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The two contrasting theoretical approaches to visual perception, the constructivist and 
the ecological, are briefly presented and illustrated through their analyses of space 
perception and size perception.  Earlier calls for their reconciliation and unification 
are reviewed.  Neurophysiological, neuropsychological, and psychophysical evidence 
for the existence of two quite distinct visual systems, the ventral and the dorsal, is 
presented.  These two perceptual systems differ in their functions; the ventral 
system’s central function is that of identification, while the dorsal system is mainly 
engaged in the visual control of motor behavior.  The strong parallels between the 
ecological approach and the functioning of the dorsal system and between the 
constructivist approach and the functioning of the ventral system are noted.  It is also 
shown that the experimental paradigms used by the proponents of these two 
approaches match the functions of the respective visual systems.  A dual-process 
approach to visual perception emerges from this analysis, with the ecological-dorsal 
process transpiring mainly without conscious awareness, while the constructivist-
ventral process is normally conscious.  Some implications of this dual-process 
approach to visual-perceptual phenomena are presented, with emphasis on space 
perception.    

  

KEYWORDS:  Visual perception theories, ecological, constructivist, two visual 
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1.  Introduction 

  

Two contrasting theoretical approaches to visual perception are currently 
predominant, one consists of variants on the classical Helmholtzian constructivist-
inferential approach (e.g., Rock, 1983, 1997; Gregory, 1993) and the second the 
newer Gibsonian ecological-direct approach (Gibson, 1979).  On the face of it, these 
two theories seem quite incompatible, espousing rather contradictory views of how 
visual perception transpires.  However, I will try to demonstrate that each of these 
seemingly contradictory theoretical approaches comprises a somewhat different 
aspect of visual perception, and that both can co-exist.  These two aspects have been 
delimited by recent neurophysiological, neuropsychological, and psychophysical 
research indicating the existence of two parallel visual systems, labeled here the 
dorsal and the ventral systems. The central tenet to be presented here is that these two 
visual systems parallel the ecological and constructivist approaches to perception, 
respectively, in their function.  In other words, it is being suggested that these two 
visual systems contribute to our pickup of visual information and our perception of 
the visual world.  The ventral system is seen to function in a manner commensurate 
with the Helmholtzian constructivist approach, and the dorsal system in a manner 
much more similar to Gibson's (1979) ecological approach.  

  



Before starting it is important to clarify the usage of the term perception in this paper.  
Perception can be defined in more than one way.  It is often defined narrowly as the 
conscious awareness of the objects and events in the perceiver’s environment.  Such 
definitions are in line with the constructivists' approach, and almost totally exclude 
dorsal system functions from "perception" leaving only the ventral system to partake 
in perception.  This is the tack taken by Milner and Goodale (1995) in their 
interpretation of their very important findings concerning the two visual systems.  I 
will argue for a broader definition of perception where perception is seen to 
encompass both conscious and unconscious effects of sensory stimulation on 
behavior.  This broader definition is more commensurate with the attempt made here 
to include both approaches, the constructivists and ecological, under a common 
framework.  It is also necessitated by the findings that indicate that many perceptual 
activities can be carried out by both systems and that often they interact 
synergistically in these perceptual activities.  But, to assist the reader as to which 
system I believe to be involved in a given perception, I will refer to the dorsal system 
as “picking up” (information), following Gibson, and to the ventral system as 
“perceiving” the stimulation in question.  

  

Section 2 will begin with a brief review of the two theoretical approaches, the 
constructivist and the ecological, followed by a look at some previous claims that the 
two approaches are not incompatible.  This will be followed by a summary, in Section 
3, of some of the more relevant findings concerning the two visual systems, and their 
currently assumed functions.  These two sections are essentially literature reviews, 
and some readers might want to skip them moving directly to the more central theses 
of this paper.  Section 4 will take a second look at the two theories and some of the 
research carried out under their aegis and try to demonstrate the parallels between 
ecological theory and its research and the functions of the dorsal system, and between 
constructivist theory and its research and the functions of the ventral system.  In most 
instances the examples will be from the domain of space perception with emphasis on 
size perception or size constancy, that is the invariance of perceived size with distance 
variant.  Hopefully, choosing examples from a single domain will yield a more 
coherent presentation, but, of course, there will remain the question of generalization 
to other domains.  Finally, Section 5 will try to summarize the emergent dual-process 
approach, and show how it sheds new light on some topics in visual perception, and 
point to some of its relations to other theoretical accounts.  A brief look at the 
conclusions will appear in Section 6. 

  

2.     Two competing theories of perception, the Constructivist and the Ecological 

  

The two competing theories, or variants on these theories, have been given a wide 
assortment of labels.  The older theory, which I will in the main refer to as 
constructivist or indirect, has also been called Helmholtzian, cognitive, algorithmic, 
mediational, among other labels.  The newer theory, which I will usually refer to as 
ecological, direct, or Gibsonian, has also been called sensory, proximal, and 



immediate, among others.  There are those who equate the constructivist approach 
with a computational theory of vision.  But as has been pointed out (e.g., Epstein, 
1980; Hatfield, 1990b) both theories can be seen as computational, the differences 
between them depending on what type of information those computations process.  
The constructivist approach is seen to process information beyond that found in the 
sensory stimulation while the ecological approach limits itself only to information in 
the stimulation.  No attempt will be made to give a thorough and complete review of 
these theories but simply my, hopefully unbiased, understanding of them. The 
constructivist view has taken on several somewhat different stances over the years, 
and Epstein (1995) has recently briefly reviewed several of these.  The much newer 
ecological approach (but see Lombardo, 1987) is mainly the product of the life's work 
of Gibson, as spelled out in his last book (Gibson, 1979).  Here I will simply try to 
point to some of the central themes of these theories, especially those that are relevant 
to what constructivists might call "space perception" and Gibson would have probably 
called "the pick up of information about the affordances of the ambient 
environment."   

  

Let me start by stating in very general terms what I believe to be the major differences 
between the two approaches to perception.  These relate to two interrelated topics, the 
richness of the stimulation reaching our sensory apparatus, and the involvement of 
"higher" mental processes in the apprehension of our environment.  The 
constructivists see the stimulation reaching our senses as inherently insufficient 
necessitating an "intelligent" perceptual system that relies on inferential types of 
mechanisms to overcome this inherent equivocality of stimulation.  The ecologically 
oriented theorists argue that the information in the ambient environment suffices and 
is not equivocal and thus no "mental processes" are needed to enable the pick up of 
the relevant information.  The constructivists see perception as multistage with 
mediational processes intervening between stimulation and percept, i.e., perception is 
indirect. The ecological theorists see perception as a single-stage process, i.e., it is 
direct and immediate.  For the constructivists, memory, stored schemata, and past 
experience play an important role in perception.  The ecologically oriented approach 
sees no role for memory and related phenomena in perception.  Finally the two 
approaches differ on the aspects of perception they emphasize, the constructivists 
excel at analyzing the processes and mechanisms underlying perception, while the 
ecological approach excels at the analysis of the stimulation reaching the observer.  
This is clearly a very oversimplified view of the differences between the two views, 
but I believe that it contains the gist of the main differences between them.  Let us 
look at the two approaches in somewhat greater detail. 

  

            2.1 The Constructivist Approach 

  

Of the two competing theoretical approaches, the constructivist approach is the older, 
more "classical", approach.   Although its roots are much older, many see Helmholtz 
as it modern forefather, often citing his notion of “unconscious inference” as the 



forerunner of current constructivistic thinking (see e.g., Rock, 1977).  In reality the 
Helmholtzian notion of unconscious inference was more encompassing than its 
current equation with the “taking-into-account” notion (see below).  It intertwined 
perceptual processes with the nativism-empiricism debate with Helmholtz utilizing it 
to reinforce his empiricistic stance (see Hatfield, 1990a, ch. 7).   

  

More recently Boring (1946) borrowed and sharpened Titchener’s (1914) distinction 
between core and context to explicate the results of the classic Holway and Boring 
(1941) experiment.  In that experiment observers judged the size of a disk, presented 
at varying distances, under conditions of increasing "reduction", i.e., where more and 
more distance cues were eliminated.  Their finding was that the more cues “reduced”, 
the poorer the size constancy, i.e., the more the judgments were of the proximal size 
and not of the distal size.  Boring (1946) writes: 

“For descriptive purposes it is convenient to say that the sensory data that contribute 
to a perception can be divided into a core and its context.  The core is the basic 
sensory excitation that identifies the perception, that connects it most directly with the 
object of which it is a perception.  The context consists of all the other sensory data 
that modify or correct the data of the core as it forms the perception.  The context also 
includes certain acquired properties of the brain, properties that are specific to the 
particular perception and contribute to the modification of its core.  In other words, 
the context includes knowledge about the perceived object as determined by past 
experience, that is, by all the brain habits which affect perceiving. 

            In visual perception the core is the retinal excitation, that is to say, the total 
optical pattern, specified with respect to the wavelengths and energies involved and 
the spatial distribution and temporal changes of each.  Thus in the visual perception of 
size with distance variant, the core is the size of the retinal image.  The context 
includes all the clues to the distance of the perceived object – clues of binocular 
parallax and convergence, and of lenticular accommodation and perspective, as well 
as the other monocular clues to the awareness of distance….”1

  

Boring’s is a strong constructivist stance, where the process of perception consists 
first of a core stimulus, a proximal image of the disk subtending 1° on the retina, and 
this core is modified by the context, by all the cues (clues) that yield information 
about the distance of the disk.  This modification process mediates between the core 
and the final percept, the more complete the information about distance (the fewer the 
cues “reduced”) the more the percept matches the distal stimulus.  In other words the 
perceptual process takes into account the perceived distance in attempting to assess 
the true, distal, size of the disk.  This “taking into account” formulation of the 
perceptual constancies was elucidated in an article by Epstein (1973) where he spelled 
out the underlying common mechanism for seven constancies.  That mechanism 
consists of a combinatorial process where, for each of the constancies, two 
independent variables yield the distal attribute.  In the case of shape constancy, for 
example, the variables are the projective shape (the local retinal attribute in Epstein’s 
usage or the core in Boring’s) and the concomitant variable, the apparent slant, which 



together yield the perception of the distal attribute, in this case the apparent shape.  
The elegance of a common mechanism for all these constancies is somewhat marred, 
as Epstein points out, by the fact that empirical tests have not always yielded results 
consistent with it.  Epstein points to several reasons for this, one of these is based on 
the distinction between perceived and registered variables.  This refers to the fact that 
there may be a difference between the perception of the concomitant variable and its 
registration in the nervous system.  Taking size constancy as an example, which relies 
on distance information according to this view, it is being suggested that the perceived 
or reported distance differs from that registered by the nervous system.  Experiments 
attempting to verify the “taking into account” hypothesis have utilized the reported 
distance, but this is different from the registered distance, and it is possible that it is 
the latter that combines with the core size in yielding the size percept.  I will return to 
this topic in section 5.2.3. 

             

The most prolific proponent of the constructivist approach in recent years has been 
Irvin Rock (e.g., 1977, 1983, 1997).  His The Logic of Perception (1983) is a treatise 
devoted in its entirety to documenting the evidence in favor of the constructivist view, 
and his recent Indirect Perception (1997) is a collection of papers seen to support that 
view accompanied by his introductory chapter and his comments at the beginning of 
the sections.  The first sentence in the former book is:  “The thesis of this book is that 
perception is intelligent in that it is based on operations similar to those that 
characterize thought.” (1983, p.1).  A little later in the book he makes it clear that this 
thought-like process occurs unconsciously.  Equating perception and thought 
processes is adopting a rather extreme position, both because it is difficult to envision 
the exact parallel between the two, and because it is very difficult to empirically 
verify its validity.  In the introduction to the first section of his later book,  Rock 
(1997) takes a somewhat different tack, explaining that indirect perception means 
“that perception is based on prior perception, implying a perception-perception chain 
of causality.”  This interdependency of perceptual processes is something that can be 
examined empirically, and, indeed, the studies reprinted in that book clearly evidence 
that chain of causality.  Actually, one senses a transition from the stance of the strong 
opening sentence in Rock’s (1983) book as one reaches the tenth chapter of the book, 
entitled “Perceptual Interdependencies” where Rock develops this idea based on the 
writings of several notable students of perception (Epstein, 1982; Gogel, 1973; 
Hochberg, 1956, 1974).  

  

Epstein’s (1982) cites several examples of such perceptual interdependencies. These 
he labels “percept-percept couplings” (after Hochberg, 1974), where the perception of 
one stimulus dimension is altered by changes in a different stimulus dimension.  One 
well-known example are Gilchrist’s (1977, 1980) experiments demonstrating that the 
perceived lightness of a reflecting patch can be changed drastically by manipulations 
of the stimulus situation affecting where it is perceived to be (e.g., in a dimly vs. a 
well-lit room) or what its physical slant is (e.g., facing the light source or not).  
Percept-percept couplings, according to Epstein and Rock are an anathema to direct 
theory in that “the cardinal tenet of direct theory cannot be sustained.  The percept in 
question will have been removed from direct control by information in stimulation.”  



(Epstein, 1982).  Epstein also presents evidence favoring a causal interpretation rather 
than a correlational interpretation of such percept-percept couplings.  Such are a set of 
studies by Gogel and Tietz (1973, 1974, 1977, 1979) showing that completely 
independent stimulus manipulations such as changes in oculomotor convergence or 
motion parallax, affect perceived distance in a similar manner.  It should be noted that 
in most of the examples of such percept-percept couplings presented by Epstein 
(1982) and Rock (1997), the second, concomitant, variable manipulated (not the core) 
consists of some manipulation of the stimulus situation affecting the subject’s 
perception of three-dimensional space.  I shall return to this topic in Section 5.2.2. 

  

Returning once again to the question of size perception, Rock (1983) specifically 
invokes a syllogistic inferential mechanism: 

“I will argue that the process of achieving constancy is one of deductive inference 
where the relevant ‘premises’ are immediately known.  That is to say, in the case of a 
specific constancy such as that of size, two aspects of the proximal stimulus are most 
relevant, one being the visual angle subtended by the object and the other being 
information about the object’s distance.” (p.240). 

Like Boring and Epstein, Rock sees size perception as depending on two perceptions, 
that of proximal size and that of distance, together leading through a syllogism to the 
veridical distal percept.  While there are slight differences in emphases between these 
three researchers, all three call for some sort of combination of proximal size 
information and distance information in the achievement of size constancy.  In a 
similar manner, the same combinatorial process holds for all the constancies, 
according to the constructivist view.  Those who adopt the ecological view, as will be 
seen in the next section, do not accept this view. 

  

2.2    The Ecological Approach 

  

Gibson’s ecological theory as expounded in his The Ecological Approach to Visual 
Perception (1979) evolved over his entire career (see the fascinating account in Reed, 
1988).  In that book Gibson presented an exciting new approach to the study of visual 
perception that included many new concepts and new ways of looking at perception.  
The entire first half of the book is devoted to a novel analysis of the ambient 
environment and the information it proffers the observer.  Gibson finds the classical 
approach of describing the stimuli for perception in terms of stimulus energies 
impinging upon the receptors completely unsatisfactory.  He points to the differences 
between these energies and the optical information available in the ambient optic 
array.  That information is picked up by a stationary or moving observer.  Gibson, like 
Johansson (e.g., 1950), calls attention to the fact that perception consists of perceiving 
events; i.e., perceiving changes over time and space in the optic array. 

  



Perhaps one of Gibson’s most important contributions is the concept of affordances.  
Gibson writes: “The affordances of the environment are what it offers the animal, 
what it provides or furnishes, either for good or for ill” (1979 p. 127).  Mark (1987) 
defines affordances as "the functional utility of certain environmental objects or 
object complexes taken with reference to individuals and their action capabilities".  
Gibson gives examples of the various affordances of surfaces, such as “stand-on-
able”, “climb-on-able”, or “sit-on-able”, and writes: 

“The psychologists assume that objects are composed of their qualities.  But I now 
suggest that what we perceive when we look at objects are their affordances, not their 
qualities.” (1979, p. 134) 

and: 

“…… the basic affordances of the environment are perceivable and usually 
perceivable directly, without an excessive amount of learning.  The basic properties of 
the environment that make an affordance are specified in the structure of ambient 
light, and hence the affordance itself is specified in ambient light. Moreover, an 
invariant variable that is commensurate with the body of the observer himself is more 
easily picked up than one not commensurate with his body.” (1979, p. 143). 

Quite a few experimental studies of affordances have been published, focusing on a 
variety of topics such as the affordance of stairs for climbing, the affordance of chairs 
for sitting, or the affordance of apertures for walking through.  I will return to one of 
these and to the concept of affordances once again in section 4.1. 

  

Gibson’s is a theory of direct perception and he describes it thusly: 

            “So when I assert that perception of the environment is direct, I mean that it is 
not  

mediated by retinal pictures, neural pictures, or mental pictures.  Direct perception is 
the  

activity of getting information from the ambient array of light.  I call this a process of 
information pickup that involves the exploratory activity of looking around, getting 
around, and looking at things." (1979, p. 147) 

What sort of information is picked up in direct perception?  Gibson suggests that there 
exist higher-order invariants2 in the optic array that serve to supply the observer with 
unequivocal information.  He musters a great deal of evidence to prove this point.  
Among the items of evidence he presents is a study of size perception he performed 
during World War II.  In that study he presented aviation cadets with the task of 
matching the height of stakes planted at various distances in a very large plowed field 
with a set of stakes of varying size nearby.  His finding was that size perception 
remained invariant no matter how far away the stake was planted: “The judgments 
became more variable with distance but not smaller.  Size constancy did not break 



down.” (1979, p. 160).  Unlike the constructivists Gibson does not ascribe this size 
constancy to the taking-into-account of distance, but rather: 

“The implication of this result, I now believe, is that certain invariant ratios were 
picked up unawares by the observers and that the size of the retinal image went 
unnoticed.  No matter how far away the object was, it intercepted or occluded the 
same number of texture elements of the ground.  This is an invariant ratio.  For any 
distance the proportion of the stake extending above the horizon to that extending 
below the horizon was invariant.  These invariants are not cues but information for 
direct size perception….” (1979, p. 160). 

Gibson is suggesting that size constancy results from the direct pickup of invariant 
ratios in the ambient array.  He proposes two such invariant ratios, the amount of 
texture intercepted and the horizon ratio.  It is also noteworthy that he claims that 
these invariant ratios are picked up "unawares" .  There is no need, according to his 
view, for perceived distance to be involved here, nor for the inferential mental 
processes that the constructivists purport to underlie size perception.   

“…. both size and distance are perceived directly.  The old theory that the perceiver 
allows for the distance in perceiving the size of something is unnecessary.” (1979, p. 
162). 

  

Gibson’s conception is one of an active perceiver exploring his environment.  Eye-,  

head-, and body-movements are part and parcel of the perceptual process.  Perception 
transpires continuously over both time and space.  “Space” here refers not to  an 
empty space but to the many surfaces that make up the environment, the most 
important being the terrain that at times reaches the horizon.  The horizon is of 
importance as it serves as an important reference standard, and when it is occluded 
Gibson speaks in terms of an implicit horizon, presumably similar to what architects 
and others have called the eye-level plane.  With such a conception Gibson is totally 
adverse to the reductionist experimental paradigms.  Brief exposures or looks through 
monocular “peep-holes” do not represent true perception in his view.  In discussing 
the famous Ames demonstrations of the trapezoidal room or window, he writes: 

“An observer who looks with one eye and a stationary head misperceives the 
trapezoidal surfaces and has the experience of a set of rectangular surfaces, a ‘virtual’ 
form or window. …. The eye has been fooled. 

            The explanation is that, in the absence of information, the observer has 
presupposed (assumed, expected, or whatever) the existence of rectangular surfaces 
causing the solid angles at the eye.” (1979, p.167) 

Gibson also eschews the idea that a perceptual system has a memory.  He claims that 
“there is no dividing line between the present and the past, between perceiving and 
remembering” (1979, p.253).  

  



In his book Gibson almost totally refrains from discussing the processes underlying 
perception.  Perception is simply the pickup of information from invariants in the 
ambient environment.  His only allusions to underlying processes are in terms of 
resonance: 

“In the case of the persisting thing, I suggest, the perceptual system simply extracts 
the invariants from the flowing array; it resonates to the invariant structure or is 
attuned to it.  In the case of substantially distinct things, I venture, the perceptual 
system must abstract the invariants.  The former process seems to be simpler than the 
latter, more nearly automatic.” (1979, p. 249). 

In their explication of Gibson’s approach, Michaels and Carello (1981) are somewhat 
more explicit about what they call “The Resonance Model”.  They refer back to 
Gibson’s (1966) radio metaphor for perception, pointing out that “the recognition or 
detection of radio waves is based on principles of resonance.”  They suggest that the 
environment “broadcasts” information and that information must be “tuned in”.  They 
also point out that the radio metaphor is lacking on two counts.  First it accounts for 
only the perceptual part of the perception-action continuum, and second a radio needs 
someone to tune it, while a perceptual system is a self-tuning device. 

 
 

  

2.3    Calls for reconciliation and unification 

  

In spite of the sharp contrasts between the constructivist and ecological approaches, 
there were those who, not long after the publication of Gibson’s (1979) last book, 
called for seeking out ways to reconcile the two approaches.  My own “awakening” 
came from the results of three experiments on size perception (Norman, 1980).  Those 
experiments, somewhat naively, aimed at pitting the two approaches, the 
constructivist and the ecological, against each other by examining the effects of object 
distance on size perception.  The participants in the three experiments were presented 
with a monocular view, through a “peephole” containing an electronic shutter, of two 
square pieces of red Plexiglas standing erect on surface covered with a highly textured 
cloth (Experiments 1 and 2) or on a dull gray textureless cloth (Experiment 3).  The 
two red squares were never the same physical size and in most instances they were 
not at the same distance from the participant.  The task was to judge which of the two 
squares was physically bigger and press an appropriate button.  Response times were 
measured from the opening of the shutter till the correct response was made.  The 
shutter was closed immediately after the response was made, and the stimuli were 
changed. 

  

The idea behind this research paradigm was to try to determine if the constructivists 
are right in positing that the perception of size-at-a-distance entails a taking-into-



account of object distance.  Or, in contrast, whether the claim of the ecological 
approach is correct that perceived distance is irrelevant, with size information being 
picked up with the aid of invariant ratios available in the ambient array, such as 
texture occlusion or the horizon ratio.  The analysis of the first experiment examined 
the response time data in terms of two stimulus parameters, the “distal ratios”, the 
ratios of the objective (physical) sizes of the two red squares being judged, and the 
“proximal ratios”, the ratios of the proximal (retinal) sizes of those squares.  If 
distance is taken into account, as the constructivists or indirect theorists claim, then 
the response times should be affected by the proximal ratios, which are determined by 
the relative distance of the two squares from the observer.  But if the ecological or 
direct theorists claim that distance does not play a role in the perception of size is 
correct, then only the distal ratios should affect the response times.  The results of the 
first experiment indicated that the proximal ratios affected response times to a greater 
extent than did the distal ratios.  This finding is more in line with the predictions of 
the indirect theory.  But there also was evidence of an independent effect of the distal 
ratios on response times, and the results of Experiments 2 and 3 further elucidated this 
effect.  Briefly the results of those two experiments showed that the effect of the 
proximal ratios on response times was contingent on the distal ratios: The smaller the 
distal ratio (i.e., the more different in size the two squares being compared) the 
smaller the effect of the proximal size.  In other words, the greater the difference 
between the physical sizes of the squares being compared the more direct the 
perception of their size.  In fact, in the stimulus conditions with the greatest difference 
between the distal sizes (smallest distal ratios) the manipulation of distance had no 
affect on the response times at all.  Thus, there appeared to be an indication that size-
at-a-distance could be picked up without the involvement of perceived distance under 
certain conditions.  I summarized the implications of these findings thusly: 

“To sum up, it is being suggested that both direct and indirect perception occur, that 
they do not define a dichotomy but a continuum, and that the location of a perceptual 
act on that continuum is determined by some interaction of the difficulty of the 
perceptual discrimination required and the richness of the stimulus conditions….. The 
challenge facing the perceptual theorist is not to choose between the two theories, but 
to incorporate the two approaches into a common framework with the aim of 
delineating the conditions under which direct and indirect processes emerge.” 
(Norman, 1983). 

It is being suggested here that such a common framework does exist. It is based on the 
findings concerning the existence of two visual systems each with its specific modes 
of functioning, each with its complementary contribution to the organism’s ability to 
utilize the impinging sensory stimulation in coping and behaving in its environment. 

  

The “richness of the stimulus conditions” in the previous quote refers to the fact that 
in spite of my using a highly textured and well-illuminated surface, the experimental 
setup was not really conducive to what ecologically oriented researchers would 
consider a “fair” assessment of perception.  The participants were given a very brief 
monocular view of the stimulus array; a far cry from what Gibson would consider an 
adequate setup allowing true perception.  Yet, in spite of these limitations evidence 
for direct perception of size seemed to emerge.  The possibility exists that had the 



experimental conditions allowed binocular rather than monocular vision, and much 
longer exposures, perhaps entailing movement by the participants, direct perception of 
size might have been found for other conditions as well. 

  

At about the same time others also called for the amalgamation of the two theoretical 
approaches, the constructivist and the ecological.  Haber (1985) reviewed 100 years of 
research on perception in a paper presented in 1979 at the APA convention to 
celebrate the centennial of experimental psychology (and printed very much later).  In 
that paper he noted that while the Gibsonian approach excels in its analysis of the 
stimulation reaching the organism, it needs to be supplemented by an adequate theory 
of the underlying processes along Helmholtzian lines.  His conclusion: “I feel that as 
soon as we create a truly Gibholtzian theory of space perception, this merger will 
produce a breakthrough in our understanding of space”.  In an early review of the 
contributions of developments in computer vision to perceptual theory, McArthur 
(1982) found that both bottom-up and top-down processing (not his terms, but 
commonly used today) are required for efficient computer vision models, leading him 
to write: 

“We can identify hypotheses about the kinds of knowledge and uses of knowledge in 
perception that could be regarded as ‘more or less’ Gibsonian or constructivist.  More 
generally, we might regard the extreme Gibsonian and constructivist views as end 
points on a continuum, or space, of possible theoretical positions concerning the role 
of knowledge in perception.” 

It should also be mentioned that Rock (1983) also foresaw the possibility of a unified 
theory.  In his discussion of the various theories of perception he wrote:  “Varieties of 
each of these are of course possible, and one might develop an overall theory that 
combines features of each.”  (p. 28). 

  

Others have noted that one of the problems in trying to find a middle way between the 
two approaches is that they are very different in the conceptualizations they adopt.  A 
means for ameliorating this problem was suggested and thoroughly analyzed by 
Hatfield (1988, 1990b).  He proposed that a connectionist analysis of perception can 
serve as the bridge between the two approaches.  Very briefly, he showed how a 
connectionist model can satisfy the claims of the constructivists that rule-like 
behavior underlies perception, but by being rule-instantiating without being rule-
following the model can also satisfy the Gibsonian strictures against cognitive 
mediation.  In other words, the connectionist network with its hidden units and the 
connection weights among them can respond (or resonate) as if it is making 
inferences without implementation of anything more than some changes in the 
weights in the model.  These weight changes are the “representations” of the system.  
Hatfield suggested that representations of this sort are commensurate with Gibson’s 
approach. 

  



Another attempt at bridging the gap between the two theoretical views was offered by 
Bennett, Hoffman, and Prakash (1989, 1991).  They presented a mathematical theory 
of perception that they suggested can also serve as a rapprochement between the 
ecological and constructivist views (see also Banks & Krajicek, 1991; and Braunstein, 
1994).  Their theory is built around the concept of an "observer".  An observer is not 
necessarily a perceiver but "each perceptual capacity can be described as an observer" 
(Bennett et al., 1991).  These observers perform inductive rather than deductive 
inferences and such inferences can serve in both what appear to be direct or ecological 
perceptual processes and in the type of processes proposed by the constructivists.  By 
transforming the two approaches to inferences of a similar nature they suggested that 
the gap between the two can be bridged.  

  

More recently Neisser (1994) has proposed a tripartite division of perception, 
consisting of three perceptual systems:  

“1.  Direct perception/action, which enables us to perceive and act  

effectively on the local environment. 

2.       Interpersonal perception/reactivity, which underlies our immediate  

social interactions with other human beings. 

3.       Representation/recognition, by which we identify and respond  

appropriately to familiar objects and situations.” 

While Neisser does not go into very much detail concerning the three systems, it 
would appear that the first and third systems above are very similar to the two systems 
being suggested here, the dorsal and the ventral, respectively.  The second system, the 
one dealing with social interactions, while very interesting is beyond the scope of the 
topics being dealt with here. 

  

In a recent guest editorial in the journal Perception Heller (1997), whose central 
interest is in the sense of touch, also calls attention to the fact that “An important gap 
in theoretical positions exists between the ecological and traditional points of view”.  
He uses the term traditional as synonymous with the “constructionist 
(representational) viewpoints”.  He then writes: “It is very possible that the ecological 
position and the inferential hypothesis testing views of perception are both correct, 
within limits… Thus, the distinction between the ‘what’ and ‘where’ functions of 
perception may help to resolve the apparent conflict between the ecological and other, 
constructionist approaches.”  This statement also bears much similarity to the thesis 
set forth in this paper. 

  



  

3.  The two visual systems, the ventral and the dorsal 

  

The idea of two visual systems is far from new (see reviews in Jeannerod, 1997, Ch. 
2; and Milner & Goodale, 1995, Ch. 1).  In the late sixties, a group of studies 
produced evidence for this idea.  One of the better known studies was carried out by 
Schneider (1967,1969) who described experiments on hamsters where ablation of the 
cortical visual system (areas 17 and 18) left the hamsters incapable of demonstrating 
pattern discrimination but still capable of orienting toward objects.  In contrast, in a 
second group of hamsters undercutting the tectum, thus disconnecting the superior 
colliculus, had the opposite effect. The latter group of animals could make pattern 
discriminations but could not orient themselves in space.  Schneider (1969) saw these 
findings as indicating that the hamster had two visual systems one a cortical system 
answering the question 'What is it?', and the second a subcortical system answering 
the question 'Where is it?'.  At about the same time, Trevarthen (1968) who had been 
studying the behavior of split-brain monkeys also came to the conclusion that there 
were two visual systems, one a subcortical system that he called 'ambient' and one a 
cortical system that he called 'focal'.  The former was primarily subserved by 
peripheral vision and the latter by foveal vision.  Quite a few other studies during that 
period also pointed to the existence of two visual systems.  For example, Ingle (1973) 
provided evidence for the existence of two visual systems in the frog.  Also Held 
(1970) published a review of a wide variety of studies of perceptual adaptation all 
consistent with the idea that there exist two modes of visual analysis, a “contour-
specific” mode and a “locus-specific” mode.  

  

This focal-ambient nomenclature was adopted by quite a few researchers including 
Leibowitz and Post (1982) who summarized implications of these two modes to 
several quite diverse topics in vision and visual perception.  Among the studies these 
author’s summarized was an earlier study of theirs (Leibowitz, Wilcox, & Post, 1978) 
where they examined the effect of inducing refractive error (blur) on both size 
constancy and shape constancy.  They found that increasing blur decreased shape 
constancy, but, in contrast, increasing blur had no effect on the degree of size 
constancy.  Leibowitz and Post (1982) suggested that these differences were due to 
the differences between the focal and ambient systems.  The focal system is very 
sensitive to decreases in spatial frequency while the ambient system functions 
efficiently over a large range of spatial frequencies. It is suggested that the focal-
ambient distinction as used many years ago by Leibowitz, Held, and others is quite 
similar, if not identical, to the ventral-dorsal distinction to be elaborated here. The 
Leibowitz, Wilcox, and Post (1982) study is an early finding indicating that the dorsal 
system is involved in the pickup of size information. 

  

The general consensus during the 60s and 70s was that the focal system was under 
cortical control while the ambient system was subcortical (e.g., Perenin & Jeannerod, 



1979).   But in 1982 Ungerleider and Mishkin presented evidence that in the visual 
cortex of the monkey there were two separate pathways, one they labeled the ventral 
stream leading from the occipital cortex to the inferior temporal cortex and the 
second, the dorsal stream leading to the posterior parietal cortex.  Lesioning the 
inferior temporal cortex left the monkeys unable to discriminate between objects of 
different shapes, while lesioning the posterior parietal cortex left them unable to 
perform a landmark discrimination task.  These findings led Ungerleider and Mishkin 
to suggest that the ventral pathway dealt with object identification, and the dorsal 
pathway dealt with object location.  Somewhat like Schneider they called the ventral 
pathway a "what" system and the dorsal pathway a "where" system, but unlike 
Schneider both systems were cortical.  

   

More recently a somewhat different interpretation of this dichotomy has been 
suggested by Goodale and Milner (1992; see also Milner & Goodale, 1995).  Their 
interpretation of the functions of the ventral stream does not differ markedly from that 
of Ungerleider and Mishkin.  They also see it as mainly involved in the processes of 
recognition and identification.  Their main innovation is the functions they attribute to 
the dorsal stream.  Rather than mapping the location of objects, they see it as a system 
for the visual control and guidance of motor behavior.  They present a great deal of 
evidence showing that the dorsal stream is capable of utilizing visual information for 
the control of movement, and that it is dissociated from the ventral stream.  According 
to Goodale and Milner the major difference between the two streams is not in the 
visual information they process, but in the transformations they perform on the 
available visual information.  In other words, the ventral stream transforms visual 
information into an exocentric (also labeled "allocentric") framework allowing the 
perception of the object as it relates to the visual world.  The dorsal system, on the 
other hand, transforms visual information into an egocentric framework allowing the 
actor to grasp or otherwise bodily manipulate the object. 

  

The labels "dorsal system" and "ventral system" will be used here to denote the two 
systems3.  At the end of this section I will try to summarize what is known about the 
functions of the two systems and the differences between them.  This will follow a 
review of  neurophysiological studies, referring mainly to physiological studies on 
monkeys, but also some of the recent imaging work (PET and fMRI) corroborating 
these findings in humans, a review of neuropsychological studies of brain-damaged 
patients, and finally a review of psychophysical studies on healthy humans. 

  

3.1 Neurophysiological Studies 

  

The labels “dorsal system” and “ventral system” are used in this article to connote two 
theoretical entities, but these labels are borrowed from, and have their roots in, two 
anatomical-physiological entities usually labeled the dorsal and ventral streams.  



These streams are located in different parts of the cortex.  The dorsal stream is located 
in the main in the posterior parietal cortex and adjacent areas and includes areas such 
as MT (middle temporal or V5), MST (medial superior temporal), LIP (lateral 
intraparietal), among others.  The ventral stream is located in the main in the 
inferotemporal cortex and adjacent areas and also includes area V4.  Both the ventral 
and dorsal streams receive input from V1, but the dorsal stream also receives direct 
subcortical inputs, via the superior colliculus and pulvinar.  It is this subcortical 
pathway that was once thought to serve the ambient visual system.  Of the two 
streams, the ventral appears to receive its major input from the parvocellular 
retinocortical pathway, although it also receives considerable magnocellular input, 
while the dorsal stream receives its main, if not total, input from the magnocellular 
retinocortical pathway (see Merigan & Maunsell, 1993).  The differences between the 
parvocellular and the magnocellular pathways are important for gaining a better initial 
understanding of the functions of these two visual systems.  Recent textbooks on 
vision (e.g., Wandell, 1995) give detailed information on the parvocellular and 
magnocellular pathways, and I shall only describe them briefly here.  

  

The two pathways are seen as originating in the ganglion cells of the retina with the 
parvocellular pathway in the much smaller and more plentiful midget ganglion cells 
and the magnocellular pathway in the much larger parasol ganglion cells.  (Evidence 
exists for a third type of ganglion cell, the w cells, feeding into a third pathway, the 
koniocellular pathway described by Casagrande, 1994, but not enough is known about 
this pathway to include it here). The two pathways are still segregated at the lateral 
geniculate nuclei, the axons from the parasol ganglion cells reaching the two 
magnocellular layers and those from the midget cells the four parvocellular layers.  
This segregation continues in V1 as well as in extrastriate visual areas, with the 
pathways seen as splitting into three (e.g., DeYoe & Van Essen, 1988; Livingstone & 
Hubel, 1988) or even four (Zeki, 1993) different pathways.  It has been suggested that 
these pathways serve different visual/perceptual functions, but more recent evidence 
has indicated that these proposals of clearly segregated pathways are inaccurate, both 
at a physiological level and a functional (visual perception) level (see e.g., Bullier & 
Nowak, 1995; Schiller, 1996).  Today, the consensus seems to be that the major 
difference between the two pathways is in their relative spatial and temporal 
sensitivities, the parvocellular pathway capable of processing information at higher 
spatial frequencies and the magnocellular pathway at higher temporal frequencies.  It 
is also claimed that the contrast sensitivity of the magnocellular system is greater at 
low spatial frequencies (see e.g., Schiller, 1996).  One further important point is the 
fact that the magnocellular pathway is the faster of the two with response latencies  
about 20 ms shorter than the parvocellular pathway (see Bullier & Nowak, 1995).  
The magnocellular pathway has also been seen to be highly implicated in the 
processing of motion information (Logothetis, 1994).  

  

The brunt of motion analysis is carried out in the dorsal system, mainly in areas MT 
and MST (Logothetis, 1994).  It has also been shown that in macaques dorsal system 
inputs are from areas dealing with spatial or motion analysis and from peripheral 
representations of the retina, while those of the ventral system are from areas dealing 



with form and color analysis from more central representations of the retina (e.g., 
Baizer, Ungerleider, & Desimone, 1991).  But this simple view of the ventral system 
dealing with form and color perception and the dorsal system dealing with motion and 
spatial analysis is an oversimplification.  For example, area V4 is considered to be 
part of the ventral system but also possesses cells that are motion sensitive (Ferrera, 
Rudolph, &  

Maunsell, 1994;  Logothetis, 1994).  On the other hand, there is evidence for the 
involvement of the dorsal system in of some type of shape or form analysis.  Features 
necessary for object identification, such as shape and size, are processed by the 
ventral system, but the dorsal system also has access to information about the shape 
and size of objects, albeit to serve a different purpose, that of performing motor 
movements vis-à-vis those objects, and utilizing a different framework, egocentric 
rather than allocentric.   Sakata, Taira, Kusunoki, Murata, and Tanaka (1997) have 
recently summarized a large group of studies indicating that the parietal cortex of 
monkeys contains at least five types of cells relevant to depth perception and the 
visual control of hand movements.  Many of these cells were found to be sensitive to 
the 3-D features of objects, such as shape, orientation, and size.  There is also 
evidence from PET imaging studies that this is true in humans as well (Baker, Frith, 
Frackowiak, & Dolan, 1996; Faillenot, Toni, Decety, Gregoire, & Jeannerod, 1997).  
The studies by Sakata and his colleagues also show that cells in the parietal cortex 
respond to binocular inputs, including sensitivity to binocular disparity. 

  

Clearly the input into the two systems must combine at some point and recent studies 
have also been focusing on what becomes of the information in the two systems and 
where it is integrated.  Evidence for continued segregation of the two systems in the 
frontal lobe (frontal eye fields) has been reported  (Bullier, Schall, & Morel, 1996 ;  
Schall, Morel, King, and Bullier, 1995).  Owen, Evans, and Petrides (1996) report 
similar findings in a PET study of humans.  More recently Rao, Rainer, and Miller 
(1997) reported a study of neurons in the monkey’s prefrontal cortex, where both 
object-oriented and location-tuned tasks were used.  Some of the neurons showed 
specific object- or location-tuning, but 52% of the cells showed tuning to both 
dimensions, leading these researchers to suggest that: “These neurons may contribute 
to the linking of object information with the spatial information needed to guide 
behavior.” 

  

To sum up, physiological research on monkeys and imaging studies on humans have 
produced evidence for the existence of two cortical visual systems, the ventral system 
that processes pattern, form, and color information, and the dorsal system that 
processes motion and spatial information.  It would seem that recent 
neurophysiological findings concur with the neuropsychological and psychophysical 
findings reviewed below in that both systems overlap somewhat in the type of visual 
input they process, but process this information for quite different purposes. 

  



3.2 Neuropsychological Studies 

  

Many insights into the functions of the two visual systems and their dissociation have 
come from studies on patients where apparently one of the two systems is damaged 
due to some localized injury to the brain.  Many of these studies have been thoroughly 
reviewed in Milner and Goodale’s (1995) book, and I will only mention some 
highlights.  On the one hand, there are patients who have incurred damage in their 
parietal lobe, and presumably some of their dorsal system functions are defective.  
Some of these patients suffer from what is called optic ataxia, manifesting great 
difficulties in making correct motor movements towards visually displayed targets, 
but have no trouble discriminating and identifying visual stimuli of all sorts.  In a 
word, these patients presumably have an intact ventral system, but a damaged dorsal 
system.  Patients suffering from optic ataxia have been described quite often in the 
literature (e.g., Perenin & Vighetto, 1988).  

  

In a recent study Milner, Paulignan, Dijkerman, Michel, and Jeannerod (1999)  
presented evidence for the dissociation of the two systems in a visual localization 
task.  They compared the pointing accuracy of a patient suffering from optic ataxia 
(who can be seen as having a deficient dorsal system) to that of three normal 
subjects.  All were required to point at one of seven target positions under two 
conditions; no delay in pointing, and a 5 sec delay.  The normal subjects, as might be 
expected, were better at pointing when there was no delay, but the optic ataxia 
patient's pointing errors were greater in the no delay condition than in the delay 
condition.  The author's note that "The data are consistent with a dual processing 
theory whereby motor responses made directly to visual stimuli are guided by a 
dedicated system in the superior parietal and premotor cortices, while responses to 
remembered stimuli depend on perceptual processing and may thus crucially involve 
processing within the temporal neocortex."  In other words, the optic ataxia patient 
lacking a functional dorsal system could make use of her ventral system, which comes 
into play after a few seconds. 

  

Goodale, Milner, and their colleagues have carried out a large number of studies on a 
visual agnosic patient, DF, who suffered extreme carbon monoxide poisoning that 
apparently disconnected the V1 input into the inferotemporal cortex.  In other words, 
this patient is apparently incapable of using her ventral system for analyzing visual 
input; i.e., she is suffering from an extreme type of visual form agnosia.  Not only can 
she not recognize faces and objects, but she is incapable of making much simpler 
discriminations such as between a triangle and a circle.  She is capable of drawing 
objects fairly well from memory but cannot copy pictures nor can she recognize the 
objects she has drawn.  But DF appears to have an intact dorsal system, and is capable 
of carrying out visuomotor activities.  Goodale, Milner, Jakobson, and Carey (1991) 
reported a study of orientation and size perception on patient DF.  When asked to 
insert a card into a slot presented at varying angles, she had no trouble in orienting her 
hand to match the correct orientation in spite of the fact that she was incapable of 



reporting in any manner what the orientation of the slot was.  As for size perception, 
she was unable to tell if two small plaques were the same or different widths, nor was 
she able to indicate the widths of the plaques by adjusting the distance between her 
index finger and thumb.  Both these tasks were very simple for the two control 
subjects.  But when DF was asked to pick up the plaques, the aperture between her 
fingers in preparation for picking up the plaques was highly correlated with the width 
of the plaques, similar to the control subjects.  In other words, this subject who 
apparently has an intact dorsal system, but a completely dysfunctional ventral system 
is incapable of demonstrating perceptual cognizance of the size of the plaques, but 
when asked to pick them up demonstrates that size information is available to her. 

  

Quite a few other studies of DF’s visual and perceptual capacities have been carried 
out.  She has been shown to possess color vision and can utilize this capacity to 
recognize natural objects (Humphrey, Goodale, Jakobson, & Servos 1994).  Utilizing 
this capacity it was shown that she manifests the McCullough Effect, another 
indication that her visual system is capable of picking up orientation information 
(Humphrey, Goodale, & Gurnsey, 1991; Humphrey, Goodale, Corbetta, & Aglioti, 
1995).  Two studies have demonstrated that she is incapable of utilizing Gestalt 
principles of organization of shape information. (Goodale, Jakobson, Milner, et al 
1994; Milner, Perrett, Johnston, Benson, Jordan, Heeley, Bettucci, Mortara, Mutani, 
Terazzi, & Davidson, 1991).  Carey, Harvey, and Milner (1996) have shown that DF 
is capable of grasping tools and utensils quite proficiently but has difficulty in 
visually recognizing the right part of the object to grab (e.g., handle).  This study also 
showed that she is capable of responding concurrently to both size and orientation 
information.  

  

Of special interest here are studies of DF’s capacities to adapt to the contingencies of 
her spatial environment.  She has been shown (Patla & Goodale, 1996) to be able to 
negotiate obstacles during locomotion as well as control subjects, even though when 
asked to estimate their height she does this much more poorly than control subjects.  
She has also been shown not to differ from normal controls in the effects of the pitch 
of the visual field on her perceived eye level, but she could not report that pitch, an 
easy task for the control subjects (Servos, Matin, & Goodale, 1995).  DF is highly 
proficient at grasping objects when she views them binocularly, but this ability is 
disrupted when she is allowed only monocular vision (Dijkerman, Milner, & Carey, 
1996;  Marotta, Behrmann, & Goodale, 1997).  When allowed to move her head 
during monocular viewing, yielding motion parallax, her grasping improves 
considerably (Dijkerman, Milner,   & Carey, 1999).  It has also been shown that 
without binocular vision DF manifests serious disruptions in the size-constancy of 
grip aperture (Marotta, Behrmann, & Goodale, 1997).  The authors suggests that this 
is due to the fact that she cannot use pictorial cues to assess the objects’ distance, not 
allowing the further assessment of the object’s size.  In a related study (Humprey, 
Symons, et al., 1996) it was shown that DF could discriminate apparent three-
dimensional structure and orientation of shapes only on the basis of shading gradient 
cues and not when the edges were depicted as lines or as luminance discontinuities.  A 



broader analysis of  DF’s abilities to pick up information about space will be 
undertaken in Section 5.2.1. 

  

3.3 Psychophysical Studies   

  

In the search for a dissociation between the ventral and dorsal systems in healthy 
subjects a fairly large number of psychophysical studies have compared judgmental 
responses to motor responses to the same stimuli.  The judgmental responses can be 
seen as mainly based on ventral system function, the motor responses mainly on 
dorsal system function.  Among the first to carry out such studies were Bridgeman 
and his colleagues.  They utilized three methods to demonstrate this dissociation, 
studies of saccadic suppression, studies of induced movement, and studies of the 
Roelofs effect.  Bridgeman, Lewis, Heit, and Nagle (1979) utilized the phenomenon 
of saccadic suppression to show that when targets are moved slightly during a 
saccade, these small displacements are not reportable by either verbal responses or 
button presses, while both eye-movements and pointing behavior are influenced by 
the change in location.  Bridgeman, Kirch, and Sperling (1981) showed that the 
induced movement illusion affected verbal reports, but the pointing responses were 
veridical.  In a related study Wong and Mack (1981) utilized the induced movement 
illusion to cause the target to be reported as moving in the direction opposite to its 
actual movement.  In contrast, the subjects’ eye-movements followed the actual 
movement direction and not the illusory direction.  When a delay was introduced the 
eye-movements followed the illusory displacement, suggesting that memory of the 
movement was stored in the ventral system.  

  

Smeets and Brenner (1995) carried out a study that led them to propose that the 
findings of Bridgeman et al. (1981) were not the result of the dissociation of 
perception and action systems, but rather from independent processing of velocity and 
position.  In response Bridgeman has recently demonstrated similar dissociations 
between the two systems can occur with stationary stimuli utilizing a phenomenon 
known as the Roelofs effect (Bridgeman, Peery, and Anand, 1997).  This effect causes 
target position to be misperceived when it is surrounded by a frame presented 
asymmetrically.  Targets tend to be misperceived in the direction opposite to the 
offset of the frame.  When no delay was introduced between stimulus exposure and 
the cue to either make a judgment or point to where the target had been, all 10 
subjects evidenced the effect in their judgments, but five did not with the pointing 
response.  Thus, at least for some of the subjects the surrounding frame did not affect 
the motor response.  In the 4- or 8-sec delay conditions this dissociation was not 
found, all subjects showing the effect also with the pointing response.  This, once 
again, suggests that the dorsal system has a very limited short-term memory.  In a 
subsequent study Bridgeman and Huemer (1998) used an auditory cue immediately 
prior to a motor response in a Roelofs effect setup.  The auditory cue indicated which 
of two targets should be jabbed.  In spite of the fact that the motor response was 
preceded by a cognitive analysis of the auditory cue, the motor response was not 



susceptible to the Roelofs effect, indicating that a prior cognitively processed cue can 
still prime the dorsal system response. 

  

Several studies have compared verbal responses and motor responses in the 
perception of distance.  Some of these have focused on short distances, where the 
motor responses have usually been reaching movements, while others on somewhat 
longer distances where the motor responses have been pointing or walking (without 
vision).  Gentillucci and Negrotti (1994) studied exocentric distance4 perception using 
two response methods, a pointing response and a visual reproduction response. The 
stimuli were presented frontally and close to the subjects with the distances between 
them ranging between 5 and 17.5 cm.   The two response modes yielded different 
patterns of constant errors, with those for the pointing responses decreasing with 
distance and those for the reproduction increasing.  These findings led the authors to 
conclude that their findings “support the hypothesis that perception and visuo-motor 
transformations are two separate processes”.  In a second study these researchers 
(Gentilucci & Negrotti, 1996) required subjects not to reproduce the distance but to 
reproduce a double distance.  Here the results were similar for both response modes, 
indicating that the doubling instruction involved the ventral system for both response 
modes.  Related findings have been reported by Pagano and Bingham (1998) who 
studied the monocular perception of egocentric distance given by optic flow generated 
by head movements towards a target.  Two response measures were used to assess the 
perception of distance, verbal reports and reaches.  It was found that verbal and 
reaching errors were uncorrelated leading, once again, to the suggestion that this was 
due to the independent functioning of the two systems. 

  

Other studies have looked at distance perception for distances beyond arm’s reach.  
Some of these studies have used judgmental estimates of distance, usually egocentric 
distance, while others have used motor responses to distance such as blindfolded 
walking or pointing.  The results of the studies using judgmental estimates have 
yielded inconsistent results in some cases yielding quite veridical estimates, but in 
other cases yielding quite systematic underestimates (see review in Bingham & 
Pagano, 1998).  In contrast, the studies using motor responses have yielded veridical 
distance perceptual responses.  Among these are studies by Loomis and his colleagues 
(see review in Loomis, Da Silva, Philbeck, & Fukusima, 1996) who compared blind 
walking to distance estimates of distances up to 12 m.  For example, in one 
experiment (Loomis, Da Silva, Fujita, & Fukusima, 1992, Exp. 2) frontal exocentric 
distances and sagittal depth-interval distances were shown to be judged quite 
differently, with the sagittal distances set to 50% to 90% more than the frontoparallel 
estimates to appear equal.  In contrast, blind walking to the endpoints of the two types 
of intervals yielded equal responses.  Loomis, et al. (1996) ascribe these differences to 
a dissociation between egocentric (sagittal) and exocentric (frontal) distance 
perception.  This claim can be interpreted in terms of the two visual systems, where 
the dorsal system deals with egocentric measures and the ventral system with 
exocentric (or relative) measures.  Thus, the estimates differ because the dorsal 
system is less involved in the frontal estimates than in the depth-intervals, while the 
walking responses rely in both cases mainly on the dorsal system. 



  

Dissociations in the perception of size have also been examined in many recent 
studies comparing motor and judgmental responses to stimuli presented within the 
context of well-know visual size illusions.  These studies have yielded conflicting 
results, possibly related to the lack of an adequate understanding of the processes 
underlying these illusions.  In an early, much cited, study Aglioti, DeSouza, and 
Goodale (1995) utilized the Ebbinghaus (or Titchener) illusion, where the reported 
size of a central circle is influenced by the circle-size of a group of circles 
surrounding it.  In their study these researchers replaced the drawing of the inner 
circle with a thin poker-chip like token.  When asked to judge the size of the target 
tokens the subjects manifested the illusion throughout the experiment, but when asked 
to manually pick up the central target token, manual grip size during the grasping 
movement was much less influenced by the illusion.  This was seen to indicate that 
the ventral system is influenced by the illusion and the dorsal system is not.    

  

Haffenden and Goodale (1998) replicated the findings of the Aglioti et al. (1995) 
study adding further control conditions, such as not letting the subject view her hand 
as it moved (open-loop conditions) and having the subjects indicate the judged size 
with a manual response of the distance between the thumb and forefinger.  Marotta, 
DeSouza, Haffenden, and Goodale (1998) also replicated the findings of no or little 
illusion with a motor response in a study that compared binocular and monocular 
presentations of the illusion (see section 5.2.1).  In another recent study  (Westwood, 
Chapman, & Roy, 2000) that compared pantomimed and natural actions, these 
findings were also replicated.  A study by Franz, Gegenfurtner, Buelthoff, and Fahle, 
(2000) has not replicated these findings with very similar effects of the illusion on 
both perceptual judgments and grip apertures.  These researchers point out that in the 
previous studies the perceptual judgments were carried out by comparing two circles, 
one surrounded by small circles, the other by large circles.  In contrast, the manual 
responses were made towards only one of the circles.  They show that when the 
illusion’s perceptual effects are studied with single-circle presentations there are no 
differences between the two types of responses.  Pavani, Boscagli, Benvenuti, 
Rabufetti, and Farne (1999) have also reported similar results.  Haffenden and 
Goodale (2000) have recently suggested that the discrepancy between the results of 
these two studies and theirs are due to the size of the gaps between the central and 
surrounding circles used in the latter two studies.  To add to the current confusion, 
Donkelaar (1999) has shown that a different motor response, a pointing response, is 
affected by the Ebbinghaus illusion. 

  

Judgmental and motor responses have also been compared with other visual size 
illusions.  Post and Welch (1996) utilized an open loop reaching task with the Müller-
Lyer and two other illusions.  In the case of the Müller-Lyer illusion they did indeed 
find that the illusion did not affect the reaching responses but did affect the 
judgments.  But in two additional experiments using other illusions they demonstrated 
that these results need not be explained in terms of a dissociation between the two 
systems, and can be seen to depend on the subjects’ egocentric localization.  In a 



study that looked only at motor responses Gentilucci, Chieffi, Deprati, Saetti, and 
Toni (1996) studied pointing responses to a vertex of the Müller-Lyer figure.  There 
were four conditions: full vision of the stimulus and the pointing hand, vision of the 
stimulus but not of the hand, no vision of either (0 sec delay), and no vision of either 
with a 5 sec delay before pointing.  The illusion had an effect in all conditions, but it 
was relatively small in the full vision condition, and increased in size over the other 
four conditions.  In other words, the more the pointing was based on memory the 
greater the effect of the illusion.  In terms of the two visual systems these results 
indicate a growing reliance on the ventral system as memory became more and more 
involved.  In a subsequent study (Daprati & Gentilucci, 1997) the motor reaching task 
was supplemented by two tasks of length reproduction.  Grip aperture for the length 
of a Müller-Lyer shaft was influenced by the illusion but this effect was smaller than 
that found with the two reproduction tasks. 

  

Brenner and Smeets (1996) utilized a converging line variant of the Ponzo illusion to 
examine its effects on grasping responses.  Disks were placed on the background that 
yields the illusion and subjects were asked to lift them.  These researchers also found 
that grip aperture was not influenced by the illusory size, but they did show that the 
illusion did influence the force used to lift the disks. More force was applied to the 
perceptually larger disks.  Similar results have been reported by Jackson and Shaw 
(2000).  In a recent study Ellis, Flanagan, and Lederman (1999) compared verbal 
estimates and grasping responses for the center of a steel bar placed on two illusory 
backgrounds: the same variant of the Ponzo illusion as used by Brenner and Smeets, 
and for the Judd illusion (a variant on the Müller-Lyer illusion, where both arrows 
point in the same direction).  They found that the two illusions affected both types of 
responses but the errors in the grasping responses were significantly smaller than in 
the verbal estimates.  They see these results as indicative of a partial dissociation 
between the two systems.  But Mon-Williams and Bull (2000) have recently reported 
a study that appears to show that the Judd illusion results "may be due to occlusion of 
the illusory background during the transport phase of the movement." 

  

Servos, Carnahan, and Fedwick (in press) have reported similar results to those of 
Aglioti et al. (1995) for another size illusion, the horizontal-vertical illusion.  In this 
illusion two equal-length lines are presented as an inverted "T" (^), but the vertical 
line is perceived to be considerably longer.  The illusion affected subjects' judgments 
but did not affect their grip aperture.  Vishton, Rea, Cutting, and Nuñez (1999) also 
studied the horizontal-vertical illusion in a set of four experiments.  While the results 
of their first experiment are similar to those of Servos et al. (in press), the second and 
third experiments showed that when subjects directed their perceptual judgments to 
only a single element (line) in the display, their judgments were as accurate as in the 
motor response.  Their fourth experiment further showed that when the grip response 
requires taking both elements into account it is as susceptible to the illusion as the 
judgmental response.  These findings led the authors to suggest that the differences 
found in studies of this type are "best described as a dissociation between relative and 
absolute size perception, rather than a dissociation between perception and action."  
Recalling that dorsal system responses to visual size are normally based on absolute 



size, while ventral system responses are normally based on relative size, these 
findings are consistent with the general claim of differential processing by the two 
systems, but also show that both systems can mimic the functions of the other when 
this is called for.  

  

The studies of distance perception reviewed above appear to strengthen the hypothesis 
of the dissociation of the two visual systems, but the results of the studies on size 
perception are somewhat equivocal and difficult to interpret.  Perhaps the reason for 
this difference is the fact that in the studies of distance perception the subjects were 
requested to carry out more natural and more ecologically valid tasks than those in the 
studies of size perception all of which utilized size illusions.  When faced with a novel 
task utilizing a visual illusion the ventral system might at times override the functions 
of the dorsal system.  Perhaps a better way to study the dissociation between the two 
systems in the perception of size would be to use techniques like those of Warren and 
Whang (1987) described below (see Section 4.1). 

  

Two studies have extended the range of the applicability of the two systems notion.  
These studies appear to indicate that the dissociation can also be meaningful for much 
more distant stimuli than those used in the laboratory studies reviewed above.  
Proffitt, Bhalla, Gossweiler and Midgett (1995) had subjects judge the inclination or 
steepness of hills, both out of doors and in a simulated virtual environment.  The 
angle judgments were obtained with three response measures, verbal estimates, 
adjustments of a representation of the hill's cross-section, and haptic adjustments of a 
tilt board with an unseen hand.  The first two measures yielded large overestimations 
of hill incline while the latter judgments were close to the veridical.  They “propose 
that the radically different pitch estimates obtained with verbal and visual reports 
versus haptic adjustments are due both to the dissociation in the visual pathways that 
inform these two sorts of responses and to the calibration mechanisms that coordinate 
their functioning”.  In a subsequent study Creem and Proffitt (1998) examined the 
effects of delays between viewing the hills and responding both verbally and 
haptically.  With short delays the haptic responses remained veridical as in the 
previous study, but with longer delays they were seen to be influenced by the ventral 
system.  It should be noted that the short delays in this study were considerably longer 
than those used in the previous studies (see above) reaching two minutes in 
comparison with only a few seconds in the earlier studies.  The authors suggest that 
the length of the dorsal system memory might relate in some way to the amount of 
time necessary to carry out the motor task in question. 

  

Recent studies have presented evidence for the dissociation of the two systems in 
other domains.  Neurophysiological findings indicate that the ventral system receives 
its main input from the central portions of the retina while the dorsal system is attuned 
to the entire retina, leading Goodale and Murphy (1997) to test the hypothesis that 
judgmental responses would be more affected by retinal eccentricity than motor 
responses.  They asked subjects to carry out two tasks, a grasping task and a 



categorization task, using blocks of different sizes at 5° to 70° in the periphery.  They 
found that in the grasping task the correlation between maximum aperture and block 
size is maintained in the far periphery, although the amplitude of the grasp increases 
with eccentricity.  In contrast, the categorization judgments decreased with 
eccentricity.  More important, the variability of the grasp size did not increase with 
eccentricity as it did with the categorization judgments.  Goodale and Murphy see 
these results as indicating that dorsal system motor responses to peripheral inputs are 
much more reliable than perceptual judgments of peripheral stimuli. 

  

Dijkerman and Milner (1998) recently examined subjects’ ability to discriminate the 
orientation of a square plaque tilted in depth, using two modes of response, grasping 
and perceptual matching.  While both response modes yielded high correlations 
between tilt and the response extent, there were differences between the matching and 
grasping data.  The grasping data yielded a linear function, while the matching data 
showed a consistent curvature.  The authors ascribe these differences to the operation 
of the two different systems in the analysis of orientation in depth.  The dorsal system 
requires information about the absolute stimulus properties leading to the linear 
function, while the ventral system can do with more categorical information for 
processing the relative orientation, yielding the curved function that somewhat de-
emphasizes the differences between the orientations close to either the horizontal or 
the vertical.  This study also compared monocular and binocular viewing, but no 
differences were found.  Other studies of a similar nature have found differences 
between binocular and monocular viewing (see Section 5.2.1). 

  

Finally, if it is true that the two systems function independently and that the dorsal 
system functions can be carried out with little or no conscious awareness, it is 
possible that the two systems will be capable of simultaneously processing two 
different sources of visual information with very little interference.  Does any 
evidence exist for the possibility that subjects can carry out two tasks simultaneously, 
one dorsal in nature and one ventral, without interference between them?  Ideally such 
an experiment would consist of requiring subjects to identify a visual stimulus 
presented foveally and at the same time give a motor response to a visual stimulus 
presented to the visual periphery.  Little research of this exact nature has been carried 
out.  While there is a very extensive literature on “dual-task” performance, it 
invariably emphasizes the allocation of attention between two tasks of a ventral 
nature.  

  

Among the very few relevant studies is a study by Castiello, Paulignan, and Jeannerod 
(1991).  These researchers compared the timing of responses to the sudden 
displacement of a visual object, comparing a grasping response to that of a simple 
vocal utterance (Tah!).  They found the mean vocal response latencies to be 420 ms, 
more than 300 ms after the motor response.  What is relevant to the question at hand 
is the comparison of the results of the testing of both responses simultaneously and 
the control experiments where each response was examined separately.  The results 



showed that the latencies of both types of response when executed alone were not any 
faster than those executed simultaneously.   In other words, the dorsal grasping 
response and the ventral vocal response did not interfere with each other.  But this 
study focused on response times of the two systems to a sudden and singular change 
in stimulation.  It did not really deal with the question as to whether two continuous 
tasks, one dorsal and the second ventral, can be undertaken simultaneously without 
detriment to the performance of each.   

  

Deubel, Schneider, and Paprotta (1998) examined this question in a study aimed at 
examining the sharing of attention between a ventral and a dorsal task.  They utilized 
a dual task paradigm where the primary task was a reaching response for a designated 
location and the secondary task called for the discrimination between “E” and “$”.  
The reaching response was seen by the authors to be carried out by the dorsal system 
and the discrimination response by the ventral system.  The results indicated superior 
performance when the discrimination task appeared at the same location as the aim 
point of the reaching response.  These results were interpreted as arguing “for an 
obligatory coupling of (ventral) selection-for-perception and (dorsal) selection-for-
action.”  While this study would appear to yield a negative answer to possibility of 
independent functioning of the two systems, it might be argued that a different 
interpretation is possible.  The aim point for each reach response was changed 
between trials.  The subjects were informed where to reach by a pointing triangle that 
both specified the side to reach and its color the exact location.  According to the 
depiction of the two systems presented here, identifying the direction of the arrow and 
its color are both ventral system responses.  Thus, it can be argued that the dorsal 
response used in their study also activated the ventral system.  But it should also be 
pointed out that Bridgeman and Huemer (1998) (see above) showed that dorsal motor 
responses can follow from decisions based on ventral activity. 

  

Ho (1998) recently reported a study that appears to indicate that ventral and dorsal 
system tasks can be undertaken simultaneously without detriment to the performance 
of each.  The two tasks were a motion processing task and a RSVP (rapid serial visual 
presentation) letter-recognition task.  The motion-processing task was presented in an 
annulus that surrounded the area where the RSVP task was presented.  The motion 
stimulus was ambiguous in that it could be interpreted by the subjects as either 
rotating clockwise or counterclockwise, depending on whether they employed a 
second-order (texture-defined) motion algorithm or a third-order (pattern-tracking) 
motion algorithm.  The participants split into two groups, depending on their natural 
tendencies to see either second- or third-order motion.  Briefly, the findings showed 
no interference between second-order motion perception and the letter-recognition 
task, but interference was found between third-order motion perception and letter 
recognition.  Second-order motion tasks are thought to be processed by the dorsal 
system (e.g., O’Keefe & Movshon, 1998), and these were shown not to interfere with 
the ventral letter-recognition task.  Ho suggests that third-order motion processing 
requires ventral processing, but there does not seem to be any study corroborating 
this.  



  

3.4   Contrasting the two systems 

  

To summarize the discussion of the two visual systems, let me briefly list some of the 
differences between them: 

  

            3.4.1 Function 

  

While both systems analyze the visual input, this analysis is carried out for different 
purposes.  The primary function of the ventral system is the recognition and 
identification of the visual input.  Recognition and identification must depend on 
some comparison with some stored representation.  In contrast, the primary function 
of the dorsal system is analysis of the visual input in order to allow visually guided 
behavior vis-à-vis the environment and objects in it (e.g., pointing, reaching, 
grasping, walking towards or through, climbing, etc.).  While these are the primary 
functions of the two systems, it would seem that they also participate in other 
functions.  Thus, for example, the dorsal system would seem to be involved in the 
identification of moving objects, while the ventral system has capacities that parallel 
those of the dorsal system, such as size perception, albeit a somewhat different type of 
size perception.  

  

                        3.4.2 Sensitivity 

  

The two visual systems differ with respect to their sensitivities in the spatial and the 
temporal domains.  The ventral system is more sensitive to high spatial frequencies 
while the dorsal system to high temporal frequencies.   In other words, the ventral 
system is superior at seeing fine details, while the dorsal system is better at seeing 
motion.  Comparing the two systems with respect to contrast sensitivity we find that 
the dorsal system has the higher contrast sensitivity, i.e., it responds to very low 
contrasts at relatively coarse spatial frequencies.  Some qualifications here as well: 
there is evidence that certain complex motions are processed by the ventral system 
(e.g., Ferrera, Rudolph, & Maunsell, 1994).  It is also clear that the dorsal system 
responds to static shapes, albeit in less detail; witness the ability of DF to shape her 
grasp to fit the shape of an object before touching it. 

  

3.4.3 Memory 



  

The ventral system is the memory-based system, utilizing stored representations to 
recognize and identify objects and events.  In contrast the dorsal system appears not to 
have a long-term storage of information, but only very short-term storage allowing the 
execution of the motor behavior in question.  Presumably the duration of this short-
term memory varies with the motor behavior in question, being shorter for reaching 
and grasping movements than, say, walking through some aperture such as a door.5

  

3.4.4 Speed 

  

Of the two visual systems, the dorsal system is the faster.  This statement is based on 
both the fact that the dorsal system receives magnocellular input while the ventral 
system receives a great deal of parvocellular input as well as magnocellular input.  
The magnocellular system has been shown to respond faster than the ventral system.  
Psychophysical studies have also shown this to be the case, where motor responses to 
sudden visual changes were found to be considerably faster than verbal responses to 
those same changes.  It should be noted, however, that there are perceptual activities 
that clearly include a ventral component, such as reading, that appear to be carried out 
with extreme speed. 

  

3.4.5 Consciousness 

  

In their normal everyday functioning it is probably fair to say that we are much more  
conscious of ventral system functioning and hardly conscious of dorsal system 
functioning.  Evidence for this comes from all the psychophysical studies reported 
above of the dissociation of the two systems where subjects report awareness of the 
ventral processing, but simultaneously manifest different dorsal processing.  What is 
more, patient DF described above is capable of carrying out visuomotor tasks with the 
aid of her dorsal system, but is unaware of the features of the stimuli that made the 
carrying out of those tasks possible (see Milner, 1995, 1997).  But there also exist 
examples of apparent awareness of dorsal system functions and of the opposite, 
unconscious ventral functions (see Section 5.1 below). 

  

3.4.6 Frame of reference and metrics 

  

Both visual systems process information about objects in our environment, but for 
different purposes.  Ventral system functions aim at recognizing and identifying the 



object and for this purpose all that is needed is object-centered information.  In other 
words, the ventral system utilizes an allocentric frame of reference.  In contrast, the 
dorsal system must perform some action on, or in relation to, the object, such as 
grasping it.  For this purpose it needs to know the dimensions of the object in body-
centered terms; e.g., how large should the gap between the thumb and forefinger be in 
order to pick up that block.  Thus, the dorsal system must utilize egocentric frame of 
reference.  In order to be able to pick up the object the dorsal system must utilize 
absolute metrics, while functions of the ventral system only require relative metrics.  

  

 
 

  

3.4.7 Visual input 

  

Two aspects relating to the sensitivity to visual inputs differentiate the two systems.  
The ventral system is mainly attuned to foveal or parafoveal visual input.  Its 
sensitivity falls off sharply with retinal eccentricity.  In contrast, the dorsal system 
(with its magnocellular inputs) is much less affected by retinal eccentricity.  The two 
visual systems also appear to differ in their ability to cope with a transition from 
normal binocular vision to monocular vision.  While dorsal system function suffers 
considerably when forced to rely solely on monocular vision (without concomitant 
motion parallax) , the ventral system is much less affected.  (see Section 5.2.1). 

  

3.4.8 Similarities and synergistic interactions 

  

The points above have all pointed to differences between the two systems but it 
should also be mentioned that the two systems appear to perform many ostensibly 
similar functions, albeit for quite different purposes and using quite different 
mechanisms.  Thus, for example, both systems deal with object shapes, sizes, and 
distances.  A more detailed look at the parallel processing of size information will 
appear below.  What is more it should also be noted that in normal, non-brain 
damaged, people the two systems obviously function synergistically.  Thus, when one 
picks up a hammer, the control and monitoring of the actual movements is by the 
dorsal system but there also occurs intervention of the ventral system that recognizes 
the hammer as such and directs the movement towards picking up the hammer by the 
handle and not by the head. 

  

4.  Making Connections 



  

Having reviewed some of what is known about the two visual systems, I should now 
like to return to the two theoretical approaches and look at them once again pointing 
to parallels between the ecological approach and the dorsal system and between the 
constructivist approach and the ventral system.  In addition I will present a few 
examples of the research carried out under the aegis of each approach trying to show 
how the methodology employed is commensurate with the functions of the system in 
question.  

  

4.1 Ecological theory and research and its relation to the dorsal system 

  

Towards the end of his Ecological Approach Gibson proposes “a redefinition of 
perception”: 

“Perceiving is an achievement of the individual, not an appearance in the theater of 
his consciousness.  It is a keeping-in-touch with the world, an experiencing of things 
rather than a having of experiences.  It involves awareness-of instead of just 
awareness.  It may be awareness of something in the environment or something in the 
observer or both at once, but there is no content of awareness independent of that of 
which one is aware.” (1979, p. 239). 

In this redefinition we discern Gibson’s conception of the perceiver as active.  
Perception is an achievement, a keeping-in-touch, not a passive experiencing of one’s 
conscious responses to stimulation.  This view contrasts with the constructivist 
perspective of a perceiver who passively examines her/his conscious awareness of the 
stimulation impinging on her/his senses.  This view of perception as resulting from an 
active perceiver is, of course, consonant with what we know about dorsal system 
functions.  It is the system that picks up information for or through action.  The notion 
of an active perceiver will be dealt with again in what follows, but first an 
examination of Gibson’s claims concerning “awareness” appearing in the above 
passage.  

  

Gibson makes a distinction between the “content of awareness” and “awareness-of”, 
and I would suggest that the former might be equated with what is usually called 
“consciousness” and the latter refers to the pick up of information about our 
environment.  This dissociation between the usages of awareness and consciousness 
becomes clearer as one reads on.  Gibson is more specific in his “Summary of the 
theory of pickup” when he writes: “The term awareness is used to imply a direct 
pickup of information, not necessarily to imply consciousness.” (1979, p.250).  When 
discussing what are clearly cognitive processes such as conveying information 
through speech and language, Gibson writes: 



“Knowledge that has been put into words can be said to be explicit instead of tacit.  
The human observer can verbalize his awareness, and the result is to make it 
communicable.  But my hypothesis is that there has to be an awareness of the world 
before it can be put into words.  You have to see it before you can say it.  Perceiving 
precedes predicating.” (1979, p. 260). 

Recalling that “awareness of” in the above passage need not imply consciousness, it 
appears that Gibson is implying that perception, or to remain consistent with my 
usage, pick up of information precedes conscious awareness.  This interpretation is 
bolstered by a sentence from the passage on size perception quoted above (see Section 
2.2):  “The implication of this result, I now believe, is that certain invariant ratios 
were picked up unawares by the observers and the size of the retinal image went 
unnoticed” (1979, p. 160).   

  

The implication then is that Gibsonian pickup of information involves little or no 
consciousness.  This is consistent with the understanding of the functioning of the 
dorsal system where conscious awareness plays a very minor or no role at all.  But 
how does this claim of lack of conscious awareness jibe with our phenomenal 
experience of clearly being conscious of all aspects of our environment, including, 
say, the size of objects in it?  There are two somewhat speculative answers to this 
question.  One is that the ventral system has the ability to monitor the dorsal system 
by bringing into conscious awareness the relevant information picked up.  This, it is 
suggested, normally only occurs when that information is insufficient for the 
execution of some action, or when there is some sort of conflicting information in the 
stimulus situation.  The other is that the ventral system has its own parallel 
mechanism for perceiving the environment.  Thus, in the case of size perception while 
the dorsal system would be engaged in picking up size information in body-scaled 
terms enabling motor interaction with the object in question, the ventral system would 
be engaged in perceiving size in relative, object-centered, terms enabling better 
recognition of that object and its comparison with other objects.  Of course, a very 
viable possibility is that both these occur together. 

  

In the initial brief review of the ecological approach above (see Section 2.2) the 
concept of affordances was introduced.  This concept can also be seen to tie in with 
the idea of dorsal system processing.  As was noted above Gibson’s examples of 
affordances include “climb-on-able”, “sit-on-able”, and others.  All these require 
some action by the observer, climbing, sitting, etc.  Gibson notes that “the affordances 
of things for an observer are specified in the stimulus information.  They seem to be 
perceived directly because they are perceived directly” (1979, p. 140).  Following 
from the previous discussion it is then suggested that affordances are picked up with 
little or no conscious awareness.  This idea also ties in with what we know about the 
dorsal system.  In the review of the neuropsychological evidence for the dissociation 
of the two visual systems above (see Section 3.2) the studies by Goodale, Milner, and 
their colleagues on patient DF were reviewed.  This patient was shown to be able to 
perform visuomotor tasks without being able to report anything about the stimuli that 
she manipulated or reacted to.  It was suggested that this patient’s ventral system was 



disconnected and she relied totally on her intact dorsal system.  Much of the initial 
research on this patient focused on her ability to grasp objects, and Gibson also 
touches upon the affordance of graspability: 

            “To be graspable, an object must have opposite surfaces separated by a 
distance  

less than the span of the hand.  A five-inch cube can be grasped, but a ten-inch cube 
cannot (Gibson, 1966b, p. 119).  A large object needs a “handle” to afford grasping.  
Note that the size of an object that constitutes a graspable size is specified in the optic 
array.  If this is true, it is not true that the tactual sensation of size has to become 
associated with the visual sensation of size in order for the affordance to be 
perceived.” (1979, p.133). 

The last sentence is, of course, a gibe at Berkeleyan empiricism, one of the 
forerunners of Helmholtzian constructivism.  More to the point is the fact that 
Gibson’s description of the affordance of grasping is consistent with the findings 
concerning patient DF, who is capable of picking up the size, shape, or orientation 
information concerning an object without conscious awareness and utilizing that 
information to act upon the object. 

  

To sum up, the concept of affordances serves to tie together the connection between 
the visual information in the ambient array and the actions taken by the observer with 
respect to the objects in that array.  This tie between perception and action fits in 
nicely with what we know about the functions of the dorsal system, a system that 
picks up information relevant for actions.  Gibson reiterates the connection between 
perception (information pickup) and action many times in his book.  For example, 
when comparing knowledge and perception he writes: 

"The direct perception of a distance is in terms of whether one can jump it.  The direct 
perception of a mass is in terms of whether one can lift it.  Indirect knowledge of the 
metric dimensions of the world is a far extreme from direct perception of the 
affordance dimensions of the environment. Nevertheless they are both cut from the 
same cloth" (1979, p. 260). 

Thus, Gibson is saying that the direct perception of the affordances of objects enables 
the organism to act appropriately with regard to those objects, and that this occurs 
without any mediational mechanisms such as recognition of the object.  Some of 
Gibson’s writings on this topic have been  criticized as indicating that objects are 
recognized directly.  Recognition without recourse to representations in memory is 
indeed hard to fathom.  While Gibson was very explicit in stating that “To perceive an 
affordance is not to classify an object” (1979, p.134), some of his statements are 
indeed problematic.  Examples are his writing that apples afford eating or postboxes 
afford letter mailing (1979, p.139).  What is more, in the beginning of his chapter on 
affordances he writes: “This is a radical hypothesis, for it implies that the ‘values’ and 
‘meaning’ of things in the environment can be directly perceived” (1979, p.127).  In 
terms of the dual-process approach suggested in this paper it is suggested that only 
what Neisser (1989) labeled "physical affordances" (see Palmer, 1999, p. 411) are 



perceived directly.  These are only the functional properties of objects and not their 
"meanings".  In other words, when one directly picks up the affordance of a chair, one 
does not directly recognize it as a type of furniture labeled "chair", but rather one 
directly picks up the information that that object contains a surface on which one can 
sit.  In a similar manner  it is suggested that rather than saying that the postbox affords 
letter-mailing, it would be better to say that the slot  in the mailbox affords inserting 
an object of appropriate size and shape6. 

  

In the previous review of the ecological approach (Section 2.2) it was pointed out that 
it, in contrast to the constructivist approach, does not deal in any depth with the 
processes underlying perception.  This is not simply an omission on Gibson’s part.  It 
stems on the one hand from Gibson’s dissatisfaction with the mentalistic mediational 
processes invoked by the constructivists, but more importantly, to my mind, from his 
very different conceptualization of the underlying processes of perception.  The only 
allusion to something resembling underlying processes is to resonance or to 
attunement (see Section 2.2).  But resonance is not really a “process” in the sense of a 
taking-into-account constructivist process.  A body or system resonates to some 
impinging energy due to its internal structure, it does not process that energy in any 
way.  What is more, resonance does not depend on memory other than the built in 
features that resonate to something.  

  

It is in this sense that Gibson prefers to talk of a perceptual system that functions 
without recourse to memory.  It is not a cognitive mechanism that is called up when a 
familiar stimulus occurs.  Presumably the Gibsonian perceptual system picks up 
invariants in the ambient array by resonating to the features of that array.  No 
“cognitive” memory mechanisms, such as, say, schemata need be invoked.  How does 
such a conception match what we know about the functions of the dorsal system?  
First of all, it is claimed that the dorsal system has no representational memory to 
speak of, certainly nothing more than a few seconds or minutes to allow some action 
to be performed.  Thus, the lack of memory posited by the ecological approach 
matches what is known about the dorsal system.  What of the concept of resonance?  
Is there any way in which the functioning of the dorsal system can be said to be 
resonating to the visual input reaching it?  An attempt at an initial answer to this 
question will be made below (see Section 5.2.1)  

  

It is enlightening to compare the research methods used by those adhering to 

ecological approach to those adhering the constructivist approach.  To this purpose I 
will briefly describe some studies of visual size perception in this and in the following 
section, each carried out in the “tradition” of each of the two approaches.  The 
emphasis will not be on the results of these studies but more on the methods, aiming 
to show that the methods chosen are appropriate for the study of the visual system of 
relevance to each approach.  Relatively little research on visual perception of size has 
been carried out by ecologically oriented researchers as they have preferred to focus 



on the haptic perception of size.  It is probably not fortuitous that this group has 
chosen to study haptic perception (see e.g., Turvey, 1996) as the sense of touch 
requires a great deal of motor behavior that is controlled by the dorsal system.  What 
is more the haptic system is much less representational in its nature than vision.  In 
their studies of haptic perception of size (e.g., Barac-Cikoja & Turvey, 1991, 1993, 
1995) subjects were required to assess the size of gaps between two blocks by 
wielding unseen rods.  This is not a “judgmental” response about size, but a motoric 
manipulative response where the subject adjusts the gap between two visually 
presented blocks to be equivalent to the felt size of the gap.  In other words, an 
attempt is made to limit the involvement of judgmental or ventral mechanisms.  These 
researchers succeeded in arriving at an equation that depicts the very systematic 
relations between haptic perception of size and the physical parameters of 
stimulation.  Importantly, that equation only contains physical measures of the rod 
wielding without “mentalistic” conceptualization such as “taking distance into 
account” (see Barac-Cikoja & Turvey, 1995).              

  

One study by this group did investigate the visual perception of size.  Garrett, Barac-
Cikoja, Carello, and Turvey (1996) sought parallels between visual and haptic 
perception of size.  Could a similar equation to that found for the haptic perception of 
size be found for vision?  The method used to study visual size perception was based 
on the method used to study haptic perception.  Pairs of blocks were placed at one of 
three distances from the observer.  The gaps between the blocks were adjusted to one 
of three gap sizes and the subject had to match the seen gap with a manual motor 
response of adjusting the gap between a near pair of blocks to the observer’s left.  The 
subjects were allowed to look back and forth between the far and near displays.  The 
experimental method in this study differs from the constructivist size perception 
experiments to be described in the next section.  Subjects were given a binocular view 
and allowed to move their heads and no time limitations were imposed.  What is 
more, they responded with a motor response rather than a judgmental response.  All 
these conditions, it is suggested, are conducive to inducing dorsal system function in 
preparing the response to the gap size.  

             

            Quite a few studies have attempted to test and validate Gibson’s concept of 
affordance.  These have been carried out, of course, in the Gibsonian tradition and 
dealt with such topics as the affordances of stair-climbing, sitting, or ball-catching, 
among others.  One especially interesting study (Warren & Whang, 1987) focused on 
the affordance of apertures for walking-through.  The first experiment in this study, in 
my estimation, is the most direct examination of pick-up of size information by the 
dorsal system.  The size information picked up was the width of an aperture the 
subjects had to walk through.  The subjects were asked to walk through apertures of 
differing widths and the extent of their shoulder rotation was measured.  As might be 
expected these authors found that the smaller the aperture the greater the shoulder 
rotation.  In order to better understand this relation they chose two groups of subjects, 
one large (taller and broader shoulders) and one small.  When the relation between 
aperture width and rotation was plotted for each of these two groups separately, it was 
found that the two groups yielded parallel but distinct functions with the large group 



rotating their shoulders to a greater extent for each aperture size.  But when rotation 
angle was plotted not as a function of aperture width but of the ratio of aperture width 
to shoulder width the functions overlapped.  This was seen by the authors as evidence 
that aperture width is picked up in body-scaled terms. 

  

Why is this a direct examination of pick up of size information by the dorsal system?  
Because the subjects were required to act vis-à-vis a given stimulus situation, i.e., a 
given width of the aperture.  They were not required to make any perceptual 
judgments that would have involved the ventral system in the task.  The task occurred 
over time and the subjects were not limited in any way in time or space in performing 
the task, with the exception that there was a fast walking condition.  In contrast, in the 
second and third experiments in this study subjects made passability judgments about 
the aperture without actually walking through the apertures.  The second experiment 
compared such judgments in two conditions, static, with a reduction screen, and 
moving, allowing head movements.  The authors point out that “the results of the two 
studies do not offer striking convergence between the two tasks [walking and 
judging]”, with the subjects in the second study judging narrower apertures as 
passable.  This, I would suggest, is due to the fact that the in the first experiment 
dorsal system pick up of size information was mainly involved, while in the second 
experiment entailed a combined effort of both systems, with the ventral system 
playing the major role.  The reason for the latter claim is that no significant 
differences were found between the static and moving conditions, and I will try to 
show that the dorsal system relies quite heavily on movement (see Section 5.2.1 
below). 

  

The third experiment also utilized passability judgments.  Its purpose was to compare 
a condition with a normal flat floor with one in which the floor was raised a bit.  The 
latter condition biased the pickup of eye-level plane information and yielded the 
expected overestimation of aperture width.  The subjects were also asked to give 
distance estimates, and raising the floor did not bias these.  The authors suggest that 
“this casts doubt on the explanation that the shift in passability judgments is due to a 
shift in the perceived absolute distance of the aperture”.  While the latter 
interpretation is a clear possibility, these results can also be interpreted in terms of the 
distinction between perceived and registered distance (see Section 5.2.3).  In a word, 
there is a difference between the reported perceived distance (ventral) and that picked 
up by the dorsal system. 

  

4.2     Constructivist theory and research and its relation to the ventral system 

  

In contrast to the theoretical concepts and experimental methods of the ecological 
approach, outlined in the previous section, those of the constructivists parallel what 
we know about the functions of the ventral system.  In this section I will try to point 



to some of these parallels.  For example, at the beginning of his book Rock (1983) 
discusses perceptual theories and says: 

“…… a summary statement of the kind of theory I propose to advance in the 
remainder of the book.  My view follows Helmholtz’s (1867) that perceptual 
processing is guided by the effort or search to interpret the proximal stimulus, i.e., the 
stimulus impinging on the sense organ, in terms of what object or event in the world it 
represents, what others have referred to as the “effort after meaning”. (p. 16) 

In other words Rock is conceiving of perception as an effortful, but unconscious, 
attempt at identifying an object or event.  As was pointed out above, it is the ventral 
system that has the capacity to identify objects and events.  Identification must be 
based on some information stored in some representational system.  Once again, it is 
only the ventral system that has a representational memory; the dorsal system has 
been shown to lack more than a very brief memory needed to carry out some given 
action. 

  

In his characterization of theories of perception, Rock suggests three types of theory.  
One he labels “stimulus theory” which is akin to some of Gibson’s earlier thinking, 
and two versions of “constructive theories”.  One he labels “spontaneous interaction 
theory” where “the determinant of perception is not the stimulus but spontaneous 
interactions between the representations of several stimuli or interaction between the 
stimulus and more central representations” (p. 31).  Rock sees the Gestalt theory of 
perception (Koffka, 1935) as fitting this rubric.  An example along the lines of this 
theoretical approach is Wallach’s (1948) attempt to explain lightness constancy in 
terms of stimulus ratios.  As Rock notes “there is a great deal of similarity between 
modified stimulus theory and the spontaneous interaction theory” (p. 34), and I would 
venture to add that it is in some ways compatible with ecological theory.  The two 
theoretical approaches are similar in that they ascribe much of perception to 
information in the stimulus, but the Gestalt approach also adds mentalistic processes, 
such as the effects of familiarity on perception.  Rock finds the spontaneous 
interaction theory lacking in its ability to explain certain phenomena: “… perceptual 
constancy cannot adequately be explained on the basis of higher-order features such 
as relationships, ratios, or the interactions to which they give rise” (p. 36).  It is for 
this reason that Rock opts for the second constructive theory that he labels “cognitive 
theory”, a theory that maintains “that the correlate of perception is not the stimulus 
per se but interpretations or inferences made from it concerning what the object or 
event is in the world that produced it” (p. 32).  Rock sees this approach to perception 
as incorporating a homunculus, or executive agency where 

“.. the better explanatory model here would seem to be one of a higher agency of 
mind comparing a percept with a specific memory on the basis of certain criteria of 
what constitutes an adequate match after isolating the latter by some process of 
internal scanning.” (p.39) 

Note that the comparison to an item in memory is the type of function carried out by 
the ventral system. 



  

The previous section (4.1) included descriptions of two studies relating to size 
perception in the ecological vein with the aim of showing that they are commensurate 
with dorsal system functioning.  In a similar manner, I should like to look at two 
studies relating to size perception in the constructivist vein.  The first is a study that 
Rock (1983) chose to describe in the section on size constancy in his chapter on 
unconscious inference (Ch. 9).  In that study Rock, Wheeler, Shallo, and Rotunda, 
(1982) created the illusion of a receding plane using drawings of three-dimensional 
cubes and their appropriate shadows on a set of three upright textureless boards.  The 
cubes were drawn so as to yield equal sized proximal images.  They also saw to it that 
the edges of the tops of the cardboards were blurred and could not be discriminated.  
The subjects were asked to report the arrangement of the display, and nearly all 
reported seeing a flat receding plane (although somewhat tilted upward).  They were 
also asked to compare the size of the top (far) and bottom cubes (near).  The results 
indicated partial size constancy.  Looking at the methods these researchers used, it 
should be noted that they created a very unnatural stimulus situation, one that 
probably could not occur in a natural scene.  The textureless environment severely 
limited the available information.  By having the subjects look through a peephole, 
they prevented head movements.  These manipulations made the pickup of size 
information by the dorsal system very difficult.  The dorsal system normally requires 
movement and/or binocular viewing for it to function adequately.  Movement, 
binocular viewing, and textures were all missing from the Rock et al. (1982) setup.  
When dorsal system functioning is limited by “special” laboratory conditions, the 
ventral system is called on for help.  This together with the fact that the subjects had 
to make verbal comparisons, which also called the ventral system into play, all lead to 
an analysis of size perception by the ventral system in this study with very limited 
intervention of dorsal mechanisms. 

  

In his Indirect Perception Rock (1997) chose to reprint many studies that yielded 
evidence of percept-percept couplings.  None of the studies chosen was a direct study 
of size perception per se, but one was a study that looked at both speed constancy and 
size constancy (Rock, Hill, & Fineman, 1968).   Its purpose was to lend support to an 
indirect theory of speed constancy, in contrast to the Gestalt theory (Wallach, 1939), 
which notably Rock says (p. 206) “might be thought of as direct”.  Speed constancy 
refers to the fact that perceived speed does not appear to change with changes in the 
viewing distance of the moving object.  The Gestalt theory suggests that this occurs 
because the speed is judged as relative to some frame of reference, and the ratio 
between the speed of the object and its frame of reference remain constant over 
varying distances.  In contrast, the indirect theory claims that speed constancy is a 
function of size constancy, constancy of the distance traversed by the moving object.  
In other words, “speed must be perceived by taking distance into account” (p.206).  In 
the experiments the subjects made both speed and size judgments, and for both tasks 
the results appear to show that distance is taken into account when constancy is 
achieved.  But, once again, the exact results are not of primary interest here, rather the 
methods used.  In the speed judgment task the subjects judged the speed of luminous 
circles and in the size judgment task the size of luminous triangles.  Both tasks were 
carried out in complete darkness, in order to preclude the subject having a frame of 



reference.  These tasks were presented under two conditions, a binocular condition 
and an artificial pupil condition.  In the binocular condition it was presumed that 
accommodation and convergence would supply distance information.  In the artificial 
pupil condition the subjects wore patches over both eyes with a 1-mm pinhole in the 
right-eye patch, precluding input of information from both accommodation and 
convergence.  As a whole the experimental set up is one that leads to much ventral 
involvement.  First judging speed and size in total darkness with no additional 
background is a very impoverished and unnatural situation.  Second, the subjects were 
required to make verbal judgments, which would call the ventral system into play.  
Thus, once again it is claimed that the very experimental paradigm used here leads to 
the involvement of the ventral system, whereas in a natural information-rich 
environment speed would be processed in the main by the dorsal system. 

  

To sum up this section on the two theories and their experimental methods, it was 
seen that the theoretical stances of each theory parallel what is known about the 
functions of a given visual system: The ecological theory the dorsal system, and the 
constructivist theory the ventral system.  What is more, the experimental methods 
used by the adherents of the two theories are commensurate with the functioning of 
the respective visual system. The constructivists in their attempts at isolating the 
effects of single variables use highly reduced laboratory conditions, and these in turn 
favor the predominance of ventral system functioning.  Followers of Gibson, on the 
other hand, in trying to create ecologically valid experimental conditions, present their 
subjects with much richer stimulus conditions.  Together with the fact they often opt 
for motor responses rather than verbal judgments, this leads to a much greater 
involvement of dorsal system functioning. 

  

5.     The emergent dual-process approach and some of its implications 

  

5.1  A dual-process approach 

  

This article has put forth the hypothesis that both approaches to perception, the 
ecological and the constructivist, are valid descriptions of perception, but of different 
aspects of perception.  This hypothesis leads to what I have labeled “the dual-process 
approach”, an approach that bears a great deal of similarity to previous suggestions 
(e.g., Bridgeman, 1992; Neisser, 1994).  The hypothesis is that perception consists of 
two systems functioning more or less in parallel.  One system, similar in function to 
Gibson’s (1979) direct perception and labeled dorsal here, and a second system 
similar to Rock’s (1983,1997) indirect perception and labeled ventral here.  The first, 
the dorsal system, picks up visual information mainly to allow the organism to 
function in its environment.  It does this more quickly than the ventral system, and in 
the main without much involvement of conscious awareness, and as such does not 
encumber the cognitive system with the task of “interpreting” the stimulus input.  It is 



suggested that nearly all the information pickup for, or enabling, the performance of 
well-ingrained actions or behaviors, are carried out by the dorsal system.  In contrast, 
the ventral system primarily serves in the recognition and identification of objects and 
events in one’s environment.  It compares visual inputs to stored information in a 
quest for a meaningful interpretation of those inputs.  When needed the ventral system 
also participates in other perceptual activities, such as different aspects of space 
perception like the perception of size and distance.  As it is the system of which we 
are normally conscious it has, in a fashion, “the last word” as to our judgmental 
interpretation of stimulation reaching our senses.  

  

While the two systems have different functions it should be emphasized that there is a 
great deal of cross talk between them and they normally function in synergy.  At times 
dorsal system processing can enter consciousness via the ventral system after the 
event.  What is more the ventral system often is involved in what appear to be dorsal 
functions.  Some examples: 1) When the dorsal system is faced with difficulties in 
picking up the necessary information, due to, say, insufficient information or 
conflicting information, the ventral system can be turned to for help (see Norman, 
1980, 1983); 2) When the visuomotor behavior in question is complex and yet not 
well learned, as in the case of, say, novice tennis players, many functions that are later 
performed solely by the dorsal system are supported by the ventral system (see 
Williams, Davids, & Williams, 1999);  3) When some visuomotor activity leads to 
some type of judgmental or comparative response, or simply some verbal response is 
required, then the ventral systems participates as well;  4) When there is some time 
delay between the visual input and the required motor output, the ventral system is 
called upon to temporarily store the visual information as the dorsal system is 
incapable of bridging that delay. 

  

The question of the relation between the two systems and consciousness is a thorny 
one.  On the one hand, it seems fair to say that the dorsal system functions without 
much involvement of consciousness, and that the functioning of the ventral system is 
normally accompanied by consciousness.  This generalization is also in accord with 
the differences between the two theoretical approaches as they were outlined above.  
The review of Gibson’s ecological approach above (see Section 4.1) indicated that 
Gibson did not see the direct pickup of information as demanding consciousness.  The 
suggestion then is that the Gibsonian pickup of information is carried out without 
consciousness by the dorsal system, and that the apparent conscious awareness of 
certain dorsal system processes often is an after-the-fact epiphenomenon resulting 
from the transfer of the information to the ventral system for registration or assistance 
when needed.  But it should be emphasized that there are reasons to believe that not 
all dorsal system functions occur without conscious awareness, and not all ventral 
system functions occur with conscious awareness.  Thus, for example, the 
phenomenon of vection (e.g., Dichgans & Brandt, 1978), where a large moving 
display induces the illusory perception of self-movement, clearly involves dorsal 
system function, and yet the perceiver is conscious of the illusory movement.  In 
contrast, the phenomenon of masked semantic priming (e.g., Marcel, 1983), where a 



masked stimulus that is not reportable influences a later response, appears to be a 
ventral system activity without conscious awareness. 

  

I am making the claim here that the dorsal system is incapable of recognizing objects.  
This contrasts with the approach of Neisser (1994) where in his tripartite division of 
perception (see Section, 2.3) he suggests that there is one case where direct perception 
takes part in the task of representation/recognition, that of assigning objects to basic-
level categories: “Perceivers do not use subtle surface features to identify chairs and 
hammers; the relevant representation are defined in terms of affordances and 
shapes."7  Neisser’s suggestion is not consistent with the theoretical approach outlined 
above, which does not (at least at present) leave room for any type of recognition by 
the dorsal system.  His suggestion can, though, be interpreted in the light of the 
discussion above (see Section 4.1) concerning Gibson’s affordances.  When we say 
that a person picks up the affordance of a chair we are not saying that he recognizes 
the chair qua the chair concept, but that he is picking up the chair qua sit-on-able 
surface.  It is not clear if Neisser would agree to the latter interpretation when he says 
that it is “defined in terms of affordances and shapes”.  This would probably depend 
on what he means by “representation” in the above quote.  If it refers to some fleeting 
impression then he might agree, but if it refers to some long-term stored 
representation then he would probably not agree.  Of course, the stand I am taking 
here is probably too strong and the truth lies somewhere in between.  Witness 
Marcel’s (1998) astounding findings that blindsight patients are capable of picking up 
word meanings in their “blind” fields.  It has been suggested that the “feats” of 
blindsight patients are carried out by the subcortical parts of the dorsal system.  This 
would lead to the conclusion that the dorsal system is capable of processing word 
meanings!  An alternative possibility would be that blindsight can also be due in part 
to direct connections between the LGN and the extrastriate cortex.  We will have to 
wait for more research to further elucidate these findings. 

  

5.2 Some implications of the dual-process approach 

  

Very many implications follow from the dual-process approach, both for a better 
understanding of perceptual phenomena in general and for possible solutions to 
unanswered theoretical questions.  It will not be possible to deal with all of these here, 
and only a small sample will be presented to try to point to the advantages that can be 
accrued from a dual-process approach.  First an attempt will be made to outline the 
differences between Gibsonian “invariants” and constructivist “cues”.  This will be 
followed by a look at two theoretical issues.  The percept-percept couplings of 
Epstein, Hochberg, and Rock will be interpreted in a somewhat new light, as will the 
distinction between what have been called “registered” variables as opposed to 
“perceived” variables.  This will be followed by a brief attempt to analyze a 
perceptual phenomenon, that of the overconstancy in the perception of size.  Finally, I 
will try to show that this approach also has implications to applied topics, by very 
briefly looking at some of the visual aspects of driving.    



  

5.2.1 Dorsal invariants vs. ventral cues 

  

Most textbooks of Perception begin the chapter on space perception with a list of cues 
for distance and depth perception.  These cues are usually classified under various 
headings such as oculomotor, monocular, and binocular.  They serve, in the 
constructivist tradition, in the perception of space; e.g., these cues yield the perception 
of distance that in turn is taken into account in the perception of distal size.  Gibson 
disagreed with the constructivist idea that space perception is based on an inferential 
process that takes distance into account and he therefore disapproved of the notion of 
cues that were supposed to supply that process with information about distance.  From 
the Gibsonian vantage point, invariants in the ambient optical array suffice to provide 
the perceptual system with information concerning the attributes of objects and 
surfaces.  Two such invariants were mentioned above, texture interception and the 
horizon ratio.  Note that the invariants are seen to contain information allowing the 
direct pickup of size information without need to take distance into account.  Can the 
dual-process approach better elucidate the distinction between cues and invariants? 

  

Both visual systems, the dorsal and the ventral, can respond to the arrangement and 
structure of the three-dimensional environment, each with a somewhat different 
purpose and presumably using different mechanisms.  The dorsal system responds to 
invariants in body-scaled metrics, while the ventral system to cues in relative, object-
centered, metrics.  Are the terms “cues” and “invariants” alternative labels for similar 
entities each couched in the theories that engendered them?  This is, of course, a 
possibility, but I should like to propose some distinctions between the two.  Following 
the suggested congruence between the ecological approach and the dorsal system, and 
between the constructivist approach and the ventral system, it is suggested that the 
ecological invariants and the constructivist cues differ on four points: 1) they are 
processed by different centers in the brain; 2) the pickup of invariants is built into the 
system, it is hardwired, while the cues serve in algorithmic analyses of the visual 
environment; 3) the invariants are picked up without recourse to any additional central 
processing, and the cues serve an unconscious inference-like analysis of the three-
dimensional space; and 4) the invariants are probably innate and the cues probably 
learned. 

  

Recent research both on patients with visual form agnosia (mainly patient DF), with 
what would seem to be a dysfunctional ventral system and a functioning dorsal 
system, and on healthy subjects has begun to provide evidence on just which 
invariants are processed by the dorsal system and which cues are processed the 
ventral system.  The inherent assumption here, of course, is that these two types of 
information are processed in a different manner by the visual system, and that future 
research will spell out these differences.  



  

Informal observations of DF indicated that she is capable of utilizing the visual 
information in her environment to avoid obstacles and to locomote over uneven 
terrain.  In an attempt to experimentally examine these abilities Patla and Goodale 
(1996) examined her ability to both judge and negotiate obstacles placed in her path 
of locomotion.  She and six control subjects were asked to perform three tasks: 
verbally judge the height of the obstacles; raise a leg to the height of the obstacle; and 
walk over the obstacles.  In the first two, judgmental, tasks her performance differed 
from that of the control subjects, with considerably poorer discrimination of the 
obstacle heights.  In contrast, in the locomotion task she negotiated the obstacles as 
well as the control subjects.  Presumably, her intact dorsal system is capable of 
picking up the information necessary for obstacle negotiation or avoidance.  What 
invariants enable her to do this?  The experimental evidence points to at least two 
classes of such invariants, binocular and motion invariants8.  This evidence is based 
on research that has focussed only on very short distances, those within the span of an 
arm’s reach. 

  

An early study (Milner, et al., 1991) showed that DF possesses binocular- 
stereoscopic vision.  She was able to report whether an image in a random dot 
stereogram was above or below the background (but could not report its shape).  More 
recently Marotta, Behrman, and Goodale (1997) studied the effect of the removal of 
binocular information on reaching and grasping movements in two patients with 
visual form agnosia, DF and a second patient with similar but somewhat less severe 
symptoms.  These patients and control subjects were required to reach for and grasp 
blocks varying in width, placed at several distances.  With binocular vision grip 
aperture matched block-size and was not affected by its distance for both the patients 
and the control subjects.  With monocular vision the results for the control subjects 
were similar to those with binocular vision, but for the two patients grip aperture size 
decreased systematically with distance indicating a breakdown of size constancy.  The 
authors suggest that unlike the control subjects these two patients were not able to 
utilize pictorial cues to depth when deprived of binocular vision.  These findings 
appear to indicate that some aspects of binocular vision, perhaps convergence, 
stereopsis, or both serve as dorsal invariants.  This is consistent with the 
neurophysiological findings indicating binocular and stereoscopic sensitivity in the 
parietal cortex.  These invariants, it is suggested, serve in the direct pickup of object 
size.  In contrast, some of the pictorial cues appear to be processed by the ventral 
system, presumably serving in an indirect algorithmic analysis of object size.  Very 
similar results were obtained comparing DF’s ability to orient her grasp to match the 
orientation of a block with binocular and monocular vision (Dijkerman, Milner, and 
Carey, 1996). 

  

Carey, Dijkerman and Milner (1998) carried out two further experiments comparing 
DF’s performance to that of two control subjects.  In the first experiment two tasks 
were examined: the subjects’ ability to reach out and grasp cubes placed at different 
distances, and to estimate the cube’s distance without making a hand movement.  



Both tasks were carried out with binocular and monocular vision.  In the reaching and 
grasping task mean peak velocity served as the dependent variable, and DF, while 
slightly slower than the two control subjects, yielded results that correlated with cube 
distance like the control subjects in both the binocular and monocular conditions.  As 
might be expected, her distance estimates were considerably poorer than the control 
subjects, although they improved somewhat under binocular viewing.  In the second 
experiment the subjects had to move their finger from a starting position to a position 
signified by the lighting of a LED as quickly and accurately as possible.  Here, too, 
the task was performed with binocular and monocular viewing.  The dependent 
variable was the mean end-point error, and DF was slightly poorer than the control 
subjects under binocular conditions but much poorer under monocular conditions.  
While the results of the second experiment are consistent with the claim that the 
dorsal system utilizes binocular information for picking up information about the 
close environment, the results of the first experiment are not.  This is probably due to 
the different dependent measures used in this experiment.  There are several 
components that make up prehensile movements. Two of these are transport (or 
reach), which refers to the movements of the arm, and grasp, which refers to the 
shaping of the hand.  In using mean peak velocity as their dependent variable Carey et 
al. (1998) were measuring one aspect of the transport component.  In contrast the 
Dijkerman et al. (1996) and Marotta et al. (1997) studies measured changes in the 
grip, an aspect of the grasp component. The grasp component apparently relies on 
binocular information while the transport component apparently makes do with 
monocular information. 

  

Recently Dijkerman, Milner, and Carey (1999) reported a study that indicates that DF 
can utilize motion parallax to respond to depth information.  In one task DF had to 
reach out and grasp a block tilted in depth.  With monocular vision and a stationary 
head she was very poor at this task, but when allowed to make head movements her 
performance was comparable to that with binocular vision.  This study appears to 
show that in addition to binocular invariants DF is capable of utilizing movement 
invariants.  

  

Many of the same researchers who studied the visual agnosia patients have also 
carried out parallel research on healthy subjects.  Servos, Goodale, and Jakobson 
(1992) studied prehensile movements in healthy subjects with binocular and 
monocular vision.  They found effects on both components (reach and grasp) of the 
movements.  Monocular vision yielded longer movement times, lower peak velocities, 
and smaller grip apertures than binocular vision.  The finding of faster binocular 
responses is consistent with the idea that the dorsal system, the faster of the two 
systems, utilizes binocular information.  A second study (Servos & Goodale, 1994) 
examined the effects of the initial view, binocular or monocular, on prehensile 
movements.  The results of two experiments indicated that an initial binocular view is 
necessary for efficient prehension, but it is not needed during the movement itself.  
Servos and Goodale (1998) also compared binocular and monocular vision in 
interceptive movements, i.e., catching a ball falling in a pendular motion.  They 
measured eight kinematic parameters, including two relating to grip aperture.  They 



found no effects of the type of vision allowed the subjects in spite of the fact that 
theoretically binocular vision, through the stereomotion cue, should yield superior 
performance. This appears to imply that when motion information is available the 
dorsal system can use this information for performing at a level no different than 
when it utilizes binocular information. 

  

Further evidence indicating that the dorsal system appears to utilizes binocular vision 
for perceiving size can be found in a recent study by Marotta, DeSouza, Haffenden, 
and Goodale (1998).  They utilized the paradigm of Aglioti et al. (1995), (see Section 
3.3), where subjects were asked to either judge or grasp tokens placed on an 
Ebbinghaus size illusion background, but with both binocular and monocular vision.  
The results for binocular vision confirmed the results of the previous study, grip 
aperture was not influenced by the illusion, but with monocular vision the responses 
were influenced by the illusion.  The authors suggest that when binocular information 
is unavailable “the visuomotor system is able to ‘fall back’ on the remaining 
monocular cues, which can cause the visuomotor system to be more susceptible to 
pictorial illusions.”  In other words, ventral system cues may serve as a backup system 
for apprehending size information.  But Otto-de Hart, Carey, and Milne (1999) 
recently reported a study of similar nature using the Müller-Lyer illusion rather than 
the Ebbinghaus illusion that do not support these findings.  The subjects either 
matched the size of the central shaft of the illusory figure with the gap between their 
finger and thumb or grasped that shaft.  Both tasks were carried both binocularly and 
monocularly.  The matching task yielded significant effects of the illusion under both 
viewing conditions, but grip aperture was found not to yield significant effects under 
both viewing conditions.  These findings do not confirm Marotta, et al.'s (1998) 
finding that grip aperture is affected only under monocular conditions. 

  

If binocular information is not available can motion information serve for reaching 
and grasping, as was the case for DF?  Marotta, Kruyer, and Goodale (1998) 
examined this question by having subjects reach for a sphere under both binocular and 
monocular viewing conditions with their heads fixed on a bite-bar, or with the bite bar 
attached to a flexible spring allowing the subjects to move their heads.  The measure 
of performance used were the number of on-line velocity corrections, which had 
earlier (Marotta et al., 1997) been shown to be much more prevalent in monocular 
vision and which were ascribed by the authors as resulting from inaccurate distance 
information obtained through monocular vision.  A strong interaction between 
binocular vs. monocular vision and head restrained vs. unrestrained was found.  With 
head movements, monocular vision was only slightly inferior to binocular vision.  
With head movements restrained, monocular vision was considerably poorer than 
binocular vision.  Binocular performance was not affected by restraining head 
movements.  In contrast, grip aperture was not affected by head restriction.  The 
reason for this is not clear.  The authors suggest that it might be due to the fact that 
only three sizes were used and the subjects learned three motor routines for grasping 
them.  

  



Marotta and Goodale (1998) recently showed that monocularly guided grasping 
responses in a “cue-deprived test environment” (i.e., reduction conditions) could 
benefit from information about height in the visual field.  Two types of arrays were 
used, a “flat” array yielding height information correlated with the object’s distance 
and an “angled” array not yielding such height information  (objects along the line of 
sight).  Their results showed poorer performance under monocular than binocular 
presentations, and what is more important this difference interacted with the elevation 
information, with only the monocular presentations suffering from lack of elevation 
information.  They see height in the visual field as being a learned pictorial cue, but it 
could also be a correlate of Gibson’s horizon ratio with the subjects’ eye-level plane 
serving as the reference, which is an invariant.  Their conclusion is that the visual 
system can learn to utilize the pictorial cue when binocular information is not 
available. 

  

In sum, both the neuropsychological and psychophysical studies reviewed above 
appear to suggest that the two visual systems utilize different information for the 
pickup and perception of the near environment.  The dorsal system appears to pick up 
binocular and motion invariants, while the ventral system appears to perceive pictorial 
cues.  In general it would seem that invariants are the preferred mode of picking up 
information about the dimensions of the ambient environment, but, when needed, the 
cues can serve almost as well, albeit a little more slowly and a little less accurately.  

  

While the nature-nurture debate is beyond the scope of the present paper, it was 
suggested above that the invariants are probably innate mechanisms while the cues 
serving spatial perception are probably learned.  I made a similar proposal much 
earlier (Norman, 1983) when I speculated: “Ontogenetically, it may be suggested that 
the infant is innately endowed with direct perceptual capacities, but must learn to use 
the indirect mode of perceiving”.  The review of the literature above suggested that 
binocular and motion invariants serve in the pickup of information about our three-
dimensional ambient environment, and these are further supported by a large array of 
other cues.  If these invariants are innate they should appear very early in the infant’s 
development.  There are suggestions that this might be the case, as we find in 
Kellman and Arterberry’s (1998) recent review of perception in infancy.  At the end 
of their chapter on space perception after discussing studies showing that newborns 
several hours-old possess both size constancy and shape constancy (Slater, Mattock, 
& Brown, 1990; Slater & Morrison, 1985), they write: 

“These spatial abilities require some degree of metric information about space, as 
opposed to merely ordinal depth information, and binocular convergence is emerging 
as the likely source of distance information in these cases.  The case for convergence 
is largely circumstantial, however, and more direct evidence is needed…… Motion-
carried information about space appears to operate from the beginning, as shown, for 
example, by responses to kinematic information for approach.  More study is needed 
here as well…….  Perhaps our clearest developmental picture of the emergence of a 
depth- processing system is seen in stereoscopic depth perception.  The rapid onset of 
stereoscopic acuity around 16 to 18 weeks of age, along with evidence for innate 



mechanisms for binocular vision in other species and knowledge of cortical 
maturation in humans, are all consistent with a maturational account of this important 
depth perception ability in humans.  Arising latest, sometime in the second half-year 
of life, are thepictorial cues to depth.  Whether they depend on maturation, learning, 
or some combination is unknown.” (1998, p.108) 

  

5.2.2            Percept-percept couplings 

  

In the review of the constructivist approach (Section 2.1), it was seen that one of the 
central claims of the constructivists was that perception cannot be direct, as posited by 
Gibson, since there is a great deal of evidence indicating that percept-percept 
couplings occur (Epstein, 1982).  These were seen to show that one percept is 
influenced by a second, presumably independent, percept.  Most of the examples of 
such perceptual interactions, or perceptual interdependencies in Rock’s (1983) terms, 
presented in Epstein’s (1982) article and in Rock’s books (1983, 1997) have 
something in common.  The manipulations used to bring about a reported change in 
the percept rely on changes in some aspect of the perceived spatial layout of the 
stimulus array.  These changes in the perceived layout yield two different percepts of 
what appears to be a very similar visual array.  Thus, perceiving a different layout 
yields a different percept, namely “percept-percept couplings”.  For example, one of 
the manipulations used is to have the subjects use either monocular or binocular 
vision.  Compared to binocular vision, monocular vision limits the veridical 
perception of the three-dimensional layout.  In Gilchrist’s (1977) study on perceived 
lightness subject’s perceived the true position of the judged patches with binocular 
vision, but with monocular vision they were fooled into seeing those same patches to 
be in a perpendicular direction because of the shape of the patches.  When thus fooled 
the patches appeared to be illuminated with much different lighting and were judged 
to be very different in lightness than they had under binocular viewing.  This occurs in 
spite of the fact that the surrounding patches in the proximal array are of the same 
luminance in both perceived layouts.  A stimulus-bound theory, such as Wallach’s 
(1948) “ratio principle” would lead to the prediction that the lightness of the patch 
should be the same in both arrays. 

  

Another example that utilized binocular and monocular vision was Rock and 
Brosgole’s (1964) elegant manipulation of the Gestalt principle of proximity.  They 
arranged a board containing a matrix of lights so that the distances between those in 
the columns would be smaller than within the rows yielding a perception of columns 
when viewed face on.  They then rotated the board by 45° so that the proximal 
distances between the lights in the rows would now be smaller than that between the 
lights in a column.  When this display was viewed with monocular vision subjects 
reported seeing the lights arranged in rows.  The opposite was true when they were 
viewed binocularly.  Presumably binocular vision allowed perception of the true 
spatial layout (the 45° rotation), while the monocular vision did not. 



  

How does the dual-process approach deal with these and other examples of 
interactions between percepts?  First of all, in all these studies subjects are required to 
make perceptual judgments leading to the involvement of the ventral system.   What is 
more, these percept-percept couplings occur in rather restricted stimulus situations 
where it is relatively easy to change between two percepts by simple manipulation 
(e.g., binocular vs. monocular viewing) and often the viewer is looking through some 
“peep-hole”.  In other words, the situation is such where it is easy to “fool” or 
manipulate the perceptual system.  In such situations the ventral system is called into 
play, and it has the “last word” in determining the conscious percept.  It would prove 
interesting to see whether a motor response, presumably controlled by the dorsal 
system would be fooled in the same manner.  For example, would a false perspective 
cue, which would presumably cause a misperception of an object’s distance, yield a 
dissociation between the two systems?  Would a visually guided motor response, such 
as open loop reaching or blind walking also evidence a distance distortion?  One 
would speculate that it would not, since the dorsal system does seem to utilize 
pictorial cues, and it can rely on the pickup of binocular or movement invariants. 

  

5.2.3 Perceived vs. registered variables 

  

In the study of size perception that was mainly carried out in the constructivist 
tradition it was suggested that size and distance perception covary systematically.  In 
other words, the farther away the proximal image of some given size is perceived to 
be the larger the object appears.  This relationship has been labeled the “size-distance 
invariance hypothesis”.  Many studies have attempted to validate the size-distance 
invariance hypotheses, but quite a few of them yielded results inconsistent with it (see 
review in Epstein, Park, & Casey 1961) and this finding has been labeled “the size-
distance paradox” (Gruber, 1954).  Basically, this paradox refers to the fact that the 
reported size and the reported distance did not covary in accordance with the 
invariance hypothesis.  Explanations of these discrepancies from the invariance 
hypothesis, both for the perception of size and for the moon illusion, have been 
suggested in terms of the differentiation between perceived distance and registered 
distance.  Rock and Kaufman (1962) used these terms for a distinction that had been 
made earlier by Woodworth and Schlosberg (1954) to distinguish between some sort 
of automatic apprehension of distance, registered distance, and judgments of distance, 
perceived distance.  Much later Kaufman and Rock (1989) wrote: “…. we suggested 
that the conflict is between cues to distance having effects that are registered by the 
perceptual system (and this can occur without conscious awareness) and judgments of 
distance that are not based on the registered cues” (p. 199).  The size-distance paradox 
can be reinterpreted in terms of the dual-process approach.  In the studies in question 
judgments of both size and distance are required and thus the ventral system is always 
involved.  When size judgments are requested these judgments utilize distance 
information picked up by the dorsal system (registered distance), but when distance 
judgments are requested these are furnished by the ventral system (perceived 
distance).  This claim is strengthened by the findings briefly reviewed above (see 



Section 3.3) which yield evidence of the dissociation of distance judgments in the two 
systems.  

  

In sum, it is being suggested that the distinction between registered and perceived 
distance might be interpreted in terms of the dual-process approach, where the 
registered distance is that picked up by the dorsal system and the perceived distance 
that perceived or reported through the functioning of the ventral system.  

  

5.2.4 Size perception and overconstancy  

  

In everyday life we seem capable of perceiving our three dimensional environment 
and the size of objects and apertures in it quite veridically.  We grasp objects of 
different sizes, walk through apertures, and drive through narrow streets with hardly 
an error.  In contrast with this apparent ability, studies of size perception have yielded 
surprising results in that size constancy has been found to be relatively inaccurate.  
Many of these studies have reported a phenomenon that has been labeled 
“overconstancy”, where the general experimental result is that subjects overestimate 
the size of far-off objects, often with this overestimation increasing with distance 
(e.g., Gilinsky, 1955).  The finding of overconstancy is problematic.  First, as the 
judged object is placed at greater distances its proximal image becomes smaller, 
leading one to predict that underconstancy might occur but not overconstancy.  
Second, it is hard to think of some adaptive need for this sort of process, and, third, 
one does not encounter manifestations of such overconstancy in real-life situations 
when people are faced with tasks requiring accurate size perception.  

  

In her study Gilinsky had subjects judge the size of triangles outdoors at relatively 
great distances (up to about 975 m) by matching them to a nearby variable triangle.  
Her subjects were asked to adopt one of two modes of response (or “attitudes” as she 
called them) towards judging size.  Objective instructions required that “if you 
measured both with a ruler they would measure exactly the same", and retinal 
instructions required a match with the proximal size.  Of interest here were her 
findings with the objective instructions.  She summarized them thusly: "Matches of 
'objective size' do not strictly follow the rule of size constancy.  Instead, objects tend 
under this attitude to expand as they move further away." Her interpretation of this 
finding was:  "Certainly in this instance objective size is being estimated inferentially 
and is not being immediately perceived."  Gilinsky’s study was followed by a series 
of studiesthat refined the exact instructions given.  Carlson (1962) devised four, rather 
than two, types of instructions, and Epstein (1963) used these four in a broader study.  
Of these only two are relevant here, one was labeled “objective” and similar to 
Gilinsky’s instructions of the same name, and the second was labeled “apparent” or 
“phenomenal” and asked the subjects to “adjust the variable so that it looks equal to 
the standard… whether you think it is equal in actual size or not”.  In Epstein’s (1963) 



study, under the objective instruction the finding was again that of overconstancy, 
increasing with distance.  In contrast, under the phenomenal (or apparent) instructions 
size constancy was found to prevail at all distances.  In other words, when the subject 
was instructed “to tell it as he/she sees it” the size judgments were quite veridical.  

  

Similar findings have been reported in other studies and they have been attributed to 
the idea that more "cognitive" processes are involved under the objective instructions, 
while the apparent instructions induce more "perceptual" processes (e.g., Gogel and 
Da Silva, 1987).  The question, of course, is just what “cognitive” and “perceptual” 
mean here.  In the cognitive mode are the subjects making deliberate calculations or is 
the cognitive process something like the unconscious inference posited by 
Helmholtz?  Deliberate calculations should take some time, while unconscious 
inferences should be much faster.  Epstein and Broota (1975) compared response 
times for objective and phenomenal instructions.  These response times were very 
quick, with those of the objective instructions being longer than those for the 
phenomenal instructions.  The mean response time for objective instructions was only 
582 ms, hardly a value to be expected if deliberate calculations are carried out.  It 
should also be noted that while the phenomenal response times did not increase with 
stimulus distance, those for the objective distance did, a finding similar to the 
overconstancy results found in the size judgment studies. 

  

Epstein and Broota ascribe the increase in response times with objective instructions 
to a postperceptual decision stage where the confidence in the veridicality of the size 
estimate decreases with increasing stimulus distance.  While this is a possibility, an 
alternative explanation can be suggested, based on the two visual systems concept.  It 
is suggested here that size information can both be picked up by the dorsal system and 
perceived by the ventral system.  In our everyday functioning in our environment it is 
probably the dorsal system that we most often rely on, but when faced with 
experimental judgment tasks both systems can be utilized.  It is posited that the 
objective instructions induce a greater reliance on ventral size perception while the 
phenomenal (apparent) instructions rely more on dorsal pickup of size information.  
The perception of size by the ventral system serves primarily in identification where 
relative size information usually suffices, while dorsal system size information pickup 
usually serves in one’s motor interaction with one’s environment.  Thus, the dorsal 
pickup should be more veridical than the ventral perception. 

  

Is there any evidence for the suggested greater intervention of ventral processes with 
objective instructions?  Such evidence can be found in studies of the effects of object 
familiarity on judged size and distance.  Use of familiar objects in studies of size and 
distance must, of necessity, invoke ventral system functioning, as their familiarity 
depends on some long-term storage system, and only the ventral system possesses 
such a system.  There have been experimental demonstrations of the effects of 
familiar size on perceived size.  Not very surprisingly, off-size versions of familiar 
objects, when presented under reduction conditions, yield non-veridical perceptions of 



their true size with the subjects tending to report them closer to their familiar size than 
they really are.  Several studies have looked at the interactions between the effects of 
stimulus familiarity and type of size judgment instructions given.  In one such study 
(Predebon, 1992) different groups of subjects were asked to judge the sizes of familiar 
playing cards, of either normal size or one-and-a-half times larger, or of blank stimuli 
of the same two sizes.  The subjects were given either objective or phenomenal 
instructions.  If the claim that objective size judgment instructions induce more 
ventral system involvement in the size judgments then we would expect the 
familiarity variable to be more effective with the objective instructions than with the 
phenomenal instructions.  This is exactly what Predebon (1992) found: “The influence 
of familiar size on direct reports of size and distance is dependent on the form of 
instructions, with apparent instructions minimizing, and objective instructions 
promoting, the effectiveness of familiar size information”.  

  

It is being suggested here that the dimension of size in the three-dimensional array 
that surrounds us is both picked up by the dorsal system and perceived by the ventral 
system.  Normally we are not that conscious of the size of objects around us, we 
simply function in accord with their physical size.  When we are consciously aware of 
an object’s size, the size information probably accrues from both the ventral system 
and from its cross talk with the dorsal system.  Often when we are consciously aware 
of the size of objects it is only of their relative size, as this is all that is needed for 
recognition by the ventral system.  It is for this reason that we do not really perceive 
the true size of professional basketball players when watching a game.  We only note 
their true size when we come close to them.   

  

It should be noted that most of the neuropsychological and psychophysical studies 
reviewed above on the dissociation of the two systems dealt with the relatively near 
environment.  For example, a majority of the studies focused on reaching behavior.  
Here it is being suggested that a similar dissociation subserves the perception of size 
at much greater distances.  There is very limited empirical evidence for a similar 
dissociation at greater distance.  One exception are the studies of the perception of the 
steepness of hills (Creem & Proffitt 1998; Proffitt, et al. 1995) briefly described above 
(see Section 3.3).  In these studies a dissociation was found between the judgmental 
assessments and haptic motor assessments, and they were attributed to the functioning 
of the two systems.  These are, I believe, the only studies indicating a dissociation 
between the two systems for distances beyond a few meters. 

  

5.2.5 Driving  

  

If we adopt the notion of two visual systems functioning simultaneously, one with 
conscious awareness one without, one with different specializations than the other, 
then there are many implications of an applied nature.  One field of relevance is 



human navigation of vehicles, such as driving a car.  In this task the driver would 
benefit if he/she were able to use both systems more or less simultaneously, especially 
the dorsal system for navigating.  This idea is not new.  Many years ago the 
implications of an older version of the two visual system concept to driving were 
pointed out by Leibowitz and Owens (1977).  One of the important differences 
between the two systems is the relative sensitivity to peripheral vision.  The dorsal 
system is much more attuned to the peripheral visual field than is the ventral system.  
Presumably when walking or running through our environment we utilize information 
picked up by the periphery of our retinas for navigational purposes; e.g., not bumping 
into objects or not stumbling over obstacles.  There is good reason to believe that 
peripheral inputs into the dorsal system can also serve in the navigation of vehicles, 
and several studies have looked into this question.  For example, one study (Summala, 
Nieminen, & Punto, 1996), had novice and experienced drivers drive along a straight 
road using only peripheral vision for maintaining lane position while performing 
another task foveally.  The results were different for the two foveal tasks used, but in 
general the experienced drivers could much better utilize their peripheral vision for 
lane keeping. 

  

A recent study on driving (Higgins & Tait, 1998) is also of interest.  It examined the 
effects of optical blur on driving behavior.  From what we know about the two visual 
systems it is the ventral system that requires high spatial frequency information while 
the dorsal system is much less reliant on fine details.  Thus we would expect ventral 
system functions to be affected by the wearing of blurring lenses while dorsal system 
functions would be much less so.  The results of the study corroborate these 
expectations:  

“Acuity degradation produced significant decrements in road sign recognition and 
road hazard avoidance as well as significant increments in total driving time.  
Participants’ abilities to estimate whether clearances between pairs of traffic cones 
were sufficiently wide to permit safe passage of the vehicle and to slalom through a 
series of traffic cones were relatively unaffected by acuity degradation” (Higgins & 
Tait, 1998). 

The two ventral tasks, the recognition of road signs and of hazards, evidenced 
deteriorated performance with optical degradation.  Of the two tasks not seriously 
disturbed by optical degradation the slalom task is clearly a dorsal task, where the 
driver’s visual inputs direct his/her actions in navigating the vehicle.  The second task, 
that of estimating gap clearances between pairs of traffic cones, a size perception task, 
can be carried out by both the dorsal and ventral systems, as was pointed out above.  
The fact that it did not deteriorate with blur appears to indicate that in this task it 
mainly depended on dorsal system input.  It should be noted that it was not only the 
subjects’ driving through the clearances or around them (in the case they were too 
narrow) that was not affected, but also the verbal estimates they gave.  It was 
suggested above that the requirement of verbal estimates introduces ventral system 
participation in the perceptual task.  The fact that these estimates were not affected by 
blur can be seen as evidence for the communication between the two systems, where 
the ventral system receives input from the dorsal system and utilizes that information 
in its estimates.  Unlike psychological experiments where the subjects have had very 



little experience with the size judgments required of them, most adults have had a 
great deal of experience in estimating the clearance of gaps while driving their cars.  
This might be the reason that the verbal estimates appear to rely mostly on the dorsal 
system analysis.  

  

6.  In conclusion 

  

The main aim of this paper was to reconcile the two contrasting approaches to 
perception, the constructivist and the ecological.  This was done by showing that they 
can coexist in a broader theory of perception.  This broader theory is based on the 
accumulating research findings that point to the existence of two visual systems, the 
dorsal and the ventral.  It was suggested that the ecological approach broadly parallels 
the functions of the dorsal system, and the constructivist approach broadly parallels 
that of the ventral system. These two visual systems deal with different aspects of 
perception.  The dorsal system deals mainly with the utilization of visual information 
for the guidance of behavior in one’s environment.  The ventral system deals mainly 
with the utilization of visual information for “knowing” one’s environment, i.e., 
identifying and recognizing items previously encountered and storing new visual 
information for later encounters.  But it should be stressed that both systems overlap 
in the functions they perform.  Thus, it was seen that both systems are involved in the 
perception of size albeit with somewhat different purposes and specializations.   

  

Emerging from this attempt at integrating the two approaches into a single theory is a 
dual-process approach to visual perception.  According to this approach much of our 
day-to-day pickup of visual information is carried out by the dorsal-ecological system 
without involving much conscious awareness.  In the main the information picked up 
is that which allows the organism to function within its environment, i.e., Gibson’s 
affordances.  The ventral-constructivist system, on the other hand, is a “higher” 
system that deals with the interface between the visual input and cognition, and we 
are normally conscious of its output.  Only it possesses a long-term memory and 
therefore any type of identification or recognition must transpire within it.  As the 
dorsal system is mainly concerned with directing motor behavior in one’s 
environment it must rely on body-centered information, in absolute units, about the 
environment and the objects in it.  In contrast, the ventral system in its attempt to 
recognize objects can suffice with relative, object-centered, information.  It is 
probably for this reason that in quite a few of the studies reviewed above, dorsal 
system functions yielded more accurate information about the visual environment 
than did the ventral system.  It was seen that one of the best ways to distinguish 
between the functioning of the two systems is to utilize very different response 
modes.  The functioning of the dorsal system can best be tapped by requiring motor 
responses from the subject, while judgmental responses should call forth more ventral 
processing. 

  



It was suggested that the emergent dual-process approach can shed new light on old 
theoretical and empirical quandaries, and a few examples were presented.  A 
distinction was drawn between dorsal system invariants and ventral system cues, with 
the former being hardwired into the perceptual system and the latter serving in 
algorithmic processes.  Evidence is only beginning to accumulate concerning these 
two types of visual information and their processing.  Recent research appears to 
indicate that some type of binocular information and motion information serve as 
invariants picked up by the dorsal system, while the pictorial cues (or some of them) 
appear to be processed by the ventral system.  Much more research is needed to better 
determine just what information is used by the two systems.  Hopefully, the dual-
process approach will serve to engender such research and it in turn will not only 
demarcate the functions of the two visual systems, but will also elucidate their 
synergistic interactions.   

  

In ending a few qualifications need to be mentioned.  The proposed integrative theory 
and its concomitant dual-process approach are clearly an oversimplified view of what 
transpires in visual perception.  It is hoped, though, that they can serve as an initial 
step in the generation of more sophisticated, and presumably more complex theories 
that will also incorporate both theoretical approaches in a single broad theory of 
perception.  Furthermore, there still remains the question of whether the broader 
approach outlined here can be generalized to other domains of perception other than 
the perception of space, or of the ambient environment to use Gibsonian terminology. 
A contradictory example appears to exist in the realm of motion perception where 
Wertheim (1994) has suggested that the direct (dorsal) system utilizes relative metrics 
and the indirect (ventral) system absolute metrics.  The current approach would, of 
course predict the opposite.  Finally, the parallels drawn between the two approaches, 
the constructivist and the ecological, and the two visual systems, the ventral and the 
dorsal, respectively, will probably draw criticisms from the adherents of each 
approach, who will surely find contradictory examples.  Hopefully, in spite of these, 
the overall approach will prove to be basically valid, and will yield new insights to the 
understanding of visual perception. 

  

REFERENCES 

  

Aglioti, S., DeSouza, J., & Goodale, M. (1995). Size-contrast illusions deceive the 
eye but not the hand. Current Biology, 5(6), 679-685. 

  

Baizer, J. S., Ungerleider, L. G., & Desimone, R. (1991). Organization of visual 
inputs to the inferior temporal and posterior parietal cortex in macaques. Journal of 
Neuroscience, 11(1), 168-190. 

  



Baker, S. C., Frith, C. D., Frackowiak, R. S., & Dolan, R. J. (1996). Active 
representation of shape and spatial location in man. Cerebral Cortex, 6(4), 612-619. 

  

Banks, W. P., & Krajicek, D. (1991).  Perception.  Annual Review of Psychology, 42, 
305-331. 

  

Barac Cikoja, D., & Turvey, M. T. (1991). Perceiving aperture size by striking. 
Journal of Experimental Psychology: Human Perception and Performance, 17(2), 
330-346. 

  

Barac Cikoja, D., & Turvey, M. T. (1993). Haptically perceiving size at a distance. 
Journal of Experimental Psychology: General, 122(3), 347-370. 

  

Barac Cikoja, D., & Turvey, M. T. (1995). Does perceived size depend on perceived 
distance? An argument from extended haptic perception. Perception and 
Psychophysics, 57(2), 216-224. 

  

Bennett, B. M., Hoffman, D. D., & Prakash, C. (1989).  Observer mechanics. New 
York: Academic Press. 

  

Bennett, B. M., Hoffman, D. D., & Prakash, C. (1991).  Unity of perception.  
Cognition, 38, 295-334. 

  

Bingham, G. P., & Pagano, C. C. (1998).  The necessity of a perception-action 
approach to definite distance perception: Monocular distance perception to guide 
reaching. Journal of Experimental Psychology: Human Perception and Performance, 
24(1), 145-168. 

  

Boring, E. G. (1946). Perception of objects. American Journal of Physics, 14, 99-107. 

  



Braunstein, M. (1994).  Decoding principles, heuristics and inference in visual 
perception.  In G. Jansson, S. S. Bergstroem, and W. Epstein (Eds.) Perceiving events 
and objects (pp. 436-446). Hillsdale NJ: Erlbaum. 

  

Brenner, E., & Smeets, J. B. (1996). Size illusion influences how we lift but not how 
we grasp an object. Experimental Brain Research, 111(3), 473-476. 

  

Bridgeman, B. (1992). Conscious vs unconscious processes: The case of vision. 
Theory & Psychology, 2(1), 73-88. 

  

Bridgeman, B., & Huemer, V. (1998). A spatially oriented decision does not induce 
consciousness in a motor task. Consciousness and Cognition, 7(3), 454-464. 

  

Bridgeman, B., Kirch, M., & Sperling, A. (1981). Segregation of cognitive and motor 
aspects of visual function using induced motion. Perception and Psychophysics, 
29(4), 336-342. 

  

Bridgeman, B., Lewis, S., Heit, G., & Nagle, M. (1979). Relation between cognitive 
and motor-oriented systems of visual position perception. Journal of Experimental 
Psychology Human Perception and Performance, 5(4), 692-700. 

  

Bridgeman, B., Peery, S., & Anand, S. (1997). Interaction of cognitive and 
sensorimotor maps of visual space. Perception and Psychophysics, 59(3), 456-469. 

  

Bullier, J., & Nowak, L. G. (1995). Parallel versus serial processing: new vistas on the 
distributed organization of the visual system. Current Opinion in Neurobiology, 5(4), 
497-503. 

  

Bullier, J., Schall, J. D., & Morel, A. (1996). Functional streams in occipito-frontal 
connections in the monkey. Behavioural Brain Research, 76(1-2), 89-97. 

  



Carey, D., Dijkerman, H., & Milner, A. (1998). Perception and action in depth. 
Consciousness and Cognition, 7(3), 438-453. 

  

Carey, D. P., Harvey, M., & Milner, A. D. (1996). Visuomotor sensitivity for shape 
and orientation in a patient with visual form agnosia. Neuropsychologia, 34(5), 329-
337. 

  

Carlson, V. R. (1962). Size-constancy judgments and perceptual compromise. Journal 
of Experimental Psychology, 63(1), 68-73. 

  

Casagrande, V. A. (1994). A third parallel visual pathway to primate area V1. Trends 
in Neurosciences, 17(7), 305-310  

  

Castiello, U., Paulignan, Y., & Jeannerod, M. (1991). Temporal dissociation of motor 
responses and subjective awareness. A study in normal subjects. Brain, 114(Pt 6), 
2639-2655. 

  

Creem, S. H., & Proffitt, D. R. (1998). Two memories for geographical slant: 
Separation and interdependence of action and awareness. Psychonomic Bulletin and 
Review, 5(1), 22-36.  

  

Cutting, J. E. (1986).  Perception with an eye for motion. Cambridge, MA: MIT Press. 

  

Daprati, E., & Gentilucci, M. (1997). Grasping an illusion. Neuropsychologia, 35(12), 
1577-1582  

  

Deubel, H., Schneider, W. X., & Paprotta, I. (1998). Selective dorsal and ventral 
processing: Evidence for a common attentional mechanism in reaching and 
perception. Visual Cognition, 5(1-2), 81-107. 

  

DeYoe, E. A., & Van Essen, D. C. (1988). Concurrent processing streams in monkey 
visual cortex. Trends in Neurosciences, 11(5), 219-226  



  

Dichgans, J., & Brandt, T. (1978). Visual-vestibular interaction: Effects on self-
motion perception and postural control. In R. Held, H. W. Leibowitz, & L. Teuber 
(Eds.), Handbook of sensory physiology (Vol. VIII, pp. 755-804). New York: 
Springer. 

  

Dijkerman, H. C., & Milner, A. D. (1998). The perception and prehension of objects 
oriented in the depth plane. II. Dissociated orientation functions in normal subjects. 
Experimental Brain Research, 118(3), 408-414. 

  

Dijkerman, H. C., Milner, A. D., & Carey, D. P. (1996). The perception and 
prehension of objects oriented in the depth plane. I. Effects of visual form agnosia. 
Experimental Brain Research, 112(3), 442-451. 

  

Dijkerman, H. C., Milner, A. D., & Carey, D. P.  (1999). Motion parallax enables 
depth processing for action in a visual form agnosic when binocular vision is 
unavailable. Neuropsychologia, 37, 1505-1510. 

  

Donkelaar, P. van (1999).  Pointing movements are affected by size-contrast 
illusions.  Experimental Brain Research, 125, 517-520. 

  

Ellis, R. R., Flanagan, J. R., & Lederman, S. J. (1999). The influence of visual 
illusions on grasp position.  Experimental Brain Research, 125(2), 109-114. 

  

Epstein, W. (1963). Attitudes of judgment and the size-distance invariance 
hypothesis. Journal of Experimental Psychology, 66(1), 78-83. 

  

Epstein, W. (1973). The process of "taking-into-account" in visual perception. 
Perception, 2(3), 267-285. 

  

  



Epstein, W. (1980). Direct perception or mediated perception: a comparison of rival 
viewpoints. Behavioral and Brain Sciences, 3, 384-385. 

  

Epstein, W. (1982). Percept-percept couplings. Perception, 11(1), 75-83   

  

Epstein, W. (1995). The metatheoretical context. In W. Epstein & S. Rogers (Eds.), 
Perception of space and motion (pp. 1-22). San Diego: Academic Press. 

  

Epstein, W., & Broota, K. D. (1975). Attitude of judgment and reaction time in 
estimation of size at a distance. Perception and Psychophysics, 18(3), 201-204. 

  

Epstein, W., Park, J., & Casey, A. (1961). The current status of the size-distance 
hypotheses. Psychological Bulletin, 58, 491-514. 

  

Faillenot, I., Toni, I., Decety, J., Gregoire, M. C., & Jeannerod, M. (1997). Visual 
pathways for object-oriented action and object recognition: functional anatomy with 
PET. Cerebral Cortex, 7(1), 77-85. 

  

Ferrera, V. P., Rudolph, K. K., & Maunsell, J. H. (1994). Responses of neurons in the 
parietal and temporal visual pathways during a motion task. Journal of Neuroscience 
14(10), 6171-6186. 

  

Franz, V. H., Gegenfurtner, K. R., Buelthoff, H. H., & Fahle, M. (2000). Grasping 
visual illusions: No evidence for a dissociation between perception and action. 
Psychological Science. 11, 20-25. 

  

Garrett, S., Barac Cikoja, D., Carello, C., & Turvey, M. T. (1996). A parallel between 
visual and haptic perception of size at a distance. Ecological Psychology, 8(1), 25-42. 

  

Gentilucci, M., Chieffi, S., Daprati, E., Saetti, M. C., & Toni, I. (1996). Visual 
illusion and action. Neuropsychologia, 34(5), 369-376. 



  

Gentilucci, M., & Negrotti, A. (1994). Dissociation between perception and 
visuomotor transformation during reproduction of remembered distances. Journal of 
Neurophysiology, 72(4), 2026-2030. 

  

Gentilucci, M., & Negrotti, A. (1996). Mechanisms for distance reproduction in 
perceptual and motor tasks. Experimental Brain Research, 108(1), 140-146. 

  

Gibson, J. J. (1966). The senses considered as perceptual systems. Boston: Houghton 
Mifflin. 

  

Gibson, J. J. (1979). The ecological approach to visual perception. Boston: Houghton 
Mifflin. 

  

  

Gilchrist, A. L. (1977). Perceived lightness depends on perceived spatial arrangement. 
Science, 195(4274), 185-187. 

  

Gilchrist, A. L. (1980). When does perceived lightness depend on perceived spatial 
arrangement? Perception and Psychophysics, 28(6), 527-538. 

  

Gilinsky, A. S. (1955). The effect of attitude upon the perception of size. American 
Journal of Psychology, 68, 173-192. 

  

Gogel, W. C. (1973). The organization of perceived space: I. Perceptual interactions. 
Psychologische Forschung, 36, 195-221. 

  

Gogel, W. C., & da Silva, J. A. (1987). A two-process theory of the response to size 
and distance. Perception and Psychophysics, 41(3), 220-238  

  



Gogel, W. C., & Tietz, J. D. (1973). Absolute motion parallax and the specific 
distance tendency. Perception and Psychophysics, 13(2), 284-292. 

  

Gogel, W. C., & Tietz, J. (1974). The effect of perceived distance on perceived 
movement. Perception and Psychophysics, 16(1), 70-78. 

  

Gogel, W. C., & Tietz, J. D. (1977). Eye fixation and attention as modifiers of 
perceived distance. Perceptual and Motor Skills, 45(2), 343-362  

  

Gogel, W. C., & Tietz, J. D. (1979). A comparison of oculomotor and motion parallax 
cues of egocentric distance. Vision Research, 19(10), 1161-1170. 

  

Goodale, M. A., Jakobson, L. S., Milner, A. D., Perrett, D. I. (1994). The nature and 
limits of orientation and pattern processing supporting visuomotor control in a visual 
form agnosic. Journal of Cognitive Neuroscience, 6(1), 46-56. 

  

Goodale, M. A., & Milner, A. D. (1992). Separate visual pathways for perception and 
action. Trends in Neurosciences, 15(1), 20-25. 

  

Goodale, M. A., Milner, A. D., Jakobson, L. S., & Carey, D. P. (1991). A 
neurological dissociation between perceiving objects and grasping them. Nature, 
349(6305), 154-156. 

  

Goodale, M. A., & Murphy, K. J. (1997). Action and perception in the visual 
periphery. In P. Thier & H.-O. Karnath (Eds.), Parietal lobe contributions to 
orientation in 3D space (pp. 447-461). Heidelberg: Springer-Verlag. 

  

Gregory, R. L. (1993). Seeing and thinking. Giornale Italiano di Psicologia, 20(5), 
749-769. 

  

Gruber, H. E. (1954). The relation of perceived size to perceived distance. American 
Journal of Psychology, 67, 411-426. 



  

Haber, R. N. (1985). Perception - A one-hundred-year perspective. In S. Koch (Ed.), 
A century of psychology as science (pp. 250-281). Washington DC: American 
Psychological Association. 

  

Haffenden, A. M., & Goodale, M. A. (1998). The effect of pictorial illusion on 
prehension and perception. Journal of Cognitive Neuroscience, 10(1), 122-136. 

  

Haffenden, A. M., & Goodale, M. A. (2000).  Independent effects of pictorial displays 
on perception and action.  Vision Research, 40, 1597-1607. 

  

Hatfield, G. (1988). Representation and content in some (actual) theories of 
perception. Studies in History and Philosophy of Science, 19, 175-214. 

  

Hatfield, G. (1990a). The natural and the normative: Theories of spatial perception 
from Kant to Helmholtz. Cambridge, MA: MIT Press. 

  

Hatfield, G. (1990b). Gibsonian representations and connectionist symbol processing: 
Prospects for unification. Psychological Research, 52(2-3), 243-252.  

  

Held, R. (1970). Two modes of processing spatially distributed visual stimulation. In 
F. O. Schmitt (Ed.), The Neurosciences (pp. 317-324). New York: Rockefeller 
University Press. 

  

Heller, M. A. (1997). Gaps in perception (guest editorial). Perception, 26(12), 1481-
1484. 

  

Higgins, K. E., Wood, J., & Tait, A. (1998). Vision and driving: Selective effect of 
optical blur on different driving tasks. Human Factors, 40(2), 224-232. 

  



Ho, C. E. (1998). Letter recognition reveals pathways of second-order and third-order 
motion. Proceedings of the National Academy of Sciences, U S A, 95(1), 400-404. 

  

Hochberg, J. (1956).  Perception: Towards the recovery of a definition.  Psychological 
Review, 63, 400-405. 

  

Hochberg, J. (1974). Higher-order stimuli and interresponse coupling in the 
perception of the visual world. In R. B. Macleod & H. L. Pick (Eds.), Perception: 
Essays in honor of James J. Gibson (pp. 17-39). Ithaca NY: Cornell University Press. 

  

Hochberg, J. (1998).  Gestalt theory and its legacy: Organization in eye and brain, in 
attention and mental representation. In J. Hochberg (Ed.), Perception and cognition at 
century's end (pp. 253-306).  San Diego, CA: Academic Press. 

  

Hodges, J. R., Spatt, J., & Patterson, K. (1999).  "What" and "how": Evidence for the 
dissociation of object knowledge and mechanical problem-solving skills in the human 
brain. Proceedings of the National Academy of Sciences, U.S.A., 96, 9444-9448. 

  

Holway, A. H., & Boring, E. G. (1941). Determinants of apparent visual size with 
distance variant. American Journal of Psychology, 54, 21-37. 

  

Humphrey, G., & Goodale, M. (1998). Probing unconscious visual processing with 
the McCollough effect. Consciousness and Cognition, 7(3), 494-519. 

  

Humphrey, G. K., Goodale, M. A., & Gurnsey, R. (1991). Orientation discrimination 
in a visual form agnosic: Evidence from the McCollough effect. Psychological 
Science, 2(5), 331-335. 

  

Humphrey, G. K., Goodale, M. A., Corbetta, M., & Aglioti, S. (1995). The 
McCollough effect reveals orientation discrimination in a case of cortical blindness. 
Current Biology, 5(5), 545-551. 

  



Humphrey, G. K., Goodale, M. A., Jakobson, L. S., & Servos, P. (1994). The role of 
surface information in object recognition: Studies of a visual form agnosic and normal 
subjects. Perception, 23(12), 1457-1481. 

  

Humphrey, G. K., Symons, L. A., Herbert, A. M., & Goodale, M. A. (1996). A 
neurological dissociation between shape from shading and shape from edges. 
Behavioural Brain Research, 76(1-2), 117-125. 

  

Ingle, D. (1973). Two visual systems in the frog. Science, 181, 1053-1055. 

  

Ittelson, W. H. (1951). Size as a cue to distance: static localization. American Journal 
of Psychology, 64, 54-67. 

  

Jackson, J. R., & Shaw, A. (2000).  The Ponzo illusion affects grip-force but not grip-
aperture scaling during prehension movements. Journal of Experimental Psychology: 
Human Perception and Performance, 26, 418-423. 

  

Janet, P. (1907). The major symptoms of hysteria. London: Macmillan. 

  

Jansen, P., Vogels, R., & Orban, G. A. (1999). Macaque inferior temporal neurons are 
selective for disparity-defined three dimensional shapes. Proceedings of the National 
Academy of Sciences, U.S.A., 96, 8217-8222. 

  

Jeannerod, M. (1997). The cognitive neuroscience of action. Oxford, England 

UK: Blackwell Publishers, Inc. 

  

Johansson, G. (1950). Configurations in event perception. Uppsala: Almqvist & 
Wiksells. 

  

Kaufman, L., & Rock, I. (1989). The moon illusion thirty years later. In M. 
Hershenson (Ed.), The moon illusion (pp. 193-234). Hillsdale, NJ: Erlbaum.  



  

Kellman, P. J., & Arterberry, M. E. (1998). The cradle of knowledge: Development of 
perception in infancy. Cambridge, MA: MIT Press. 

  

Koffka, K. (1935). Principles of Gestalt psychology. New York: Harcourt, Brace & 
World. 

  

Leibowitz, H. W., & Post, R. B. (1982). The two modes of processing concept and 
some implications. In J. Beck (Ed.), Organization and representation in perception 
(pp. 343-363). Hillsdale, NJ: Erlbaum. 

  

Leibowitz, H. W., & Owens, D. A. (1977).  Nighttime accidents and selective visual 
degradation.  Science, 197, 422-423. 

  

Leibowitz, H. W., Wilcox, S. B., & Post, R. B. (1978). The effect of refractive error 
on size constancy and shape constancy. Perception, 7(5), 557-562. 

  

Livingstone, M., & Hubel, D. (1988). Segregation of form, color, movement, and 
depth: Anatomy, physiology, and perception. Science, 240(4853), 740-749. 

  

Logothetis, N. K. (1994). Physiological studies of motion inputs. In A. T. Smith (Ed.), 
Visual detection of motion (pp. 177-216). London: Academic Press. 

  

Lombardo, T. J. (1987). The reciprocity of perceiver and environment: The evolution 
of James J. Gibson's ecological psychology. Hillsdale, NJ, USA: Erlbaum 

. 

Loomis, J. M., Da Silva, J. A., Fujita, N., & Fukusima, S. S. (1992). Visual space 
perception and visually directed action. Journal of Experimental Psychology: Human 
Perception and Performance, 18(4), 906-921. 

  



Loomis, J. M., Da Silva, J. A., Philbeck, J. W., & Fukusima, S. S. (1996). Visual 
perception of location and distance. Current Directions in Psychological Science, 
5(3), 72-77. 

  

Marcel, A. J. (1983). Conscious and unconscious perception: Experiments on visual 
masking and word recognition. Cognitive Psychology, 15(2), 197-237. 

  

Marcel, A. J. (1998). Blindsight and shape perception: Deficit of visual consciousness 
or of visual function? Brain, 121(8), 1565-1588. 

  

Mark, L. S. (1987). Eyeheight-scaled information about affordances: A study of 
sitting and stair climbing. Journal of Experimental Psychology: Human Perception 
and Performance, 13(3), 361-370. 

  

Marotta, J. J., Behrmann, M., & Goodale, M. A. (1997). The removal of binocular 
cues disrupts the calibration of grasping in patients with visual form agnosia. 
Experimental Brain Research, 116(1), 113-121. 

  

Marotta, J. J., DeSouza, J. F. X., Haffenden, A. M., & Goodale, M. A. (1998). Does a 
monocularly presented size-contrast illusion influence grip aperture? 
Neuropsychologia, 36(6), 491-497. 

  

Marotta, J. J., & Goodale, M. A. (1998). The role of learned pictorial cues in the 
programming and control of grasping. Experimental Brain Research, 121(4), 465-
470. 

  

Marotta, J. J., Kruyer, A., & Goodale, M. A. (1998). The role of head movements in 
the control of manual prehension. Experimental Brain Research, 120(1), 134-138. 

  

McArthur, D. J. (1982). Computer vision and perceptual psychology. Psychological 
Bulletin, 92(2), 283-309. 

  



Merigan, W. H., & Maunsell, J. H. (1993). How parallel are the primate visual 
pathways? Annual Review of Neuroscience, 16, 369-402. 

  

Michaels, C. F., & Carello, C. (1981). Direct perception. Englewood Cliffs, NJ: 
Prentice-Hall. 

  

Milner, A. D. (1995). Cerebral correlates of visual awareness. Neuropsychologia, 
33(9), 1117-1130. 

  

Milner, A. D. (1997). Vision without knowledge. Philosophical Transactions of the 
Royal Society, London, B-Biological Sciences, 352(1358), 1249-1256. 

  

Milner, A. D., & Goodale, M. A. (1995). The visual brain in action. Oxford, England 
UK: Oxford University Press. 

  

Milner, A. D., Paulignan, Y., Dijkerman, H. C., Michel, F., & Jeannerod, M. (1999).  
A paradoxical improvement of misreaching in optic ataxia: new evidence for two 
separate neural systems for visual localization.  Proceedings of the Royal Society, 
London, B., 266, 2225-2229. 

  

Milner, A. D., Perrett, D. I., Johnston, R. S., Benson, P. J., Jordan, T. R., Heeley, D. 
W., Bettucci, D., Mortara, F., Mutani, R., Terazzi, E., & Davidson, D. L. W. (1991). 
Perception and action in 'visual form agnosia'. Brain, 114(Pt 1B), 405-428. 

  

Mon-Williams, M., & Bull, R. (2000).  The Judd illusion: evidence for two visual 
streams or two experimental conditions?  Experimental Brain Research, 130, 273-
276. 

  

  

Neisser, U. (1989).  Direct perception and recognition as distinct perceptual systems.  
Talk given at the Annual Meeting of the Cognitive Science Society, Ann Arbor, MI. 

  



Neisser, U. (1994). Multiple systems: A new approach to cognitive theory. European 
Journal of Cognitive Psychology, 6(3), 225-241. 

  

Norman, J. (1980). Direct and indirect perception of size. Perception and 
Psychophysics, 28(4), 306-314. 

  

Norman, J. (1983). Are the direct and indirect theories of perception incompatible? 
Behavioral and Brain Sciences, 6, 729-731. 

  

O'Keefe, L., & Movshon, J. (1998). Processing of first- and second-order motion 
signals by neurons in area MT of the macaque monkey. Visual Neuroscience, 15(2), 
305-317. 

  

Otto-de Haart, E. G., Carey, D. P., & Milne, A. B. (1999).  More thoughts on 
perceiving and grasping the Muller-Lyer illusion.  Neuropsychologia, 37, 1437-1444. 

  

Owen, A. M., Evans, A. C., & Petrides, M. (1996). Evidence for a two-stage model of 
spatial working memory processing within the lateral frontal cortex: a positron 
emission tomography study. Cerebral Cortex, 6(1), 31-38. 

  

Pagano, C. C., & Bingham, G. P. (1998). Comparing measures of monocular distance  

perception: Verbal and reaching errors are not correlated. Journal of Experimental 
Psychology: Human Perception and Performance, 24(4), 1037-1051. 

  

Palmer, S. E. (1999).  Vision science: photons to phenomenology. Cambridge, MA: 

MIT Press. 

  

Pavani, F., Boscalgi, I., Benvenuti, F., Rabufettti, M., & Farne, A. (1999).  Are 
perception and action affected differently by the Titchener circles illusion?  
Experimental Brain Research, 127(1), 95-101. 

  



Patla, A. E., & Goodale, M. A. (1996). Obstacle avoidance during locomotion is 
unaffected in a patient with visual form agnosia. Neuroreport, 8(1), 165-168. 

  

Perenin, M. T., & Jeannerod, M. (1979). Subcortical vision in man. Trends in 
Neurosciences, 2, 204-207. 

  

Perenin, M. T., & Vighetto, A. (1988). Optic ataxia: a specific disruption in 
visuomotor mechanisms. I. Different aspects of the deficit in reaching for objects. 
Brain, 111, 643-674. 

  

Post, R. B., & Welch, R. B. (1996). Is there dissociation of perceptual and motor 
responses to figural illusions? Perception, 25(5), 569-581. 

  

Predebon, J. (1992). The role of instructions and familiar size in absolute judgments 
of size and distance. Perception and Psychophysics, 51(4), 344-354. 

  

Proffitt, D. R., Bhalla, M., Gossweiler, R., & Midgett, J. (1995). Perceiving 
geographical slant. Psychonomic Bulletin and Review, 2(4), 409-428. 

  

Rao, S. C., Rainer, G., & Miller, E. K. (1997). Integration of what and where in the 
primate prefrontal cortex. Science, 276(5313), 821-824. 

  

Reed, E. S. (1988). James J. Gibson and the psychology of perception. New Haven: 
Yale University Press. 

  

Rock, I. (1983). The logic of perception. Cambridge, MA: MIT Press. 

  

Rock, I. (1997). Indirect perception. Cambridge, MA: MIT Press. 

  



Rock, I. (1977). In defense of unconscious inference. In W. Epstein (Ed.), Stability 
and constancy in visual perception: Mechanisms and processes (pp. 321-377). New 
York: Wiley. 

  

Rock, I., & Brosgole, L. (1964). Grouping based on phenomenal proximity. Journal 
of Experimental Psychology, 67(6), 531-538. 

  

Rock, I., Hill, A. L., & Fineman, M. (1968). Speed constancy as a function of size 
constancy. Perception and Psychophysics, 4(1), 37-40. 

  

Rock, I., & Kaufman, L. (1962). The moon illusion. Part II. Science, 136(3521), 
1023-1031. 

  

Rock, I., Wheeler, D., Shallo, J., & Rotunda, J. (1982). The construction of a plane 
from pictorial information. Perception, 11, 463-475. 

  

Sakata, H., Taira, M., Kusunoki, M., Murata, A., & Tanaka, Y. (1997). The TINS 
Lecture. The parietal association cortex in depth perception and visual control of hand 
action. Trends in Neurosciences, 20(8), 350-357. 

  

Schall, J. D., Morel, A., King, D. J., & Bullier, J. (1995). Topography of visual cortex 
connections with frontal eye field in macaque: convergence and segregation of 
processing streams. Journal of Neuroscience, 15(6), 4464-4487. 

  

Schiller, P. H. (1996). On the specificity of neurons and visual areas. Behavioural 
Brain Research, 76(1-2), 21-35. 

  

Schneider, G. E. (1967). Contrasting visuomotor functions of tectum and cortex in the 
Golden Hamster. Psychologische Forschung, 31(1), 52-62. 

  

Schneider, G. E. (1969). Two visual systems. Science, 163(3870), 895-902. 



  

Servos, P., Carnahan, H., & Fedwick, J. (in press).  The visuomotor system resists the 
horizontal-vertical illusion.  Journal of Motor Behavior, 

  

Servos, P., & Goodale, M. A. (1994). Binocular vision and the on-line control of 
human prehension. Experimental Brain Research, 98(1), 119-127. 

  

Servos, P., & Goodale, M. A. (1998). Monocular and binocular control of human 
interceptive movements. Experimental Brain Research, 119(1), 92-102. 

  

Servos, P., Goodale, M. A., & Jakobson, L. S. (1992). The role of binocular vision in 
prehension: A kinematic analysis. Vision Research, 32(8), 1513-1521. 

  

Servos, P., Matin, L., & Goodale, M. A. (1995). Dissociation between two modes of 
spatial processing by a visual form agnosic. Neuroreport, 6(14), 1893-1896. 

  

Slater, A., Mattock, A., & Brown, E. (1990). Size constancy at birth: Newborn 
infants' responses to retinal and real size. Journal of Experimental Child Psychology, 
49(2), 314-322. 

  

Slater, A., & Morison, V. (1985). Shape constancy and slant perception at birth. 
Perception, 14(3), 337-344. 

  

Smeets, J. B. J., & Brenner, E. (1995).  Perception and action are based on the same 
visual information - distinction between position and velocity. Journal of 
Experimental Psychology: Human Perception and Performance, 21, 19-31. 

  

Summala, H., Nieminen, T., & Punto, M. (1996). Maintaining lane position with 
peripheral vision during in-vehicle tasks. Human Factors, 38(3), 442-451. 

  

Titchener, E. B. (1914). A textbook of psychology. New York: Macmillan. 



  

Trevarthen, C. B. (1968). Two mechanisms of vision in primates. Psychologische 
Forschung, 31(4), 299-337. 

  

Turvey, M. T. (1996). Dynamic touch. American Psychologist, 51(11), 1134-1152. 

  

Ungerleider, L. G., & Mishkin, M. (1982). Two cortical visual systems. In D. J. Ingle, 
M. A. Goodale, & R. J. W. Mansfield  (Eds.),  Analysis of Visual Behavior (pp. 549-
586). Cambridge, MA: MIT Press. 

  

Vishton, P. M., Rea, J. G., Cutting, J. E., & Nuñez, L. N. (1999).  Comparing effects 
of the horizontal-vertical illusion on grip scaling and judgment: Relative versus 
absolute, not perception versus action. Journal of Experimental Psychology: Human 
Perception and Performance, 25, 1659-1672. 

  

Wallach, H. (1939). On the constancy of visual speed. Psychological Review, 46, 541-
552. 

  

Wallach, H. (1948). Brightness constancy and the nature of achromatic colors. 
Journal of Experimental Psychology, 38, 310-324. 

  

Wandell, B. A. (1995). Foundations of vision. Sunderland, MA: Sinauer Assoc. 

  

Warren, W. H., & Whang, S. (1987). Visual guidance of walking through apertures: 
Body-scaled information for affordances. Journal of Experimental Psychology: 
Human Perception and Performance, 13(3), 371-383. 

  

Wertheim, A. H. (1994).  Motion perception during self-motion: The direct versus 
inferential controversy revisited.  Behavioral and Brain Sciences, 17, 293-355. 

  



Westwood, D. A., Chapman, C. D., & Roy, E. A. (2000).  Pantomimed actions may 
be controlled by the ventral visual stream. Experimental Brain Research, 130, 545-
548. 

  

Williams, A. M., Davids, K., & Williams, J. G. (1999).  Visual perception and action 
in sport.  London: E & FN Spon. 

  

Wong, E., & Mack, A. (1981). Saccadic programming and perceived location. Acta 
Psychologica, 48, 123-131. 

  

Woodworth, R. S., & Schlosberg, H. (1954). Experimental psychology. (Revised ed.). 
New York: Holt, Rinehart, and Winston. 

  

Zeki, S. (1993). A vision of the brain. Oxford: Blackwell Scientific Publications. 

  

FOOTNOTES 

1.  In all the quotations in this paper the emphases (Italics) are to be found in the 
original and are not my emphases. 

2. Gibson was not the first to introduce the concept of invariants, he was preceded by 
Helmholtz and Koffka among others (see e.g., Cutting 1986, Ch. 5), but as Hochberg 
(1998, footnote 15) notes: "Gibson's effort was new and revolutionary in that he tried 
assiduously to work around the need for any perceptual process other than the pickup 
of such invariances." 

3.  I was unsuccessful in finding original names for these two systems.  All the 
psychological terms that came to mind had been used previously and were 
encumbered with unwanted connotations.  Therefore, I decided to retain the 
anatomical labels originally suggested by Ungerleider and Mishkin (1982), but only 
as general labels and not to specify anatomical loci. 

4.  Exocentric distance refers to the distance between two objects or two locations in 
space.  Egocentric distance refers to the distance between the observer and an object 
or location in space. 

5.  It should be stressed that while it is being claimed that the dorsal system does not 
appear to have much of a representational memory, it certainly passes on information 
to some type of procedural memory system.  Without such a system perceptuo-motor 
learning could not transpire. 



6. Very recent neuropsychological research strengthens the claim made here that the 
dorsal system only picks up the functional properties of objects.  Hodges, Spatt, and 
Patterson (1999) tested two patients with bilateral temporal lobe (ventral system) 
atrophy, suffering from "semantic dementia".  These patients were unable to name 
twenty familiar objects and also performed poorly when asked to demonstrate their 
use.  In those cases where the patient did not succeed in demonstrating the objects true 
use "he demonstrated a use that was incorrect but largely compatible with the object's 
physical properties (e.g., he carefully removed each match from the matchbox, 
commenting that they looked like "little pencils" and holding them as if to 
write…..)."  In contrast, these two subjects performed flawlessly on a "novel tool 
task" in which they had to "select the appropriate one of three novel tools for lifting a 
wooden cylinder (with a special feature matched to the appropriate tool) out of a 
socket."  In other words, they were able to pick up the affordance of the novel tool as 
appropriate for the task at hand.  

7.  Neisser’s current hypothesis is that the dorsal system does not categorize, not even 
on the basic level, but that “basic level categories are the easiest categories to learn 
because the dorsal system passes this kind of information on to the ventral system, 
which is thereby alerted to the existence of an important category.” (Personal 
communication, May 1999).   

8. This is not meant to imply that all binocular and motion information is processed 
solely by the dorsal system.  Evidence exists indicating that both motion (e.g., Ferrera, 
et al., 1994 ) and binocular (e.g., Jannsen, Vogels, & Orban, 1999) information can be 
also processed by the ventral system. 

  

  

ACKNOWLEDGEMENTS 

  

The preparation of this paper was supported by a grant from the ZEIT Foundation 
Ebelin and Gerd Bucerius.  My first encounter with the two-visual systems concept 
was nearly twenty-five years ago on a sabbatical with Herschel W. Leibowitz, one of 
the first to understand the importance of the concept to the understanding of visual 
perception.  I should also like to thank Geoff Bingham, Myron Braunstein, Eli 
Brenner, Bruce Bridgeman, David Carey, Dick Cavonius, Barbara Finlay, Julian 
Hochberg, Alex Wertheim, and two anonymous reviewers for their helpful comments 
on  earlier versions of this paper.  Special thanks to Ulric Neisser for both his 
enlightening comments and support.  It was indeed encouraging to learn that he had 
come upon ideas similar to those expressed here many years ago (Neisser, 1989). 

 


	Two Visual Systems and Two Theories of Perception:
	An Attempt to Reconcile the Constructivist and Ecological Approaches


