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Abstract The specialization of visual function within biological function is reason for

introducing ‘‘homology thinking’’ into explanations of the visual system. It is argued that

such specialization arises when organisms evolve by differentiation from their predeces-

sors. Thus, it is essentially historical, and visual function should be regarded as a lineage
property. The colour vision of birds and mammals do not function the same way as one

another, on this account, because each is an adaptation to special needs of the visual

functions of predecessors—very different kinds of predecessors in each case. Thus, history

underlies function. We also see how homology thinking figures in the hierarchical clas-

sification of visual systems, and how it supports the explanation of visual function by

functional role analysis.
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Introduction: homology and classification

Biological taxonomy consists of dividing organisms, their parts, their subsystems, and their

activities into kinds for explanatory purposes. A taxonomy of organisms yields a division

into species, genera, and other taxa in what used to be known as the Linnaean hierarchy. A

taxonomy of organs results in concepts such as heart, liver, brain, vertebra, etc. across

Linnaean taxa. A subsystems-taxonomy delivers kinds such as visual system, rationality,

emotion, etc., similarly across taxa. Even behaviour can be taxonomized, yielding cate-

gories such as: dominance relationship, courtship ritual, smile (see Ereshefsky, this issue).

It is often unclear how to demarcate such kinds. We think, with some plausibility, that

we know what a human smile is (though recall how disappointed new parents can be, when

they learn that their newborn’s angelic expression is not a smile but an indication of gastric
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events). Similarly, it is reasonably obvious to doctors what a human liver or heart is, and

how to identify the same organ in a dog. But it is not so obvious to the inexperienced when

a dog is smiling, whether it is displaying submission or aggression, and which bones in its

foreleg correspond to primate fingers. By the same token, human physiology does not tell

us how to go about determining whether a lobster possesses a heart (Tjønneland et al.

1987). And it is was, until recently, a matter of theoretical dispute whether a pigeon or

lizard possesses anything that ought to be classed with the mammalian primary visual

cortex. Identifying a feature or item within a taxon is one kind of problem; identifying it

across taxa is often another.

In these cases, what is in question is the comparative priority of different principles of

classification. The biological systematist attempts to capture deep commonalities—char-

acteristics that best account for clusters of other characteristics. Thus, having a heart might

not only coincide with, but account for, having lungs, circulatory system, and kidneys: the

former may in some sense account for the rest, but not vice versa. (The example is for

illustrative purposes only—it does not pretend to biological plausibility.) Often, however,

classes constructed in this way will cross-cut: one characteristic will be the font of one set

of properties, another characteristic of another set. Thus, something might be assigned to a

class C in order to understand why it is F, and to class C’ in order to understand why it is

G, where C and C’ do not completely overlap. The question as far as the classes designated

vertebra, heart, smile, eye are concerned is: What commonalities do they capture? What is

their principle of classification?

Homology thinking—this is Marc Ereshefsky’s (this issue) suggestive term—comes into

play when things are grouped together only when they share a common evolutionary

origin.1 As Ereshefsky defines it: ‘‘Homology thinking analyzes traits in terms of their

common ancestry.’’ Thus,

A homology-class is a class C such that:

(a) C contains an original item, A, and

(b) if x is a member of C and x = A, then x evolved from A.2

Homology thinking contrasts with phenetic thinking, which constructs classes of traits

by similarity, and analogy thinking, which constructs them by commonality of use-function

(see Love, this issue, for ‘‘use-function’’)—both with no consideration of origin. Smiles
constitute a homology class if it is necessary that anything counted as a smile must trace

back to a common evolutionary origin. The topic to be investigated in this paper is how

homology-classes figure in explanations of the visual system.

Linnaeus believed that species and genera should be defined in terms of shared features;

this was pheneticist thinking. Nowadays, it is generally thought that species and genera

should instead be demarcated in terms of common origins (Sober 1988; Ereshefsky 2001).

This is homology thinking. In cladism, the apotheosis of homology thinking, quondam

Linnaean taxa become monophyletic groups—i.e., they contain all and only the

1 I am being deliberately vague when I speak of ‘‘things’’ being grouped together by common ancestry.
These ‘‘things’’ can be traits, bone structures, behaviours, etc. See Matthen (2000) for a historical account,
and Brigandt (this issue), Griffiths (this issue) and Love (this issue) for original discussion.
2 I take ‘‘evolved from’’ to be an incompletely explicated historical notion that awaits further analysis. See,
however, Brigandt (this issue) on ‘evolvability’ and Griffiths (this issue) for the importance of genetic and
developmental processes in operational definitions of homology. I will rest content with treating homology
as something of a black box, since my interest is in an application of homology thinking, not its explication.
I do not speak, for example, about serial homology, though I assume that the definition given can be fleshed
out in such a way as to include it.
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descendants of a common ancestor. (Monophyletic groups are defined by promoting the

‘if-then’ in clause (b) above to an ‘if and only if’.) In some other classificatory schemes,

taxa can be paraphyletic groups—i.e., they may include only those descendants of a

common ancestor that satisfy some further criterion, but not other descendants of that

ancestor. Both sorts of scheme mark a move to homology thinking about the classes that

constitute the Linnaean hierarchy. The shift to homology thinking occurred because it was

thought that homology thinking better captures certain fundamental characteristics of

biological taxa—that they cluster in morphological space, that they are polymorphic, that

species continue under evolution—better than the alternatives.

Certain important features of homology thinking should be noted.

1. Homology thinking is not a priori.

It is neither a conventional choice regarding terminology nor arrived at by conceptual

analysis of scientific vocabulary. Rather, homology thinking is adopted in a particular

domain because it is thought to be the best theoretical approach to the explanation of a

certain set of features in that domain, given empirical facts about it. For example, it is

adopted as a way of identifying a dog’s physical gesture as one of submission, or a

structure in a bird’s Wulst as its primary visual cortex, because grouping these things

together with others of common origin explains their morphology, system connectivity,

functional role, and adaptive function better than alternative taxonomical approaches. As

we shall see, other explanatory needs might indicate other kinds of taxonomical thinking.

Moreover,

2. Homology judgements are made on the basis of objective structural, biomechanical,

and developmental parallels that can be observed independently of the facts being

explained (cf. Griffiths, this issue), but …
3. Homology thinking accommodates variation in the biological domain without resort

to subjective or arbitrary distinctions.3

In this article, I am interested in homology thinking about the visual system. (See

Griffiths 1994, 1997, 2007 and Matthen 1998, 2000 for earlier philosophical investigations

of homological thinking in the cognitive domain.) I shall argue that common origins are

explanatory with regard both to what visual systems do—their function—and to how they

are organized. As we shall see, homology thinking casts light on the functional organi-

zation of the visual system, and shows how visual functions emerge from the adaptation

and re-adaptation of the same parts to different roles in a larger system.

Specialized visual function

The occasion for homology thinking about the visual system is the specialization of visual

function in various groups of animals. In this section, I explain what this specialization is,

3 Karen Neander (2002) rightly insists that any adequate taxonomy should be able to accommodate vari-
ation and loss of functionality—organs of different size, genetically defective and diseased organs, and so
on. She argues that only definitions in terms of teleological functions can accommodate such variation
adequately (since something can possess a function but not perform it). She is wrong about this: the
historically based definition of homology-class accommodates variation, but does not mention teleological
functions. In fact, Neander herself implicitly appeals to historical origins. for it is only by identifying
relations of evolutionary descent that naturalized teleology gets a grip on variation. Thus, I would claim that
notions such as that of a ‘‘reproductively established family’’ (cf. Millikan 1984) implicitly appeal to
homology-classes (see Griffiths, this issue). Neander and other proponents of historical approaches to
‘‘proper function’’ are in the same boat.
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and in the next, I suggest how homology thinking might be useful in explaining it. My aim

here is to show how homology thinking is much more intertwined with thinking about

function than philosophers and biologists generally allow. Part of the point that I want to

make is this: Homology thinking is essential for understanding proper (or selected effect)
function.

The traditional view in philosophy is that visual sensation consists of something like a

point-to-point translation (or transduction) of the retinal image(s) (perhaps with some

transformations of retinotopic spatial considerations). From this translation, it is argued,

we extract—post-perceptually as it were—a map or record of the external world. I shall

call this the Pictorial View. From the Pictorial View, it would follow that since birds

share lenses, retinas, and many retinal transducers (rod and cone cells) with primates,

these two groups must be quite compatible in terms of visual sensation. There is little

room for specialization of visual function on this view: hence no need to divide visual

systems up into types or kinds. There would thus be no occasion for homology thinking

about vision.

I have argued elsewhere (Matthen 2005) that the Pictorial View of visual sensation is

wrong-headed. From the retina on up to the occipital lobes of the brain, the visual system

actively extracts data concerning the external world from cues and indications present in

the retinal image and in other sources (for example, proprioception and audition). The

extracted data feeds into two kinds of further process. First, it feeds into automatic pro-

cesses of record-keeping—conditioning, a process by which one environmental feature is

associated with another, priming, a process by which incomplete data are completed by

analogy with things encountered in the past, and habituation, a process by which attention

is diverted away from relatively invariant features of the environment. Second, it feeds into

epistemic processes that the organism controls—for instance, belief-formation. The visual

system may determine that a particular object is square or that it is red, and the organism

may reason from this to the nature of the object, or use other considerations to arrive at the

opposite belief.

Visual sensation is the record of data extracted in this way—it is an internal signal by

which the perceiver comes to be able to make use of extracted visual data for epistemic

purposes. When you see something as blue or as round, i.e., when the visual system

presents you with a blue-quale or a round-quale, it is signalling that this thing should, for

the above-mentioned epistemic purposes, be treated the same way as other things that

appear the same way. (You, are, of course, entitled to weigh other bits of evidence in

deciding whether to do as the visual system signals you should.) For example, the thing is

to be treated in similar ways as far as inferences you would draw with reference to other

blue things or other round things.

Evidently, this second perspective on sensation—which I entitle the Sensory Classi-

fication Perspective—both indicates and accommodates more inter-species differences

than the Pictorial View. There is a great deal of data that could be extracted from retinal

images, given the right kinds of data-processing protocols. Not all of it is useful to every

kind of animal. So you might think that one visual system might have evolved to extract

visual data that best suits the needs of the type of organism it serves, while another

might have evolved to extract different data from the same (or a slightly different) retinal

image.

The specialized visual function suggested by the Sensory Classification Perspective is

very much the stuff of comparative studies of vision. Here is a representative complaint

from Juan Delius:
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There is a propensity among researchers to ignore the fact that the visual functions of

species, breeds, and even individuals may differ as a consequence of their differing

phylogenetic and ontogenetic histories. (Delius et al. 2000: 6)

Delius and co-authors complain about the ‘‘mistaken equation of pigeon and human

vision’’. They are suggesting both that pigeon vision is not the same as human vision, and

that it does not have the same function. In the next few paragraphs, I provide a few

illustrations of what they mean.

First, consider colour vision. For diurnal animals, it is an asset; for nocturnal ones, it is a

liability (since colour receptors are relatively insensitive to light). Birds started out as

diurnal animals. Thus, many birds have good colour vision. Mammals, on the other hand,

were initially nocturnal, and most have poor colour vision at best. Partly, this is a matter of

receptors: good colour vision requires three or four cone-cell types; most birds have this

many, most mammals have fewer. It is also a matter of data-extraction: the outputs of

cone-cells have to undergo an elaborate processing before they yield the kinds of colour-

data that are useful to an organism. Birds have had colour vision for a long time, and have

evolved to extract data that is particularly relevant in their aerial environments. Among

mammals, good colour vision re-emerged in old-world monkeys, presumably in response

to a specific challenge that they faced in their jungle environments. Primate colour vision

systems do different things with colour information than birds do. They see differently in

colour. (More about this later).

Other examples of species variability abound. Avian visual systems use the concen-

tration of ultraviolet light in different parts of the sky to compute directions relative to

the sun. Honeybee visual systems achieve the same result by detecting polarization.

Thus, birds and honeybees extract data about direction from information in their retinal

images. They see direction, if you like, and use the extracted data for path-finding

purposes. The human visual system delivers no data about direction. Again, this has

something to do with receptors: humans have no polarization or ultra-violet detectors. At

the same time, receptors do not tell the whole story. Information about direction has to

be extracted from the outputs of polarization and ultra-violet receptors. Donning polar-

ized sunglasses will put polarization information on the human retina—in a form to

which our visual receptors are sensitive, as witness the way the world looks through

polarizers. But it will not enable the human visual system to extract data about directions

from the image.

A more recherché example is picture recognition. Humans look at photographs and

extract information not only about the photograph itself—i.e., about the coloured marks on

paper—but also about the objects they see in the photograph. Pigeons have a much more

limited capacity to do this (Delius et al. 2000). Now why should this be? Photographs

project in much the same way to pigeon retinas as they do to human retinas; thus if the

traditional view is correct, the propensity of humans to see objects in pictures should be

pretty much the same as in pigeons. The Sensory Classification Perspective provides an

answer. If pigeons fail visually to capture detailed information about things from photo-

graphs of these things, it is not because the retinal images thrown by photographs are so

very different from those thrown by their subjects. Rather, it is because pigeon visual

systems do not (for whatever reason) extract the relevant data from the retinal image of a

photograph. That humans learn about places and things from photographs is not because

the retinal image is so apt for this: if it were, pigeons should be able to do the same. The

human ability is explained not by the nature of human eyes, but the nature of human visual

data-processing.
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Similar things can be said about distance. Humans walk; pigeons fly. Human visual

systems are bad at delivering distance-data about things in the sky—if there is no land-

bound path between a human perceiver and a target, humans cannot tell simply by

looking how far away the target is. The human visual system employs gradients of

visible texture and perspectival effects to estimate distance (greater than a certain

amount). These are absent in aerial environments. Thus, objects in the sky look inde-

terminate in size and distance. By contrast it is immediately evident how long it would

take to a not-too-far-away target on the land—not that one is always correct in such an

estimate. Pigeons and other birds are not similarly handicapped; their distance estimates

do not require them to be able to see a portion of the surface of the Earth connecting

themselves to the target. They use optic flow and other temporally extended methods to

estimate distance to target.

Finally, consider the visually based recognition of organisms of the same species.

Humans employ a brain area known as the Fusiform Face Area for this purpose; bats use

the acoustic signature of sounds emitted for purpose of echo-location; birds, presumably,

have quite a different mechanism. Humans are adept at reading the emotions of other

humans in facial expression etc., presumably birds cannot read human emotion.

The list goes on and on.

Specialization and phylogeny

How shall we explain the specialization of visual function reviewed in the previous sec-

tion? Is homology thinking relevant?

Very roughly summarized, here are some details concerning the origins of avian and

mammalian visual systems:

4. Birds and mammals both have visual systems that descend from a reptilian ancestor.

This ancestor belonged to a diurnal, terrestrial class of animals that out-competed these

descendants under these conditions.

5. Birds retain the diurnal habits of reptiles, but moved to an aerial environment. Their

visual system is adapted to this environment in many ways, some of which were discussed

above.

6. Mammals escaped reptilian competition by adopting a nocturnal life-style. They lost

diurnal vision. Later, however, when the reptiles underwent major extinctions and left the

earth freer for others, they regained it. At this point, their visual systems re-adapted to

diurnal tasks by a modification of cortical systems.

7. Thus, certain ‘‘visual functions’’ of each of these groups originated after their lin-

eages had separated from each other.

Homology thinking detects hierarchically nested kinds here. First, there is a broad class

of visual systems that are united by the reptilian point of origin. This group excludes other

visual systems with even more ancient origins, which we shall mention later—those of

amphibians, invertebrates, etc. Certain commonalities of function between avian and

mammalian visual systems will be attributed to the broad class; certain others to con-

vergence in a diurnal environment. Second, there are narrow subclasses of visual systems

that pertain to the histories outlined in (5) and (6) above. Visual systems within the

subclasses have common origins, but the subtypes themselves have different origins from

one another. These points of origin are more recent than that of the broader kind. There are

visual functions specific to each of these subtypes. Homology thinking diagnoses these

commonalities and divergences of visual function by appeal to these origins.
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Now, we need to supplement the above phylogeny if it is to be made to support

homology thinking about visual systems. For from the fact that the visual systems of birds

and mammals have both different functions and separate origins, it does not follow that

their different functions can be attributed to the separate origins (i.e., that, as Delius et. al.

say, ‘‘individuals may differ as a consequence of their differing phylogenetic and onto-

genetic histories’’). For it might be that the differences of function should be attributed not

to history but to divergent ecological pressures. After all, mammals and birds engage in

different kinds of visually guided activity—walking vs. flying, hunting vs. eluding pre-

dators—and hence, one might say, their visual systems have to function differently to

subserve these diverse activities. Such an approach considers variable function in terms of

variable ecology and adaptation, but not in terms of different origins.

I shall start to motivate the case for homology thinking by describing two ways of

thinking about how organisms adapt to their environments.

Conception 1 (Adaptationism) Suppose that adaptation consisted simply in solving

certain broad problems posed by the environment. (For a critique, see Lewontin 1980.)

Origins would then be irrelevant to the classification of visual systems. Classification

would be by kinds of environment, not by history. Homology thinking would have no place

in this case. Specialized cognitive systems would fall into classes that closely parallel the

kinds of environment they inhabit: history would only tell us how and when they got to that

kind of environment. This approach is adaptationist in the following sense. It takes

function to be completely determined by environment, and environment to be given

independently of organisms and history. And it assumes that evolution works by making

the organism fit for the environment.

Conception 2 (Specialization as Differentiation) Here is a contrasting approach to

adaptation. A successful species S puts pressure on environmental resources because it

grows in numbers. If a sub-group R can change in such a way as to exploit some resource

that the rest of S cannot exploit, the situation improves for both S and R. Here, R prospers

by specializing relative to S. This way of thinking about the environment does not construe

environmental problems in a manner that is independent of organisms. Adaptation is not

just a matter of ‘‘solving’’ a type of environment; it is rather a matter of finding a means of

exploiting the environment in a way that is new relative to S. (For a related approach, see

Lewontin 1982, 1983.)

Consider diurnal primates and diurnal birds. On the second conception, they are not just

adapting to diurnality; rather each is adapting its predecessor’s lifestyle to a diurnal

environment. This means that as they evolved, each was starting from a different point,

competing against organisms of their own quite different kinds, and adapting to inter-

organism relations within quite different populations. Thus, each evolved diurnal vision in

the face of very different problems of adaptation. On the second conception, therefore, the

fact that the visual systems of both birds and primates are adapted to a diurnal environment

does not imply that they will be the same. This is a history-bound way of thinking of visual

specialization.

There is good reason to think that the specialization-as-differentiation view is a better

way to think about visual function. Consider colour vision. The ancestral mammalian

colour vision system is ill adapted to searching for fruits among foliage, ‘‘because it has

poor spatial resolution, and the fruits eaten by primates, when seen at a distance, are

usually too small to be resolved by this subsystem’’ (Regan et al. 2001: 241). The ideal

colour vision system for the task would make the fruit ‘‘pop out’’ against the background;

that is, it would minimize the search time for such fruit, and make it relatively invariant

relative to the number of green leafy distractors. This enables a monkey surveying the

Defining vision 681

123



arboreal scene from afar quickly to detect where its chosen fruit are, rather than having to

inspect each tree close up. What is needed, then, is that the primate sensitivity to the

chromatic difference between these fruit and the leaves be maximized, while the difference

among the leaves themselves should be minimized. It turns out that the peak sensitivities of

primate colour receptive cones are indeed well spaced with regard to differentiating the red
and orange of fruits from the green of leaves.

Notice then that the emergence of colour vision in primates is not a consequence of

some general advantage that colour vision provides. It emerges for the specific purpose of

detecting high-frequency red-green variation—variation of red and green in a ‘‘dappled

and brindled’’ scene. It is significant that humans who are colour blind, even profoundly so,

can get by quite well with brightness information alone—they can even detect colour,

given certain conditions. What they unable to see is fine patterns in colour (cf. Mollon

2000). This function of the primate colour vision system—by Mollon’s evidence, the most

prominent added function—is thus specific to its historical origins, and the structural and

morphological features of the system reflect these origins. To explain these features

demands that we look at the historical context in which specialized functions emerge. This

is why homology thinking is appropriate here.

It is my thesis that adaptation is generally specialized in this manner—that the second

view of adaptation outlined above is the correct one to take. The specializations described

in this section are not merely adaptations to a broad type of environment; rather, they are

specific means of differentiation relative to predecessors. This is why homology thinking

should prevail in functional taxonomy. The phenomenon of convergence is over-stated.

Broad kinds of vision

The specialized functioning of visual systems in different kinds of organisms indicates that

there are specific kinds of visual system, kinds that reflect origin. Avian vision is one kind;

within it there may be even more specific kinds such as pigeon-vision, owl-vision, and

eagle-vision. Mammalian vision is another kind, and it encompasses primate-vision, cat-

vision, rodent-vision, and so on. The relationship between more inclusive and less inclu-

sive kinds is that of ancestor and descendant. Mammalian vision is older than cat-vision,

and it is more inclusive; cat-vision emerged by differentiation from a specific mammalian

predecessor. This hierarchy does not contradict conventional wisdom about defining vision

in terms of (proper) function. What is new in my suggestion is that the function emerges

from historical circumstance. Homology thinking grounds functional thinking because

history explains function, but not vice versa.

These considerations lead one to inquire about a broad kind of vision that includes both

avian vision and mammalian vision.

First, let us notice, there is no necessary conflict in the following propositions:

8. Avian vision and mammalian vision have defining functions in common. (This

proposition is the foundation for functional definition).

9. All defining functions should trace back to some common ancestor. (This is

homology thinking. Love [this issue] argues that functions can be homologized and traced

back to ancestors if ‘function’ is understood as activity or as causal role, rather than as

selected effect).

10. Birds and mammals differ with respect to many visual functions.

There is no conflict in these propositions for the trivial reason that even if visual animals

diverge with respect to many functions, as (10) insists, there may still be shared functions

682 M. Matthen

123



available to define vision (as per [8]), and these functions may trace back to a common

ancestor (as required by [9]). The question that I now want to consider is: Does homology

thinking have a place here?

There are two points to consider here. The first is that vertebrate visual systems seem to

have a common ancestor. Further, they display certain broad similarities. These start from

their eyes, which are homologous in vertebrates. The eye-lenses focus a light-image on to

arrays of cells that transduce light into neural signals by means of certain ancient proteins

known as opsins. Vertebrate retinas are homologous, and the neural signals they transmit

go through a homologue of the lateral geniculate nucleus to homologues of the primary

visual cortex. This information seems to be passed on to a homologue of the extra-striate

cortex for processing. (Until recently, it was not known that these parts of the cortex had

homologues in birds and reptiles. See Medina and Reiner 2000.) This evidence indicates

that not only do vertebrate visual systems share functions, they also share certain crucial

parts and connections between them. Thus, they share a degree of functional organization.

The difference between them is that these different parts are adapted to the extraction of

different sorts of data from ambient light. The retinas of pigeons and dogs are homologous,

but birds possess four kinds of cone cell and dogs only two. Similarly, the avian visual

brain is adapted to different data-processing than those of the dog.

All of this vindicates the hierarchical picture that we have been developing. At the most

abstract, most inclusive level we have shared functions of ancient origin located in certain

shared parts of ancient origin. At lower levels of abstraction, we have more specific and

more recent kinds of visual system in which the same parts with the same wiring acquire

new functions. (New parts may also have been added.) This supports a definition of the

following sort:

11. Vertebrate vision is the ability to extract data from light by means of a data-

processing system that receives input from eyes, and processes this input in structures

homologous to the primary visual cortex and certain other brain structures found in all

vertebrates.

This leads us to a second point. We might at this point try to unify all visual systems

through homology. Here we might be encouraged by the fact that certain homeobox genes,

Emx-1, Emx-2, Tbr-1, and particularly Pax-6 have a role in the formation of visual systems

not only in reptiles, birds, and mammals, but also in invertebrates. Is there then a homo-

logical account of all visual systems? No! This would be over-reaching, because though it

is true that homologous genes control the formation of eyes etc. wherever they occur, it is

not true that there is an eye that is the ancestor of both vertebrate and invertebrate eyes

(Griffiths 2006; Love, this issue). The truth is rather that the homologous Pax-6 and other

such genes work in quite different ways in vertebrates and invertebrates to make non-

homologous eyes (cf. Ereshefsky, this issue and Brigandt, this issue, on hierarchical

homology).4

How then should we define the most inclusive kind of visual system—the kind that

includes both vertebrate and invertebrate visual systems. Here, I suggest, we simply use

analogy thinking.

12. Vision is the ability to extract data from light.

This broad definition is not devoid of explanatory value. We might use it to deduce

certain general properties of visual systems—the occurrence of lenses, of photosensitive

neurons, of certain algorithms, and so on. Note, however, that (12) says nothing about parts

or functional organization. (11), on the other hand, is committed to certain kinds of

4 I am very much in debt to Ingo Brigandt and Paul Griffiths for helping me get straight on this matter.
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functional organization; it goes beyond selected effect functions to causal role functions

(cf. Love, this issue).

A challenge to homology thinking: TVSS

Is (11) a correct definition of vertebrate vision? Many think not. I now consider two

challenges.

First, a challenge from Tactile Vision Sensory Substitution (TVSS). Paul Bach-y-Rita

and colleagues contend that ‘‘We see with the brain, not the eyes’’ (Bach-y-Rita et al.

2003: 285).

We developed tactile vision substitution systems (TVSS) to deliver visual information

to the brain via arrays of stimulators in contact with the skin of one of several parts of

the body (abdomen, back, thigh). Optical images picked up by a TV camera were

transduced into a form of energy (vibratory or direct electrical stimulation) that could

be mediated by the skin receptors. . . . After sufficient training with the TVSS, our

subjects reported experiencing the image in space, instead of on the skin. They learn

to make perceptual judgments using visual means of analysis such as perspective,

parallax, looming and zooming, and depth judgments . . . Although the TVSS systems

have only had between 100 and 1032 point arrays, the low resolution has been

sufficient to perform complex perception and ‘‘eye’’-hand coordination tasks. These

have included facial recognition, accurate judgment of speed and direction of a
rolling ball with over 95% accuracy in batting a ball as it rolls over a table edge, and
complex inspection-assembly tasks. (286; emphasis added to mark important points).

These are remarkable results. But is it right to say that TVSS provides humans with the

kind of vision that the sighted among us enjoy? If so, the homologically correct definition

(11) would seem to be mistaken, for it is clear that the system lacks homologically-defined

eyes—the front-end of the TVSS system is not manufactured by a process initiated by the

Pax-6 gene.

Full discussion of this question would take us too far afield here. But I will outline two

alternative responses that are in line with homology thinking. The second of these alter-

natives seems to me the preferable one: it offers a reasonable response not only to TVSS

itself, but to its inventors’ take on what it does.

First, one could hold that though TVSS-adapted subjects are capable of sense-mediated

access to visual qualities—i.e., qualities normally sensed by the visual system—TVSS

nonetheless fails to be a form of visual access to these qualities, either in the homology

sense (11) applicable to vertebrates or humans, or even in the broad analogy sense (12).

This is not, as it might seem, an uptight response to the phenomenon – merely a philos-

opher’s quibble on the word ‘visual’. For consider that there are all sorts of non-visual

ways of gaining access to visual qualities. For example, one might be told about the visual

qualities of some spectacle, and thus be able to visualize it. Or one might be conditioned to

expect a certain visual stimulation. Suppose that one has experienced a certain loud tone

always being followed by a bright light. It might be that when one hears the loud tone

blindfolded, one arrives at a visual image of the light accompanied by the belief that it has

come on. Again, one has some sort of access to the light, but this access is not visual. And,

one might say, it is not visual precisely because it is not mediated by the eye. This is one

possible avenue of response to the TVSS phenomenon. One could say that it is one form of

non-visual access to visual features.
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What makes this not an entirely satisfactory response is the significant similarities

reported between Bach-y-Rita’s TVSS-trained subjects and normally sighted individuals—

the fact that the former experience visual qualities ‘‘in space’’, which shows that the tactual

experience has been significantly modified, and use ‘‘visual means of analysis such as

perspective, parallax, looming and zooming, and depth judgments’’. We said at the

beginning of this paper that homology thinking should be justified by explanatory success.

Excluding TVSS as a form of vision leaves the use of visual means of analysis unex-

plained, and casts doubt on the utility of homology thinking in this area.

Here then is a second kind of response to the TVSS phenomenon. One might think that

the evidence of non-tactual experience and visual means of analysis argues that though the

entire visual system is not engaged by TVSS stimulation, parts of it are engaged. For

perspective, parallax, and so on are not means of analysis that we are able to use volun-

tarily. They are not general-purpose operations controlled by the perceiver, but are rather

dedicated computational processes used in automated sub-personal visual processing. It

appears therefore that TVSS stimulation somehow finds its way to and recruits automatic

processes within the visual system, and that this is how TVSS-adapted subjects gain access

to visual qualities. Thus, though it is true that the eyes are not involved, some other parts of

the visual system alluded to in (11) are engaged in TVSS.

If this analysis is correct, then another kind of response to the TVSS challenge is

possible. In definition (11) above, it seemed as if the input to the visual system had to come

from the eyes. This approach is too strict; it rules out TVSS, which recruits parts of the

visual system. But we need not take homology thinking in quite this way. There is a system

in the brain that evolved in order to process data that it received from the eyes. It is

possible that in some cases this system operates normally even when it gets more or less

isomorphic data from other sources. One might, in other words, read (11) as identifying a

particular data-processing system in the brain, rather than requiring that the data actually

be provided by the eye. To make this explicit, we redefine vision as follows:

13. Vision is the ability to extract data from light by means of a data-processing system

that evolved to process input received from the eyes.

This accommodates Bach-y-Rita’s conclusion that ‘‘we see with the brain, not the

eyes’’, within the constraints of homology thinking.

Of course, we need not go all the way with Bach-y-Rita. We can make vision a com-

parative concept. Thus, we can distinguish various parts of the visual system: lens, retina,

opsins, various data-processing systems. We can then say that something is fully a visual

system if it makes use of all of these parts, and only approximates to a visual system if it

performs visual functions, but without using all of them. This leads us in the direction of

structural homologies in understanding the nature of vision. Considerations of space prevent

me from pursuing this approach and its variants here. I simply note that it employs the part-by-

part comparison that is one of the basic tools of homology thinking (cf. Ereshefsky, this issue).

We are interested not just in the functioning of the entire visual system, but in how this

functioning arises out of the inter-relationship of particular parts. One example of such a part

is the primary visual cortex, Brodman’s area 17 in humans. It is germane to our understanding

of vision that this brain structure is homologous with a certain part of the avian Wulst.

A second challenge: prosthetic vision

This leads us to a more radical challenge. Bach-y-Rita’s system involves the substitution of

tactile receptors for the eyes, but with the involvement of other parts of the visual system.
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What if somebody were to develop an entirely optical-fibre and silicon-chip based pros-

thesis for the entire visual system from eyes on through to brain-based visual processing?

Would an organism in which such a system was implanted possess vision? In homological

terms, it would possess none of the parts of a visual system as conceived so far. Prosthetic

vision satisfies (12) but not (13).

In my view the appropriate response to entirely prosthetic vision depends on how closely

the prosthesis is modelled on biological vision. Suppose it was modelled on human vision

functional bit by functional bit. Then, it would conform to the part-by-part analysis derived

from homology thinking, and for this reason, it seems to me, it would be human vision. In such

a system, the explanatory analysis of visual function would be preserved. Suppose, on the

contrary, it was a substitute for vision that analysed light, but through a system quite different

in structure from those that we find in the biological world. Suppose that it delivered the world

by means of data-extraction from light in a way that enabled its possessor to navigate the

external world, but in terms of features quite unlike those that biological organisms perceive

visually. Then I would be less inclined to say that this is vision. My intuition would be: the

more it copies biological vision, the more its functioning arises out of the joint operation of

functionally similar parts, the more it counts as vision—for the more it copies vision, the more

it is subject to the explanatory strategies that vision scientists use.

What recommends such a point of view? Briefly, it is that our theoretical goal here is to

account for vision in a way that adequately takes in how it actually operates. From a

traditional perspective, there are very few restrictions on a visual system. Any system that

translated a lens-focused image into sensation would count. But once we acknowledge that

visual systems do not simply convert a retinal image into picture-like visual sensation, we

move to a characterization of visual system that rests on what data concerning the external

world are extracted by a system. Specific types of visual system—the avian, the mam-

malian, and so on—are characterized in terms of their specific functioning. To fall under

one of these types, a system should conform to their functional organization. A system that

did not at least mimic actual biological visual functions would not provide anything like

visual experience as we or other organisms know it. Of course, a system that did not mimic

biological organization would still fall under (12) and thus it would count as a visual

system. To this extent at least, the intuition of functionalists such as Neander can be

preserved. True: but the novelty of the hierarchical conception inherent in homology

thinking should be noted as an advance over pure analogy thinking.

I am proposing, then, that both vertebrate visual systems and systems copied from their

functional parts and organization should count within the broad kind vertebrate vision. A

notion like this could be accommodated by Ruth Millikan’s (1984: chapter 1) notion of a

reproductively established family. The nub of this idea is simply to broaden the notion of

origins so that copying is included alongside biological evolution. Thus:

14. Vision is the ability to extract data by means of a data-processing system that either

evolved to process input received from eyes, or was built to mimic the functions and sub-

functions of such a system.

It should be noted that both (13) and (14) are intended to allow for systems that depart

from perfect fidelity to the norms of an evolved system. Such systems would be less good

than one that achieved perfect fidelity, but it would be a visual system nonetheless.

Function and homology

I’ll conclude with a glance at what might be considered a novel aspect of my approach.
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Normally, the functional approach to understanding organic systems is considered

antithetical to homology thinking—it is thought that if one defines kinds of visual system

by what they have been selected to do and how they are organized to do it—that is, by

either selected effect or causal role function—one will end up co-classifying things that do

not have a common origin (cf. Gray 1991; Griffiths 1994; Amundson and Lauder 1994;

Love, this issue). For it is thought possible that things with separate origins might do the

same thing in the same way. For example, it is said, the wings of insects and of birds

perform the same function, but since they are non-homologous, they are different parts of

different structures, and classifying them together will not get at their deepest features.

Along these lines, it is sometimes thought that if one demarcates cognitive kinds

homologically, one will end up opposing functional understandings of these kinds. The

approach that I take in this paper is not in agreement with this general assumption. In fact,

the launch point of my argument in support of homology thinking is precisely the

observation that visual functions correspond very closely to and are explained by common

origins. It is one of the central theses of this paper that if biological systems in different

types of organism have the same function, then, very likely, it is because they have the

same origin. Thus, my reason for thinking about visual systems in homological terms is

precisely that I think that one ought to think about cognitive functions themselves in

homological terms.

Elsewhere, I have argued (Matthen 1998, 2000) that functional considerations are

trumped by homology considerations in certain cases, e.g., when thinking about emotions

such as fear and anger or parts of the body such as bones. Bones cannot be defined

functionally, because particular bones (e.g., the pelvis) perform different functions in

different animals. Similarly, for the emotions: an emotion such as anger may function in

different ways in different animals. For instance, the endocrinological aspects of anger may

remain more or less the same in species where the social role that the emotion plays is very

different from that of human anger. Thus, anger cannot be defined in terms of its presumed

function and cognitive structure in humans. Of course, there are other similarities available

to serve as definitions of these items – bones can be defined in terms of their place in a

body plan, emotions by their endocrinal substrates. My claim is that homology thinking

shows why these particular characteristics are the correct ones to use—bones change their

shape and function; emotions change their role, but they are the same item because they are

of common origin.

Bones in a single taxonomic class do not have the same function; emotions ditto. But

visual systems that fall into the same class do have the same function, so I want to claim.

The reason why function is so stable in vision is, I suggest, that vision is a complex system.

In such systems, homology thinking operates at several different levels.

First, when we look at very broad classes of visual system that possess a common

origin, we identify common parts: eyes, receptor cells, processing centres in the

brain, etc. This identification of these parts proceeds straightforwardly by common

origin.

Now, understanding visual functioning is obviously not just a matter of enumerating

the parts of the visual system. It is an essential part of the explanatory task with

regard to such complex systems to show what these parts do, and how they work

together to realize the system’s characteristic activity (cf. Cummins 1983).

At this point, a more fine-grained level of homology thinking enters into the picture.

As we shall see, the same parts can do different things in different visual systems.

But here too origins are important because these differentiating specialized functions
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also trace back to common origins. Specialized functioning, however, traces back to

more recent origins.

The scheme that I offer for homology thinking about vertebrate vision is thus hierarchical.

The overall goal of the enterprise is to understand how the system is put together, and how

the functioning of the parts contributes to the functioning of the whole. Homology thinking

informs this enterprise at a variety of levels. The system’s components are identified by

relatively ancient origin, and, in many cases, the assembly of these parts as well. However,

the same part may play different roles in different kinds of organism. This is explained by

more recent origins. Thus, I argue for what Alan Love (this issue) calls homologies of

function—function that traces back to common origin (see above section on ‘‘Broad kinds

of vision’’).
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Delius JD, Emmerton J, Hörster W, Jäger R, Ostheim J (2000) Picture recognition in pigeons. In: Fagot J

(eds) Picture perception in animals. Psychology Press, Hove England, pp 1–35
Dominy NJ, Lucas PW (2001) Ecological importance of trichromatic vision in primates. Nature 410:363–

366
Ereshefsky M (2001) The poverty of the Linnaean hierarchy: a philosophical study of biological taxonomy.

Cambridge University Press, Cambridge England
Gray RA (1991) Behaviour, brain and phylogeny: cladistic analyses of behavioural, morphological and

molecular data. Int J Neurosci 57:296
Griffiths PE (1994) Cladistic classification and functional explanation. Philos Sci 61:206–227
Griffiths PE (1997) What emotions really are: the problem of psychological categories. University of

Chicago Press, Chicago
Griffiths PE (2006) Function, homology, and character individuation. Philos Sci 73:1–25
Griffiths PE (2007) Evo-Devo meets the mind: towards a developmental evolutionary psychology. In:

Sansom R, Brandon R (eds) Integrating evolution and development: from theory to practice. MIT Press,
Cambridge, MA, pp 196–226

Lewontin RC(1980) Adaptation. The Encyclopedia Einaudi. Eunaudi, Milan; Translated in Lewins R,
Lewontin R (1985) The dialectical biologist. Cambridge MA, Harvard UP

Lewontin RC (1982) Organism & environment. In: Plotkin H (ed) Learning, development, culture. John
Wiley, New York, pp 151–170

Lewontin RC (1983) Gene, organism & environment. In: Bendall DS (ed) Evolution: from molecules to
man. Cambridge University Press, Cambridge, pp 273–285

Matthen M (1998) Biological universals and the nature of fear. J Philos 95:105–132
Matthen M (2000) What is a hand? What is a mind? Revue Internationale de Philosophie 214:653–672
Matthen M (2005) Seeing, doing, and knowing: a philosophical theory of sense perception. Clarendon Press,

Oxford
Medina L, Reiner A (2000) Do birds possess homologues of mammalian primary visual, somatosensory and

motor cortices? Trend Neurosci 23:1–12
Millikan RG (1984) Language, thought, and other biological categories. Bradford Books, MIT Press,

Cambridge MA

688 M. Matthen

123



Mollon JD (2000) Cherries among the leaves: the evolutionary origins of color vision. In: Davis S (ed) Color
perception: philosophical, psychological, artistic, and computational perspectives. Oxford University
Press, New York, pp 10–30

Neander K (1991) Functions as selected effects: the conceptual analyst’s defence. Philos Sci 58:168–184
Neander K (2002) Types of Traits: the importance of functional homologues. In: Ariew A, Cummins R,

Perlman M (eds) Functions: new essays in the philosophy of psychology and biology. Oxford University
Press, Oxford, pp 390–415

Preuss T (2004) What is it like to be a human? In: Gazzaniga M (ed) Cognitive neurosciences, 3rd edn.
Bradford Books, MIT Press, Cambridge MA, pp 5–22
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