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(Received 7 July 1994; accepted 2 February 1995) Abstract--We investigated the ability of a patient (D.F.) with profound visual form agnosia to



perform a variety of tasks requiting visual imagery. Despite her inability to discriminate between objects and patterns of different shapes, sizes, and orientations, D.F. showed quite normal visual imagery involving these same 'visual' properties when the images were drawn from long-term memory. Thus, she was able both to scan mental images in search of particular features and to form new images by combining several known images. While there is growing evidence that perception and imagery share common neural substrates, the fact that D.F. shows intact visual imagery in the face of a massive perceptual deficit in form vision challenges recent suggestions that these two psychological processes share common input pathways in early vision. It is suggested that regions in the occipitotemporal pathway may be important for the generation of visual images while regions in the posterior parietal system might be involved in the manipulation of these images. Key Words: visual agnosia; visual imagery; object recognition; cortical visual pathways.



INTRODUCTION Although there have



been a few informal observations of the apparent preservation of visual imagery in patients with visual agnosia, until recently no systematic assessments of this phenomenon have been made (for review, see [17]). Some early work suggested that patients with visual form agnosia [4] could retrieve, to some degree, the shape of common objects from memory, but few details were provided [1, 5, 13]. In addition, a patient described by Adler [1] was able to make some crude but recognizable drawings of common objects from memory. More systematic investigations of imagery in such patients are potentially quite important, however, in view of the recent claims by Kosslyn that visual imagery not only depends on the same neural substrates as visual perception but a critical component of image generation is the activation of circuitry very early in the cortical visual pathways that mediate perception [43]. Recent work by Behrmann et al. [3] with a patient showing visual agnosia of the associative type [17] provides convincing evidence that it is possible to retain wellpreserved visual imagery despite having a profound deficit in object identification. Although their patient (C.K.) could describe the form of objects from memory and could produce highly accurate copies of objects, he had great difficulty identifying line drawings
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of common objects and could not recognize letters of the alphabet. Nevertheless, despite these perceptual difficulties, C.K. showed excellent visual imagery. A patient with a similar dissociation between perceptual report and visual imagery has been described by Jankowiak et aL [37]. This patient (M.D.) had bilateral lesions in the occipitotemporal area that left him with a severe deficit in object identification. But again, M.D., like C.K., seemed to have relatively intact visual imagery. These two studies would appear, at first blush, to challenge Kosslyn's [43] claim that visual imagery depends on the activation of primary visual cortex and other early visual processing areas. After all, if, as Kosslyn argues, output from these early visual areas is "processed in the usual ways--regardless of whether the activity arose from immediate input from the eyes or from information stored in memory" (p. 336 [43])--then these patients, who appear unable to process perceptual input in a normal fashion, should also show a deficit in visual imagery. But then, C.K. and M.D.'s abilities to deal with "bottomup" inputs, while impaired, are not completely compromised. M.D., for example, could still identify 50% of the black-and-white drawings he was shown and could always make correct same-different judgements when presented with two drawings at the same time. C.K. could identify faces and could also copy line drawings he could not identify. Perhaps the difficulty in these two patients was one of grouping/segmentation (as Moscovitch et al. have suggested in a recent paper [58]) and they might still have been able to deal with input from early visual areas when that input arose from top-down activation from stored representations of objects. What is needed to challenge Kosslyn's proposal more directly is an evaluation of the imagery in a patient whose inputs from early visual areas to downstream object identification networks are so thoroughly damaged that the patient cannot perceive the form of even the simplest of visual stimuli. To this end, we report here the results of an imagery study in the patient D.F. who has a profound visual form agnosia and whose perceptual abilities are much more compromised than those of either C.K. or M.D. As will become evident, despite her severe perceptual deficits, D.F. shows excellent visual imagery. Patient D.F., whose brain damage was caused by anoxia, shows the classic signs of visual form agnosia--not only does she have great difficulty recognizing common objects and familiar faces but she is also unable to discriminate even simple geometric forms. In one study [35], for example, D.F. was able to identify only 11% of 120 line drawings of common objects that were presented to her (although she could identify nearly 75% of the real objects on the basis of their colour and visual texture). At some level, however, she can still process form information, given that she has preserved object-directed reaching and grasping movements [26, 27, 29]. Thus, when she was asked to pick up various objects placed one by one in front of her, the calibration of her grasp during the execution of the movement reflected the size, shape, and orientation of the target object, even though she was unable to perform a simple perceptual matching task with the same stimuli or discriminate between them [28, 29]. For example, when she was asked to pick up each of a series of equal-area blocks that varied in their surface dimensions, the opening of her hand accurately reflected the width of the target block--and this was achieved well before contact with the block. Yet when presented with pairs of these blocks in a same-different judgement task, her performance was at chance. Similarly, she could not indicate the width of a block by opening her index finger and thumb. Taken together, these results suggest that while D.F.'s visuomotor systems still have access to information about the size, shape, and
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orientation of objects, she can no longer use form information to 'perceive' the identity of objects or discriminate between them. But how does D.F. do on imagery tasks where she has to access long-term visual representations of object form? Some earlier work work by Servos et al. [71] showed that D.F. was able to make drawings of common objects from memory--a behaviour that might require the long-term representation of form (see [76]). They found that when D.F. was asked to draw a series of 22 common objects from memory (objects she would have encountered before the anoxic event), she produced quite recognizable drawings even though she was unable to identify good line drawings of these same objects on a later occasion. In another task, she was able to indicate the width of an imagined object with her finger and thumb (e.g. "Show me how wide a 4 inch block would be") [29]. Finally, a recent study by Goodale et al. [25] has shown that D.F. can make use of stored visual images from long-term memory to control 'pantomimed' grasping movements (e.g. "Show me how you would pick up a grapefruit" or "Show me how you would pick up a raspberry"). It is also intriguing that D.F. not only has visual dreams but she reports that the objects in her dreams are vivid and well-structured [L. S. Jakobson, personal communication]. Although these studies provide some indication that D.F. still has access to long-term representations of object form, it was possible that in some cases she was simply using propositional information about certain object features such as relative size, rather than a mental image of the object, to generate the correct response. In addition, in many cases, the evidence for imagery was derived from motor responses such as drawing or pantomime, where motor routines rather than actual images might have been used. Moreover, we had no information about whether or not she could manipulate the visual images in any way. Thus, the main purpose of the present study was to carry out a more rigorous investigation of D.F.'s ability to generate visual images. We reasoned that if she was truly capable of generating visual images than she should be able to manipulate these images in cognitive tasks in which she was required either to scan images in search of particular features or to form new images by combining several known images. Finally, on the basis of the pattern of damage in D.F.'s brain, some inferences were made about which brain regions might be critical for visual imagery.



METHOD The patient At age 34, the patient D.F. suffered irreversible brain damage as a consequence of carbon monoxide poisoning. She was 37 when the present testing was carried out. Magnetic resonance imaging carried out approximately 1 year after the anoxic event revealed a pattern of diffuse brain damage consistent with anoxia-although damage in the cerebral cortex appeared to be largely restricted to the ventral portion of the lateral occipital region, primarily in areas 18 and 19 (bilateral) but with apparent sparing of areas 17, 20, 21 and 37 (further details can be found in Ref. [53]). Neuropsychologlcal and psychophysical testing revealed the presence of a profound visual form agnosia. Not only could D.F. not identify line drawings of common objects, but she also failed to discriminate between horizontal and vertical gratings, or between simple geometric shapes such as a triangle and a square. This failure to identify or discriminate between different forms was observed regardless of which stimulus parameters were used to define the contours---intensity, colour, texture, stereopsis, motion, proximity, continuity, or similarity. Her perceptual reports of eolour were essentially normal and she could use this cue, together with other surface features such as visual texture, to identify real objects or even colour slides of objects, much better than she could line drawings. Psyehophysical testing revealed that her visual form agnosia could not be reduced to a simple sensory deficit. D.F. is right-handed and her Wechsler-Bellevue
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verbal IQ was found to be in the normal range [52, 53]. A control subject, who matched D.F. with respect to sex, age and handedness, was also tested. Visual imagery tasks



We used a series of imagery tasks that have appeared in the literature. All of them involved in some way the scanning o f visual images and the assessment of their structure. Four classes of task were used: size and dimension discriminations, scanning for particular features, motor imagery, and image construction. Size discriminations. Prior work suggested that subjects tend to use visual imagery when required to make size discriminations between common objects (e.g. "Which is bigger, a camel or a cat?") and that subjects are more likely to make use of visual imagery when the size discriminations are difficult (e.g. "Which is bigger, a camel or a horse?") [46, 47, 60]. We generated a series of 60 pairs of items based on the norms produced by Paivio [60]. Thirty o f the pairs involved animals and the remaining 30 pairs involved non-living objects. Each of the 30 pairs was further divided into groups of 15 pairs which contained either easy discriminations (mean differences of at least 2.0) or difficult ones (mean differences of less than 0.5). Further details of the ranking system can be found in Palvio [60]. A second imagery task involving size required judgements about whether or not a particular object was taller than it was wide. The 24 items were taken from those used by Kosslyn et al. [45]. Twelve of the items were taller than they were wide whereas the remaining items were wider than they were tall. Feature search. These tasks involved generating a visual image of a letter or an object and then scanning it in order to identify particular features. One task, adapted from Kosslyn et al. [45], involved deciding whether or not the ears of a particular animal protruded above the skull or flopped along the side of its skull. Presumably, this sort of task requires visual imagery [39, 46]. Another series of scanning tasks involved the letters of the alphabet. One task required D.F. to name all o f the upper-case letters which were composed of only straight lines. Another task required her to name all of the uppercase letters which bad some curves in them. Yet another task required her to list all of the lower-case letters composed only of straight lines. Finally, a task was used which required D.F. to list all upper-case letters which contained a vertical line at the far left of the letter. These letter tasks are based on tasks described by Kosslyn et al. [45]. Previous work suggests that visual imagery is needed to perform such tasks [45]. Motor imagery. Given that D.F.'s motor behaviour is intact--not only gross movements such as walking but also skilled movements such as visually guided reaching--we were interested in seeing whether or not her memory for movements was also preserved. Although it is not clear at this point what sorts o f processes underlie memory for movements (i.e., motor codes, spatial codes, elements of form processing, or some combination of all of these), it is likely that visual imagery plays some part in it [14, 38, 68, 72]. To assess motor imagery in D.F., we used the list o f 50 true-or-false items developed by Goldenberg et aL [23]. A typical question might be: "Can one touch the left heel with the left hand without bending the knee?" Image construction. Not only can visual imagery be used to scrutinize previously encoded images for particular features, it can also be used to combine two or more images to generate emergent features and forms which can be identified (see [19, 20]). We investigated D.F.'s ability to construct visual images, using some of the items constructed by Finke et al. [19]. For example, one item went as follows: "Imagine the letter 'D', rotate it 90 degrees to the left. Put a triangle directly below it having the same width and pointing down. Remove the horizontal line. Now describe what the object resembles most." The correct answer in this case would be "icecream cone." Finke et al. [19] initially presented their subjects with visual exemplars of the items they were to image and took them through some examples of how the various figures could be combined to generate new patterns. Given D.F.'s perceptual deficits, we were unable to use these exemplars, and we therefore presented her with only a subset (6) of some of the less complicated items used by Finke et al. [19].



Letter identification



In order to compare D.F.'s visual imagery of letters with her attempts to perceive them, we presented her with a series o f 52 large high-contrast laser-printed letters ('a-z' upper and lower case) one at a time. The letters measured approximately 6 m m x 6 m m and were presented in front of D.F. at arm's length (approximately 40 cm away).



Procedure



Testing was conducted in a room in which there were no pictures or printed materials visible. In all of the imagery tasks reported, D.F. and the control subject were not allowed to trace out shapes on the table or in the air. No time restrictions were given and D.F. did not require more time than the control subject to complete the visual imagery tasks. Testing took about 3 hr to complete and was carried out over two sessions. The letter imagery tasks and the letter identification task were not administered during the same session.
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z. Fig. I. D.F.'s drawings from memory of lower- and u p ~ r - c ~ e letters of the alphabet. Table 1. Number of correct answers for patient D.F. and the control subject on various visual imagery tasks. Numbers in brackets represent the maximum score. See text for descriptions of tasks Task Size (60) Taller-wider (24) Animal ears (20) Curves (11) Left vertical (12) Upper-lower-case (24) Motor imagery (50) Image construction (6)



D.F.



Control



59 23 18 11 11 23 45 3



60 24 17 11 12 24 45 4



Results



D.F. had great difficulty in the letter identification task, managing to name only 8 of the 52 letters presented to her. This is in marked contrast to her preserved ability to draw the letters of the alphabet from memory (see Fig. 1). Moreover, as Table 1 shows, D.F.'s performance in the visual imagery tasks involving letters was indistinguishable from that of the control subject. The only mistakes she made involved the upper-case letter 'N'. One can see in Fig. 1 that she also had some trouble drawing the letter 'N'--making it resemble the letter 'M'. As Table 1 makes clear, D.F.'s performance in all of the other visual imagery tasks was virtually identical to that of the control subject and in most tasks, except 'image construction' they both achieved near-perfect scores. Not only has she retained the ability to compare images on the basis of size and to scan them for particular features, but she can combine two images and identify the emergent pattern that results.



DISCUSSION The present results provide clear evidence that D.F. has access to long-term representations of object form despite being unable to use form information for visual object recognition. Her performance on all of the visual imagery tasks was comparable to that of the control subject and to that of other normal subjects tested on similar tasks in
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the literature. Not only could D.F. successfully scan visual images for particular features, but she could also construct and identify new visual images by combining two or more images. D.F.'s preserved visual imagery may also have contributed to her ability to draw pictures of common objects from memory in an earlier study [71]. In all of these instances, then, D.F. appears to have access to form information even though her perception of form is severely impaired. In the present study, for example, she was able to identify only 8 of the 52 letters presented to her even though she clearly had no difficulty in scanning the visual features of letters from memory and was able to print out all of the letters of the alphabet. It might be tempting to conclude from this that there are separate neural systems for object perception and visual imagery. A more parsimonious interpretation, however, is that both visual object perception and visual imagery are subserved by a common visual representational system [3, 15-17, 42, 43, 74], but that, in D.F.'s case, the critical sensory input to this common system is defective or absent, whereas the access route from stored memories of objects is still intact. What is not supported by the findings in D.F., however, is the recent proposal by Kosslyn [43] that a critical component of the circuitry that imagery shares with perception is the set of cortico-cortical projections from primary visual cortex to higher-level visual processing areas. Kosslyn proposes that when we engage in imagery, we make use of the explicit retinotopography of V1 and other low-level visual areas in the occipital lobe by activating these regions via the same back projections from visual memory that are used in top--down hypothesis testing during normal perception. The normal downstream projections from V1 to higher visual areas are then activated (just as they would be in normal perception) and it is this downstream activation that leads to the imagery experience. In support of this claim, he and others have used PET and functional magnetic resonance imaging (fMRI) to show activation in the region of primary visual cortex while subjects are performing imagery tasks [44, 48]. Although other workers [66, 67] have not found such activation, there is some dispute over whether or not the appropriate baseline conditions were used in these studies [48]. But even if V1 and other low-level visual modules are often activated during imagery, this does not mean that this activation is necessary for imagery to occur. Such activation may be merely an occasional epiphenomenon associated with the activation of higher-level visual processing modules by back-projections from stored visual memories. The critical tests of Kosslyn's ideas must come from neuropsychological studies which examine imagery in individuals who have sustained damage either to V1 or to output systems from V1 to higher-level modules downstream. The neuropsychological evidence on this point is sparse and contradictory (for review, see [21]). Farah and her colleagues, for example, have reported that unilateral occipital lobectomy restricts the 'size' of visual images that the patient can generate [18]. In contrast, Goldenberg and his colleagues describe a patient who appears to have vivid imagery despite having dense cortical blindness following almost complete destruction of primary visual cortex [22]. It is possible, as Goldenberg and his colleagues suggest, that spared islands of primary cortex in this patient might have mediated the preserved visual imagery that they observed. It is also possible that their patient had normal imagery that was not dependent on these spared regions of primary visual cortex, and that the apparent 'shrinkage' in the maximum size of visual images in the patient studied by Farah et al. [18] was due, not to damage to primary visual cortex p e r se, but to some sort of depression of downstream visual areas that normally mediate imagery.
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While the evidence from lesions of primary visual cortex is somewhat equivocal, the present study, in which the patient D.F. shows apparently normal imagery in the face of a massive perceptual deficit, suggests that whatever mechanisms are mediating imagery they do not require inputs from primary visual cortex that normally carry perceptual information. If they did, then D.F., who cannot use bottom-up visual information about visual form to mediate even the simplest of same-different judgements and matching tasks, should show greatly diminished visual imagery for object form. One should keep in mind, however, that not all visual inputs for the processing of form information are compromised in D.F. Thus, even though she is impaired in the use of form information for perception she can still use form information to modulate her grasping movements directed at objects [26-29]. For example, as mentioned in the Introduction, she is able to pre-shape her hand to anticipate the size, shape and orientation of target objects that she is asked to pick up, even though she is unable to discriminate the same objects in a perceptual task [26-29]. The dissociation between D.F.'s inability to use form information for perception and her ability to use it for the control of skilled grasping movements was an important piece of evidence in a recent theoretical account of the organization of the primate visual system put forward by Goodale and Milner [24, 28, 51]. They proposed that the neural systems processing the visual information used in object recognition are relatively independent of those mediating the visual control of skilled action. They also suggest that this functional distinction between different kinds of visual processing can be mapped onto the two streams of visual processing that have been identified in the primate cerebral cortex--the ventral stream projecting from primary visual cortex to the inferotemporal region and the dorsal stream projecting from primary visual cortex to the posterior parietal region [75]. This distinction is rather different from the "what versus where" dichotomy proposed initially by Ungerleider and Mishkin [75]. In Goodale and Milner's scheme, both streams are seen as using information about objects and their locations; each stream, however, uses this information in different ways. According to Goodale and Milner, transformations carried out in the ventral stream, which focus on the enduring characteristics of objects and their spatial relations, permit the formation of long-term perceptual representations that are used to identify and recognize objects; those carried out in the dorsal stream, which utilize moment-to-moment information about objects and their location in egocentric frames of reference, mediate the visual control of skilled actions, such as manual prehension, that are directed at those objects. In the case of D.F., then, it is possible that there is sparing of the inputs to the dorsal system whereas the inputs to the ventral system, particularly those concerned with object form, appear to be compromised. Given D.F.'s pattern of brain damage and the functional dissociations that have been observed in her visual abilities, one can use the scheme put forward by Goodale and Milner [24, 28, 51] to speculate about which cortical regions might be mediating her apparently normal visual imagery. D.F.'s brain damage, of course, was caused by anoxia and one must be cautious therefore in drawing strong conclusions about what pathways might be spared and what pathways might be compromised in her brain. Much of the damage that is evident, however, appears to be restricted to areas 18 and 19 in the ventrolateral occipital lobe, leaving area 17 relatively intact as well as much of the temporal lobe (including areas 20, 21 and 37). The ventrolateral region of the occipital lobe may contain regions corresponding to some of the early processing modules of the ventral stream. Thus, if these areas were compromised in D.F., visual information about
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object form would no longer reach the later processing stages in the ventral stream (although such information can apparently reach regions in her posterior parietal cortex that mediate her intact visuomotor behaviour). One of the consequences of damage to relatively early regions in the ventral stream, such as areas 18 and 19, might be to produce deficits in the integration processes that underlie visual perception. Moscovitch et al. [58] have recently suggested that the grouping/ segmentation processes which are critically required during the early stages of bottom-up visual perception are not necessary in the top-down processes that mediate visual imagery. In other words, the very nature of visual imagery is to generate individual components of an object which automatically results in object segmentation. It might well be that areas 18 and 19 (which appear to be damaged in D.F.) play a critical role in these grouping processes and as a consequence D.F.'s visual perception is compromised even though her visual imagery is not. But whatever visual pathways were damaged in D.F., it is clear that they are not critical for visual imagery and it is equally clear that the striking dissociation between D.F.'s perceptual and imaging abilities is not consistent with Kosslyn's proposal that perception and imagery share common circuitry at relatively low-levels in the cortical visual system. It seems likely, therefore, that intact structures in D.F.'s ventral stream are mediating her ability to generate images of object form. Consistent with this idea are observations suggesting that regions within the temporal lobe of monkeys and humans mediate both object perception and the long-term representation of form [8-10, 31, 33, 36, 40, 54-56, 62, 69, 70]. Moreover, unlike primary visual cortex for which there is little evidence for intrinsic attentional modulation of activity in either the monkey [11, 57; but see 59] or the human [7, 32, 34, 41, 49], there is a good deal of evidence to suggest that attentional modulation is a common feature of modules in the ventral stream from V4 through to inferotemporal cortex (for review, see [24]). These observations coupled with mounting evidence that object perception and visual imagery share common mechanisms [3, 15-17, 42, 43, 74] suggest that the occipitotemporal system is critical for the generation of images. Indeed, recent studies using functional neuroimaging have directly implicated this region in visual imagery for object form [23, 44, 65, 66]. In contrast to the occipitotemporal system's role in visual image generation, the parietal cortex might play a role in certain image transformations such as mental rotation [12, 16, 61, 64, 65] although the parietal lobes do not appear to be critical for the long-term encoding of object form [10]. In other words, one of the functions of the posterior parietal region might be to act as a sort of buffer for visual transformations although no long-term representations of object form are actually stored there. As discussed earlier, in addition to the possible role of the parietal lobes in object rotation, there is mounting evidence that this region also processes form information for the control of skilled action such as visually-guided reaching and grasping movements. For example, work in the monkey has demonstrated that some cells in the posterior parietal cortex not only fire when the monkey manipulates an object but are also visually sensitive to the size and orientation of that object [73]. Recent neuropsychological results from a parietal-lesioned patient (with intact temporal lobes) are consistent with this role of the parietal cortex. Goodale and his colleagues describe a patient who can no longer appropriately shape her hand to reflect the shape of objects that she is required to pick up, even though she has no difficulty in discriminating between these same objects in a perceptual task [30].
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While the mechanisms mediating the visual control of action and those mediating the manipulation of visual images might both be in the posterior parietal region, they could be located in rather different regions [50]. Specifically, the action systems, which correspond to the ancient dorsal stream of monkeys, appear to be located in the superior regions of the posterior parietal lobe--regions in which damage results in visuomotor deficits [63]. The systems supporting the transformation of mental images, however, may be located in more ventral regions of the posterior parietal cortex, where it has been proposed that input from both the ventral and the dorsal stream send converging projections [50]. The mechanisms in these region that are responsible for mental rotation and other forms of image transformation (such as the 'Image Construction' Task used in the present study) might make use of egocentric frames of reference that are related to those used by the dorsal stream. In other words, one might speculate that some of the high-level cognitive systems that mediate image transformation, particularly with respect to the 'observer's' viewpoint, have evolved from the more ancient visuomotor systems supporting the control of skilled actions. Whatever the role of the posterior parietal cortex might be in image transformation, it is clear that its role in the control of skilled action requires mechanisms with much shorter temporal constants than those operating in the ventral perceptual system. Indeed, it has been suggested that the control of visually guided reaching and grasping movements demands that the size, shape, and orientation of goal objects be computed de novo each time they are encountered, since the position and disposition of an object within egocentric frames of reference (i.e. with respect to the eye, head, body, and/or limbs) can change dramatically from one moment to the next. The ventral stream, however, because it is more concerned with developing long-term representations of objects for indentification and recognition, is not subject to such temporal constraints (for discussion of this issue, see [24, 28, 51]). One strong piece of evidence for this temporal distinction comes from work with patient D.F. In one study, D.F. was initially presented with a target object which was then removed, and then she was required to pantomime a grasping movement towards it. With delays of as little as 2 sec, her grasping movements became quite unrealistic and did not at all reflect the size and shape of the object [25]. With no delays, of course, her grasps were quite normal. This suggests that the processing of form information in the dorsal stream is relatively short-lived. Remember that in the case of D.F., the direct visual input about form to the common visual imagery/object perception system (presumably corresponding to the ventral stream) is likely absent and, therefore, the form of a newly encountered object cannot be encoded (even though her dorsal stream can use the information to control grasps in real time). D.F. is still able, however, to access long-term information about object form for the control of her reaching and grasping movements. For example, as was mentioned earlier, she can produce pantomimed movements to objects about which she has knowledge (e.g. "Show me how you would pick up a grapefruit") [25]. How such stored information about object size and form reaches the motor system (and interacts with 'on-line' information from the dorsal stream) is not well understood, although there is evidence for anatomical connections between visual areas in the temporal and posterior parietal cortex [2, 6]. But whatever the routes might be from memory to motor act, such pathways seem to be quite intact in D.F. Moreover, as we have seen in the present study, D.F. can use long-term visual representations not only to control her motor acts, but also to perform purely 'cognitive' manipulations of visual images.
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I n s u m m a r y , it seems likely that the generation of images for the kinds o f cognitive tasks used in the present study d e p e n d in D.F. o n intact representational m e c h a n i s m s in the v e n t r a l stream o f projections to the t e m p o r a l lobe (and n o t o n activation o f m e c h a n i s m s in p r i m a r y visual cortex). A t the same time, some m a n i p u l a t i o n s o f these representations m a y d e p e n d u p o n ' o n - l i n e ' m e c h a n i s m s associated with (or derived from) the dorsal stream o f projections to the posterior parietal c o r t e x - - m e c h a n i s m s that use egocentric frames o f reference. I n some sense then, the functions of the ventral a n d dorsal streams in the g e n e r a t i o n o f visual images a n d their m a n i p u l a t i o n might be seen as paralleling their role in the m e d i a t i o n o f perception a n d action based o n direct visual input. Acknowledgements--This research was supported by MRCC grant MA-7269 to M.A.G.P.S. was the recipient of an MRCC Studentship and currently holds an NSERC post-doctoral fellowship.



1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. 21. 22.



REFERENCES Adler, A. Disintegration and restoration of optic recognition in visual agnosia. Arch. Neurol. Psychiat. 51, 243-259, 1944. Andersen, R. A., Asanuma, C., Essick, G. K. and Siegel, R. M. Corticocortical connections of anatomically and physiologically defined subdivisions within the inferior parietal lobule. J. comp. Neurol. 296, 65-113, 1990. Behrmann, M., Winocur, G. and Moscovitch, M. Dissociation between mental imagery and object recognition in a brain-damaged patient. Nature 359, 636-637, 1992. Benson, D. F. and Greenberg, J. P. Visual form agnosia: A specific defect in visual discrimination. Arch. Neurol. 20, 82-89, 1969. Brain, W. R. Visual object-agnosia with special reference to the gestalt theory. Brain 64, 43-62, 1941. Cavada, C. and Goldman-Rakic, P. S. Posterior parietal cortex in rhesus monkey: I. Parcellation of areas based on distinctive limbic and sensory corticocortical connections. J. comp. Neurol. 287, 393-421, 1989. Corbetta, M., Miezin, F. M., Dobmeyer, S., Sbulman, G. L. and Petersen, S. E. Selective and divided attention during visual discriminations of shape, color, and speed: Functional anatomy by positron emission tomography. J. Neurosci. 11, 2383-2402, 1991. Dean, P. Visual behavior in monkeys with inferotemporal lesions. In Analysis of Visual Behavior, D. J. Ingle, M. A. Goodale and R. J. Mansfield (Editors), pp. 587~528. MIT Press, Cambridge, Mass., 1982. Desimone, R., Schein, S. J., Moran, J. and Ungerleider, L.G. Contour, color and shape analysis beyond the striate cortex. Vision Res. 25, 441-452, 1985. Desimone, R. and Ungerleider, L. G. Neural mechanisms of visual processing in monkeys. In Handbook of Neuropsychology, Vol. 2, F. Boiler and J. Grafman (Editors), pp. 267-299. Elsevier, Amsterdam, 1989. Desimone, R., Wessinger, M., Thomas, L. and Schneider, W. Attentional control of visual perception: Cortical and subcortical mechanisms. Cold Spring Harb. Symp. Quant. Biol. 55, 963-971, 1990. Deutseh, G., Bourbon, W. T., Papanicolaou, A. C., and Eisenberg, H. M. Visuospatial experiments compared via activation of regional cerebral blood flow. Neuropsychologia 26, 445-452, 1988. Efron, R. What is perception? In Boston Studies in the Philosophy of Science, Vol. 4, R. S. Cohen and M. W. Wartofsky (Editors), pp. 137-173. Reidel, Dordrecht, 1969. Engelkamp, J. and Zimmer, H. D. Motor programs and their relation to semantic memory. Germ. J. Psychol. 9, 239--254, 1986. Farah, M. J. Is visual imagery really visual? Overlooked evidence from neuropsychology. Psych. Rev. 95, 307-317, 1988. Farah, M. J. The neural basis of mental imagery. Trends Neurosci. 12, 395-399, 1989. Farah, M. J. Visual agnosia. MIT Press, Cambridge, Mass., 1990. Farah, M. J., Soso, M. J. and Dasheiff, R. M. Visual angle of the mind's eye before and after unilateral occipital lobectomy. J. Exp. PsychoL: Hum. Percept. Perform. 18, 241-246, 1992. Finke, R. A., Pinker, S. and Farah, M. J. Reinterpreting visual patterns in mental imagery, Cognit. Sci. 13, 51-78, 1989. Finke, R. A. and Slayton, K. Explorations of creative visual synthesisin mental imagery. Memory Cognit. 16, 252-257, 1988. Goldenberg, G. The neural basis of mental imagery. Bailli~res clin. Neurol. 2, 265-286, 1993. Goldenberg, G., M/illbacher, W. and Nowak, A. Imagery without perception--A case study of anosognosia for cortical blindness. Neuropsychologia, 33, 1373-1382, 1995.



IMAGERY AND AGNOSIA



1393



23. Goldenberg, G., Podreka, I., Steiner, M., Willmes, K., Suess, E. and Deecke, L. Regional blood flow patterns in visual imagery. Neuropsychologia 27, 641-664, 1989. 24. Goodale, M. A. Visual pathways supporting perception and action in the primate cerebral cortex. Curr. Opin. Neurobiol. 3, 578--585, 1993. 25. Goodale, M. A., Jakobson, L. S. and Keillor, J. M. Differences in the visual control of pantomimed and natural grasping movements. Neuropsychologia 32, 1159-1178, 1994. 26. Goodale, M. A., Jakobson, L. S., Milner, A. D., Perrett, D. I., Benson, P. J. and Hietanen, J. K. The nature and limits of orientation and pattern processing supporting visuomotor control in a visual form agnosic. J. cognit. Neurosci. 6, 46-56, 1994. 27. Goodale, M. A., Meenan, J.-P., Biilthoff, H. H., Nicolle, D. A., Murphy, K. and Racicot, C. I. Separate neural pathways for the analysis of object shape in perception and prehension. Curt. Biol. 4, 604-610, 1994. 28. Goodale, M. A. and Milner, A. D. Separate visual pathways for perception and action. Trends Neurosci. 15, 20-25, 1992. 29. Goodale, M. A., Milner, A. D., Jakobson, L. S. and Carey, D. P. A neurological dissociation between perceiving objects and grasping them. Nature 349, 154-156, 1991. 30. Goodale, M. A., Murphy, K., Meenan, J.-P., Racicot, C. and Nic0Ue , D. A. Spared object perception but poor object-calibrated grasping in a patient with optic ataxia. Soc. Neurosc. Abs. 19, 775, 1993. 31. Grady, C. L., Haxby, J. V., Horwitz, B., Schapiro, M. B. and Rapoport, S. I. Dissociations of object and spatial vision in human extrastriate cortex: Age-related changes in activation of regional cerebral blood flow measured with 150 water and positron emission tomography. J. cognit. Neurosci. 4, 23-34, 1992. 32. Hillyard, S. A. Electrical and magnetic brain recordings: contributions to cognitive neuroscience. Curt. Opin. Neurobiol. 3, 217-224, 1993. 33. Horel, J. A. and Pytko, D. E. Behavioral effect of local cooling in temporal lobe of monkeys. J. Neurophysiol. 47, 11-22, 1982. 34. Horwitz, B., Grady, C. L., Haxby, J. V., Schapiro, M. B., Rapoport, S. I., Ungerleider, L. G. and Mishkin, M. Functional associations among human posterior extrastriate brain regions during object and spatial vision. 3". cognit. Neurosci. 4, 311-322, 1992. 35. Humphrey, G. K., Goodale, M. A., Jakobson, L. S. and Servos, P. The role of surface information in object recognition: Studies of a visual form agnosic and normal subjects. Perception, 23, 1457-1481, 1994. 36. Iwai, E. Neurophysiological basis of pattern vision in macaque monkeys. Vision Res. 25, 425-439, 1985. 37. Jankowiak, J., Kinsbourne, M., Shalev, R. S. and Bachman, D. L. Preserved visual imagery and categorization in a case of associative visual agnosia. J. cognit. Neurosci. 4, 119-131, 1992. 38. Johnson, P. The functional equivalence of imagery and movement. Q. J. exp. Psychol. 34A, 349-365, 1982. 39. Jolieoeur, P. and Kosslyn, S. M. Is time to scan visual images due to demand characteristics? Memory Cognit. 13, 320-332, 1985. 40. Kapur, N., EUison, D., Smith, M. P., McLellan, D. L. and Burrows, E. H. Focal retrograde amnesia following bilateral temporal lobe pathology. Brain 115, 73-85, 1992. 41. Kenemans, J .L., Kok, A. and Smulders, F. T. Event-related potentials to conjunctions of spatial frequency and orientation as a function of stimulus parameters and response requirements. Electroenceph. clin. Neurophysiol. 88, 51-63, 1993. 42. Kosslyn, S. M. Seeing and imagining in the cerebral hemispheres: A computational approach. Psych. Rev. 94, 148-175, 1987. 43. Kosslyn, S. M. Image and Brain: The Resolution of the Imagery Debate. MIT Press, Cambridge, Mass., 1994. 44. Kosslyn, S. M., Alpert, N. M., Thompson, W. L., Maljkovic, V., Weise, S. B., Chabris, C. F., Hamilton, S. E., Rauch, S. L. and Buonanno, F. S. Visual mental imagery activates topographically organized visual cortex: PET investigations. J. cognit. Neurosci. 5, 263-287, 1993. 45. Kosslyn, S. M., Holtzman, J. D., Farah, M. J. and Gazzaniga, M. S. A computational analysis of mental image generation: Evidence from functional dissociations in split-brain patients. J. exp. Psychol.: Gen. 114, 311-341, 1985. 46. Kosslyn, S. M. and Jolicoeur, P. A theory-based approach to the study of individual differences in mental imagery. In Aptitude, Learning, and Instruction, Vol. 2, R. E. Snow, P.-A. Federico and W. E. Montague (Editors), pp. 139-175. Lawrence Erlbaum, Hillsdale, New Jersey, 1980. 47. Kosslyn, S. M., Murphy, G. L., Bemesderfer, M. E. and Feinstein, K. J. Category and continuum in mental comparisons. J. exp. Psychol.: Gen. 106, 341-375, 1977. 48. Kosslyn, S. M. and Ochsner, K. N. In search of occipital activation during visual mental imagery. Trends Neurosci. 17, 290-292, 1994. 49. Mangun, G. R., Hillyard, S. A. and Luck, S. J. Electrocortical substrates of visual selective attention. In Attention and Performance XIV, D. E. Meyer and S. Kornblum (Editors), pp. 219-243. MIT Press, Cambridge, Mass., 1993. 50. Milner, A. D. and Goodale, M. A. The Visual Brain in Action. Oxford University Press, New York, 1995.



1394



P. SERVOS and M. A. GOODALE



51. Milner, A. D. and Goodale, M. A. Visual pathways to perception and action. In Progress in Brain Research: The Visually Responsive Neuron: From Basic Neurophysiology to Behavior, T. P. Hicks, S. Molotehnikoff and T. Ono (Editors), pp. 317-337. Elsevier, Amsterdam, 1993. 52. Milner, A. D. and Heywood, C. A. A disorder of lightness discrimination in a case of visual form agnosia. Cortex 25, 489--494, 1989. 53. 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. and Davidson, D. L. Perception and action in visual form agnosia. Brain 114, 405--428, 1991. 54. Milner, B. Brain mechanisms suggested by studies of temporal lobes. In Brain Mechanisms Underlying Speech and Language, F. L. Darley (Editor), pp. 123-145. Grune & Stratton, New York, 1967. 55. Milner, B. Visual recognition and recall after right temporal-lobe excision in man. Neuropsychologia 6, 191208, 1968. 56. Miyashita, Y. Inferior temporal cortex: Where visual perception meets memory. Ann. Rev. Neurosci. 16, 245-263, 1993. 57. Moran, J. and Desimone, R. Selective attention gates visual processing in the extrastriate cortex. Science 229, 782-784, 1985. 58. Moscovitch, M., Behrmann, M., and Winocur, G. Do PETS have long or short ears? Mental imagery and neuroimaging. Trends Neurosci. 17, 292-294, 1994. 59. Motter, B. C. Focal attention produces spatially selective processing in visual cortical areas V1, V2, and V4 in the presence of competing stimuli. J. Neurophysiol. 70, 909-919, 1993. 60. Paivio, A. Perceptual comparisons through the mind's eye. Memory Cognit. 3, 635-647, 1975. 61. Papanicolaou, A. C., Deutsch, G., Bourbon, W. T., Will, K. W., Loring, D. W. and Eisenberg, H. M. Convergent evoked potential and cerebral blood flow evidence of task-specific hemispheric differences. Electroeneeph. clin. Neurophysiol. 66, 515-520, 1987. 62. Penfield, W. and Rasmussen, T. The Cerebral Cortex of Man, pp. 157-181. MacMillan, New York, 1950. 63. Perenin, M.-P. and Vighetto, A. Optic ataxia: A specific disruption in visuomotor mechanisms. I. Different aspects of the deficit in reaching for objects. Brain 111, 643~74, 1988. 64. Ratcliff, G. Spatial thought, mental rotation and the right cerebral hemisphere. Neuropsychologia 17, 49-54, 1979. 65. Roland, P. E. and Friberg, L. Localization of cortical areas activated by thinking. J. Neurophys. 53, 12191243, 1985. 66. Roland, P. E. and Gulyfis, B. Visual memory, visual imagery and visual recognition of large field patterns by the human brain. Functional anatomy by positron emission tomography. Cerebr. Cortex, in press. 67. Roland, P. E. and Gulyfis, B. Visual imagery and visual representation. Trends Neurosci. 17, 281-287, 1994. 68. Roland, P. E., Larsen, B., Lassen, N. A. and Skinhoj, E. Supplementary motor area and other cortical areas in organization of voluntary movements in man. J. Neurophysiol. 43, 118-136, 1980. 69. Sakai, K. and Miyashita, Y. Neural organization for the long-term memory of paired associates. Nature 354, 152-155, 1991. 70. Sakai, K. and Miyashita, Y. Memory and imagery in the temporal lobe. Curr. Opin. Neurobiol. 3, 166-170, 1993. 71. Servos, P., Goodale, M. A. and Humphrey, G. K. The drawing of objects by a visual form agnosic: Contribution of surface properties and memorial representations. Neuropsychologia 31, 251-259, 1993. 72. Smyth, M. M. Memory for movements. In The Psychology of Human Movement, M. M. Smyth and A. M. Wing (Editors), pp. 83-118. Academic Press, London, 1984. 73. Taira, M., Mine, S., Georgopoulos, A. P., Murata, A. and Sakata, H. Parietal cortex neurons of the monkey related to the visual guidance of hand movement. Exp. Brain Res. 83, 29-36, 1990. 74. Tye, M. The Imagery Debate. MIT Press, Cambridge, Mass., 1991. 75. Ungerleider, L. G. and Mishkin, M. Two cortical visual systems. In The Analysis of Visual Behavior, D. J. Ingle, M. A. Goodale and R. J. Mansfield (Editors), pp. 549-586. MIT Press, Cambridge, Mass., 1982. 76. van Sommers, P. A system for drawing and drawing-related neuropsychology. Cognit. Neuropsychol. 6, 117164. 1989.



























des documents recommandant







[image: alt]





Servos (1995) Preserved visual imagery in visual form ... - CiteSeerX 

Jul 7, 1994 - ... pairs which contained either easy discriminations (mean differences of at ..... Kapur, N., EUison, D., Smith, M. P., McLellan, D. L. and Burrows, ...










 


[image: alt]





preserved imagery 

an unselected group of unilaterally brain-damaged patients. ... 1 â€“ T1 weighted MRI showing a left-sided lesion tying across the temporo-occipital sulcus ..... Additional support for this interpretation of our patient's pattern of performance comes










 


[image: alt]





Hoffman (1995) The role of visual attention in saccadic ... - CiteSeerX 

Five male and 2 female undergraduate students at the. University of Delaware participated in the experiment as paid vol- unteers. All of them had normal or ...










 


[image: alt]





Role of form and motion information in auditory-visual ... - CiteSeerX 

The perception of biological motion is influenced by motion and form information. ... Recognition of biological movements may activate both systems as well as their ..... stimuli with visual bilabial consonant /b/ and labio-dental consonant /v/.










 


[image: alt]





Hoffman (1995) The role of visual attention in saccadic ... - CiteSeerX 

The pattern of these fixations and the choice of where to send the eye next is not ... near the target of an upcoming saccade. ...... First, damage to oculomotor centers in the brain ..... Wurtz, R. H., Goldberg, M. E., & Robinson, D. L. (1980). Beha










 


[image: alt]





Role of form and motion information in auditory-visual ... - CiteSeerX 

by attaching retro-reflective dots to the speaker's face. Twenty-eight dots were .... parametric test, p










 


[image: alt]





Farah (1988) Is visual imagery really visual. Overlooked evidence from 

The question of whether visual imagery is really visual, that is, whether it involves some of the ..... counts become unacceptably strained. A different approach.










 


[image: alt]





Kosslyn (1997) Neural systems shared by visual imagery ... - CiteSeerX 

scanning was performed only during the test trials, as described below. After completing the baseline trials in the imagery condition, the subjects were shown a ...










 


[image: alt]





Kosslyn (1997) Neural systems shared by visual imagery ... - CiteSeerX 

All rights of reproduction in any form reserved. ... Mishkin, 1982). (3) At the same time that object properties are encoded ..... more time to perform these trials (note, however, that this additional time is ..... neering, Medicine, and Biology. Se










 


[image: alt]





Visual space distortion - CiteSeerX 

Received: 9 January 1997 / Accepted in revised form: 8 July 1997. Abstract. We are .... 1. The image formation model. OXY Z is a coordinate system fixed to.










 


[image: alt]





Phonological Mediation in Visual Masked Priming - CiteSeerX 

found that native speakers of Spanish report hearing an utterance- initial /e/ in all ... 1 Phonological repair usually refers to loanword adaptation in loanword ..... on the English Lexicon Project data (Balota et al., 2002), indicates that the func










 


[image: alt]





Honda (1995) Visual mislocalization produced by a rapid ... - CiteSeerX 

Dec 23, 1994 - higher cognitive computational process in the brain. On the contrary ... by an electric flash tube (Nisshin, HD-100), was pre- sented at the -4, +4, ...










 


[image: alt]





Usefulness influences visual appearance in motion ... - CiteSeerX 

Jun 24, 2011 - of an ambiguous figure (Necker, 1832). The similarity between binocular rivalry and ambiguous figures is still debated (Leopold & Logothetis ...










 


[image: alt]





Mast (1999) Visual mental imagery interferes with 

subject judges the orientation of an indicator (e.g. a short line ... processes play a role in such abilities. ... complete darkness when a subject judges the orien-.










 


[image: alt]





De'Sperati (2000) Motor imagery and visual event 

driver presented in different orientations and rotating on its main axis was ... ject, the recognition task can be accomplished through other, possibly ... lable tools. In a previous ... To assess this point, we devised a task ... Subjects and method










 


[image: alt]





Usefulness influences visual appearance in motion ... - CiteSeerX 

Jun 24, 2011 - visual search for a slow dot. Unknown to the observers, we systematically paired the target dot with one surface direction in an attempt to make ...










 


[image: alt]





Reasoning on subjective visual perception in visual 

creation of new types of works of art, entirely digital ones, and to the creation of ... perceptual media such as photography or cinema. The experience of the user ...










 


[image: alt]





Kosslyn (1999) The role of area 17 in visual imagery 

choactive medication. They were all unaware of the hypotheses of the experiment at the time of testing. 7. Before the imagery condition, subjects memorized.










 


[image: alt]





Melcher (2005) Spatiotopic transfer of visual-form 

Oct 11, 2005 - Kim, H., and Francis, G. (2000). Perceived motion in comple- mentary afterimages: Verification of a neural network theory. Spat. Vis. 13, 67â€“86.










 


[image: alt]





Murakami (2001) Visual jitter. Evidence for visual-motion ... - CiteSeerX 

a stable visual world from such jittery retinal inputs. ... while speaking, chewing, and even standing as still as ... field. It was proposed that a baseline value (i.e. eye velocity) is estimated by taking the velocity of the ... Some take storage a










 


[image: alt]





visual perception as invariance - CiteSeerX 

further inquiry, to say that one observa- tion is more ... at hand, and I say, as Gibson did not, that the pole looks ..... as you move them around, and neither do your ...










 


[image: alt]





Harris (2000) Visual and non-visual cues in the perception ... - CiteSeerX 

Centre for Vision Research at York University and. Department of .... Vision only. 9. 4. 0.96 ...... Telford L, Howard IP, Ohmi M (1995) Heading judgements during.










 


[image: alt]





Goal-related activity in v4 during free viewing visual ... - CiteSeerX 

Dec 18, 2003 - sual features onto the fovea, where they can be pro- ..... Fixation-aligned response histograms (25 ms bins) conditioned by search target are shown for two different neurons (see text for details). ... several thousand fixations in eac










 


[image: alt]





Goal-related activity in v4 during free viewing visual ... - CiteSeerX 

Dec 18, 2003 - thereby increase the likelihood of target detection. ... test the hypothesis that area V4 provides visual input .... 0.05, corrected for multiple com-.










 














×
Report Servos (1995) Preserved visual imagery in visual form ... - CiteSeerX





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



