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Abstract
The purpose of this review is to address possible limitations of the neurobiological approach to understanding 

psychiatric disorders. Neurobiological approach helps to resolve the mind-body dualism and develop new 
assessment and treatment approaches in psychiatry. However, it could be a problem to place too much emphasis 
on certain aspects of neurobiology, specifically structural neuroanatomy, because of the complexity or comorbidity 
of neuropsychiatric disorders. Developmental Coordination Disorder (DCD), for instance, is generally related to 
problems in motor skills and this movement disability is often related to perception. One account, two visual systems 
theory, relied on functional distinction in brain; ventral stream is responsible for visual recognition (perceptual 
representation), and dorsal stream is responsible for the guidance of actions. Numerous neuropsychological 
and neurophysiological studies have suggested that there are two separate visual streams. What then can we 
understand of DCD from this neuroanatomical approach? Studies are now showing that shape perception is relevant 
to visually guided action, such as reaching-to-grasp an object. In retrospect, it is not so surprising that we would need 
information about 3D shape to interact with 3D structure. In this article, I reviewed fundamental findings of two-visual 
system theory and suggested problems of visually guided action to consider what shape perception implies for the 
hypothesis that there are two separate visual streams in the brain. Questions raised highlight possible limitations of 
adopting a structural neuroanatomical approach to account for perception and action effects, and by extent related 
psychiatric conditions such as DCD. In conclusion, neurobiological approach in neuropsychiatry, while useful, would 
be limited if it focuses too much on anatomical distinction.
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Introduction
Psychiatry has been continuously developing and adopted a 

neurobiological approach. Although both psychiatry and neurology 
rest on a foundation of clinical neuroscience, these two areas are 
subsequently separated and are typically practiced differently. Whereas 
neurology has traditionally focused on anatomical distinction of 
brain, psychiatry has focused on mental problems which rested on a 
foundation of mind-body dualism. Nevertheless, neuropsychiatry, a 
branch of treatment that deals with mental disorders attributable to 
diseases of the nervous system, has grown to understand a causality of 
brain to mind. Thus, neuropsychiatry has become a special subdivision 
of psychiatry and it is also related to a subdivision of neurology, which 
is neuropsychology and behavioral neurology that work on clinical 
problems of cognition and/or behavior caused by brain injury or brain 
disease. Among debates relating to neuropsychiatry, most of work agrees 
that mind and brain are not separable and neuropsychiatry could be 
more effective approach collaborating with neuropsychology, cognitive 
neuroscience, and neurosurgery in the field of psychiatry [1-4]. There 
is no doubt that these neurobiological approaches in psychiatry could 
help to develop new possible assessment and treatment using many 
tools (e.g., brain imaging, genetics, neurophysiology, neuropsychology, 
and neuro-psychopharmacology), but we should be cautious in 
focusing too much on discrete anatomical brain areas because it is hard 
to find unique brain areas associated with individual disorders. 

Developmental Coordination Disorder (DCD) is typically 
related to problems with almost any sensory or motor skills, such as 
abnormalities in postural control [5,6] as well as in fine motor skills 
[7]. But the disability has also been related to perception, such as a 
deficit in the mapping of visual and proprioceptive information [8,9], 

difficulties in visuomotor integration [10] and abnormalities in the 
execution of movements without perceptual component [11]. These 
findings seem to suggest that DCD is a fairly generalized problem, 
affecting movement, as well as perception. Vision plays a critical role 
in our behavior, as well as the recognition of objects by providing us 
with information about the world. Numerous neurological studies 
including neurophysiological and neuropsychological studies have 
explored the neural mechanisms by which vision is functionally 
analyzed. One of the most intriguing theories of the visual system 
claims that there are two functionally distinct visual pathways. Milner 
and Goodale [12] proposed a functional difference between two visual 
systems: a ventral system mainly which mainly plays a role in object 
recognition (perceptual representation or identification) and a dorsal 
system which mainly plays a role in the visual guidance of actions. They 
distinguished between vision for perception and vision for action based 
on the separate functions of ventral and dorsal stream processes. 

This article consists of two parts. First is to review the two visual 
systems theory based on neurophysiological and neuropsychological 
studies. Second is to examine possible problems for visually guided 
action in this two-system framework which highlight the limitations of 
neurobiological approach in neuropsychiatry. 
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Two Visual Systems: The Ventral and the Dorsal Streams
In the early eighties, Ungerleider and Mishkin [13] proposed, on 

the basis of studies in the macaque monkey, that anatomical separation 
of the cortical visual projections into two distinct streams reflects 
different functions in visual processing. A ventral stream leaves V1 and 
projects to the inferotemporal cortex, while a dorsal stream projects 
from V1 to the posterior parietal cortex. According to Ungerleider 
and Mishkin, the ventral stream is responsible for the identification 
and recognition of objects, while the dorsal stream is responsible for 
the localization of those same objects. Goodale and Milner [12,13] 
suggested a somewhat different interpretation of the functions of the 
dorsal stream, although their interpretation of the functions of the 
ventral stream is similar to that of Ungerleider and Miskin [14]. They 
proposed that the dorsal stream is mainly involved in the visual control 
and guidance of motor behavior rather than just spatial localization. 
They suggested that the major difference between the two streams 
is how each stream transforms the available visual information. In 
other words, the ventral stream transforms the visual information 
into an object-centered framework allowing recognition of the object, 
whereas the dorsal stream transforms the visual information into a 
viewer-centered framework allowing the viewer to control visuomotor 
behavior [15].

Neuropsychological Evidence: Optic Ataxia vs. Visual 
Form Agnosia

The initial evidence for the two visual systems theory has come 
from studies on patients who had severe brain damage in one stream 
or the other. On the one hand, there are patients where the posterior 
parietal cortex, a major part of the dorsal stream, is damaged. These 
patients suffer from optic ataxia, manifesting difficulties in making 
correct motor movements towards visually displayed targets. 
Observations on patients with optic ataxia due to damage to the dorsal 
system have shown that they have difficulties using visual information 
to control and guide motor behavior, while they have no difficulty in 
recognizing objects. Patients are able to neither reach toward an object 
in the correct direction nor adjust the orientation of their hand when 
reaching although they are able to verbally describe the orientation of 
the object [16]. In addition, such patients can also have difficulties in 
grasping objects with appropriate grip size and finger placements at 
appropriate points on the object’s surface [17-19]. 

On the other hand, there are patients where the inferotemporal 
cortex, a major part of the ventral stream, is damaged. These patients 
suffer from visual form agnosia, manifesting difficulties in recognizing 
or describing objects, faces, drawings, or abstract designs, even though 
they have no difficulty in using visual information to control and 
guide motor behavior. Goodale et al. [20] studied orientation and 
size perception in patient DF. To investigate the dissociation between 
perceptual judgment of orientation and visuomotor control, they 
used a large slot presented at varying angles. When DF was asked to 
insert a card into the slot, she was able to orient her hand to match the 
orientation of the slot and insert the card accurately. However, when 
asked to report the orientation of the slot verbally or rotate the card to 
match the orientation of the slot without inserting it, she was unable 
to do so. In short, she can rotate her hand to match the orientation 
of the slot only when she attempts to insert the card into the slot. Her 
visuomotor control is intact but her perceptual judgment of orientation 
is impaired because the ventral system is damaged. Similar dissociation 
between perception and visuomotor behavior was found in a study of 
size perception. When she was asked to pick up blocks of different sizes, 

she had no trouble in picking up the blocks by adjusting the aperture 
between her index finger and thumb. Despite her ability to control her 
motor behavior, she was unable to report verbally if two small blocks 
were of the same or different widths. Additionally, when she was asked 
to use her index finger and thumb to make a perceptual judgment of 
the object’s width, she was not able to make correct judgments. Those 
observations on both orientation and size perception tasks showed that 
DF has an intact dorsal system, but her ventral system is dysfunctional 
[12].

Neurophysiological Evidence: Dorsal Stream vs. Ventral 
Stream

The dorsal stream is located in the Posterior Parietal Cortex (PPC), 
including areas such as middle temporal (MT/V5), medial superior 
temporal (MST), Lateral Intraparietal Area (LIP), Anterior Intraparietal 
(AIP), among others [15]. Cohen and Andersen [20,21] reviewed the 
role of the PPC in movement planning. Within the PPC there are 
three areas: LIP, Parietal Reach Region (PRR) including the Medial 
Intraparietal Area (MIP), and AIP. These areas have been identified as 
being specified for different types of movement plans. LIP and PRR 
are specific for saccadic eye movements and reaching, respectively, 
[22] and AIP is specific for grasp planning [23]. Neuroimaging studies 
(fMRI) on humans have shown a specific activation in a region of PPC. 
Connolly et al. [24] found that neurons in a region located along the 
medial surface of the PPC responded preferentially during delayed-
reach trials in which the subject planned to point to a specific location 
as opposed to delayed-saccade trials in which the subject planned to 
make a saccade to that same location. Culham et al. [25] found that 
AIP is activated during grasping objects which requires to preshape the 
hand as compared to reaching which does not require preshaping or 
2D images of objects for which grasping is not required. 

An area in the caudal part of the intraparietal sulcus (area cIPS) also 
has been shown to have a role in the dorsal stream in object-directed 
action [26]. It is easy to recognize objects from different views. However, 
visual control of actions like grasping is likely to be quite viewpoint-
dependent because the same object presented from different viewpoints 
often requires different hand postures during grasping. James et al. 
[26] investigated the effect of viewpoints on visuomotor actions in 
area cIPS. Subjects viewed images of objects presented at four different 
orientations (i.e., rotated in depth) on a computer monitor and were 
asked to press one of two buttons indicating whether the pair of images 
was the same or different regardless of their orientation. If the second 
object were perceived to be the same as the first one, neural activity 
would be decreased. An area cIPS showed the reduction in activation 
only when two objects were presented at the same orientation. When 
two objects were presented at different orientations, even though they 
were the same, area cIPS treated the image from a different viewpoint 
as a new object. Thus, the orientation of the object with respect to the 
viewer is critical to control visuomotor actions. However, the ventral 
stream, and in particular the Lateral Occipital Complex (LOC), showed 
a reduction in activation for both identical and depth-rotated images 
of objects. In other words, subjects recognized objects presented even 
from different viewpoints and LOC, a major part of the ventral stream, 
plays a role in recognition of objects. The difference in the pattern of 
activation in LOC and cIPS reflects the difference in the role of the 
ventral and dorsal stream. The former is for object recognition and the 
latter is for visuomotor behavior. 

The ventral stream is located mainly in the inferotemporal cortex 
(IT) and adjacent areas including V4 and LOC [15]. fMRI studies on 
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humans have shown a positive correlation between the performance 
of object recognition and cortical activity in the ventral visual region 
[27,28]. The ability to name objects (i.e., recognition performance) 
showed a similar pattern as the activity in LOC which increases as 
exposure duration was increased. This correlation was demonstrated by 
higher activation after training which highly corresponds to enhanced 
performance on the same stimuli after training. The LOC activation 
was also stronger in response to trained than novel images consistent 
with improved performance on recognition of trained images [28]. 
Those findings of neural activations in the ventral stream located in 
IT and LOC during recognition of objects have shown that the ventral 
stream is dissociated from the dorsal stream.

Possible Problems for Visually-guided Action in the 
Two-system Framework

Numerous studies have supported the two visual systems 
theory in which the ventral system is independent from the dorsal 
system. In sum, the ventral system is involved primarily in object 
recognition using visual information of an object’s features, such 
as size, orientation and shape, whereas the dorsal system involved 
primarily in the control and guidance of visuomotor behavior using 
these same object features. The visual information of object features is 
transformed into different streams and extracted differently depending 
on purpose of the performance, recognition or visuomotor behavior. 
Judgment of 3-D shape is relevant to the ventral system according to 
the two visual systems theory. However, object shape as well as size, 
orientation, and location of an object is important to control and guide 
visuomotor behavior such as grasping movements. For example, when 
we successfully grasp an object we need to know the location to place 
the finger at appropriate points on the back of an object. According to 
two visual systems theorists, the visual information about object shape 
is analyzed independently for grasping in the dorsal system and for 
identification (i.e., recognition) in the ventral system [29]. While patient 
DF with damage to the ventral stream had no difficulty in grasping the 
object by placing fingers at appropriate points on the object’s surface, 
patient RV with damage to the dorsal stream had trouble [17]. 

Although it sounds reasonable and persuasive to claim that the 
visual information about object shape is separately transformed in 
different systems for different usage, whether the dorsal stream is 
fully independent from the ventral stream is still in debate. According 
to the two visual systems theory, different visual streams extract 
visual information differently and different information is used for 
recognition of objects and guidance of visuomotor behavior. However, 
is the ventral stream really separated from the dorsal stream? Some 
questions arise from the studies supporting the two visual systems 
theory. 

Is Dorsal Stream Automatic and Voluntary Motor 
Control? 

It has been claimed that the dorsal stream is related to automatic 
and voluntary motor control [30]. A patient with damage to the dorsal 
stream, AT, had a difficulty in reaching to a target but her performance 
improved when her responding was delayed for 5 seconds [31]. In 
contrast, a patient with damage to the ventral stream, DF had no 
difficulty in reaching-to-grasp the target immediately, but the errors in 
performance increased when her responding was delayed [31-33]. The 
converse pattern of performances in AT and DF have suggested that 
the dorsal system is dedicated to the immediate guidance of the action 
using visual information directly, but after a delay visual information 

long-term coded in the ventral system is required for the action. On the 
other hand, it has been shown that, in the dorsal stream, the Posterior 
Parietal Cortex (PPC) is activated during delayed time in order to plan 
the movement. This finding has confirmed the visuomotor area within 
the PPC has a specialized role in planning actions such as a saccade, a 
reach, and a grasping movement [22-24,34]. 

A question arises when taking these two cases of delayed 
movements together. However, when the movement is delayed does 
the dorsal system located mainly in the PPC play a role in planning, 
but not in guiding movements? How is it that the dorsal stream plans 
the movement during a delayed time yet does not continue to guide 
the movement after a delay? It might be possible if we assume that the 
immediate visual information is used to plan the movement but there 
is no long-term stored visual information which could be analyzed 
to guide the movement within the dorsal stream. However, this is 
not terribly compelling because even a few seconds delay affects the 
performance. Additionally, two visual systems theorists have assured 
us that in a delayed condition we use visual information stored in the 
ventral system to guide actions. If so, could we tell that the dorsal steam 
is independent from the ventral stream?

Interaction between Two Systems? 
Recently, two visual systems theorists have allowed that the two 

systems do interact with each other by transferring the information 
in some way. They still believe, however, that the ventral system is 
involved in object recognition (perception) while the dorsal system is 
involved in visual-guided action even though two systems share the 
information at some level. Furthermore, they try to divide the action 
part by separating planning from programming of an action [33,34]. 
Programming of an action involves direct visual information to motor 
transformations, in which movement parameters are prespecified 
based on visual information about the object’s size, shape, orientation 
and egocentric position. Planning of an action, however, involves the 
initial selection of movement (e.g., the type of grip with which the 
object is grasped or whether to grasp it with one or with two hands 
[35] based on previous motor experience or stored knowledge about 
the object to be grasped [36]. In other words, the dorsal stream has 
a role in on-line control of movement execution in real time and the 
ventral stream has a role in a perceptual representation of objects based 
on preserving information about spatial relationships, relative size 
and orientation and action planning needs perception [34]. Then, is 
planning of an action distinguished from programming of an action? 
Although we plan our action based on previous knowledge and motor 
experiences stored in ventral stream beforehand, we modify our action 
most of time. Are those actions two separate executions? Additionally, 
can we not call perception to use visual information of object’s size, 
shape and orientation for on-line control of movement? In short, is 
perception really separate from action? For instance, when the observer 
catches the ball, motion of the ball could be the information both for 
recognition of the ball and for performance in catching the ball. From 
the pattern of radial expansion and the direction of motion (trajectory 
motion), we can head to the ball and adjust our position relative to 
the ball. Also, we need to open our hand and adjust hand orientation 
appropriately. For adjustment of the hand, we need to perceive 
the shape of the ball (e.g., baseball or football) and how big the ball 
is from motion. Thus, perception of 3-D objects is closely related to 
action. The visually-guided action, such as locomotion and reaches-
to-grasp, needs perception of 3-D structure in visual space for sure. 
Can there be perception without action? Basically, we always move 
our eyes and mostly our head. When forward or side-to-side head 
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movements were yielded, reaching performance of distance perception 
is more accurate and precise [37]. In a similar vein, when participants 
actively move around a virtual object using a rolling chair [38] or with 
large perspective changes (≥45°) [39,40] they perceived the shape of 
3-D objects correctly. Moreover, hand movement interacts with the 
perception of 3-D objects [41]. Norman et al. [41] investigated whether 
participants are able to compare naturally shaped 3-D objects (e.g., 
bell pepper) using their senses of vision and touch. They asked the 
subjects to actively touch or haptically explore all around the object 
for a given time, then the subjects judged which one out of 12 objects 
matched with the object they touched. It has been found that haptic 
exploration but not visual exploration also produced activation in the 
lateral occipital cortex (MO), the inferior temporal gyrus [26] and in 
the lateral occipital complex (LOC) [42]. We can recognize the 3-D 
object shape from haptic information just like from visual information. 
Also, the motion of the hand for haptic exploration of object shape 
produces object recognition just like the motion of the head or body for 
visual exploration of object shape does. Thus, perception needs action. 
Again, if perception and action interact with each other, could there be 
a clear distinction between the ventral and dorsal system? 

DCD and the Two Visual Systems Theory
Although researchers have tried to find the linkage between brain 

structure and movement deficits in DCD, it is still not straightforward. 
Nevertheless, some evidence suggests that parietal region is involved 
in motor performance such as visuospatial processes during motor 
skill learning [43-45]. For instance, de Olivia and Wann [43] found 
that DCD group moved significantly slower and was more variable 
than the control group when they were asked to perform a steering 
motor task where the visual information was manipulated during 
motor execution. They suggested that poor visual spatial integration 
for online movement is due to impaired parietal region. It may be 
consistent with two visual systems theory in which the dorsal stream 
is involved in voluntary on-line movement. As I mentioned, however, 
the distinction between dorsal and ventral stream is questionable. 
For example, catching a ball is likely to give children with DCD great 
problems. To reach for a moving object, visual information about 
the object and it motion, as well as proprioceptive information about 
the current state of the body parts involved in the reach must be well 
functioning and integrated. Moreover, prediction of a ball’s trajectory 
should be known. Lefebvre and Reid [46] asked children to predict 
whether the ball would hit a target or go to the right or left when 
watching a video for a person throwing a ball towards a target. Children 
with DCD predicted more poorly compared to a control group and 
one possible explanation is that visual perceptual problems account for 
the poor predictive ability. According to the two visual systems theory, 
the dorsal stream is involved in programming of the movement while 
the ventral stream is involved in planning of the movement. Then, is 
prediction of movement programming or planning of the movement? 

Conclusion 
In this article I attempt to address a possible limitation of the 

neurobiological approach in neuropsychiatry, specifically with regards 
to structural neuroanatomy. This is consistent with a commentary of 
Dar etal. [47] in which neurobiological approach should be cohesive 
with other approaches because humans are influenced by many other 
factors. Although neurobiological approach gives us to solve a long 
belief of mind brain dualism in psychiatry [48], it can be problematic 
when we apply certain aspects, in particular regarding the structural 
and functional neuroanatomy, of that approach in understanding 

neuropsychiatric phenomena. DCD, for example, is typically related 
to problems with motor skills but the movement disability is not a 
solitary problem, rather closely related to perception. The two visual 
systems theory is prominent when discussing issues of perception and 
action, and one supported by numerous studies in neuropsychology, 
neurophysiology, neurobiology, and so on. The proposition of the two 
visual systems theory is that visual information is transformed in the 
different visual streams, the dorsal and ventral stream, thus different 
information is basically used for object recognition and for visuomotor 
behavior. Also, the ventral stream plays a major role in planning of 
an action based on previous knowledge and motor experiences while 
the dorsal stream plays a major role in online visually-guided action. 
However, as discussed in the article, I believe that there could not be 
a clear distinction between the dorsal and ventral stream because the 
same information should be used both for object recognition and 
visually-guided action in our 3-D visual environment. Ultimately, 
perception is not so easily separable from action and vice versa. This 
raises problems in adopting the neuroanatomical basis of the two visual 
systems theory in addressing DCD, and highlights the limitations of 
that basis in addressing neuropsychiatric phenomena in general. 

In short, researchers try to find distinct function of brain and it helps 
to understand human behavior and illness but anatomical distinction 
in neurobiology has its limitations and we must be careful in adopting 
that approach in neuropsychiatry. Although neurobiological approach 
could be a good tool for extending psychiatry to clinical neuroscience 
but it should be collaborated with other dimensions to understand 
complex neuropsychiatric disorders.
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