Despite the disagreement on this critical issue, it nevertheless seems when we 

look at both accounts on a broader scale that neo-nativism and standard 

neuroconstructivism also share many important assumptions. First, both Marcus and 

standard neuroconstructivists recognize the existence of inborn mechanisms and 

predispositions; that is, both acknowledge the presence of cognitive constraints on 

development at birth. Second, both recognize (to a different degree) the role of learning 

and experience in the developing of our cognitive behaviour. Third, both accounts 

believe in rewiring. Fourth, both think of genes as crucial for brain development. Fifth, 

both approaches emphasize the crucial contribution of the environments and talk of 

gene-environment cascades. Sixth, both renounce hardwired (strong) nativism. Seventh, 

both views agree that the developmental data cannot be ignored. Eighth, both 

acknowledge the role of cortical plasticity in moulding our cognitive functions. Thus, 

both Marcus and the standard neuroconstructivists draw on a similar conceptual palette 

and hold analogous positions.  

 

This however leaves us with an important question: do these approaches really 

belong to different, antithetical traditions?
61

 It seems to me, given the many analogies 

                                                           
61

 This question has both an historical and a conceptual reading. The two approaches really and definitely 

do belong to different, antithetic traditions in terms of their history (and maybe sociology). However, I 

am arguing that despite this, they are (surprisingly) conceptually close. Thanks to John Sutton for 

pointing to this distinction. 
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just listed in the previous paragraph, that these views could be compatible overall, and 

that the differences one can find between them are due to a degree of emphasis, and are 

therefore comparable to those one could find, say, within two different approaches 

belonging to the same research paradigm. This however entails another, perhaps more 

important question: how can two explicitly divergent proposals (one nativist, the other 

anti-nativist) converge so as to share that many conceptual assumptions? I think there is 

a reason for this anomalous convergence: Marcus‘ neo-nativism (despite his attempt to 

magnify the differences) doesn‘t differ that much from moderate anti-nativist (standard 

neuroconstructivist) claims and I believe it could be accommodated within its richer 

theoretical framework. Marcus claims to be a nativist in public: ‘I've always been closer 

to the nativist side, thinking that there probably are sophisticated mechanisms built in. 

I've been persuaded by scientists like Chomsky and Pinker that we start with something 

interesting in the mind. We don't just start with a blank slate‘ (Interview with Gary 

Marcus, 2004a)
62

. In truth, however, little of a traditional nativist position (except the 

label) is left in his own proposal. Marcus‘ commitment to the biology of neurological 

development and his acknowledgment of the importance of developmental variation 

forces him into necessary compromises that bring him close in all but jargon to a 

standard neuroconstructivist account. Thus, while I agree with him on several points 

and considerations he makes (although I obviously disagree on others - on which more 

below), I find no compelling reason to classify his account within the nativist tradition 

and rather think that it can be inscribed within the richer, more encompassing, and 

better suited (standard) neuroconstructivist framework. 
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 It seems important to note that this is a straw-man version of the critics of nativism. 

Neuroconstructivists certainly do not believe that we have a blank slate. 

 



 

232 
 

So far, we have seen that Marcus and standard neuroconstructivists hold similar 

(though obviously not identical) positions and share many assumptions. On these 

grounds, I have argued that Marcus‘ neo-nativism could be accommodated within the 

richer theoretical framework provided by standard neuroconstructivism. Having 

claimed this, I now want to turn to the second main goal of this essay (the friendly 

revision of standard neuroconstructivism) and present my positive proposal in more 

detail. In the next section of this paper, I therefore concentrate on what I shall call 

―dynamic enskilment‖, the combination of developmental plasticity and constructive 

mechanisms of learning, with socio-cultural activities and patterned practices. By 

adding these elements to the standard neuroconstructivist framework presented earlier, 

and in particular, by focusing on the idea that differently wired brains are the results of 

engagement in different practices, I want to argue for a view (neo-neuroconstructivism) 

that acknowledges and takes on board all forms of possible construction throughout the 

lifespan.  

 

4. Neo-Neuroconstructivism and Dynamic Enskilment 

 

Before I go on to describe my positive proposal in more detail, let me briefly 

remind the reader of the overall aim and dialectic of this paper. The view I am 

endorsing (neo-neuroconstructivism) is not meant to wage an attack on standard 

neuroconstructivism but simply wants to revise it in light of a number of recent 

empirical findings in neuropsychology and cultural/social neuroscience. So, my 

proposal simply aims at adding another dimension (the dynamic enskilment) to the 

standard neuroconstructivist framework. In other words, there is nothing about the view 

I want to endorse that would make it hostile to standard neuroconstructivism - quite the 
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opposite. A genuine (standard) constructivist should like my view and especially its 

focus on dynamic enskilment. 

 

Standard neuroconstructivism characterizes development as a trajectory that is 

shaped by multiple interacting biological and environmental constraints, in which 

complex representations develop based on earlier and simpler ones. This increase in 

representational complexity is realized through a progressive elaboration of functional 

cortical structures, which are not selected from a constrained juvenile stock but rather 

emerge in an experience-dependent way. Standard neuroconstructivists thus argue for 

progressive elaboration of neural structures with earlier structures forming the building 

blocks for later structures. There is a sensitive period for learning for them then, in the 

sense that it is only if the early structures are in place that we can get the later structures 

since these build on what has occurred during the short phase-sensitive windows of 

opportunity that characterise childhood. This doesn‘t imply that the brain can‘t continue 

to change itself through learning at later stages but just that the ways in which it can 

change itself – the new structures it can build – are severely constrained by experience-

dependent activities undergone in early stages of life (Mareschal et al., 2007).  Thus, 

learning is (for standard neuroconstructivists) a constructive mechanism, realized by 

means of continuous changes operated on constrained cortical structures in early stages 

of life by experience dependent activities. This notion of learning lies at the very heart 

of the standard neuroconstructivist framework and is absolutely paramount to 

understand it. 

 

While fundamentally agreeing with standard neuroconstructivists on their 

characterization of learning as a constructive process, I nevertheless disagree with them 
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on the extent to which learning is taken to be constrained by experience-dependent 

activities undergone in early stages of life. In other words, I do agree with standard 

neuroconstructivists that early experiences constrain development; however, I disagree 

with them on the logical implications of their assumption that the constrained and 

rewired cortical structures acquired in early stages of infancy cannot be themselves 

dramatically rewired and (re)-constrained later in life. Evidence supporting my criticism 

comes from the work carried out by Jay Giedd and colleagues (2006; 2009), who 

recently demonstrated the existence of a second period of synaptic over-production 

(followed by relative pruning of redundant connections) during puberty. This second 

wave of synaptic over-production (in all respects analogous to the one that takes place 

in early childhood) constitutes a second window of opportunity for the developing 

child: it is characterized by an extremely high degree of cortical plasticity, and more 

importantly, allows the developing adolescent to re-mould and re-forge the constrained 

cognitive structures acquired during infancy, by preparing her or his brain to take on the 

challenges that lie in the adult years. The structural changes that rewire the adolescent 

brain take place in many different brain regions, however, according to Giedd three 

areas are consistently remoulded: the nucleus accumbens (mainly responsible for 

reward-seeking behaviour), the amygdalae (mainly responsible for memory and 

emotional reactions), and the prefrontal cortex (mainly responsible for decision making, 

personality expression, and social behaviour).  

 

Giedd‘s work thus provides good empirical evidence for adult neurogenesis, for 

a second period of synaptic plasticity during puberty, and more importantly for the 

possibility of rewiring already rewired and constrained cortical structures (the very 

same structures that were sculpted by experience-dependent activities during infancy) in 
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adolescence. Giedd‘s results confirmed other results found by neuroscientists (such as 

Sowell et al., 1999) at the beginning of the 2000s. Sowell and colleagues (1999) in 

particular used MRI to compare the brains of 12- to 16-year-olds to those of fellow 

peers in their twenties. They found that the frontal lobes, the areas of the brain that are 

responsible for crucial executive functions (such as self-control, judgment, emotional 

regulation, organization or planning), undergo the greatest change between puberty and 

young adulthood, growing considerably and reaching their peak between 10 (girls) and 

12 (boys). Sowell et al. also found that the temporal lobes, areas of the brain devoted to 

emotional control, processing of sensory inputs, and language comprehension do not 

reach their grey-matter peak until age 16. But there is more. Giedd‘s findings not only 

confirm previous results, they were also extensively replicated by other researchers 

(such as Paus, 2005; and Toga et al., 2006), who pushed the grey-matter peak well in 

the twenties. More recently, Lebel and Beaulieu (2011) also claimed that: ‗the body of 

the corpus callosum, cingulum, and inferior longitudinal fasciculus demonstrate 

prolonged increases, confirming post-adolescent maturation‘ (Lebel & Beaulieu, 2011, 

p. 10946). Together all these results show that the brain undergoes dramatic dynamic 

changes much later than we originally thought and that beyond childhood the brain 

manifests dramatic degrees of malleability, peaking during adolescence and continuing 

well into early adulthood. Maturity isn‘t therefore simply a matter of slipping software 

(learning) into existing equipment-quite the opposite; the hardware profoundly changes 

and these changes reflect signals from the environment. Adolescent plasticity, then, can 

be understood as a period of profound  changes in the both the structural and functional 

organisation of the brain  (Choudhury, 2010). 
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These findings offer some empirical evidence for the friendly revision of the 

standard neuroconstructivist framework I suggested at the beginning of my paper. 

These results in fact profoundly question the idea of hard constraints imposed on 

development by sustained experiences in early stages of life and along with that the 

standard neuroconstructivist assumption of a unique phase-sensitive window of 

opportunity confined to childhood. More direct evidence for the neo-

neuroconstructivism view I am after, however, comes from a series of neuroscientific 

studies in cultural and social neuroscience that have highlighted the need to add another 

dimension - the dynamic enskilment- to the standard neuroconstructivist framework 

outlined in precedence. It is to these studies that I now want to turn. 

 

Draganski et al., (2004) used brain magnetic resonance imaging to visualize 

learning-induced plasticity in the brains of trained volunteers who have learned to 

juggle from scratch for approximately 60 seconds without dropping a ball over a period 

of three months (Draganski et al., 2004, p. 311). In undergoing their experiment, the 

team conducted two scans on the subjects involved. First, the participants‘ brains were 

scanned without prior juggling skills. Then, they were scanned again after three months 

of intense and continuous practice. At this stage researchers were looking for changes in 

the distribution of brain matter as the jugglers learned their new skill. Using a specific 

quantitative measurement technique (morphometry), Draganski and co-workers, then 

compared the brain scans obtained from the trained jugglers with scans from non-

juggling control subjects. The experimenters found out that there were significant 

changes involved in the volume of grey and white matter in the brain of the jugglers, 

which in particular displayed a remarkable increase of the grey matter in brain area V5 

(a region typically devoted to the processing of visual movement). These results were 
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later confirmed in a follow-up study conducted by the same research group (Driemeyer 

et al., 2008), who found an increase in the grey matter in the occipital temporal cortex 

with juggling practice, but also showed that this increase in grey matter density was 

transient and progressively disappeared after a period (between 2 and 4 months) of non-

juggling practice. These findings are particularly instructive because they reveal the 

direct correlation (even on a short scale period) between skills and patterned practices 

(juggling skills in this case) and adult brain structural organization. 

 

Cultural and social activities, however, not only determine structural 

modifications in our brains but also affect the way they process relevant information. 

From neuroscience we know that there is evidence for dissociated digit and letter 

processing in our brains (see Jonides & Gleitman, 1972 - for instance). Despite this 

strong evidence, Polk & Farah (1998) designed an experiment to determine whether or 

not (extensive and repetitive) socio-cultural activities undertaken in adulthood could 

have an effect on this dissociation. They tested Canadian postal workers who spend 

eight hours on alternate days sorting mail by postal code. Unlike many other countries, 

in Canada postal codes are composed of both letters and numbers (for example L6Y 

2N4). This made these subjects perfect for the purpose of this study. The results the 

researchers found were fascinating: in comparison to their fellow postal workers who 

do not sort mail, Canadian mail sorters show significantly less behavioural evidence for 

segregated letter and digit processing (Polk & Farah, 1998). What we learn from this 

study is therefore that culture and social practises can deeply and profoundly affect 

neurocognitive processing and impact on the functioning of our brains, thereby 

continually rewiring any alleged pre-determined developmental outcome. 
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Further evidence attesting to the effects of skills and abilities on the recruitment 

and functioning of our cognitive architectures can be found when looking at recent 

neuroimaging studies conducted on musicians. Ohnishi and colleagues (2001) in 

particular compared the brain activation of expert musicians with that of non-musicians 

and found that while listening to the same piece of music (namely Bach‘s Italian 

Concerto), musicians and non-musicians displayed different areas of brain activation. In 

particular, subjects who were unfamiliar with classical music showed significant brain 

activity in the secondary auditory association area in the right temporal cortex, whereas 

the musicians showed brain activity in the auditory association area in the left temporal 

cortex and in the left posterior dorsolateral prefrontal cortex, the brain regions dedicated 

to the processing of language and working memory respectively (Ohnishi et al., 2001). 

This study, once again, reveals the power of rewiring and how specific skills and 

abilities can affect the processing and the functioning of our brains, determining very 

different (mostly culturally driven) neural responses even among conspecifics.  

 

Analogous results were also found in jazz musicians (Vuust et al., 2005). Vuust 

et al. (2005) demonstrated that ‗pre-attentive brain responses recorded with 

magnetoencephalography to rhythmic incongruence are left-lateralized in expert jazz 

musicians and right-lateralized in musically inept non-musicians‘ (Vuust et al., 2005, 

p.560). The authors, in particular, interpreted this left lateralization as reflecting the 

functional adaptation of the musicians‘ brain to a particular communication task (the 

production of music) that, for the musicians, was very much like a language
63

. Vuust et 

al. (2009) subsequently observed that jazz musicians compared to non-musicians also 
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 From neuroscience we know that the left hemisphere or side of the brain is responsible for 

language and speech production. It is probably this observation that has provided the authors with the 

idea of proposing their analogy between music and language production 
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show a larger and earlier MMNm response
64

 to unanticipated deviations in rhythmic 

presentations. This much larger and earlier response is probably due to the fact that 

these unanticipated rhythmical deviations are key elements in mediating 

communication when jazz musicians improvise (Vuust & Roepstorff, 2008; Roepstorff 

et al., 2010). So, it looks like the brains of professional jazz musicians react to rhythmic 

deviations more significantly and in a shorter period of time than the brains of non-

musicians, and that this happens because jazz musicians (as opposed to non-musicians) 

are routinely engaged in musical practices that continually involve these deviations and 

improvisations, and thus consistently redeploy the same neuronal patterns to make 

sense of them. This, once again, confirms the crucial role that cultural practices and 

social activities play in redirecting the development of our cognitive functions, even in 

adulthood.  

 

Where do all these findings leave us? Before I look at the relevance of these 

results for the views I presented earlier on in the paper, let me briefly connect them with 

the existing philosophical literature. I believe the notion of dynamic enskilment goes 

rather well with recent work conducted on cultural scaffolding in philosophy of biology 

(Sterelny, 2003) and especially with the apprentice learning model developed by 

Sterelny (2012). The apprentice learning model highlights the role of adaptations in 

contexts of learning and teaching. For Sterelny, human evolution is not driven by 

domain-specific modules, pre-determined responses to problems raised by the 

environment; rather, it depends on social cooperation, hybrid learning, communication 
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 The Mismatch Negativity (MMN) is a brain response to violations of a rule, established by a sequence 

of sensory stimuli (Näätänen, 1992). It can occur in any sensory system, but is typically studied 

for audition and vision. In the case of auditory stimulation, which is the one that is relevant for this study, 

the MMN occurs after a sporadic change in a frequent and repetitive series of sounds. For instance, a 

deviant and infrequent (p) sound can be interspersed among a sequence of frequent and repetitive (d) 

sounds (e.g., ddddddddddddd-p-dddddddddd-p-ddddddd-p-ddddddd...). 
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skills, foraging strategies, and on planning, development and intergenerational 

transmission of local expertise and technology. Thus, the apprentice learning proposal 

explains the development of human cognitive capital via high-volume, high-fidelity, 

large scale, reliable processes of cultural learning, and through cross-generation 

information pooling. A crucial role in the apprentice model is played by the notion of 

cultural inheritance - the generation by generation accumulation of information. 

Cultural inheritance is the result of the interrelations between cultural learning and 

information pooling. As the interrelations between these two processes develop, 

humans of one generation scaffold and transform  (via developmental plasticity) the 

learning environment of the next generation, thereby creating (via positive feedback 

loops) trans-generational exchanging of skills and practices that ultimately turbo boost 

their survival capacity and fitness in the long run. Thus, in combining (via cognitive re-

engineering) information from the social world with information from the bio-physical 

realm, the apprentice learning model configures itself as a process of learning (and 

rewiring) by doing (Farina, 2012). 

 

Understood within the mighty philosophical framework provided by the 

apprentice learning model those results on dynamic enskilment provide strong empirical 

evidence for the intimate dependence of human cognition (even in adulthood) on both 

socio-cultural environments and patterned practices. These results also highlight the 

power of brain plasticity in enabling the nervous system to successfully respond to 

environmental pressures, physiological changes, and personal experiences during both 

early adolescence and adulthood. Those findings thus invite us to partially reconsider 

the framework proposed by standard neuroconstructivism (Westermann et al., 2010), 

and also rethink the idea of a unique phase sensitive period for learning. Although 
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standard neuroconstructivists are right in asserting that the pre-specifications with 

which we come to the world are shaped and rewired in early stages of our lives by 

experience-dependent activities and (normally) cannot be so successfully changed 

thereafter because these early experiences constrain subsequent development, it 

nevertheless seems that these constraints on development shouldn‘t be understood as 

final, because  both social and cultural practices can still dramatically redirect both the 

development of our cognitive capacities and the functional organization of our brains in 

later stages of life. Culture and society, together with the brain and via cortical 

plasticity, provide the lifeblood to constructive mechanisms of learning, and these 

mechanisms are spread throughout our entire lifespan. In other words, developmental 

windows are not just developmentally determined in early childhood, but rather 

culturally, socially, and interactively co-constructed throughout the entire lifetime.  

 

The conclusion I draw from the two sets of findings mentioned above is 

therefore the following: standard neuroconstructivism remains overall valid as a 

framework for the study of cognition in neuroscience. However, it needs to be stretched 

further to fully account for the kind of plasticity found in adolescence and for the 

second window of opportunity observed in adulthood. More specifically, those results 

indicate that the constructivism of standard neuroconstructivism is a longer-term 

potential of the system, including cultural, developmental, and social elements, and not 

just (or only) a product of the human nervous system's immaturity.  
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5. Conclusion 

 

In this final section I would like to look more specifically at the implications of 

the previous results for both neo-nativism and standard neuroconstructivism. How do 

the findings reported above inform Marcus‘ neo-nativism?
65

 

 

Well, not only the apprentice learning model, but also the concept of interactive 

constructionism as developed by Developmental Systems Theory (Oyama et al. , 2001) 

might come in handy and offer us an interesting and powerful philosophical tool to pair 

with those results on enskilment I mentioned in the previous section. Interactive 

constructionism is basically the idea that biological development and evolution are 

driven by au-pair interactions between various resources (such genes, environments, 

and epigenetic factors) without any one interactant being the locus of control. So, by 

pairing this notion of interactive constructionism with the findings analysed in the 

previous section on neo-neuroconstructivism we eventually gain a better and richer 

glimpse into the evolution of our cognitive behaviour than if we were to rely 

exclusively on Marcus‘ neo nativist approach, where –remember- genes still maintain a 

priority over other developmental factors. In embracing this fully and truly 

developmental perspective we understand that the environments in which we live have 

a huge and profound (and by no means secondary) influence in initiating and 

orchestrating specific physiological processes and in organizing, both anatomically and 

functionally, our cognitive architectures. So, we learn that although the anatomical 

structures and the cognitive architectures that characterize our brains progress and 

develop through a common developmental path, they continually interact with each 
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 Although I have argued that Marcus‘ neo-nativism could be accommodated within the richer 

theoretical framework provided by standard neuroconstructivism, I haven‘t actually claimed that the two 

views are coincident. So, I believe it is appropriate to analyse these approaches separately in this final 

section. 
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other and with their environments to change each other's functions - as in a cascading 

waterfall, where the water changes the stream bed and the stream bed affects the speed 

and path that the water takes. From those studies we also understand that Marcus‘ idea 

of prewiring is indeed problematic and should be replaced with a broader understanding 

that instead emphasizes the power of plasticity and rewiring throughout the entire 

lifespan. Socio-cultural based activities in fact profoundly affect our mature cognitive 

architectures and what is pre-wired at birth get massively rewired (via patterned 

practices, culturally specific activities, and social engagements) later on. 

 

But how do the findings presented above inform standard neuroconstructivism? 

Standard neuroconstructivism is indeed sympathetic with the notion of interactive 

constructionism. However, (as we have seen earlier on) standard neuroconstructivism 

has failed to fully take into account the importance of plasticity, enculturation, and 

dynamic enskilment throughout the lifespan. The results mentioned above therefore 

seem to urge standard neuroconstructivists to update and revise their framework (see 

introduction for a quick summary), so as to accommodate the second window of 

opportunity for learning and the dramatic role that cultural practices and social 

engagements play not only in early childhood but also throughout the entire lifespan. 

So, the findings discussed in section 4 entail a friendly restyling of the standard 

neuroconstructivist palette.  

 

However, standard neuroconstructivists could resist this conclusion and object: 

the point about the second sensitivity window you made is a good point, which we 

failed to take into account (I grant you that) but it is just an empirical point in 

developmental neuroscience. How is that point philosophically relevant to our 
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framework? In other words, what is there in the theory or in the conclusions that are 

drawn from the theory that changes once we extend the sensitivity window? Couldn‘t 

the second window of opportunity and the findings you report in favour of the neo-

neuroconstructivist view (and in particular dynamic enskilment) be accommodated by 

just a minor tweak to the standard neuroconstructivist theory?  

 

This is a good objection, but there are ways to resist it. The theoretical 

framework to which these two research paradigms appeal is very different. One (the 

standard neuroconstructivist) looks at early infancy as the period in which the crucial 

learning takes place; the other (neo-neuroconstructivism) with dynamic enskilment 

proposes to investigate the effect of patterned practices and environmentally driven 

(cultural and social) activities throughout the entire lifetime and challenges the 

existence of a unique sensitive window for learning. Modularity theorists (such as 

Marcus, 2004a) have tried to appropriate constructivist ideas to account for the role of 

development. In particular, they have taken the existence of a unique sensitive period 

for learning to be fully compatible with the assumption that the innate predispositions 

with which we come to the world fully mature (in early infancy) in accordance with 

experience-dependent activities. Thanks to these experience-dependent activities, it is 

claimed, the modules‘ functions are tuned up and fixed in stone so that they don‘t 

change or change to a very limited extent later on in life. But here there is a question 

that needs to be answered. How can the nativists account for the existence of a second 

massive and dramatic window of opportunity in early adolescence?  

 

If those modules had fully matured in early infancy, and realized their functions 

and potentials through positive interactions with the environments, will they now 
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mature once more (after they have fully matured before)? Saying so would sound like 

an ad hoc hypothesis from someone who is trying to rescue theoretical claims to 

account for negative counter-evidence. Of course, such a hypothesis could still be made 

but then there would be other concerns to worry about. For instance, how many 

maturation periods should we expect to explain the development of our cognitive 

behaviour? None (as the original nativists envisaged), one (as everyone is prone to 

concede now), two or more (constant rewiring, as dynamic enskilment envisages)? And 

for how long does this maturation continue in our life? It seems the price to pay for 

accepting the second window of opportunity and the dynamic enskilment within the 

nativist framework would be too high for the nativist. It would in fact cause a collapse 

of the original nativist position into a much softer, non-nativist understanding. What 

would be left (if not the label) of the original nativist position when we push rewiring 

and development so well into adulthood? 

 

So, to answer the standard neuroconstructivist objection: the empirical point 

about the second window of opportunity and the impact of skills and cultural 

engagements throughout the lifespan is relevant to the standard neuroconstructivist 

framework. It is in fact paramount and instrumental to: 1) pose an original (yet 

unanswered) challenge to neo-nativist accounts of brain development; 2) move the 

focus of literature in a new direction, beyond mere ‗pre-wiring‘ and towards ‗rewiring‘; 

and 3) encourage attention on previously neglected life-stages of plasticity, which in 

turn provide significant evidence for the implausibility of neo-nativism. For these 

reasons, it seems legitimate to suggest a friendly revision of the standard 

neuroconstructivist framework along the lines envisaged by neo-neuroconstructivism 

and dynamic enskilment- that is, it seems mandatory for standard neuroconstructivism 
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to recognize all forms of possible scaffolding and construction in the lifespan rather 

than focus on (and privilege) one.  
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In this chapter I use the insights gained in chapter 4 (about the relations between 

neural plasticity, learning, and cognitive development) to build a more general 

framework capable of explaining plasticity phenomena (the variety of morphological, 

behavioural and physiological phenomena involving degrees of plasticity observed in 

humans) and argue that all these phenomena are types or varieties of phenotypic 

plasticity, which I define as the ability of a developmental system to change over time. 

In building such a framework, this chapter thus identifies six specific forms of 

phenotypic plasticity (immunological, morphological, physiological, neural, cognitive 

and cultural) and taxonomises them with respect to their cognitive status. It analyses 

differences and relations between these types of plasticity and then discusses the roles 

of genetic and non-genetic inheritance in achieving evolvability; that is, in modifying 

and transforming phenotypic plasticity across generations.  

 

The chapter also argues that cultural plasticity (Menary 2014) is a crucial non-

genetic, developmental channel for the trans-generational transmission and 

modification of phenotypic plasticity in humans. In so doing, the chapter provides an 

integrative framework for studying the impact of this kind of plasticity on human 

cognition. Crucially, this integrative framework represents the first step towards 

building a more general, multidisciplinary theory of plasticity that could be instrumental 

for better explaining and understanding some of the themes and topics analysed and 

discussed in the second part of this dissertation. 

 

I was the sole author of this paper. This paper was prepared for submission to a 

leading journal in the field (to be decided after examination). 
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Abstract 

 

I identify six types of phenotypic plasticity and taxonomise them with respect to 

their cognitive status. I analyse differences and relations between some of these types 

(neural, cognitive and cultural) and then discuss the instrumental role of genetic and 

non-genetic inheritance in modifying and transforming phenotypic plasticity across 

generations. I argue that cultural plasticity is a crucial non-genetic, developmental 

channel for the trans-generational transmission and modification of phenotypic 

plasticity in humans. In doing so, I provide an account of the fundamental contribution 

of this kind of plasticity to the evolution and development of human cognition. 

 

Keywords: phenotypic plasticity, cognitive development, evolution, cultural plasticity 
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1.Introduction 

 

Although the concept of phenotypic plasticity (broadly understood as the ability 

of a developmental system to change over time) has long fascinated scientists including 

neuroscientists (e.g., Hyatt-Sachs et al., 1993) and cultural anthropologists (e.g., Flinn, 

2007), in recent years this notion has been primarily studied in evolutionary biology and 

philosophy of science (e.g., Walsh, 2014; West-Eberhard, 2003; Pigliucci, 2001; 

Jablonka & Lamb, 2005).  

 

The notion of phenotypic plasticity was first used by Herman Nilsson-Ehle 

(1914) to describe an individual‘s ability to adapt to extreme environments by 

developing alternative phenotypes (e.g., how alpine plants adapt when exposed to lower 

altitudes). In 1945, Jean Piaget used the expression phenotypic accommodation to 

loosely describe the process by which an organism adapts itself to new surroundings, 

where this accommodation is not genetically determined. However, it was not until 

1965 that this concept properly entered the scientific literature. Bradshaw‘s 

‗Evolutionary significance of phenotypic plasticity in plants‘ is widely considered 

(Pigliucci, 2001) the first paper in which the notion of phenotypic plasticity is clearly 

discussed and carefully analysed. Bradshaw argued that phenotypic plasticity is realized 

by the alteration of the genotype‘s expression under the effect of environmental 

influences. ‗Plasticity is shown by a genotype when its expression is able to be altered 

by environmental influences. The change that occurs can be termed the response. Since 

all changes in the characters of an organism, which are not genetic are environmental, 

plasticity is applicable to all intragenotypic variability‘ (Bradshaw, 1965, p. 116). This 

is not the place to indulge in an historical overview of the concept of phenotypic 
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plasticity (see however Sarkar 2004 for an excellent historical summary). I focus only 

on how biologists and philosophers have understood this concept in recent years.  

 

Pigliucci (2001) defines phenotypic plasticity as: ‗the property of a given 

genotype to produce different phenotypes in response to distinct environmental 

conditions‘ (Pigliucci 2001, p.1 – see also Pigliucci et al, 2006). More recently Walsh 

(2014, p.228) argues that phenotypic plasticity is ‗the capacity of an organism to 

marshal its phenotypic repertoire in response to the challenges and opportunities it 

encounters‘. Phenotypic plasticity is therefore typically understood as the result of 

complex organism-environment interactions. However, as Pigliucci (2000) noticed, 

these interactions do not occur at one point in time. Rather, ‗phenotypic plasticity is a 

developmental process, and the reaction norms
66

 that we usually measure in the adult 

stage, or at reproductive maturity, are in fact the result of a positive feedback between 

environments and genes throughout the ontogeny of an organism‘ (Pigliucci 2000, p. 

371).  

 

A similar understanding is endorsed by Gilbert & Epel (2009) and Marie Jane 

West-Eberhard (2003, 1989). Gilbert & Epel (2009) write: this type of plasticity 

(referring to phenotypic plasticity): ‗makes it possible for environmental circumstances 

to elicit different phenotypes from the same genotype‘ (Gilbert & Epel 2009, ch. 1). 

 

In a similar vein, Marie Jane West-Eberhard (2003) defines phenotypic 

plasticity as ‗the ability of an organism to react to an environmental input with a change 

in form, state, movement, or rate of activity‘ (West Eberhart, 2003, p.34) and as the 

                                                           
66

 A reaction norm specifies a function relating environmental factors to phenotypic trait for each 

genotype. 
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capacity ‗of a single genotype to produce more than one alternative form of 

morphology, physiological state and/or behaviour in response to environmental 

conditions‘ (West-Eberhard, 1989, p. 249). 

 

All these authors describe phenotypic plasticity as a developmental process. In 

fact, it is safe to assert that these authors literally equate phenotypic plasticity with the 

process of development (West Eberhard, 2003, in particular) and define it as the sum of 

mechanisms and causes determining the ontogenetic changes that take place in an 

individual throughout the lifespan. 

 

It is important to notice, however, that these authors (and many others in the 

literature, such as Jablonka & Lamb, 2005) attempt to investigate the effects of 

phenotypic plasticity on evolution (species level). ‗….Elsewhere I have argued that 

developmental plasticity, or responsiveness to external and internal environments 

whether adaptive or not, can play an important role in evolution…‘ (West-Eberhard, 

2005, p. 610). Jablonka & Lamb (2005), in particular, compellingly show that 

phenotypic plasticity can occur in inter-generational contexts via non-genetic 

inheritance (more on this in section 4 below).  

 

The definitions I presented above construe phenotypic plasticity as a property 

of: (a) the genotype, (b) an organism, (c) a species. In order to forestall or preempt 

confusions I would like to briefly comment about the level at which phenotypic 

plasticity may apply. 
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Phenotypic plasticity is most frequently construed as a property of the organism 

(Walsh, 2014), therefore it applies to the individual level. In turn, it applies to the 

individual‘s genotype (the genetic makeup of an individual, Pigliucci, 2001). Because 

phenotypic plasticity also has an evolutionary reach, via genetic and non-genetic 

inheritance mechanisms (more on this in section 4 below), it has been also construed as 

reflecting the sum of evolutionary causes underlying and shaping/guiding the 

developmental process (e..g, West-Eberhard, 2003). Hence phenotypic plasticity also 

applies to the species level (West-Eberhard, 2005; Jablonka & Lamb, 2005). These 

different attributions, in my view, are not incompatible or contradicting one another – 

quite the opposite. They just reflect, I believe, different stances and perspectives on the 

phenomenon and are in the end required for a broader characterisation of it.  

 

From the brief discussion of the concept of phenotypic plasticity conducted 

above it is clear that despite different approaches to its study, there is a general 

consensus in the literature that phenotypic plasticity should be understood as a 

developmental capacity of living systems (DeWitt & Scheiner, 2004).  

 

What is missing from the literature, however, is a precise (multidimensional) 

taxonomy highlighting and foregrounding: (a). the different types or varieties of 

plasticity that characterise phenotypic plasticity and (b). the contribution of different 

forms or varieties of phenotypic plasticity to human cognition. In this paper I aim to 

provide such a taxonomy and with it a reflection of the importance of cultural plasticity 

for the development and evolution of human cognitive behaviour. 
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To achieve this goal, I begin (section 2) by discussing one of the most 

researched kinds of phenotypic plasticity in the literature; the notion of neural plasticity. 

Neural plasticity can be defined as the capacity of the brain to reorganize 

its neural connections in response to changes in behaviour and environment (more on 

this notion in sections 2 and 3 below). I demonstrate the crucial role accorded to neural 

plasticity in modern neuroscience by analysing three case studies (involving taxi 

driving, phantom limb and sensory substitution devices).  

 

Alongside this scientifically rigorous work, I also discuss some popular science 

treatment that have overhyped neural plasticity and overinflated its explanatory power. I 

argue that we should avoid the plasticity hype and suggest a number of constraints to 

inform both empirical research and theoretical speculations. Having done this, I go on 

to show the limits of an exclusive focus on neural plasticity for a proper understanding 

of human evolution and cognitive development. I claim that there are many other 

important kinds of phenotypic plasticity (besides neural plasticity) that are relevant to 

us humans and argue that these types of plasticity require careful systematization. 

 

In section 3, I define and taxonomise six major types of phenotypic plasticity: 

immunological, morphological, physiological, neural, cognitive, and cultural. I then 

organise these different types of plasticity along a different dimension - cognitive status 

(3.2). This is supposed to highlight the contributions of those six varieties of phenotypic 

plasticity to understanding human cognition. In section 4, I focus on the three varieties 

of phenotypic plasticity (neural, cognitive and cultural) that my previous analysis (3.2) 

has revealed as being of primary importance for understanding human cognition and 

reflect on their similarities and differences as well as the interrelations between them. I 
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then show how phenotypic plasticity is modified and transformed (via genetic and non-

genetic inheritance) into evolvability (the capacity of populations to evolve – 

Sniegowski & Murphy, 2006; Sterelny, 2007) and argue that cultural plasticity is a 

crucial non-genetic, developmental channel for the trans-generational transmission and 

modification of phenotypic plasticity in humans. In section 5, I discuss two case studies, 

involving arithmetical cognition and underwater vision that highlight the fundamental 

role of cultural plasticity in human cognition and provide empirical support for the 

argument I sketched in section 4. I conclude (section 6) by suggesting future research 

directions. 

 

2.Neural Plasticity: its nature and limits  

 

Neural plasticity is by no means a recent discovery (e.g., Cajal, 1894). Evidence 

about neural plasticity has been accumulating over the last century (Hebb, 1949; Wiesel 

& Hubel 1963; Eriksson et al., 1998; to mention just a few). It is therefore unsurprising 

that neural plasticity has been long viewed (in both psychology and neuroscience) as an 

important property of the brain at all levels and across all species.  

 

Neural plasticity (also known as brain plasticity or neuroplasticity) can be 

defined as ‗the changes in neural organization which may account for various forms of 

behavioural modifiability, either short-lasting or enduring, including maturation, 

adaptation to a mutable environment, specific and unspecific kinds of learning, and 

compensatory adjustments in response to functional losses from aging or brain damage‘ 

(Berlucchi & Buchtel, 2009, 123). In other words, neural plasticity is the capacity of the 

brain to reorganize its neural connections in response to changes in behaviour or 

environment. Neural plasticity is thus the ability of the brain to change through learning 
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and experience. It is not necessarily restricted to infancy, and is typically retained by the 

individual throughout the lifespan (Farina, 2014; Giedd et al., 2009; Baltes et al., 2006).   

 

The changes occurring in the brain take place mostly at the level of the connec-

tions between neurons. New connections can form or old ones can be rewired so that 

the overall organization of existing synaptic connections can change. This process 

typically leads to structural (anatomical) and functional (physiological) changes in our 

brains (Anderson, 2014, 2010, 2007; Menary, 2014).  

 

Recent neuroscientific research has confirmed the central role of neural 

plasticity in human cognition and highlighted how training and intensive practice can 

cause such changes (structural and functional)
67

. As an illustration of this consider the 

following case studies.  

 

In a widely discussed study, Eleanor Maguire and colleagues (2000) showed 

that extensive training in spatial navigation can result in increased size of the 

hippocampus; a seahorse shaped structure located next to the midbrain that, among 

other things, is involved in the consolidation of information from short-term to long-

term memory (Squire & Schacter, 2002) and in the representation of a person‘s current 

location and heading, or spatial cognition (Hartley et al., 2014). Maguire‘s research was 

conducted in London and the subjects tested were all taxi drivers, who varied 

                                                           
67

Any sharp and definite distinction between structural and functional changes in the brain is debatable 

and only usually reflects the methods used in the studies discussed. So, for example, the first study I 

discuss below (taxi driving) shows white matter changes and can be classified as a case of structural 

plasticity. The third (sensory substitution) highlights instead fMRI-based activation differences and can 

be loosely classified as a case of functional plasticity. This does not mean, however, that functional 

activation changes observed in SSD users are completely or necessarily independent of underlying 

structural changes (which aren‘t usually reported because fMRI doesn‘t provide evidence about the 

structural origin of the brain activation changes it allows us to observe). Thanks to David Kaplan for 

pressing this point. 
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significantly in the number of years of experience (Maguire et al., 2000). London streets 

are intricate and highly complex, and cab driving requires a considerable amount of 

‗improvisation‘. The cab driver has to find short cuts, needs to avoid traffic jams, and 

must be able to change routes on the fly as a function of the day of the week.  

 

Cab driving in complex cities such as London thus necessitates incessant 

retrieval of appropriate episodic memories and rather complex, strategic driving 

decisions. To find out whether or not extensive cab driving could cause structural 

changes in the brain, Maguire and colleagues performed magnetic resonance on the 

brains of London cab drivers and then analysed the volume of their hippocampi. 

Researchers found out that relative to the hippocampi of matched control subjects [non 

taxi drivers (Maguire et al., 2000) and bus drivers (Maguire et al., 2006), who drive the 

same number of hours but on rigid routes], the posterior portion of hippocampi of the 

cab drivers showed a substantial enlargement. This structural difference was likely 

related to cab driving because it was proportional with the number of years of 

experience as a taxi driver. This study is interesting because it shows how the overlap of 

and integration between long-term memory and spatial cognition, in response to 

environmental demands, can lead to local plastic changes in the structure of an adult 

human brain (Maguire et al., 2000). 

 

Consider next phantom limb pain. A painful feeling emanating from an 

amputated body region (phantom limb) is felt, at least intermittently, by between 50% 

and 80% of amputees (Ramachandran et al., 1998). Converging clinical and 

neuropsychological evidence reveals that amputation causes profound plastic functional 

changes in the sensory and motor cortices of the amputee (Anke et al., 2001; Flor et al., 
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2013). Several studies also report evidence of functional cortical changes in auditory 

and visual cortices in relation to both damage and training/change in use. One striking 

example in this context is the case of sensory substitution (Bach-y-Rita & Kercel, 2003; 

Farina, 2013; Kiverstein et al., 2014; Auvray & Farina, in press). A number of studies 

on sensory substitution reveal cross-modal recruitment and functional cortical 

reallocation (following extensive training) of the occipital cortex during specific 

perceptual tasks such as tactile perception, tactual object recognition, and sound 

localization (e.g., Auvray et al., 2007).These studies thus suggest that blind people can 

rewire their occipital lobe, normally recruited for vision, to perceive objects via other 

sensory modalities (Hurley & Noë, 2003). 

 

All these examples confirm the centrality of neural plasticity to contemporary 

neuroscientific research. They also show the importance of neural plasticity for the 

development of some of our unique cognitive functions. Alongside these case studies, 

which I take as examples of serious and grounded scientific practice, the study of neural 

plasticity has however also inspired a plethora of popular science books (e.g., 

Helmstetter, 2014; Hanson, 2013) that have transformed the notion of neural plasticity 

into a panacea to solve all sort of difficulties and problems that humans can encounter 

throughout their lives. These books hype plasticity and claim to teach their readers 

methods to rewire the brain to change attitudes, improve health and fitness, reach 

personal goals, overcome negativity, increase mental sharpness and clarity, and even 

promised to super-charge thinking through a set of strategies that help harness mental 

powers (Feldenkrais & Kimmey, 1992).  
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Even acclaimed researchers (such as Merzenich, 2013) have sometimes 

indulged in the hype. Merzenich (2013), for instance, in his most recent book pitched a 

particular subscription-based brain training program (Brain IQ - 

http://www.brainhq.com/) that he argues can teach a number of ‗scientific methods‘ to 

rejuvenate, remodel, and reshape the brain at any age.  

 

Studies of this type have led to the development of a fast growing brain training 

industry, which basically aims to make profits out people‘s fears and hopes. Particularly 

popular in past years was the Mozart effect – presented in a set of studies and books 

(e.g., Campbell, 1997) that led parents to play musical pieces to their infants in the hope 

that this will induce improvements on their mental development and spatio-temporal 

reasoning.  

 

At this point a number of questions naturally arise. How can we avoid, when 

studying neural plasticity, the rampant neuroessentialism
68

 that has become so dominant 

in contemporary popular science (Weisberg et al., 2008)? Otherwise put: how can we 

avoid falling for the hype and what sort of scientific evidence is required to make 

scientifically valid claims about our brains and their plastic nature? These are all 

difficult methodological and conceptual issues in both neuroscience and philosophy of 

science. I certainly don‘t have all the answers to these questions but can put forward a 

few basic suggestions (the list is inevitably incomplete) that might be helpful for any 

plasticity enthusiast willing to explore these issues further.  

 

                                                           
68

 The strategy of invoking evidence, or merely terms, from neuroscience to justify claims at the 

psychological level [see Stafford and Webb, 2006: http://mindhacks.com/2006/03/22/neuroessentialism/, 

last accessed June 2015]. 

http://www.brainhq.com/
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To avoid falling for the hype we certainly require serious scientific studies (like 

Maguire‘s), which make modest, testable, precise and accurate claims about the nature 

and scope of neural plasticity. When studying neural plasticity, and when relevant, we 

also need to clearly highlight the mechanisms through which it happens (e.g., 

homosynaptic mechanisms [Byrne, 1997], which involve changes in the strength of a 

synapse that are brought about by its own activity; heterosynaptic mechanisms 

[Christiakova & Volgushev, 2009], which involve changes in the strength of a synapse 

brought about by activity in another pathway; biochemical (molecular) mechanisms 

[Kandel, 2001] underlying protein synthesis, for instance) as well as the level to which 

it applies (individual, species). 

 

Additionally, when talking about the power of neural plasticity we also require 

more systematic and careful treatments of the questions of the range of kinds of neural 

plasticity, which is normally invoked to account for such diverse phenomena as 

neuronal changes, the growth of new neurons, or improvements in specific cognitive 

abilities after rehabilitation or training. Most importantly, we must be extremely careful 

in avoiding the empty usage of scientific terms from neuroscience to justify claims at 

the psychological level. So, we must avoid referring to the general notion of neural 

plasticity to explain all sort of changes (neural, cognitive, psychological etc.) that take 

place in our brains. 

 

Even if we do all this, however, and manage to avoid the hype, the study of 

neural plasticity on its own (although important when done properly) is unlikely to 

bring any revolutionary insights into the study of human cognitive development or 

evolution. This is because these phenomena are too complex to be understood by 
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studying just to one variety of phenotypic plasticity. Thus, an important way of 

improving and enriching our explanations of complex phenomena in which neural 

plasticity may be directly involved (such as the evolution and development of 

sophisticated cognitive abilities) is to identify the many different forms of phenotypic 

plasticity (besides neural plasticity) that may actively contribute (jointly or 

independently of it) to such phenomena. So, when studying neural plasticity it is 

mandatory to emphasise that this is only one of the many varieties of phenotypic 

plasticity observed in humans (more on which in section 3 below) and that the study of 

neural plasticity can benefit from being placed in context. In short, when discussing 

neural plasticity we need to keep in mind that there is more to phenotypic plasticity than 

neural plasticity. 

 

In this paper I use this important observation as a starting point and propose to 

push the debate surrounding the notion of phenotypic plasticity forward by providing a 

multidimensional taxonomy that highlights and foregrounds: (a) the different types or 

varieties of plasticity that characterise phenotypic plasticity, and (b) the contribution 

that these different forms or varieties of phenotypic plasticity make to human cognition. 

I then (c) show how phenotypic plasticity is modified and transformed across 

generations (via genetic and non-genetic inheritance) and (d) reflect on the role of 

cultural plasticity as a crucial non-genetic, developmental channel for the modification 

of phenotypic plasticity, thus highlighting its importance in the evolution and 

development of human cognition. 
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3.Phenotypic plasticity and its varieties: two taxonomies 

 

As we have seen above (section 1) the concept of phenotypic plasticity has been 

used as an overall description for all the various complex (developmental) mechanisms 

that together enable an organism to be plastic. What is missing from the literature is a 

clear multidimensional taxonomy capable of organising this complex and multifaced 

diversity.  In this section I thus taxonomise (3.1) six major types of phenotypic 

plasticity and briefly define them. I then organise these different types of plasticity 

along another dimension - cognitive status (3.2). This is instrumental to understand (and 

specify) the contributions of those six varieties of phenotypic plasticity to human 

cognition. 

  

The classifications that follow (Figure 1 and 2 below) draw from a wide range 

of disciplines (ranging from philosophy and evolutionary biology to cognitive 

psychology and developmental neuroscience) and are devised to be general enough to 

be used as a frame of reference by researchers.  

 

 3.1-Figure 1: Varieties of Phenotypic Plasticity 
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1) Immunological Plasticity. In the immune system of humans and vertebrate 

animals, immunological plasticity plays a fundamental role in generating new 

antibodies (large Y-shape proteins produced by plasma cells) in response to foreign 

proteins that have not been previously encountered by the individual. Thus, 

immunological plasticity, involving rapid mutation and recombination of these 

antibodies, is instrumental in screening off potential foreign pathogens, such as bacteria 

or viruses, preventing them from causing diseases (Bateson & Gluckman, 2011, pp. 42-

43). 

 

2) Morphological Plasticity. This form of plasticity can be defined as 

environmentally induced variation in growth, development, or appearance in both 

individuals and species. Filamentation (a mechanism instrumental for bacteria survival 

which consists in the anomalous growth of certain bacteria cells that continue to 

elongate but do not divide), is an example of morphological plasticity in the 

microscopic world (Justice et al., 2008). In this example the enabling environmental 

conditions observed typically include (among other things): oxidative stress and/or 

nutrient limitation. It has been shown that filamentous bacteria are normally sick or 

dying members of a given population (Costa et al., 2012). 

 

3) Physiological Plasticity. This type of plasticity refers to the chemical and 

metabolic changes in the functioning of an organism in response to changing 

environmental conditions. There are many forms of physiological plasticity spanning 

the entire lifespan of an individual. However, in this paper I focus on one only (what I 

call fetal plasticity), which occurs in pre-natal environments. I discuss this type of 

physiological plasticity because: 1. it has received a lot of attention in the literature in 
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recent year; 2. it involves genetic susceptibility or responsiveness to changes in pre-

natal environments and therefore highlights the power of epigenetic mechanisms in the 

development and evolution of human cognition (more on this as part of my discussion 

of non-genetic inheritance in section 4 below). The phenomena characterising this type 

of plasticity are nowadays studied under the paradigm of ‗developmental origin of 

health and disease‘ (Gluckman & Hanson, 2006). According to proponents of this 

paradigm the fetus adjusts its phenotype (e.g., metabolism and stress reactivity) in utero 

―on the basis of placental transferred maternal nutritional and hormonal cues about the 

outside world, as a means of optimally adapting to the conditions of the postnatal 

environment‖ (Pluess & Belsky, 2011, 31); a phenomenon referred to as Predictive 

Adaptive Response (Gluckman et al., 2005). The Dutch Famine in 1944-1945 is a good 

example of physiological (fetal) plasticity. In the winter of 1944-1945, the German 

occupation of the Netherlands resulted in a blockade that cut off food supplies for the 

entire nation. The whole population of the Netherlands was living at that time under 

severe caloric restriction (less than 1000 calories a day). Records kept by the Dutch 

allowed researchers to investigate relations between famine, gestation and birth 

outcomes during that particular winter. Results showed a link between gestational age 

at the time of famine and later disease risk for cardiovascular disease and high body 

mass index. 

 

4) Neural Plasticity. This type of plasticity, as we have seen in section 2 above, 

refers to the capacity of the brain to reorganize its neural pathways in response to 

changes in behaviour or environment. This process of reorganisation typically involves 

changes in the connections among neurons, which as we have seen above, can trigger 

both structural (anatomical) and functional (physiological) changes in our brains 
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(Anderson, 2014). Neural plasticity, as noted earlier, is strong during childhood - this 

explains the fast learning abilities of kids - but also remains a fundamental force and a 

significant lifelong property of our adult brains (Baltes et al. 2006). 

 

5) Cognitive Plasticity. Cognitive plasticity refers to adaptive changes in 

patterns of cognition related to brain activity (Greenwood & Parasuraman, 2010). These 

changes, caused by learning for instance or social interactions, can be either adaptive or 

maladaptive (Nava & Roeder, 2011).  Experiments in psychology have examined the 

cognitive changes occurring concurrently with behavioural training or social 

interactions (e.g., Jaeggi et al., 2008; Kramer et al., 2004) and demonstrated that 

cognitive plasticity can be, for instance, observed in the capacity of individuals to learn 

to solve problems in intellectual scenarios; scenarios where the success in performing a 

task is determined not by mere dexterity but rather by the appropriate deployment of 

relevant knowledge.  For example, ―learning to solve the Tower of Hanoi puzzle is 

challenging not because it requires learning to place disks on pegs (a perceptual–motor 

skill) but because it requires the discovery of effective strategies for moving disks to 

achieve a particular outcome (a cognitive skill
69
)‖ (Mercado 2008, p.110)

70
.  

 

6) Cultural Plasticity. This type of plasticity can be defined as an organism‘s (or 

group of organisms) ability to adaptively change its culture
71

 in response to changes in 

                                                           
69

 Cognitive skills can be generally defined as the complex set of abilities that an organism can acquire, 

improve and/or refine through practice, observational learning, inferences, predictions etc.. 
70

 I note that Mercado is dividing perceptual-motor skills from cognitive skills. This quote thus seems to 

point to a firm distinction between visual abilities and cognitive abilities. I disagree with Mercado‘s 

division between ‗perceptual-motor skills‘ and ‗cognitive skills‘ for the reasons I adduce below (section 

5). 
71

 This requires an account of what ‗culture‘ is. I try to offer such an account below. Let me however note 

that the concept of culture is notoriously very problematic and extremely difficult to pin down. For now, 

suffice it to say that my account of ‗culture‘ is one in which ‗culture‘ (or better certain aspects of it) can 

be changed by an individual organism. I understand, however, that many accounts of culture won‘t 

satisfy this requirement. 
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the environment. These environmentally induced changes may involve adaptive 

challenges, technical, organisational or managerial problems, etc.  

 

Cultural plasticity is typically realised through, at least, two basic mechanisms: 

(a). cultural norms and (b).technological advances. I discuss these two mechanisms in 

full in section 5 below.  

 

Cultural plasticity can be (for instance) found or observed in artistic, linguistic, 

pedagogical, political, sociological contexts, situations or activities that individuals (or 

groups of individuals) face/pursue while solving complex adaptive challenges (e.g., 

how to acquire a particular skill necessary for survival, when the skill requires –for 

example - the transmission [both intra and cross-generationally] of crucial knowledge 

or other expertise). The solution of these adaptive challenges often results in cultural 

inventions, innovations or in a range of other analogous events or activities that 

promote (for instance) economic advancement, social security or intellectual progress 

(collective cognition, more on which in section 4 below) in a given society.  

 

So, for example, in the two case studies I discuss in section 5 below, cultural 

plasticity operates (and can be observed) in: (a). the mental computations performed 

(while using a mental abacus) by expert East Asian practitioners (Hanakawa et al., 

2003), and in (b). the abilities of a seminomadic population of hunter-gathers living 

along the coasts of Myanmar and Thailand to read placards underwater (Gieslen, 2003, 

2006). In this paper I use these two case studies to provide support for my theoretical 

argument that proposes to understand cultural plasticity as a crucial non-genetic, 

developmental channel for the modification of phenotypic plasticity across generations.  
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Having taxonomised and briefly defined the major varieties of phenotypic 

plasticity observed in humans (Figure 1 above), I now organise them along another 

dimension: cognitive status (Figure 2 below). This will help us to better understand 

(and specify) the contributions to human cognition of each of the varieties of 

phenotypic plasticity.  

 

 3.2 - Figure 2: Varieties of Phenotypic Plasticity by Cognitive Status 

 

 

 

 

 

 

 

 

 

 

Although Edelman (1987) was attracted by the thought that the immune system 

could provide a model for understanding the mechanisms underlying learning, his 

claim, in my view, is incorrect. The plasticity of the immune system relies (heavily) on 

a selective process. By contrast, at the level of the organism, the process of learning that 

changes behaviour seems to be mostly instructional (Rogoff, 1990; Sterelny 2012; 

Wimsatt, 2014)
72

. True, instructional learning might comprise selective components; 

                                                           
72

 Instructional learning, which may comprise observational behaviours (such as imitation; see 

Tomasello, 1999), typically refers to learning undertaken under the guidance of a teacher (or model) and 

is associated with the learner‘s understanding of the difference in expertise between the learner and the 

teacher. This learning typically involves the teacher communicating generic knowledge to the learner, by 
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however, despite this general possibility immunological plasticity cannot be realistically 

said to bear (under normal developmental conditions) any major significant 

consequence for the cognitive status of an individual.  

 

The role of morphological and physiological plasticity is however more 

controversial and open to discussion. Although neither morphological nor physiological 

plasticity (at least as described above) can prima facie be said to significantly influence 

the development of our cognitive capacities, there are indeed many circumstances in 

which they do. Morphological plasticity in the form of physical adaptations (such as an 

increase/decrease of the average capacity of the braincase) can considerably affect (see 

transition in volume of the skull from Australopithecus to Homo Sapiens) the evolution 

of our cognitive capacities. Likewise, physiological plasticity, especially if underlying 

traumatic epigenetic events (such as stress during pregnancy) can play a crucial role, as 

suggested by recent research (Walder et al., 2014), in the emergence and development 

of cognitive disorders, such as autism. A number of studies have also revealed the 

existence of temperamental issues, problems with attention and even lower scores on 

measures of neural/mental development in infants that experienced maternal stress and 

anxiety during pregnancy (e.g. Huizinik et al., 2004). 

 

Neural, cognitive and cultural plasticity all play decisive roles in the 

development and evolution of human cognition. Both neural and cognitive plasticity 

underlie many of our sophisticated intellectual abilities and can be said to have allowed 

our species to create cultural environments, which were/are instrumental for generating 

always new kinds of knowledge (Dehaene, 2009) or for promoting social interactions 

                                                                                                                                                                          
constructing appropriate learning contexts to facilitate the learner‘s acquisition of novel behaviours and 

understanding (see also Csibra & Gergely, 2009; Kline, 2014).  
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among members of a given community. As such, there seems to be little doubt about 

their fundamental role in the development of our cognitive behaviour. Similarly, 

cultural plasticity, through cultural norms and technological advances and via processes 

of enculturation (Kiverstein & Farina, 2011) has a major epigenetic impact on human 

cognition (Donald, 1991) and can be certainly said to have played (via accumulation 

and transmission of relevant expertise or – for instance- by offering flexible solutions to 

adaptive challenges or technical problems) an equally decisive role in the production of 

human cognition.  

 

The intermediate conclusion we can draw from the systematization of the 

different types of plasticity I conducted in this section can be summarized as follows:  

 

 There are many different types of phenotypic plasticity (at least six) 

observed in our species; only three of these types however (neural, cognitive and 

cultural) play a decisive role and are thus more relevant for the evolution and 

development of human cognition. 

 

The multidimensional taxonomy provided in this section (Figure 1 and Figure 2 

above) also points to interesting differences and potential relations between these three 

latter types of plasticity. I explore these differences and relations in the next section of 

this paper. I begin my discussion with the differences and then focus on the relations. 

 

4.Neural, Cognitive and Cultural plasticity: Differences, Relations and Roles 

 

Neural plasticity is not equivalent to cognitive plasticity because it can often 

occur in circuits that do not subserve cognitive functions. One especially clear example 
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involves the activity-dependent modification of inhibitory synapses in central pattern 

generating neural circuits (Trevino et al. 2001). Inhibitory synapses in these circuits are 

subject to activity-dependent plasticity, but these neural circuits do not support 

cognitive functions. Instead, they support the production of rhythmic motor discharges 

underlying many repetitive movements including respiration, feeding, and 

locomotion
73

. 

  

Additionally, both neural and cognitive plasticity differ from cultural plasticity. 

To highlight this difference consider the following thought experiment. Imagine, in the 

context of future developments of modern medical–biological technologies (such as 

brain machine interfaces), the role that specific microchips or electrodes could play 

when implanted into the brain. These pieces of technological (culturally produced) 

wetware could lead to the formation of new neuronal pathways or brain connections (as 

in the case of sensory substitution discussed in section 2 above), which could change 

the functional organization of our brain and possibly enable the acquisition of new 

cognitive skills among individuals using them. 

 

This example involves a complex set of cultural activities including (for 

instance): (a) the political willingness to finance rehabilitative projects that help 

impaired individuals to overcome their deficits (this is cultural in the sense that it 

involves pedagogical, sociological and anthropological actions or decisions that are 

implemented cooperatively by members of a given society); or (b) the historical, 

biological, and technological know-how necessary to build these devices, which is 

typically realised through cooperation, scaffolding and processes of inter and 

intracultural exchange, etc. This set of cultural activities causes a culturally produced 
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 Thanks to David Kaplan and John Sutton for clarifying this point 
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artefact to adaptively change the neural organization of our brain (neural plasticity) 

potentially triggering adaptive changes in patterns of cognition (cognitive plasticity). 

Thus, in this situation we have a cultural artefact produced through a set of cultural 

activities [A] – cultural plasticity - that changes neural [B] and cognitive [C] plasticity. 

If however [A] changes [B] and [C], this means it cannot coincide with them (although 

it might share some properties or overlap with them in some cases). The above thus 

shows that cultural plasticity is a theoretically distinct phenomenon. 

 

Having clarified some of the differences between neural, cognitive, and cultural 

plasticity, I now investigate how these types of plasticity interrelate and what are their 

reciprocal relations.  

 

Above I stated that not all neural plasticity is necessarily cognitive. It is also 

true, however, that much cognitive plasticity ultimately depends on the presence of 

neural plasticity mechanisms (Quartz & Sejnowski, 1997). For example, Huttenlocher 

(2002) reports that the number of synaptic connections in the brain increases by at least 

10 times between birth and 24 months of age and that this increase is normally 

accompanied by a development of significant cognitive abilities (such as the ability to 

recognize oneself in photos or mirror, the capacity to remember experiences that 

occurred a few hours or days earlier, the development of intentional actions, etc..). This 

suggests there is a strong connection between these two types of plasticity (neural and 

cognitive). 

 

Similarly, it is important to notice that, although it is theoretically distinct from 

both neural and cognitive plasticity, cultural plasticity is often directly and strongly 
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linked to both of them; so much that in fact in most real-world cases that matter to us 

they are all linked, entangled and present. This is true, for example, for at least one of 

the case studies (involving mathematical cognition) that I discuss in full in section 5 

below, where a certain cultural ability (the capacity to carry out sophisticated 

calculations by using a mental abacus) is developed through the joint action of neural, 

cognitive and cultural plasticity.  

 

The ability in question (the capacity to carry out calculations by using a mental 

abacus) requires for its realisation specific political, pedagogical and sociological 

contexts and decisions, which directly influence the embodied practices of individuals 

using these abacuses (for example a political decision -which often relies on 

sociological and pedagogical considerations- is needed in order to establish abacus 

teaching methods at school). These embodied practices (via neural and cognitive 

plasticity) progressively shape the neural and cognitive abilities of the individuals using 

abacuses and, via technologically and historically scaffolded activities (such as the 

transmission of abacus expertise from generation to generation or the transmission of 

the necessary know-how for constructing abacuses), gradually constitute culturally 

plastic activities, such as the one at stake here. Thus, in this real-world case we can see 

how neural, cognitive and cultural plasticity intermingle and operate together. 

 

Having specified the relations between those different types of plasticity I now 

want to investigate how they can influence and affect the evolution of human cognition. 

As we have seen above phenotypic plasticity is fundamentally understood in the 

literature as an ontogenetic phenomenon with over-reaching evolutionary effects. In 

section 3 above I showed that this phenomenon comprises at least six different types or 
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varieties (immunological, morphological, physiological, neural, cognitive and cultural). 

In this section I analysed differences and relations between three of these varieties 

(those that are more important for human cognition). From my discussion of the 

differences and relations of the varieties of phenotypic plasticity it remains unclear how 

these different forms or types can modify phenotypic plasticity so as to achieve 

evolvability (an organism‘s capacity to generate heritable phenotypic variation‘ 

(Kirschner & Gerhart, 1998, p.8420). 

 

Despite a very general consensus on the reach and significance of the 

phenomenon; the very concept of evolvability remains rather elusive, possessing a 

variety of different meanings and implications (Sniegowski & Murphy, 2006). These 

different meanings and implications have led to the formulation of controversial 

definitions (which I don‘t report here), which have generated some conceptual 

diversity, or pluralism, about what exactly evolvability is (Brown, 2014). This, in truth, 

is not the place to analyse and reflect on such complex meanings and implications or to 

explore this pluralism and the rich varieties of definitions underlying it any further (see 

however Pigliucci, 2008; Brookfield 2009; Love 2003; or Sterelny, 2007 for interesting 

accounts). What I would like to do next instead, because it is more relevant to the 

purposes of this paper, is to use cultural plasticity to (partly) explain evolvability. 

 

Evolvability, as we have seen above, is concerned with evolutionary change and 

can be defined as ‗the tendency of a genotype or lineage to generate genetic variability 

and produce or maintain phenotypic variation over evolutionary time, enabling it to 

pursue diverse [not necessarily adaptive] evolutionary trajectories‘ (Schlichting & 

Murren, 2004, p.18). Cultural plasticity is the missing link between ontogenetic and 
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phylogenetic timescales. Thus, if we want to understand what cultural plasticity is and 

how it operates as a driving force for both phylogenetic and ontogenetic changes, we 

must study evolvability and understand how it is realised and achieved. Evolvability is 

realised through two different channels (genetic and non-genetic inheritance).  

 

Genetic inheritance can be defined as ‗any effect on offspring phenotype 

brought about by the transmission of DNA sequences from parents to offspring‘ 

(Bonduriansky & Day, 2008, p. 106). Genetic inheritance is one of the mechanisms that 

cause organisms to resemble their parents. In other words, genetic inheritance is 

responsible for genetic similarity between parents and offspring.  

 

Genetic inheritance is based on three laws (law of segregation, law of 

dominance and law of independent assortment), which were formulated by Gregor 

Mendel (1866/1901) in the mid-nineteenth century (see Bowler, 2003 for an extensive 

treatment). Mendel explained genetic inheritance in terms of discrete factors—genes—

that are passed along from generation to generation according to the rules of 

probability. Mendel‘s laws became the core of classical genetics (Morgan, 1915) and 

the genocentric view of inheritance (Johannsen, 1911), according to which genetic 

transmission is the only existing mechanism of inheritance, became the dominating 

theory of inheritance in biology (see Smith, 1993 for an historical overview).  

 

Nowadays researchers are well aware of the many problems that affect classical 

genetics and deny that genetic inheritance is the only existing mechanism of inheritance 

(Oyama et al., 2001; Kirschner & Gerhart, 2005). Thus, an increasing number of 

biologists (Uller, 2008; Gilbert & Epel 2009; Day & Bonduriansky, 2011; Danchin et 
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al., 2011 to mention just a few) suggest that genetic inheritance needs to be 

accompanied and supplemented by an external form of inheritance, which they call 

non-genetic or epigenetic inheritance. 

 

Non-genetic inheritance can be defined ‗as any effect on offspring phenotype 

brought about by the transmission of factors other than DNA sequences from parents or 

more remote ancestors‘ (Bonduriansky & Day, 2008, p. 106). Non-genetic inheritance 

encompasses a variety of mechanisms, such as the transmission of epigenetic variation 

(e.g., DNA-methylation patterns), and includes phenomena as diverse as maternal 

effects (Bonduriansky & Head, 2007; Badyaev & Uller, 2009; Badyaev, 2008), vertical 

(parent–offspring) and indirect (oblique) genetic effects (Mameli, 2004), niche 

construction (Odling Smee et al., 2003), and cultural inheritance (Tomasello, 1999; 

Jablonka & Lamb, 1998). Thus, non-genetic inheritance differs from genetic inheritance 

because it does not always require the transmission of DNA sequences. In other words, 

non-genetic inheritance plays a complementary and by no means secondary role in the 

evolution of an organism‘s body, behaviour, culture or ambient environment 

(Bonduriansky, 2012).  

 

Non-genetic inheritance is a mechanism that causes the intergenerational 

transmission of acquired (environmentally induced) traits.  Non-genetic inheritance can 

therefore be viewed as one of the two vehicles or channels (the other being genetic 

inheritance) through which phenotypic plasticity (and its forms) are modified and 

transformed across generations. This channel allows –for instance- for plastic responses 

in the parental generation to alter development in offspring, even if the offspring do not 

directly experience the inducing environmental factor. For this reason, non-genetic 
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inheritance has been often defined as a transgenerational form of phenotypic plasticity 

(Stotz, 2014; Shea et al., 2011; Uller, 2008).  

 

Environmentally-induced parental effects are special cases of non-genetic 

inheritance. As an illustration of this point consider the work of Gluckman & Hanson 

(2008), who have argued that the new obesity epidemic in human populations, which is 

driven by a change in diet, is influenced and deeply affected by events (such as 

maternal under nutrition, stress, or toxin exposure) that took place in the parental 

generation and possibly earlier on as well. 

 

So, non-genetic inheritance (like genetic inheritance) is a fundamental 

mechanism of evolvability (Laland et al., 2014), which allows extra-genetic factors and 

information to be specified in development so as to lead to adaptive phenotypes (Shea, 

2013).  

 

In short then non-genetic inheritance is instrumental for realising the 

modification and transformation of phenotypic plasticity across different generations.  

Figure 3 below describes this process. 
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4.1 - Figure 3: Modification/Extension of Phenotypic Plasticity
74

 

 

 

 

 

 

 

 

 

 

 

 

Having described the role of the two mediators (genetic and non-genetic 

inheritance) in transforming and modifying phenotypic plasticity so as to accomplish 

evolvability, I can now focus on highlighting the role of cultural plasticity as a crucial, 

non-genetic, developmental channel for the transgenerational modification of 

phenotypic plasticity in humans, thus exploring its constructive power in the 

development and evolution of human cognition. 

 

Earlier in this paper, I defined cultural plasticity as the overlapping of several 

different culturally driven actions, not necessarily occurring at the same time (see 

section 3 above for a list of these activities). I justified the need to treat cultural 

plasticity as a theoretically distinct form of phenotypic plasticity by showing how it 

differs from other varieties of phenotypic plasticity (namely neural and cognitive) that 

are also important for understanding human cognition (see beginning of this section). 
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 Thanks to Karola Stotz for helping out with the table 
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So, I have demonstrated the necessity of understanding cultural plasticity as an 

independent form of phenotypic plasticity. 

 

Next, I want to show why cultural plasticity is a crucial type of phenotypic 

plasticity for our species and why its contribution is absolutely necessary to human 

cognitive evolution. To do so I briefly summarise recent work on evolution of cognition 

and then go on to analyse the role that cultural plasticity plays in it. 

 

Tomasello (1999, 2014 - see also Tomasello and Rakoczy, 2003) argued that the 

capacity for collective cognition is what makes us distinctively humans, and so different 

from other animals. He writes (2008):  

 

‗human beings have evolved to coordinate complex activities, to gossip and to 

play act together. It is because they are adapted for such cultural activities — 

and not because of their cleverness as individuals — that human beings are able 

to do so many exceptionally complex and impressive things‘.  

 

This point is also made by Merlin Donald (2001), who argues:  

 

‗[T]he book proposes that the human mind is unlike any other on this planet, not 

because of its biology, which is not qualitatively unique, but because of its 

ability to generate and assimilate culture. The human mind is thus a ―hybrid‖ 

product of biology and culture‘ (Donald 2001, p.xiii). 
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Thus, according to Tomasello and Donald the reason we have evolved such 

powerful hybrid minds lies in the fact that we have given up the isolation, or solipsism, 

of all other species and entered instead into a collectivity of mind. Similar 

considerations are also made by Sterelny (2012, 2003), Heyes (2012) and Boyd & 

Richerson (2009), who all emphasise our capacity for cooperation and our  unique 

ability to be invested with the wealth of knowledge created/invented or developed by 

previous generations of humans. 

 

So, the real difference between humans and other animals lies in our capacity 

for cooperation (Sterelny, 2012; Tomasello, 2009) and in the ability to produce 

‗collective culture‘, a form of cognition whereby individuals enter into complex social 

interactions with the goal of embracing specific social norms and conventions. In other 

words, a non-human animal‘s cognition (however intelligent the animal) rarely escapes 

the boundaries of its own embodiment.  By contrast, humans -from infancy- are 

exposed to a vast cultural storehouse of knowledge, social relations and expertise that 

have developed over many centuries, possibly millennia.  This storehouse of knowledge 

and expertise is readily available to them and can be acquired (taught or autonomously 

learned) over their lifetime. Crucially, this knowledge is not just available or accessible 

(in the sense of being simply stored) but it is also modifiable; that is, it is continually 

scaffolded (Sterelny, 2003), cooperatively enriched and ultimately passed over to other 

generations (McElreath & Henrich, 2007), so that those skills and knowledge never die 

with the single individual. In this way: ‗informational resources needed for adaptive 

human action can be built incrementally, by evolution-like processes, through a 

combination of canalised and hence accurate vertical transmission and through niche 



 

289 
 

construction, where the group as a whole collectively engineers the learning 

environment of the next generation‘ (Sterelny, 2006, p.144). 

 

In short then, what truly makes us humans unique is the capacity for collective 

cognition, which is rooted in our ability to coordinate complex activities/events in 

cooperation and in the capability to adapt to various cultural environments and 

practices. These capacities, I argue, are however based on cultural plasticity and on its 

transformative constructive power, which is normally realised through -at least- two 

mechanisms (a. cultural norms, and b. technological advances).  

 

a. Cultural norms are behaviour patterns that are typical of specific groups 

(Ehrlich and Levin, 2005). Thus, cultural norms are unique to specific 

societies, meaning different societies have different cultural norms (e.g., the 

belief in a particular God or set of Gods) - although it is important to note 

that some cultural norms are also shared across societies (the belief in the 

existence of God/s, for instance). These cultural norms are the ‗historical 

memory‘ of a society and are generally embodied (in the form of habits, 

customs, beliefs and traditions) in the individuals belonging to that particular 

society, so as to produce behaviours and/or practices (e.g., ritual 

communities), which can trigger (via culturally scaffolded actions, such as 

political, sociological, pedagogical decisions) forms of cooperation (e.g, 

medieval monasteries) that ultimately lead to cumulative collective 

cognition (Lundhaug, 2014) and/or other advances in that particular society. 
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b. Technological advances are also very important sources of social change in 

a society (Hughes, 2004). Technological advances (such as computers or 

smartphones) have indeed revolutionised our lives. These advances, like 

cultural norms, are profoundly embodied in our societies (think of how 

pervasive the use of computers has become in the last few decades). They 

are also cooperatively scaffolded. This means they are the result of complex 

cumulative socio-anthro-bio-historical actions, which lead to culturally 

plastic activities (e.g., transmission of expertise, development of know-how 

etc.). It also means they lead to new developments that increase our capacity 

for cumulative collective cognition (think for instance of how computers and 

internet have improved our capacities for communication or afforded new 

dimensions for learning – Norman, 2010). 

 

Thus, it is through the non-genetic (fully developmental) channel of cultural 

plasticity, which most prominently operates through cultural norms and technological 

advances, that we humans most often transform and modify phenotypic plasticity across 

generations, so as to achieve stable (long-lasting) and cognitively beneficial 

evolutionary effects. 

 

In the next section of this paper I analyse two case studies (involving arithmetic 

cognition and underwater vision) that highlight the crucial role of cultural plasticity in 

the evolution and development of human cognition and therefore provide empirical 

support for the theoretical argument I sketched in this section. 
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5.Cultural Plasticity: two case studies 

 

The two case studies I present in this section (involving arithmetic cognition and 

underwater vision) are concerned with groups of individuals and highlight the role of 

cultural plasticity as a crucial channel of non-genetic inheritance for the modification 

and transformation of phenotypic plasticity across generations but also function as a 

springboard for understanding the important contribution of this kind of plasticity (and 

of embodied skills) to the evolution and development of human cognition. 

 

Consider first the case of arithmetical cognition. In East Asian countries (such 

as China, Taiwan, and Japan) it is still customary for children to perform arithmetical 

tasks with an abacus, whose functioning is still taught in all elementary schools. Abacus 

users typically learn to move an array of beads to represent numbers and thus to 

perform specific arithmetic operations. Expert users (as opposed to naïve users) can 

perform quite sophisticated operations with apparent ease. A number of cognitive and 

developmental psychologists have tried to understand and examine what happens in the 

brain of abacus experts while they solve complicated arithmetic problems. Japanese 

neuroscientist Giyoo Hatano advanced the idea that abacus experts (while performing 

mental calculations) gradually acquire a mental representation of the abacus they use 

and operate on that very representation (Hatano & Osawa, 1983).  

 

Building up on this previous work, Hanakawa and colleagues (2003) conducted 

an fMRI study and investigated the neural implications of the mental abacus hypothesis, 

as formulated by Hatano. If abacus experts really use a mental abacus to perform 

mental computations, the researchers thought, then these users should engage parietal 

regions of the brain because these regions are prominently linked to visuo-spatial 
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processing (see Kitayama & Park, 2010 for an interesting review of abacus use in Asian 

countries). With this research question in mind, Hanakawa and colleagues then asked 

abacus masters, intermediate users, and naïve users (all of Japanese nationality) to solve 

different arithmetic problems using mental calculation and observed their patterns of 

brain activations. The data they were able to gather suggest that naïve users, during 

mental computation, display activations in motor cortices as well as in areas involved in 

linguistic processing (typically Broca‘s area). Intermediate abacus users, however, show 

a significant activation of the left parietal lobe (an area devoted to processing 

mathematical problems and understanding symbols), whereas in abacus experts this 

parietal activation was reported to be bi-lateral (so it was even more pronounced). 

Furthermore, the parietal activation was systematically greater as a function of the 

number of digits involved in the mental computation, thus indicating the crucial 

involvement of the parietal lobe in arithmetic processing.  

 

Tanaka et al. (2002) also showed that abacus masters (as opposed to naive users) 

recruit areas related to visuo-spatial working memory, including the bilateral superior 

frontal sulcus and superior parietal lobule; and  exhibit superior short-term memory for 

digits. Findings like this suggest that people (even of the same nationality) can carry out 

the same tasks by recruiting different neural components depending on training and on 

their social cultural backgrounds and that these backgrounds profoundly affect their 

capacities to solve complex tasks. Additionally, these results also suggest that the nature 

of these activities is highly cultural because both the artefacts and the techniques 

involved in the process are the results of complex historically, sociologically, 

pedagogically, and technologically driven actions that are scaffolded cross and inter-

generationally. These findings therefore show how functional structures of the adult 
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brain can be changed by cultural activity in a manner that is directly comparable to how 

exercising in the gym can build muscle and turn the body into a cultural artefact 

(Mithen and Parsons, 2008). 

 

For a more precise discussion of the nature of the neural, cognitive, and cultural 

plasticity involved in this case study and of how the three types of plasticity relate 

specifically in this example, please refer to the beginning of section 4 above. In what 

follows I would like to specify how the mechanisms underliying cultural plasticity 

operate in this case study and what this can tell us about the link between cultural 

plasticity and evolvability. 

 

In the abacus case presented above, the mechanisms of plasticity involved are 

both cultural norms and technological advances. These two mechanisms intermingle in 

the successful production of a cultural technological artefact (the abacus) and of cultural 

practices or norms (teaching methods based on customs and tradition, for instance) that 

results in the production of a collective and sophisticated cultural cognitive capacity 

(the ability to carry out complex calculation via a mental abacus). This case study also 

nicely shows us the link between cultural plasticity and evolvability, in that it reveals 

how culturally scaffolded activities can be transmitted (cross and inter-generationally) 

and hence change the way a specific populations of individuals evolves/responds to a 

particular challenge (the requirement of doing complex calculations). 

 

Another interesting case study involves the Sea Gypsies, a seminomadic 

population of hunter-gathers, who lives along the coasts of Myanmar and Thailand. As 

a water tribe, members of this group learn to swim before they even learn to walk, and 
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live more than half of their lives in boats on the open sea, where they are often born and 

die. The Sea Gipsies survive, and have done so for centuries, by harvesting (without 

masks or scuba gear) shellfish, sea cucumbers, and other morsels of marine life on the 

ocean floor.  

 

Studies on this population have revealed that members of this group possess a 

superior capacity for underwater vision. It is known that the water and the human eye 

have very similar refractive indices. This means that the light fails to bend and properly 

focus on the retina when we try to see underwater. The result is that human vision is 

blurred under sea. Swedish researchers (Gislen et al., 2003, 2006) set out to study the 

Sea Gypsies' ability to read placards underwater. Although they found no differences in 

the children's respective eye structures (no particularly unique genetic endowment) or in 

their vision on land, they observed that Sea Gypsies‘ kids were more than twice as 

skilful in reading placards under water than European children. What set apart the 

Gypsies, according to Gislen and colleagues, was their capacity to accommodate or 

better muscularly change the shape of their eyes lenses and, more importantly, to 

control the size of their pupils
75

.  

 

Human pupils reflexively get larger under water, and pupil adjustment has been 

thought to be a fixed, innate reflex, controlled by the brain and the nervous system. The 

results obtained by these researchers undermine this thought and instead show that the 

                                                           
75

 Some philosophers (Pylyshyn, 1999; Fodor & Pylyshyn, 1981) see vision/perception and cognition as 

separate categories. I disagree with this interpretation. Visual/perceptual abilities and cognitive abilities, I 

argue, usually overlap. The reasons I defend this claim are grounded in research conducted on embodied 

cognition (Hatfield, 2009; Prinz, 2002), which shows the reciprocal ways in which our perception of the 

world influences our decisions, beliefs and actions and it is, in turn, reinfluenced by our knowledge of the 

world we perceive. Furthermore, research conducted on concept acquisition has shown that processes of 

inference and categorisation, which are normally associated with cognitive abilities, have their roots in 

perceptual systems (Barsalou, 1999) and that perceptual and cognitive processes often possess similar 

underlying mechanisms (Pecher et al., 2004; Tacca, 2011). This is good empirical evidence to support my 

claim.  
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capacity of Sea Gipsies to see underwater is (presumably) the product of a series of 

socio-cultural, non-genetic, deeply embodied practices (repeated everyday activities) 

that have been cooperatively tested (e.g., the best method for diving without gear) and 

positively transmitted (taught or learned, thus scaffolded) across different generations 

over evolutionary time. 

 

In this example, we have two types or varieties of phenotypic plasticity 

involved. These are cognitive and cultural plasticity. The study did not find neural 

changes in the brain of the Sea Gypsy divers after learning the technique
76

. On these 

grounds no neural plasticity can be said to be involved in this case; however, the 

cultural ability in question (the capacity to read placards underwater) is one that 

certainly requires a degree of cognitive plasticity, which is dependent upon successful 

skill acquisition and is achieved via deeply embodied practices (repeated everyday 

activities). These embodied practices (involving scuba diving, spear fishing and 

snorkeling) are bodily centred and cultural in character, being the results of complex 

biological-pedagogical actions (e.g., teaching individuals how to perform these tasks 

when diving without scuba gear) that –transmitted inter and cross-generationally (thus 

also historically) among members of the community- have led to the successful 

development of the ability in question (superior underwater vision).  

 

As for the mechanisms of cultural plasticity involved in the study, there seems 

to be only one of such mechanisms at stake (cultural norms). These cultural norms take 

the forms of deeply embodied practices (the best way to dive with open eyes), which 

are then socio-culturally and cooperatively scaffolded and/or actively tested, so as to 

                                                           
76

 It may still be nevertheless possible that some (minor) degree of neural plasticity might be involved in 

muscular control over pupillary contraction.  
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yield the desired cognitive cultural capacity (the ability to read placards underwater). 

With respect to the link between cultural plasticity and evolvability: this case study, 

once again, highlights the evolutionary dimensions of cultural plasticity. This study in 

fact nicely shows that deeply embodied practices are not only cooperatively scaffolded 

ontogenetically but also positively transmitted cross-generationally, so as to improve 

the chances of survival of the next generation. Seeing underwater with no gear in a 

relatively hostile and harsh environment is in fact fundamental for the Sea Gypsy, as it 

guarantees independent ability of gathering food and also allows for a basic yet reliable 

source of income. 

 

Before I wrap up this paper I would like to briefly discuss the transformative 

power of cultural plasticity, which I have hinted at earlier. Cultural plasticity, through 

its active involvement in specific patterns of practices and culturally inscribed 

variations has an immense epigenetic impact on the human mind (Donald, 1991). 

Studies like those presented above that describe how social processes of enculturation 

and reiterated embodied practices lead to the acquisition of new skills/expertise and/or 

to substantial changes in neural circuitry/perceptual ability of groups of individuals 

highlight – in a nice empirical way- this unique transformative power.  

 

These studies show the important relations and points of contacts between 

cultural plasticity and other crucial forms of phenotypic plasticity (such as neural and 

cognitive plasticity) that play a major role in the production of human cognition. 

Furthermore, the examples discussed above also highlight the mechanisms by which 

cultural plasticity operates (cultural norms and technological advances) and their role in 

the production of sophisticated forms of collective/cumulative cultural cognition. 
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Finally, these case studies highlight the profound link between cultural plasticity and 

evolvability, by exemplifying the crucial (developmental, non-genetic) role of cultural 

plasticity in linking ontogenetic and phylogenetic dimensions of plasticity. That is, 

these findings demonstrate how the developmental and ontogenetic changes triggered 

by experience-dependent activities/ embodied practices can, via cultural plasticity 

become phylogenetically relevant to our species and thus enable specific phenotypic 

adaptations over evolutionary time. 

 

6.Closing Summary 

 

I began this article (section 1) with an historical overview of the notion of 

phenotypic plasticity and examined how this notion is understood by contemporary 

researchers. I analysed one of the most researched varieties of phenotypic plasticity in 

the literature (the notion of neural plasticity) and warned the reader against attempts to 

overhype neural plasticity or inflate its explanatory power. I argued that even if we 

manage to avoid the hype the notion of neural plasticity on its own is unlikely to bring 

any decisive insight into our understanding of the development and evolution of human 

cognition and claimed that if we want to truly understand this phenomenon, the 

discussion of neural plasticity needs to be accompanied and supplement by a more 

widespread treatment of the other major types of phenotypic plasticity observed in 

humans (section 2). 

 

To provide such a treatment (section 3), I taxonomised and briefly defined (3.1) 

six different types or varieties of phenotypic plasticity (immunological, morphological, 

physiological, neural, cognitive and cultural). I then organised these different varieties 

of plasticity along another dimension: cognitive status (3.2). I went on to examine 
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(section 4) the differences and relations between neural, cognitive and cultural plasticity 

(the most significant varieties of phenotypic plasticity for human cognition) and 

investigated the mediatory roles of both genetic and non-genetic inheritance in 

modifying phenotypic plasticity so as to accomplish evolvability. I provided a 

theoretical argument for the crucial transformative role of cultural plasticity in the 

development and evolution of human cognition: that is, I argued that cultural plasticity 

is a crucial non-genetic, developmental channel for the transgenerational transmission 

and modification of phenotypic plasticity in humans. I then offered empirical evidence 

(section 5) to back up my argument and reflected on how the studies I discussed 

provide support for it.  

 

It is hoped that this paper will broaden philosophical interest in plasticity and 

provide new theoretical grounds for more detailed taxonomies and explorations into 

these rich and complex set of phenomena.  
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1. Closing Summary 

 

In this dissertation I tried to develop an integrative framework for the 

explanation of the relations between plasticity, enculturation, embodiment and 

cognition. The main result I have achieved in this thesis is to link together all these 

concepts and phenomena through the theoretical analysis of a series of empirical case 

studies (involving sensory substitution devices and embodied/enculturated skills). This, 

I believe, has enriched our understanding of these concepts and phenomena and perhaps 

even shed new light on their relationships and on their relevance for work conducted at 

the intersection of philosophy of mind, philosophy of biology and philosophy of 

neuroscience. 

 

In part I, I looked at the neuroscience of sensory substitution and used results 

drawn from it to complement my philosophical analysis of issues related to philosophy 

of perception. More specifically, I explored the relations between sensory substitution 

devices, echolocation and synaesthesia, and shown how skilful SSD usage (achieved 

through embodiment) can exploit the plasticity of our brains to bring about changes in 

our neural circuitry, which sometimes enhance and augment both cognitive and 

perceptual skills. This process of enhancement, I have argued, leads the proficient 

(well-experienced and well-trained) SSD user (typically a visually impaired subject) to 

the acquisition of a brand new sensory modality, which - I suggested - cannot be fully 

reduced to that of any existing sense or any combinations of existing senses. 

 

In part 2, I used insights gained from developmental psychology and 

evolutionary biology to complement my philosophical analysis of plasticity and of 

issues related to processes of enculturation. I explored the role of embodied/ 
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enculturated skills in learning trajectories, the contribution of plasticity towards human 

cognition and its potential relevance to debates about nativism/anti-nativism in 

cognitive science. I also investigated the crucial role of culture in the evolution and 

development of human cognition and argued that cultural plasticity is a crucial non-

genetic channel for the transgenerational transmission and modification of phenotypic 

plasticity across generations.  

 

The most important achievement of this dissertation, however, probably lies in 

its deeply interdisciplinary nature and in the fact that I drew the material I used for my 

arguments from very different disciplines and research traditions. This, I believe, has 

contributed to broaden the reach and scope of this work. That said, however, there are 

surely many limits and shortcomings in the research presented in this thesis. I address 

some of them in the next section of this final chapter. 

 

2. Limits of this Research  

 

Having summarised the main contribution of this thesis, I next would like to 

briefly note limits and potential shortcomings of the work presented in this dissertation.  

 

The framework I developed for the explanation of the relations between 

plasticity, enculturation, embodiment and cognition -although coherent- is surely partial 

and perhaps even incomplete. Besides the limits affecting my own research abilities, 

which I am happy to recognize, a reason I could adduce to perhaps justify the partial 

incompleteness of the framework I develop here lies in the observation that the 

problems, themes, conceptual issues and research questions I tackle in this thesis have 

been largely overlooked in the relevant philosophical literature. Phenomena and 
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concepts like plasticity, sensory substitution, synaesthesia, echolocation, 

embodied/enculturated skills or cultural practices/artefacts haven‘t received (as we have 

seen in the introduction) proper attention by the philosophical community: in the rare 

cases in which philosophers have turned to analyse these concepts or phenomena, they 

haven‘t really elected them as the primary topics of their research. Hence, there is 

hardly any mature and complete philosophical work on these concepts and phenomena 

and on the ways in which one can integrate them together. As a consequence, there are 

very few sources to draw from and for these reasons the work conducted in this 

dissertation might result in being incomplete and not fully developed.  

 

Another limit of this dissertation is the lack of primary experimental material or 

data. This thesis, which is a theoretical (philosophical) work, in fact draws from 

empirical results obtained by other researchers. So, a way to improve this work and 

make it more interesting and empirically sound could perhaps be to pair up with a team 

of neuroscientists and/or psychologists and try to investigate and develop together 

issues and topics I discuss in this thesis. I am already scheduled to do this in the near 

future, as I have received a formal invitation for collaboration by a major neuroscientist 

(Jan Lauwereyns, Fukuoka), working in the neuroscience of perception. I will visit 

Professor Lauwereyns in early 2016 and together we plan to develop new integrative 

work (based on the research presented in part 1 of this dissertation and on Lauwereyns‘ 

previously published books 2012, 2010) at the intersection between philosophy of 

perception and the neuroscience of aesthetic appreciation. This collaborative work will 

enrich the breadth and scope of my research and add a much needed empirical 

dimension to it. 
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More work is also probably needed in figuring out how to precisely relate part 1 

and part 2 of this dissertation. The fil rouge connecting these two parts is obviously 

plasticity, which – in this thesis- I have tried to clearly define and taxonomise, thus 

highlighting the breadth, depth, richness and sheer complexity underlying plasticity 

phenomena. However, I reckon, more attention to the conditions enabling plasticity to 

realise cognitively relevant changes across a variety of domains, involving –for 

instance- fully embodied/enculturated skills, is needed.  

 

More work is also required to develop a general theory of plasticity, one that can 

encompass and clearly subsume all the phenomena I describe in this dissertation. This is 

of course, a rather ambitious goal, but one that could be perhaps accomplished in the 

future by deepening my expertise in fields such as evolutionary biology and 

developmental neuroscience.  A good starting point would probably be the 

incorporation of insights from the few integrative works on the topic available to date 

(Lerner, 1984; Malabou, 2008; Shaw & McEachern, 2001). 

 

Having noted some of the most important shortcomings affecting the present 

research, I would like to conclude this section by pointing to some open questions, 

whose significance for my research has become clearer in the latest stages of the writing 

of this thesis. Addressing these pressing concerns shall be one of the main tasks of my 

future research:  

 

1) How can I make my research more interesting for philosophers? That is, how 

can I link and connect all the exploratory work I conduct here to well-established areas 
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of philosophical research and therefore benefit from discussion with a larger number of 

members in the community?  

 

2) How can I make my research appealing to scientists and, more generally, to 

non-philosophers? That is, how can I pursue interdisciplinary work further and which 

areas of my research are more likely to benefit from this? 

 

3) How can I develop a fully-fledged theory of plasticity, capable of providing a 

coherent and complete framework for the integration of research on embodiment, 

enculturation and learning conducted at the intersection of philosophy of mind, 

neuroscience, developmental psychology, evolutionary biology and the cognitive 

sciences? 

 

3. Future Directions 

  

In what remains of this conclusion I would like to point to future directions for 

the research presented in this dissertation.  

 

The research conducted in this thesis is profoundly inspired by the embodied 

cognition framework. But along which dimensions or domains could this research be 

further expanded or pursued? A nice way to expand on my research, I reckon, would be 

to link all this work on embodied cognition I present in this thesis with research 

conducted on the field of distributed cognition (Hutchins, 1995a,b; Hutchins & 

Klausen, 2000; Ackerman & Halverson, 2000; Giere, 2002). 
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Distributed cognition (see also Hutchins, 2010, 2005; Giere, 2006, 2007) is the 

paradigm that describes cognition as a distributed phenomenon; that is, as occurring and 

taking place across objects, individuals, artefacts, and tools in an active 

environment. Early work in distributed cognition (Rogers & Ellis, 1994; Salomon, 

1993) was motivated by the observation that cognition is often a socially, deeply 

enculturated but also materially and temporally distributed phenomenon, one that is 

fundamentally situated in real practices and concrete socio-technical contexts 

(Hutchins, 1995a, b). Famous examples of distributed cognition comprise the 

investigation of a ship's navigation system (Hutchins, 1995) and that of an airline 

cockpit (Hutchins, 1995b). In these studies Hutchins demonstrated that ‗the cognitive 

properties of a distributed system depend on the physical properties of the 

representational media in which the system is implemented‘ 

(http://mcs.open.ac.uk/yr258/dist_cog/).   

 

Distributed cognition thus typically occurs in complex collaborative 

environments (think of the ship and cockpit mentioned in the previous paragraph), 

where we find humans and technologies colluding together to solve complex tasks 

(Hutchins, 2006, 1999). The theory of distributed cognition is motivated by the idea that 

such hybrid (human + machines) systems possess ‗genuine cognitive processes and that 

the cognitive properties of these types of socially, materially and temporally distributed 

systems differ from those of the individuals acting within them‘ 

(http://mcs.open.ac.uk/yr258/dist_cog/). 

 

Distributed cognition (see also Sutton, 2006, 2008; Barnier et al., 2008; Hollan 

et al., 2000) isn‘t however solely confined to investigating hybrid couplings between a 

http://mcs.open.ac.uk/yr258/dist_cog/
http://mcs.open.ac.uk/yr258/dist_cog/
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human and a machine (or any other piece of technological wetware); rather it aims to 

explain a larger class of phenomena that occur in the wider world. These phenomena 

include, for instance, the study of cognitive ecologies and material culture (Hutchins, 

2010; Knappett, 2005), the analysis of extended agency and enculturated activities 

(Hutchins, 2011; Malafouris, 2013). In studying these phenomena, distributed cognition 

thus configures itself as a more general and more expansive framework (than embodied 

cognition) for investigating the many ways in which brain, body and world may work 

together in subtle partnerships that constitute and/or structure cognition. Because of 

this, the field of distributed cognition seems to be the natural place for expanding on the 

work conducted in this dissertation.  

 

Part of this work, in truth, already presents strong links with the field of 

distributed cognition. These links should however receive more theoretical attention in 

the future and be better specified. Think, for instance, about sensory substitution and 

about how the coupling between the visually impaired subject and the tool enhances her 

cognitive and perceptual skills. Surely, as we have seen earlier in this dissertation, 

sensory substitution devices are good case studies to explore the importance of the body 

(and of bodily movements) to human cognition. This is so, because their successful 

usage depends on enduring and persistent brain-body-environment interactions or loops, 

which are based on real-time training, bodily actions and agent world couplings. 

However, precisely because successful SSD usage depends on these couplings and on a 

history-dependent trajectory of alterations in a range of integrated dispositions and 

performances, which directly follow cycles of embodied activity in dynamic interaction 

with the environment, it is also not difficult to see how the study of sensory substitution 

could bear important fruit for the field of distributed cognition.  
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Similar considerations could be made for a number of culturally acquired skills 

and practices that I discuss in this dissertation. While profoundly embodied, all these 

skills and practices are culture-bound and need to be carried out (refined and perfected) 

in distributed environments (not only out of our brains but also out of our bodies). 

These distributed environments crucially encompass and require extensive and enduring 

brain-body-environment cycles of activities. 

 

Another reason why the distributed cognition framework seems well-suited to 

further develop my research relies on the observation that this paradigm allows us to 

incorporate, in a larger perspective, Sterelny‘s research on scaffolded cognition 

(Sterelny, 2012, 2003). This research, which I extensively discussed in the introduction 

of this thesis as a major source of inspiration for my own work, certainly requires 

embodiment. However, since it also emphasises the role of environmental resources in 

supporting, complementing and amplifying our own cognitive abilities, Sterelny‘s work 

can be easily described as an instance of distributed cognition. Thus, in the attempt to 

conjugate and fuse together the two main sources of inspiration for my own work 

(embodied cognition and Sterelny' niche construction-inspired model), it seems logical 

for me to further expand the theoretical base of my research into the field of distributed 

cognition, which arguably represents the unifying framework for all these theories.  

 

In my PhD thesis, I developed an original framework for the explanation of the 

relations between plasticity, enculturation, embodiment and cognition. I took sensory 

substitution devices and embodied/enculturated skills as my paradigmatic case studies, 

investigated the extent and capacity of our brains to functionally and anatomically 

change in response to environmental stimulation and looked at how engaging in 
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context-specific pattern of practice can change subjects‘ performances and dispositions. 

The main result I have achieved in this dissertation is the development of an integrative, 

highly interdisciplinary framework capable of explaining how embodiment, plasticity 

and learning (in the form of skills and cultural practices) scaffold human cognition. 
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Appendix A 

Do Sensory Substitution Devices Extend 

The Conscious Mind? 

 

 

 

 

 

 

 

This chapter was published as: 

Kiverstein, J., & Farina, M. (2012). Do Sensory Substitution Devices Extend the 

Conscious Mind?. In: F. Paglieri (Ed). Consciousness in Interaction: the role of the 

natural and social context in shaping consciousness (pp.19-40). John Benjamins 

Publishing House.  
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In this chapter (co-authored with Julian Kiverstein) we defended the idea that 

consciousness, in sensory substitution usage at least, extended into the world.  

 

The chapter begins by reviewing a number of theories (dynamic sensorimotor 

theories of consciousness) proposed by embodied cognition theorists to endorse the idea 

that consciousness supervenes on the whole embodied animal in dynamic interaction 

with the environment (Hurley & Noë 2003, Hurley 2010, Thompson & Varela 2001).  It 

continues by reviewing a powerful objection to these theories that asserts that the 

biology of consciousness doesn‘t allow for a brain, body and world boundary crossing 

architecture (Clark 2009). The chapter provisionally endorses this general criticism. 

However, it ends up by using the case of sensory substitution to argue that something in 

those dynamic sensorimotor theories of consciousness still survives and that at least in 

the usage of a sensory substitution device, the conscious mind extends. 

 

This invited chapter was prepared for submission to a volume (Consciousness in 

Interaction: the role of natural and social context in shaping consciousness) edited by 

Fabio Paglieri for John Benjamins.  The descriptions of the volume and a list of 

contributors are appended to this chapter (pp. 370-372) 

 

This chapter was co-authored with Julian Kiverstein. I was the second author of 

this chapter. The work on the chapter was divided as follow: 60% Kiverstein, 40% 

Farina.  We prepared the manuscript and then revised it in response to feedback from 

Michael Wheeler, Andy Clark, Mazviita Chirimuuta , John Sutton, David Chalmers, 

Evan Thompson and Tillman Vierkant. Additionally, the editor of the volume (Fabio 



 

331 
 

Paglieri) and two anonymous reviewers provided comments on an earlier draft of this 

manuscript.  

 

This manuscript was written at the beginning of 2012 (between November 2011 

and April 2012) and was published in the second half of 2012. It is presented here 

exactly as it was published. This chapter, which I wrote at the very beginning of my 

PhD, motivates and provides grounds to better understand the first part of this 

dissertation.   
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Abstract 

 

Is the brain the biological substrate of consciousness? Most naturalistic 

philosophers of mind have supposed that the answer must obviously be «yes » to this 

question. However, a growing number of philosophers working in 4e (embodied, 

embedded, extended, enactive) cognitive science have begun to challenge this 

assumption, arguing instead that consciousness supervenes on the whole embodied 

animal in dynamic interaction with the environment. We call views that share this claim 

dynamic sensorimotor theories of consciousness (DSM). Clark (2009), a founder and 

leading proponent of the hypothesis of the extended mind, demurs, arguing that as 

matter of fact the biology of consciousness doesn‘t allow for a brain, body and world 

boundary crossing architecture. We begin by looking at one of the arguments for DSM, 

the variable neural correlates argument. We then outline two criticisms that Clark has 

made of this argument and endorse his criticisms. However we finish up by using the 

case of sensory substitution to argue that something of this argument for DSM 

nevertheless survives. We suggest that Clark ought to concede sensory substitution as a 

case in which the conscious mind extends. 

 

Keywords: Variable Neural Correlates, Action-space view, Dynamic Sensorimotor 

Theories, Extended Consciousness, Sensory Substitution Devices. 
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1.Introduction 

 

Conscious experiences have a subjective qualitative character that seems to 

resist our best efforts at scientific explanation; a problem Chalmers (1996) has famously 

labelled the hard problem of consciousness. Of the philosophers that think this problem 

will turn out to be a tractable scientific problem, the majority have taken the brain to be 

the seat of consciousness. Aside from the intuitive plausibility of such a position
77

, 

added support has come from recent work in cognitive neuroscience that attempts to 

identify the so-called neural correlates of consciousness (NCCs). NCCs are commonly 

defined as neural representational systems the activation of which is sufficient to bring 

about the occurrence of a specific conscious percept when the right neural background 

conditions are in place
78
. We know from Penfield‘s ground-breaking studies (1963) 

mapping the brains of epileptic patients that direct stimulation to the cortex in conscious 

subjects can bring about experiences with a very particular phenomenology such as the 

auditory experience of a Beethoven symphony. The idea behind NCCs is that 

something similar is true of experience more generally: if a clever neuroscientist could 

isolate and stimulate just the right cortical areas in a conscious subject this neural 

activity would be sufficient to bring about any experience.   

 

In recent years, a number of philosophers sympathetic to the extended mind 

hypothesis have cast doubt on the assumption that the biological machinery supporting 

conscious experience is located completely within the head of an individual. Susan 

Hurley (2010) asks for instance why we should take the boundary of skin and skull to 

                                                           
77

 Of course, many philosophers have the opposite intuition and find it deeply implausible that the brain 

could generate conscious experience. It is an intuition along these lines that is often appealed to in 

motivating talk of the hard problem of consciousness. In what follows, we will however be restricting our 

attention to those philosophers that take the hard problem of consciousness to be scientifically tractable.  
78

 For more details on the neural correlates of consciousness research program, see: Crick & Koch (1995; 

1998); Chalmers (2000); Metzinger (2000); Koch (2004); Block (2005); Velmans &Schneider (2007); 

Bayne (2007); Tononi & Koch (2008): Hohwy (2007; 2010); Kiverstein (2009).  
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be in some way special and privileged when it comes to explaining consciousness. Most 

scientists working on consciousness would concede that it is unlikely to be features of 

individual cells that accounts for consciousness. Instead the explanation is likely to be 

found in dynamic patterns of activation spread across large populations of neurons. 

Why think the boundary of skin and skull is somehow privileged so that it is only neural 

processes taking place within this boundary that can support conscious experience? 

Hurley reminds us that ―Brains are in continuous causal interaction with their bodies 

and their environments‖ so ―Why should dynamics distributed within a pre-specified 

boundary be capable of explaining qualities, while those beyond are in principle 

ineligible?‖ (Hurley, 2010, p. 112) In a similar vein, Alva Noë (2009) has argued that 

the biological substrate of consciousness is the whole organism in an environment. 

Consciousness, he suggests, requires ―the joint operation of the brain, body and world‖; 

it is ―an achievement of the whole animal in its environmental context‖ (op cit., p.10). 

An engine must be properly embodied in a car and situated in the right kind of context 

if it is to be usable for driving (Noë, 2004, p. 211). Noë argues that the same is true of 

the brain: neural processes are of course necessary for consciousness, but it is only if 

these neural processes are coupled in the right way to a body in the world that we get 

the kinds of experiences we typically enjoy. A brain that wasn‘t embodied and 

embedded in the natural world in the way we are, might well be able to support some 

kind of experience. Noë doubts however that it could support the phenomenologically 

rich, stable and detailed world-presenting experience we typically enjoy. Thus Hurley 

and Noë hypothesise that the biological machinery of consciousness will most likely 

turn out to be brain activity coupled to a body in interaction with its environment.
79

 We 
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 See also Thompson & Varela (2001) and Cosmelli & Thompson (2011).  
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will call this the Dynamic Sensorimotor Theory (which we‘ll henceforth abbreviate as 

DSM).  

 

Hurley and Noë have made a case for DSM partly on the basis of neural 

plasticity. We will call this argument for DSM the variable neural correlates argument, 

since neural plasticity provides us with real world biological cases in which the same 

function is realised in distinct neural circuits. We‘ll discuss the argument in much more 

detail below, but briefly Hurley and Noë describe two kinds of case. In the first, neural 

activity varies due to rewiring but continues to realise experiences of the same type. In 

the second, we get variation in neural activity that realises experiences of a different 

type. The variable neural correlates argument claims that DSM gives us the best 

explanation of these two cases.  

 

In a recent paper, Andy Clark (2009) has argued that the variable neural 

correlates argument can at best tell us something about how to individuate the contents 

of conscious experiences. It fails as an argument for DSM, which is a hypothesis about 

the vehicles of conscious experience, the biological machinery that realises conscious 

experience. Clark is well known for his defence of the extended mind hypothesis; the 

theory that the biological machinery of mind can cross the boundary of skin and skull to 

include as proper parts resources located in the extra-organismic environment. Clark is 

explicit however that the mind he takes to sometimes extend is the unconscious mind of 

dispositional states like beliefs and memories. He has consistently distanced himself 

from views like DSM that try to generalise the extended mind hypothesis beyond its 

natural home in unconscious cognition to consciousness.  
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We will offer a partial defence of the variable neural correlates argument by 

revisiting the case of sensory substitution devices (SSDs), one of the examples of 

variable neural correlates that Hurley and Noë (2003) used in making their original 

argument. SSDs are systems that, following a period of training, provide the visually 

impaired with a quasi-visual mode of access to the world (Bach-y-Rita & Kercel 2003). 

They work by converting images captured by a camera into electrical and vibratory 

stimulation or sound frequencies that are then delivered to a normally functioning sense 

like touch or hearing. Through training, the perceiver discovers patterns in the sensory 

stimulation that provide them with a mode of access to the world analogous to vision. 

These devices exploit the cross-modal plasticity of the brain, the potential of any 

sensory cortical area to process inputs from other sense modalities. Thus they give us a 

real world example of variable neural correlates.  

 

Clark (2003; 2008, ch.2) has argued that SSDs are examples of human-machine 

interfaces that in the suitably trained up perceiver yield an ―extended or enhanced agent 

confronting the wider world‖ (Clark, 2008, p. 31). We will argue that if Clark is 

consistent, he ought to concede that the experiences of SSD users count as examples in 

which the conscious mind is extended. Thus there is at least one real world case in 

which the machinery of consciousness crosses the boundary of skin and skull to include 

a body in the world. We will then consider why the substrate of experience might be 

said to extend in the case of SSD perception, and we‘ll argue that the answer lies with 

neural plasticity. Might a suitably reconfigured version of the variable neural correlates 

argument provide us with grounds for supporting DSM after all? We won‘t attempt to 

defend such a claim in what follows, but will rest with the more modest claim that 

SSDs provide us with a real world example of the extended conscious mind. This is 
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something that Clark is already committed to, at least on our understanding of the 

extended mind. The argument to follow is thus relatively (though we‘ll see in the final 

section, not entirely) independent of DSM.
80

  

 

2.Neural Deference and Neural Dominance 

 

Thinking about brain plasticity gives us a way of tackling one of the many 

difficult questions associated with the hard problem – why brain activity should be 

associated with one specific quality rather than another. This is a question that can be 

raised both for the senses and for specific qualitative experiences within a modality. 

Thus we can ask why activation of visual cortex is associated with vision rather than 

touch, or why activation of V4 in occipital cortex should be associated with a visual 

experience of a reddish quality rather than a greenish quality?
81

 Neural plasticity is 

interesting because it gives us biological, real world cases in which we find the relevant 

contrasts in experience either through rewiring or rerouting. It is a robust finding, for 

instance, that in early blind subjects we find activation of area V1 in visual cortex 

                                                           
80

 One of us is however on record as expressing significant sympathy for DSM (see Kiverstein, 2010), but 

this is not an axe that will be ground in this paper. For an interesting reply to Clark‘s wider campaign 

against the DSM see Ward (forthcoming). Ward makes the case for a view of the extended conscious 

mind as a claim about persons based on considerations that are in part related to the metaphysics of 

perception. While we find his argument extremely compelling, we are not wholly persuaded that a 

defence of DSM couldn‘t also be mounted on the basis of sub-personal, empirical considerations. Clark‘s 

(2009) objection to what he calls the DEUTS argument for DSM strikes us vulnerable to attack at a 

number of places, but this is something that Kiverstein will explore in future work elsewhere.   
81

 We don‘t mean to imply that the neural correlates of consciousness are exclusively cortical. (We thank 

an anonymous reviewer for pressing us on this point.)  Many of the dominant models of NCCs focus on 

looping cortical or thalamocortical activity (see e.g. Edelman & Tononi‘s (2000) dynamic core 

hypothesis; Dehaene et al. (2003) model of the global workspace in terms of long-range cortico-cortical 

connections; Lamme‘s (2003) model of reentrant cortical processing). There are however also a number 

of models that stress the role of subcortical regions in supporting consciousness.  Damasio (1999) for 

instance shows in rich detail how the brainstem (more specifically the reticular formation) is implicated 

in what he calls ―core consciousness‖.  (See also his updated version of this hypothesis in Damasio 

(2010) which takes him closer to Jaap Panksepp‘s hypothesis (see Panksepp, 1998).  Merker (2007) 

argues that the centrencephalic system provides the neural substrate of consciousness and that cortex 

elaborates conscious contents.   Models that stress the cortical basis of consciousness are not necessarily 

in conflict with those the stress cortical-subcortical interaction. ―Consciousness‖ is a concept with many 

meanings, and these models are often targeting distinct aspects of consciousness. For further discussion 

see Bayne (2007).  
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during Braille reading (see e.g. Sadato et al., 1996). Visual cortex is being used in these 

subjects to process non-standard inputs, but the phenomenology of Braille reading is 

presumably tactile. Thus we have here a case in which V1 is involved in supporting 

experiences in different sense modalities, and we can ask what explains this difference.  

 

We can also raise a further question. Sometimes a brain area such as V1 doesn‘t 

defer to its non-standard inputs as we find in the early blind Braille readers, but instead 

it dominates, supporting experiences of the type it is typically associated with, even 

when activated by atypical sensory inputs. Consider for instance phantom limb patients 

that continue to experience pain in a limb that has been amputated. Ramachandran and 

colleagues have hypothesised that phantom pain is the result of neural rewiring 

(Ramachandran & Blakeslee 1998; Ramachandran & Hirstein 1998). The cortical area 

normally activated when the subject‘s arm is touched is adjacent with a region activated 

by touch to the face. When the subject‘s arm is amputated, the region activated by the 

face invades its neighbouring region with the consequence that when the persons face is 

touched this activates the region previously associated with tactile sensations in the 

arm. However the subject doesn‘t undergo a tactile experience in the face area, but feels 

like the amputated limb has been touched. Cortex dominates its non-standard inputs: it 

continues to realise an experience in an arm that is no longer there, even though the 

inputs that are activating this area of cortex are tactile inputs to the face.  Something 

similar happens in colour-grapheme synaesthesia in which area V4 sensitive to colour is 

activated by letters and words (Nunn et al., 2002).
82

 Abnormal inputs in the form of 
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 There is an interesting debate in the neuroscience literature about the origin of the abnormal 

connections found in the synaesthetic brain (Hubbard & Ramachandran 2005). According to one 

hypothesis, these abnormal connections are established in early development, and persist due to a failure 

of pruning (the neural developmental process whereby synaptic connections that are not used get 

progressively weakened until they die out). An alternative hypothesis claims that the neural connections 

in the synaesthetic brain are not abnormal but are found in all brains. What happens in the synaesthetic 
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letters and words activate V4 but V4 continues to play a role in realising colour 

experience, and doesn‘t defer to its non-standard inputs. The question Hurley and Noë 

(2003) raise is why it should be that an area of cortex should dominate unusual inputs in 

some cases while deferring and changing the type of experience it supports in other 

cases?  

 

In the next section we will turn to the DSM and consider how it might be 

developed so as to answer the questions we‘ve just raised. However, before we take up 

this challenge we‘ll briefly pause to add a little more precision to our definitions of 

neural dominance and deference. Neural deference is a form of plasticity that is found 

when a cortical area is activated by atypical inputs and on the basis of these inputs 

realises a novel type of experience.
83

 Thus we can compare a normal brain with a brain 

in which neural deference occurs (this is the ―variability‖ referred to in the term 

―variable neural correlates‖). When we have a case of neural deference we will find 

activation of the same cortical area by distinct types of inputs and the cortical area 

realising different types of experience in the two subjects. Neural dominance is a form 

of plasticity we get when a cortical area is activated by abnormal inputs, but it continues 

to realise the type of experience it would normally realise despite these unusual inputs. 

Comparing the brain of a normal subject with a brain in which neural dominance occurs, 

we find one and the same cortical area activated by inputs of different types, but the 

cortical area realising the same type of experience. What is common to both of these 

                                                                                                                                                                          
brain, on this hypothesis, is that there is a malfunction in inhibition and the unusual experience is the 

result of this disinhibition. We don‘t need to concern ourselves with which of these hypotheses is correct. 
83

 Here and elsewhere we talk about a cortical area (like V4) as realising a specific type of experience, 

but this is of course a massive oversimplification since any cortical area must form a part of a much 

larger circuit in order to realise an experience of a given type. At best we will be able to say of a cortical 

area that it is what part of what Block (2008) has called the ―core realiser‖ of a given experience, by 

which Block means that the activation of this bit of cortex forms a part of a metaphysically necessary 

condition that against a wider neural backdrop is sufficient for an experience of a given type. We don‘t 

think anything in our argument will turn on this oversimplification, hence we will continue to talk in this 

way.  
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varieties of plasticity is that a cortical area is dealing with unusual and atypical types of 

input. The two questions we have just raised can thus be formulated as follows:  

 

1. When the brain defers why does the same cortical activity figure 

in the realisation of experiences of different types?  

2. Why does cortex defer to non-standard sensory inputs in some 

cases, but dominate them in others?   

 

3.The Variable Neural Correlates Argument 

 

Hurley and Noë suggest we will struggle to find answers to the questions we 

have just raised, so long as we persist in the belief that the physical substrate of 

consciousness is housed within the brain. We will call the view that the activation of a 

neural representational system is metaphysically sufficient to bring about an experience 

of a given type, Intracranialism. Intracranialism is committed to answers to our two 

questions that appeal to a mapping that takes us from neural activity of a specific type to 

experience of a specific type. Why does this mapping persist in the case of dominance, 

but switch in the case of deference? When we try to answer this question we run into an 

aspect of the hard problem. What is it about the intrinsic, structural organisation of 

neurons that could explain why the plastic brain supports the same type of experience 

when it dominates, and a different type of experience when it defers? Notice that this 

isn‘t simply the problem of accounting for the qualities of experience in terms of the 

intrinsic properties of electrical and biochemical neuronal activity. This is of course a 

significant part of the problem, but there is also the further question about why the brain 

should behave so differently in response to non-standard inputs, changing the type of 

experience it normally realises when it defers, but not when it dominates.  
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Hurley and Noë argue that the DSM has a clear advantage over intracranialism 

when it comes to addressing these difficult questions. The DSM takes the qualities of 

experiences to be explained by the dynamics of the embodied perceiver in her 

interactions with the environment. More specifically, as she moves her eyes, head and 

whole body the relation she stands into distal stimuli will be constantly changing. 

Within these changes in stimulation there will be patterns and regularities or what are 

sometimes called sensorimotor contingencies (O‘Regan & Noë, 2001). It is these 

patterns or regularities in stimulation generated through movement that DSM takes to 

account for the qualities of experience.  

 

Sensorimotor contingencies are: 

 ―dynamic patterns of interdependence between sensory stimulation and 

embodied activity. What drives changes in qualitative expression of a given area of 

cortex….(are) higher-order changes, in relations between mappings from different 

sources of input to different areas of cortex and from cortex back out to effects on those 

sources of input, which are in turn fed back to various areas of cortex‖. (Hurley & Noë, 

2003, p. 146). 

 

There‘s some potential for confusion in Hurley and Noë‘s talk of ―sensory 

input‖, which can be read as referring either to proximal changes taking place in 

receptor cells at the sense organ, or to the distal stimuli that are the external causes or 

sources of those changes.
84

 We will take DSM to be the claim that the qualities of 

experience derive from patterns in stimulation that arise from a perceiver‘s embodied 

interaction with the environment. To borrow an example from Noë, the flavour 
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 For further discussion of this ambiguity see Briscoe (2008) and Kiverstein (2010).  
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sensation one enjoys when drinking a glass of wine is in part the result of the agent-

environment interaction that unfolds as the wine rolls across one‘s tongue (Noë, 2004, 

p. 220). The ―input‖ in this case is the wine in one‘s mouth, and the ―higher-order 

changes‖ Hurley and Noë refer to above are the result of the tongues interaction with 

the wine. There are then at least two distinct mappings, the first from the distal stimulus 

located in the external environment that causes changes in the sense organ, and the 

second from these changes in sense receptors to the top-down and bottom-up neural 

processing of this input that leads to experience.
85

  

 

DSM appeals to both of these kinds of mappings to account for the qualities of 

experience. This would seem to give DSM an additional set of explanatory tools not 

available to the intracranialist. DSM can argue that the first mapping does important 

work in explaining the qualities of experience.
86

 This, to repeat, is the mapping from the 

distal causes of the stimuli to proximal changes in the sense organ, and the effects of 

movement on the perceiver‘s relation to distal stimuli. The conceptual palette available 

to the intracranialist explanation of consciousness is impoverished by comparison; they 

can at best appeal to interactions taking place within cortex. DSM can in addition 

invoke dynamical higher-order patterns in stimulation generated through a perceiver‘s 

embodied interactions with the world. Many philosophers have agreed with Chalmers 

(1996) that any explanation of consciousness that appeals only to electrical and 
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 Noë (2007) describes three mappings: the first from the distal stimulus to the sense organ; the second 

from the sense organ to cortical activity; and the third from activation of cortical activity to experience. 

We‘ve collapsed the second and third mapping.  
86

 An anonymous reviewer points out that our argument here could easily be reversed.  It could instead be 

argued on the basis of parsimony considerations that the intracranialist account is to be preferred to the 

DSM since the former can account for the phenomenal qualities of experience by appeal to only one set 

of mappings from sensory inputs to cortical activation.  However what is in question here is whether an 

intracranialist can satisfactorily explain the qualities of experience.  Hurley and Noë argue that the 

intracranialist struggles to answer the two questions we have posed above concerning neural dominance 

and deference, and the reason for this lies with the intracranialist ignoring the contribution that dynamic 

interaction of an active perceiver with her environment makes to the determination of the qualities of 

experience.    
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biochemical neural activity will leave us feeling completely in the dark about why 

experience should have the qualitative character it does. DSM would seem to have 

something else up its sleeve not available to the intracranialist when it comes to 

addressing this question.
87

  

 

DSM also purports to have an answer to the question of why the brain defers to 

non-standard inputs in some cases, and dominates in others. Take a case like that of the 

phantom sensations discussed above in which the brain dominates atypical inputs so as 

to realise the illusory feeling of sensations in an amputated limb. Hurley and Noë 

suggest you find neural dominance whenever neural activity ―dangles‖, and is not 

suitably ―tied‖ into a subject‘s dynamic interaction with the environment (2003, p. 

159).
88

 In the case of phantom sensations, input to the cortical area in question will 

normally not be affected by the perceiver‘s movement. After all the input is processed 

as originating in a body part the subject no longer possesses. Now consider what 

happens to phantom sensations when the perceiver is provided with mock feedback 
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 DSM admittedly leaves us equally in the dark when it comes to answering the really hard question of 

why physical systems like us should enjoy any conscious experience at all. Hurley & Noë (2003) call this 

the ―absolute explanatory gap‖ and they concede that DSM provides us with little traction when it comes 

to answering this question. 
88

 An anonymous reviewer objects that the DSM may not have the explanatory advantage we are 

claiming for it, since talk of ―dangling‖ and ―tied‖ neural activity is ―too vague‖ to help us to understand 

the qualities of neural activity.  The reviewer concedes that neural dominance in case like the phantom 

limb illusion might well be given a good explanation in DSM terms, but s/he doubts that such an 

explanatory strategy will generalise in a way that provides us with a global explanation of the qualities of 

experience.  It might be worth briefly pausing here to rehearse the structure of the argument so far.  It has 

been claimed that by answering our two questions about dominance and deference we get an answer to 

the questions raised by the comparative explanatory gap, namely why neural activity realises experience 

with one type of qualitative character rather than another?  In cases of neural activity we find real world 

cases where neural activity varies while supporting same (in cases of dominance) or different (in case of 

deference) types of experience.   So to offer an account of neural deference and dominance (an answer to 

our two questions posed above) is to provide a framework within which to answer the questions raised by 

the comparative explanatory gap.  Clearly the details of such an answer are going to different for each 

type of experience and we haven‘t begun to carry out the hard work of filling out the details.  Perhaps the 

reviewer‘s point is that when it comes to providing these details for every type of experience the DSM 

account will be no more able to deliver than intracranialism.   This is however an empirical question and 

proponents of DSM only wish to highlight the possibility of a different theoretical framework for the 

scientific study of consciousness.  The point of the variable neural correlates argument is to point out that 

it provide a global answer to questions the intracranialist struggles with. We‘ll assess the extent to which 

these questions really are the genuine problems for intracranialism they are made out to be below.   
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from the world as in Ramachandran‘s famous mirror box experiments (Ramachandran 

& Rogers-Ramachandran 1996). The mirror box provides Ramachandran‘s patient with 

a mirror image of his hand in the felt position of his phantom hand. The subject is then 

asked to try moving both his hands generating illusory visual feedback of his phantom 

hand moving. The subject has information in the form of a motor command that he is 

trying to move his hand, and he gets visual feedback that tells him his hand is moving. 

As the result of this agreement between afferent and efferent information, he feels like 

he is moving his hand. When the cortical activity that realises the phantom sensation is 

properly integrated into the perceiver‘s interaction with the world, the subject‘s 

experience changes. Conversely when the cortical activity is unaffected by the 

perceiver‘s interactions with the environment, you get neural dominance.  

 

Whenever we find neural deference, this is the result of a cortical area adapting 

in such a way as to realise types of experience that fit with the distal source of the 

driving input. As one might expect, Hurley and Noë suggest that the explanation of 

neural deference is to be found in the way in which a cortical area participates in the 

perceiver‘s dynamic sensorimotor interaction with the environment. Consider as an 

example of neural deference what happens in the brains of congenitally or early blind 

users of sensory substitution devices (SSDs). Ptito & Kupers (2005) trained early blind 

subjects to use a tongue display unit (TDU) that translates visual information received 

by a camera into electrotactile pulses delivered to the tongue. In one study, blind 

subjects and controls were trained to discriminate the up, right, left, and down 

orientation of the letter T presented on a laptop. Using PET-imaging (Positron Emission 

Tomography), they found activation of ―large areas of occipital (cuneus, inferior, 

medial and lateral occipital cortex), occipito-parietal and occipito-temporal (fusiform 
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gyrus) cortices‖ in blind subjects, but no activation of visual cortex in controls (Ptito & 

Kupers 2005, p. 486). Ptito and Kupers suggest that in blind subjects, visual cortex is 

recruited for tactile discrimination, and the tongue acts as ―a portal to visual cortex‖ in 

much the same way as the fingers do in blind readers of Braille.  

 

The activation of occipital cortex in the blind user of the SSD is an example of 

neural deference. Recall how neural deference is a form of plasticity that is found when 

a cortical area is activated by atypical inputs and on the basis of these inputs realises a 

novel type of experience. Visual cortex isn‘t normally activated by tactile inputs, indeed 

in controls Ptito and Kupers found absolutely no activation of visual cortex. Hence 

tactile inputs to visual cortex certainly count as atypical inputs. When visual cortex is 

activated, what type of experience do blind users of the TDU undergo? This is a 

difficult question that has received much interesting discussion in the relatively small 

philosophical literature that deals with sensory substitution.
89

 The answer we favour is 

that while all users of the TDU undergo tactile sensations, the perceptual experiences of 

trained and skilled users of the TDU are not merely tactile. The device translates visual 

input from the camera into tactile sensations, but the skilled user is able to translate 

those tactile sensations back into information about objects located at a distance from 

the perceiver‘s body. Skilled users report no longer noticing the tactile sensations on 

their tongue. Instead the tactile sensations are used to gain access to external objects 

located in the space around the perceiver‘s body. Skilled users are able to attribute the 

cause of the tactile sensations they are undergoing to external objects, a capacity 

Auvray et al. (2005) refer to as distal attribution. 
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 See Humphrey (1992); O‘Regan & Noë (2001); Hurley & Noë (2003); Keeley (2002; 2009); Block 

(2003); Prinz (2006); Auvray & Myin (2009); MacPherson (2011) and Kiverstein, Farina and Clark 

(forthcoming).  
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Is the mode of access the TDU makes available to the perceiver vision-like or 

does it remain purely tactile?  Consider the following recent study by Malika Auvray 

and co-workers reported in Auvray et al., (2007).  Normally sighted subjects were 

trained to use the vOICe, an SSD that works by mapping inputs from webcam onto 

auditory outputs.  Participants were then given a feedback questionnaire in which they 

were asked to describe the sensory modality involved in their perceiving and what it felt 

like to perceive with the device. The replies were extremely varied and seemed to show 

that the phenomenology of SSD perception was task-dependent.  In localization tasks 

subjects reported having either visual experiences or a novel type of experience though 

some described their experience as resembling audition (Auvray & Myin 2009, p. 

1048). In recognition tasks, one of the participants reported experiences that felt ―visual 

when he was locating an object in space‖ but ―auditory when he was recognizing the 

shape of the object‖. (Deroy & Auvray, forthcoming: ms, p.5).  The answer to this 

question would thus seem to be that the experience of the SSD user doesn‘t simply 

remain solely in the substituting modality, but the precise character of the experience 

may be task dependent.  In all cases the character of the SSD experience will depend in 

part on the substituting modality, but at least for some tasks it won‘t be fully determined 

by this modality.  We will follow Deroy and Auvray in labelling this type of experience 

quasi-visual. 

 

Let us return then to the finding that visual cortex is activated in congenitally 

blind users of SSDs. To the extent that the TDU makes available a quasi-visual mode of 

access to the visually impaired perceiver it qualifies as a novel form of experience. 

Activation of visual cortex in blind users of the TDU should be thought of as a case of 

neural deference then because tactile inputs are processed by visual cortex in such a 
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way as to give the user of the TDU an experience of a novel type.
90

  Now recall that 

according to the DSM what explains neural dominance is that the cortical activity is left 

dangling in a way that isn‘t integrated or tied into the perceiver‘s dynamical interaction 

with the environment. According to DSM what explains neural deference is therefore 

sensorimotor integration. When the activation of visual cortex gives the blind user a 

quasi-visual mode of access to the world this is because of the user‘s training, and their 

active use of the device. Following training the user is able to refer the source of the 

proximal sensory stimulation produced by the device to external objects. This is 

something the user can do when she acquires a familiarity with the sensorimotor 

contingencies generated by the device, the patterns of interdependencies that hold 

between self-movement and proximal stimulation brought about through movement. 

Once the perceiver has familiarised herself with these sensorimotor contingencies, she 

ceases to notice the proximal stimulation and her attention shifts to what is causing the 

proximal stimulation. She comes to understand that the variation in stimulation she has 

undergone is due to the spatial properties of external things. DSM thus locates the 

explanation of deference in the following hypothesis: 

 

―It is…the way in which the neural activity is bound within a larger dynamic of 

interaction with the actual distal object – that explains the distinct qualitative character 

of experience. The intrinsic character of the neural activity itself, or the mapping 

between the cortical target area and the sources of the afference, does no explanatory 
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 Suppose you‘re not convinced by our claim that the experience of the blind users is quasi-visual, and 

you want to hold instead that it remains firmly tactile. Still the Ptito and Kupers finding would qualify as 

a case of neural deference. Visual cortex isn‘t normally involved in realising experiences of a tactile 

character.  So we still have a case in which atypical inputs give rise to cortical activity that realises an 

experience of a novel type. Thus no matter what one says about the character of SSD perception, and we 

agree this is a controversial issue, still it seems it must be granted by all sides that the plasticity we find in 

the brains of blind users count as an example of neural deference.  
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work.‖ (Noë, 2007, p. 463). We are now in a position to summarise the variable neural 

correlates argument: 

 

1. DSM makes it intelligible to us why variable neural correlates 

sometimes defer and sometimes dominate atypical inputs by appeal to the 

perceiver‘s dynamic interaction with the environment. 

2. Intracranialism fails to make it intelligible to us why variable 

neural correlates realise experiences of same or different type.  

3. Any candidate biological substrate of consciousness must earn 

its status as a biological substrate by making it intelligible to us why 

neural correlates realise the experiences they do.
91

  

The biological substrate of consciousness is the whole organism 

in its dynamic interaction with the environment, not the brain taken in 

isolation from the non-neural body and environment.  

 

In the next section we will outline two criticisms that Andy Clark (2009) 

has made of the variable neural correlates argument. His criticisms strike us as 

pointed and on target. However we‘ll go on to argue Clark ought to concede 

that something of the argument survives, at least for the case of SSDs.  
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 Noë has recently written: ―nothing can be thought of as a substrate unless it does some explaining‖ 

(Noë, 2007, 465). He goes on to explain that a candidate for a biological substrate of consciousness earns 

its status in part from its ability to render intelligible ―why experience occurs as it does.‖ He calls this the 

―intelligibility principle.‖ Hurley (2010) also invokes something along the lines of the intelligibility 

principle in her discussion of externalism about consciousness. She writes: ―I take issues about 

internalism and externalism to be issues about explanation. Some boundaries, like the skin are intuitively 

salient. But they may not capture the explanation we seek. Intuitive boundaries can cut between factors 

that are not explanatorily separable.‖ (Hurley, 2010, p. 114)  
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4.Clark’s Intracranialism about Consciousness  

 

Clark (2009) examines a number of leading arguments for a view he labels ―the 

extended conscious mind‖ and we‘ve been calling DSM, and finds all but one of these 

arguments in some way wanting. He attacks a version of the variable neural correlates 

argument more or less as we‘ve formulated it above on two grounds, and it is this 

argument we will focus on here. First he points out that a natural way to individuate 

types of experience is by their contents. Thus when DSM purports to be explaining why 

variable neural correlates realise either the same type of experience or different types of 

experiences, this is really a claim about the contents of experience. 

 

What DSM is explaining is how neural activity comes to realise experiences 

with a particular type of content. DSM provides us with a method for placing ―various 

neural states into a content-based equivalence class‖ (Clark, 2009, p. 971). He goes on 

to point out that such a result, while undoubtedly interesting, does nothing to undermine 

the intracranialist claim that the supervenience base for conscious experience is inside 

the head. To think otherwise is to run the risk of conflating a claim about the contents of 

experience with a claim about the nature of the representational vehicles of experience. 

DSM in rejecting intracranialism is of course making a claim about the vehicles of 

consciousness. It is denying that these vehicles take the form of neural states, 

hypothesising instead that the vehicles of conscious experience are cycles of embodied 

activity of an organism in dynamic interaction with the environment. Clark‘s first 

criticism is that this is a claim to which DSM isn‘t entitled, at least on the basis of 

considerations to do with variable neural correlates.  
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Clark then considers whether variable neural correlates might be something of a 

red herring. Perhaps it is premise 3 of the argument that is doing the real heavy lifting. 

Thus Hurley and Noë (2003) write: 

 

―When it is brought to our attention that certain sensorimotor contingencies are 

characteristic of vision, others of hearing, others of touch there is an ‗aha!‘ response. 

What we have learned doesn‘t have the character of a brute fact. Rather, it is intelligible 

why it is like seeing rather than hearing to perceive in a way governed by the 

sensorimotor contingencies characteristic of vision rather than those characteristic of 

audition.‖ (op cit., p.146)  

 

Clark responds that this suggestion underestimates the explanatory resources 

available to the intracranialist. We‘ve presented intracranialism as if it must account for 

the qualities of experience by sole appeal to neural correlates and the activation of those 

correlates, but Clark points out there is much more to neuroscientific explanation than 

anatomy. Cognitive neuroscientists aren‘t just interested in correlating experience with 

activity in particular cortical areas, but are in addition interested in what it is the cortical 

area is doing in concert with a range of other areas when a group of subjects perform a 

task. The intracranialist can appeal to the range of ways in which neural correlates of 

consciousness make an agent functionally poised to say and do certain things.  

 

This is of course a central part of the explanatory apparatus of theories of 

consciousness that identify consciousness with the so-called global broadcasting of 

information. According to these ―global workspace‖ theories, there is competition 

among neural coalitions spanning frontal and sensory areas (Koch, 2004). The coalition 
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that wins the competition gets ―broadcast‖ by frontal systems, and can be consumed by 

systems that report, reason, evaluate, decide and lay down episodic memories (Baars, 

1988; Dehaene et al., 2006). In a co-authored paper, Clark has put the following spin on 

the global workspace model: 

 

―…what counts for (what both explains and suffices for) visual perceptual 

experience is an agent‘s unmediated knowledge concerning the ways in which she is 

currently poised (or more accurately, the way she implicitly takes herself to be poised) 

over an ‗action space‘. An action space, in this specific sense, is to be understood…as a 

matrix of possibilities for pursuing and accomplishing one‘s intentional actions, goals 

and projects.‖ (Ward et al., forthcoming, §5) 

 

What global broadcasting purchases, on this account of consciousness, is the 

disclosure of space of possible actions to the subject. Perceptual information that has 

been broadcast can be made use of by the mechanisms that support a subject‘s 

reasoning and planning. It can also be put to use in the performance of what Matthen 

(2005) calls ―epistemic actions‖, capacities for reidentification, classification, grouping, 

and tracking.  

 

Suppose we have enriched our intracranialist theory of consciousness along the 

lines just proposed. It is no longer so clear that such a theory couldn‘t answer both the 

questions that led to the variable neural correlates argument. It can account for the 

qualities of experience in terms of the space of possible actions the perceptual 

experience opens up by virtue of its content along the lines we have just sketched 
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above.
92

 It can also answer the questions raised by the variable neural correlates 

arguments in terms of a theory of content that tells us how to place patterns of neural 

activity into content-based equivalence classes. Perhaps this will be a theory of content 

that appeals to dynamic patterns of sensorimotor contingencies, but crucially it need not 

be.  

 

There is a wide range of other naturalistic theories of content we can choose 

from for answering this question, and at least on one natural reading, the action space 

theory adds a further item to the menu. It provides us with a framework for 

individuating the contents of experience in terms of the space of possible actions the 

experience furnishes. Even if we were to look to DSM for a theory of content, still this 

wouldn‘t give us the conclusion DSM needs. DSM makes a claim about the nature of 

the biological substrate of conscious experience, but there is no obvious way of deriving 

such a claim from a theory of content that doesn‘t land us with a content-vehicle 

conflation. 

 

We wish to simply concede both of these criticisms to Clark. The most the 

variable neural correlates argument can hope to accomplish is a stalemate between 

DSM and intracranialism. Both theories can make intelligible why it is that neural 

activity realises experiences of one type rather than another because both theories can 

provide good and plausible explanations of how to individuate the contents of 

experience, and the questions we have raised about neural deference and dominance 

look to be fully answerable by a theory of content.  

                                                           
92

 Of course, such a response will be vulnerable to arguments for a distinction between phenomenal and 

access consciousness, see Block (2008). However part of the motivation for the action-space model is to 

undermine such a distinction. See §6 of Ward et al. (forthcoming), and Dennett (1991), a work that in 

many ways anticipates the spirit if not some of the details of the action-space model. 
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Clark (2009) also identifies a stalemate in this debate, but he locates it in a 

different place to us. However, he thinks he has identified empirical considerations that 

decide against the DSM and in favour of intracranialism arguing that the body must act 

as what he calls a ―low-pass filter‖ in a way that preclude the non-neural body and 

environment from forming a part of the supervenience base for consciousness.
93

 The 

upshot of this argument is that the brain happens as a contingent matter of fact to be the 

machine that generates conscious experience, not the whole animal in dynamic 

interaction with the environment. However, in a final footnote to this paper, Clark 

acknowledges that this is a historically contingent claim that holds only for ―human 

agents circa 2008.‖ He goes on to allow that Brain-Machine Interfaces could change 

everything, providing the kind of broad-bandwidth interface he takes to be required for 

genuinely extended substrate of consciousness. We suggest that circa 2008 there were 

in fact already human agents whose mechanical substrates of conscious experiences 

were expanded through their interfacing with a machine, and the machines in question 

were SSDs.
94

 We‘ll argue that given his broader commitment to the extended mind 

hypothesis, Clark ought also to concede that SSDs extend the conscious minds of their 

users. Moreover, it is neural plasticity that explains how technology can extend the 

biological substrate of consciousness. Hence our argument that the substrate of the 

                                                           
93

  ―A low-pass filter is a physical medium that allows low frequency signals through while reducing or 

blocking higher frequency signals…the extra-neural body…acts as a kind of low pass filter for signals 

coming from the environment. What this means in practice is that for phenomena that depend on e.g. the 

very fast temporal binding or processing of signals, the only locus in which such operations can (as a 

matter of fact) occur lies within the brain/CNS.‖ (Clark, 2009, p. 985). Clark goes on to argue, based in 

part on the work of Wolf Singer and others, that the machinery of consciousness does require this kind of 

fast temporal binding, and so cannot extend.   
94

  It may of course be objected that SSDs are subject to the same screening-off worry raised by Clark‘s 

bandwidth argument.  (Our thanks to Tillmann Vierkant for pressing on this point.)  According to this 

objection, the interface between the SSD and the user acts as a low-pass filter excluding the SSD from 

counting as a part of the machinery that realises consciousness.  We are not persuaded that the SSD acts 

as a low-pass filter anymore than we are persuaded that the eyes and ears do.  (Our thanks to Evan 

Thompson for discussion of this point.)  Thus we are not entirely convinced that the bandwidth 

considerations have the force Clark takes them to have, but full discussion of this issue must wait for 

another occasion.  
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conscious mind is extended will turn out to be one that is likewise premised on the 

existence of variable neural correlates.  

 

5. Expanding Consciousness through Technology 

 

Consider the well-known phenomenological observation that when a blind man 

uses a cane to navigate his environment, he can sometimes feel like his arm has 

extended to the tip of the cane. The stick becomes a piece of transparent equipment for 

him, which he can put to use to feel his way about his environment, without noticing 

that he is doing so. When the blind-man‘s cane is in this way smoothly integrated into 

his sensorimotor dealings with the world, the man and stick combine to form a single, 

integrated system.  

 

Clark has suggested that we might even be inclined to think of these kinds of 

examples of tool use as examples of human enhancement. The interface where the 

man‘s hand meets with the stick ―fades from view‖ and man and stick combine to form 

a ―new agent-world circuit‖. The cane transmits information to the blind man‘s brain 

via sensory receptors in his hand, but what he is aware of perceiving is not the cane‘s 

pressure on his hand, but the world around him. The touch receptors on his hand are 

substituting for the retina, acting as a data port for spatial information that would 

normally go through the eye.
95

 Some SSDs (like the TDU discussed above) work in a 

similar way to the blind man‘s cane using the skin and touch receptors to serve the same 

function as the retina. The brain learns how to use this tactile information to gain access 

to the world in a way that can compensate for the missing visual sense.  

 

                                                           
95

 We owe the ―data port‖ metaphor to Norman Doidge. For a wonderful discussion of the history of 

SSDs see Doidge (2007), ch.1.   
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Now consider how the interface between the blind man and the cane disappears, 

in a way that invites talk of a single, integrated system. The same is true in the case of a 

trained user of an SSD: the interface connecting the user to the device ―fades from 

view‖ becoming less and less obtrusive. We‘ve seen how the trained user can cease to 

notice the proximal stimulation generated by the device in just the same way as the 

blind man can cease to notice the cane‘s pressure in his hand. The blind man refers the 

pressure sensations in his hand to the distal stimuli at the end of the stick that are 

causing the sensations, and in much the same way the user of the SSD can learn to refer 

the proximal stimulation the device causes to external distal causes around her. 

Following training, the user and device combine to form a single integrated system, and 

the substrate of the experiences of the user extend to include the device. A natural 

thought to have in response to this question is why think that the user‘s body extends to 

include or incorporate the device. Why not say instead that the body of the user has its 

normal boundaries and the user causally couples with the tool to accomplish a task and 

then uncouples once the task is accomplished?  

 

Consider, by way of a response, a distinction Clark (2008, §2.5) has made 

between what he describes as the ―incorporation‖ of a tool or device and the ―use‖ of a 

tool or device. In genuinely skilled cases of tool use such as we find in trained up users 

of SSDs, the brain has been recalibrated so as ―to automatically take account of new 

bodily and sensory opportunities‖ (Clark, 2008, p. 38). Clark compares this 

recalibration to the changes that take place in the body schema through tool use. 

Maravita and Iriki (2004) have found for instance that bimodal neurons in the brains of 

macaques trained to use a rake to reach for food expand their receptive fields so as to 
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respond to stimuli at the tip of the rake.
96

 Maravita and Iriki suggest that it is as if the 

bimodal neurons were treating the rake as part of the monkey‘s arm or forearm. They 

learn the sensory consequences of carrying out a motor command to reach with the 

rake; the learn for instance that food previously out of reach becomes reachable when 

the monkey uses the rake in the right way. Once the monkey has learned sensory 

consequences like these, the monkey‘s brain begins to treat the rake as if it were part of 

its body. The monkey‘s ―body schema‖ – a neural model of the body that represents the 

position and configuration of the body in space – is modified so as to include the rake. 

This is an example of what Clark calls ―incorporation‖: through learning the brain 

comes to treat the tool as if it is a part of the body, and the tool is literally 

incorporated.
97

  

 

We can contrast cases of incorporation in which the body schema is modified 

with cases in which the boundaries of the tool user‘s body continue to be represented by 

the brain as the biological boundaries of the body. The motor system then has to work 

out what the agent can do with the tool, he has to first represent the tool and its 

properties, and model the situation in which the tool is being used. Then he has to form 

a plan of action in which the tool is being used, and finally specify a detailed set of 

commands to the body about how to carry out the plan. Clark suggests that this is 

                                                           
96

 Bimodal neurons are neurons that fire both in response to somatosensory information from a body 

region, and in response to visual spatial information. 
97

 The phenomenology of tool use is rather delicate and there are probably many more distinctions to be 

drawn than the use/incorporation distinction currently under discussion. For example, De Preester & 

Tsakiris (2009) have argued that we need to distinguish cases of ―incorporation‖ in which our sense of 

embodiment is genuinely transformed from cases of what they call ―extension‖ in which the spatial 

boundaries of the body are temporarily modified. They argue convincingly that you only find genuine 

cases of incorporation in users of prostheses in which an artificial limb is felt by the user to be a part of 

their body. Incorporation, they suggest requires not only changes in motor and perceptual capacities, as 

we‘ve posited but also what they call changes in a ―feeling of ownership‖. You don‘t find this change in 

the feeling of ownership in cases in which the body is extended through tool use. The cyclist doesn‘t feel 

like he has a lost a part of his body when he dismounts his bicycle, even though he may well feel at one 

with his bicycle while riding it.   
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probably a very different strategy from the one the brain actually employs in tool use. 

This difference in strategy makes it plausible to draw a distinction between 

incorporation and use. 

 

Should we treat the use of SSDs as a case of incorporation or of use? We‘ve 

seen above how, as the user of the SSD learns about the sensory consequences of her 

bodily movements while using the device, so she gradually acquires an ability to see 

through the proximal stimulation the device is causing to the distal causes of this 

stimulation. Training with the device familiarises her to the ways in which her actions 

affect sensory input produced by the device. As she becomes increasingly familiar with 

the effects of movement on sensory input from the device, so the interface linking her to 

the device becomes less obtrusive and she becomes increasingly at one with the device. 

The macaque‘s body becomes one with the rake when the macaque learned about the 

sensory effects of using the rake. Similarly, the SSD user and device become 

amalgamated when the user learns about the sensory effects of actions she performs 

with the device. Thus we can think of user and device as forming a single integrated 

system in both cases. It follows that the experiences of the trained SSD user have a 

substrate that is part neural and in part technological. The substrate of SSD perception 

extends across the boundary of brain, body and world.
98
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 One question that springs to mind given this result is whether SSDs provide the perceiver with the kind 

of high bandwidth information flow that Clark (2009) argues is necessary for conscious experience. If we 

say they do, then it is not obvious why sensorimotor interaction with the environment that isn‘t mediated 

by such a device couldn‘t also provide a perceiver with the right kind of information flow. If we say that 

SSDs do not provide perceivers with this kind of flow of information, and we also grant that they form a 

part of an extended substrate, it would seem to follow that high bandwidth information flow isn‘t 

necessary after all. Thus there would seem to be resources in the argument we‘ve just made for pressing 

Clark‘s low pass filter argument against DSM.  



 

360 
 

Our argument that SSDs extend consciousness doesn‘t depend upon the role of 

sensorimotor contingencies in determining the contents of perception.  We‘ve been 

arguing that in the skilled user the SSD device can become incorporated so that the 

user‘s perceptual experience now supervene on the brain working in partnership with 

the device.  This incorporation of the device happens when the brain can predict the 

sensory consequences generated by movement of the device.  While we do make much 

of the plasticity of the brain in our argument that SSDs can extend the conscious mind, 

our argument doesn‘t depend on considerations to do with how experiences get their 

contents in the way that we saw the variable neural correlates argument may do.   

 

At this point however we want to consider an important objection that Dave 

Chalmers has raised for us in personal correspondence. Chalmers has pointed out to us 

that the SSD is effectively just functioning as a sensory prosthesis providing, as we put 

it above, an alternative data port that can do at least some of the work normally carried 

out by the eyes.   Now it might reasonably be objected that although our argument 

establishes that SSDs extend perception they do not establish the stronger conclusion 

we have been aiming for that SSDs provide us with an example of the extended 

conscious mind.  Chalmers points out to us that no one counts the eyes as part of the 

neural correlate of consciousness.  Since the SSD is performing a function the eyes 

would normally perform, we ought to say the same about SSDs.  We ought to say that 

just like the eyes (and sense organs more generally) the SSD counts as part of the 

supervenience base of unconscious perception, but not of conscious experience.  The 

most we are entitled to say is that SSDs are causally necessary for conscious 

experience, but we are not warranted in claiming that SSDs are parts of the causal 

machinery that realises consciousness. 
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We agree with Chalmers that the SSDs are best understood as a type of sensory 

prosthesis.  We think however that SSDs establish that the eyes may in fact be doing 

more work in realising conscious experience than he supposes.  To see this let us briefly 

take a closer look at what it is like for a blind person to use an SSD.  Charles Lenay and 

colleagues describe how some blind users of these devices are somewhat frustrated by 

the technical limitations of the kind of access to the visible world the device offers 

them.  The blind person hopes for ―the joy of this experiential domain which has 

hitherto remained beyond his ken‖ (Lenay et al., 2003, p. 284). What he gets is 

something that falls some way short of this.  These limitations are due to the important 

limitations in the type of perceptual information the SSD can deliver as compared with 

the eyes.  O‘Regan & Noë (2001) point out for instance that while ―the invariants 

related to position and size change are similar to those in normal vision‖, ―colour and 

stereo vision are absent and resolution is extremely poor. ‖ They go on to write: ―seeing 

with the skin probably involves laws that are not exactly the same as seeing with the 

eyes‖, so ―the experience associated with the TVSS will thus also be somewhat 

different from normal visual experience (p.958).‖  What makes for these differences in 

the qualities of experiences are differences in the variation in patterns of stimulation 

that arise as result of movement with the device.  Patterns of stimulation will depend on 

the precise physical details of the device (on the resolution of the camera or the number 

of tactile stimulators in the case of a TVSS), and this will turn will impact on the kind 

of experience the device can furnish the perceiver with.   Based on this sort of claim, 

Clark and Toribio (2001) have charged proponents of DSM with sensorimotor 

chauvinism: the view that ―every small difference in the low level details of sensing and 

acting will make a difference to the conscious visual experience‖ (p.980).
99

  There are 
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 Clark (2008, ch.9) has argued against sensorimotor chauvinism on the grounds that it doesn‘t fit with 
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however clear differences in the quality of experience enjoyed by the user of an SSD 

device and the quality of normal visual experience.  DSM has an explanation of this 

difference that appeals to the differences in the embodiment of SSD perception as 

compared with normal visual experience.  Of course, perhaps some other explanation 

can be given that doesn‘t involve any appeal to sensorimotor contingencies.  If so we‘ll 

be back with the stalemate we described above, and we‘ll have to show that there is 

some reason to prefer the DSM account of the contents of experience to that of the rival 

account.  However until such an account is provided, we can conclude that SSDs don‘t 

just extend the unconscious mind, but they also extend the conscious mind.  

 

6.Conclusion 

 

Let us briefly return to the questions we raised above about variable neural 

correlates. Recall how according to DSM, we get cases of neural deference when neural 

activity is suitably integrated into a perceiver‘s sensorimotor interaction with the 

environment. We‘ve just seen above how it is the skills the user acquires with the SSD 

that determine whether the device and user combine to form a single system. When the 

user has mastered the sensorimotor contingencies generated by the device, his sense of 

what he can do in the world is transformed. One way to think about deference in this 

case is therefore in the context of the plasticity of the body schema. The body schema 

can be thought of as an action-oriented representation of the body that gives the agent 

knowledge of what he can do with his body. Training with the device modifies the 

agent‘s sense of what he can do with his body. The device now makes available to him 

                                                                                                                                                                          
work in cognitive neuroscience that seems to demonstrate that experiences have contents that are tweaked 

and optimised for reasoning and planning and that abstract away from details of sensorimotor 

engagement with the environment.  It is not clear however to what extent such ―tweaked‖ and 

―optimised‖ representations challenge the account of content determination given by the DSM (for 

further discussion see Kiverstein, 2010).    
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new action possibilities. He can use the device to read print for instance, whereas before 

his reading might have been restricted to Braille. He can ―see‖ and catch a ball that is 

thrown in his direction. Neural dominance is found, by contrast, when brain activity is 

left ―dangling‖ and isn‘t suitably tied into the organism‘s interaction with the 

environment. In synaesthetes for instance, the colour experiences they undergo when 

hearing words don‘t adapt away because these colour experiences aren‘t tied in anyway 

to the actions of the perceiver. There is clearly much more to be said here, but we think 

enough has been said to motivate the following tentative conclusion. When neural 

activity is tied into skilful behaviour in the right way it can adapt to fit with the distal 

source of abnormal inputs, and when it is not tied into skilful behaviour we don‘t find 

this kind of adaptation. Thus we‘ve arrived at a similar conclusion to the variable neural 

correlates argument albeit via a rather different route. We‘ve shown that at least 

sometimes, it is as a part of larger system that supports the perceiver‘s embodied and 

skilful behaviour in the world that the brain succeeds in realising conscious experience 

that allows us to make contact with the external world.  
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