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ABSTRACT 

This study investigated perceptual and cognitive issues relating to 

manipulations in geometric field-of-view (GFOV) in perspective displays 

and the effects of incorporating virtual environment enhancements in the 

interface based on visual momentum (VM) techniques. Geometric field-of- 

view determines the field-of-view (FOV) for perspective displays. 

Systematic errors in size and distance have been shown to occur in 

perspective displays as the result of changes in the GFOV. Furthermore, as 

humans’ normal FOV becomes restricted, their ability to acquire spatial 

information is reduced resulting in a incomplete formulation and 

representation of the visual world. The magnitude of the resulting biases 

increase as task difficulty increases. It was predicted that as VM increases in



the interface, the ability to overcome problems associated with restricted 

FOVs will also increase. 

Sixty participants who were pre-tested for spatial ability were required 

to navigate through a virtual office building while estimating space 

dimensions and performing spatial orientation and representation tasks. A 3 

x 2 x 2 mixed-subjects design compared three levels of GFOV, two levels of 

VM, and two levels of Difficulty. 

The results support the hypothesis that 60° is the optimum GFOV for 

perspective displays. VM increased accuracy for space dimension estimates, 

reduced direction judgment errors, improved distance estimates when task 

difficulty was increased, improved participants’ cognitive maps, and reduced 

the error for reconstructing the spatial layout of objects in a virtual space. 

The results also support the hypothesis that wider FOVs are needed to 

accurately perform spatial orientation and representation tasks in virtual 

environments. Spatial ability was also shown to influence performance on 

some of the tasks in this experiment. 

This study effectively demonstrates that the spatial characteristics of 

architectural representations in perspective displays are not always 

accurately perceived. There is a clear tradeoff for setting GFOV in 

perspective displays: A 60° GFOV is necessary for perceiving the basic 

characteristics of space accurately; however, if spatial orientation and 

representation are important, a 90° FOV or larger is required. To balance 

this tradeoff if symbolic enhancements are included in the virtual 

environment, such as VM techniques, larger FOVs are less of a concern.
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INTRODUCTION 

Increasingly, computer displays are being used as the interface 

“window" between complex systems and their users. In addition, it is 

becoming more common to see computer interfaces represented by spatial 

metaphors, allowing users to apply their vast prior knowledge and 

experience in dealing with the three-dimensional (3D) world (Wickens, 

1992a). Evidence supporting the utility of such interfaces can be seen by the 

proliferation of the graphical user interface (GUD (pronounced "gooey"). 

The GUI is characterized by a graphical display that has windows, buttons, 

boxes, icons, et cetera (Hix and Hartson, 1993). Typically, the GUI is a flat 

workspace represented by a "desktop" metaphor. The desktop, which has 

been the dominant interface metaphor since the 1980s used on systems like 

the Apple Macintosh®, represents the computer display as a desk top 

environment where users can manipulate objects. The GUI approach to 

human-computer interaction is in sharp contrast to the "conversational" 

command line interaction that existed prior to 3D metaphors (Ellis, 1991). 

The GUI, a spatially guided representation and interaction, is referred 

to as a direct manipulation interface (DMI). Users point-and-click on 

objects to perform actions in the display space. DMIs are intuitive because 

they allow users to interact with the computer in ways that are analogous to 

how people interact with objects in the real-world (Hutchins, Hollan, and 

Norman, 1985). Although the intuitive value of the visual-spatial metaphor 

seems evident, there has not been a great deal of empirical investigation 

demonstrating its merit. Furthermore, Shneiderman (1993), who has been a 

strong proponent of DMIs, cautions that the meaning of visual-spatial



computer interface representations may be ambiguous and misunderstood by 

users. 

The virtual environment (VE) is an extension of the desktop metaphor 

to the full environment of the real-world. VEs have also been referred to as 

virtual reality (VR), artificial reality, synthetic environments, cyberspace, 

and virtual worlds. Although there is not a large body of research which has 

substantiated the usefulness of 3D metaphors, anecdotal reports and related 

human-performance studies suggest that VE, 3D systems could become the 

future of human-computer interaction. 

Norman (1988) points out that many computer systems are inherently 

difficult to use because system operations are not visible to the user. 

Furthermore, it has been demonstrated that information can be encoded and 

discriminated more effectively when it is represented by multiple 

dimensions (Miller, 1956). VEs by their very nature provide information in 

multiple dimensions and have the potential for making system operations 

perceptible and accessible to the user. VEs give promise for optimizing the 

match between computer display technology and the human's perceptual, 

cognitive, and motor capabilities. The naturalness of this coupling between 

the human and machine will enhance the communication channel between 

the two and reduce the cognitive effort required of the user. However, 

“Optimization of the design of interactive instruments using pictorial formats 

requires an understanding of the manipulative, perceptual and cognitive 

limitations of human viewers" (Ellis, 1993). 

The need for understanding the human's limitations and requirements 

makes virtual environments the perfect topic of study for human factors



professionals (Thomas, 1992). Furthermore, Wells (1992) claims that the 

implementation of VR is the "...ideal niche for human factors engineers..." 

because of the human considerations imposed by VR technology. 

The VE has the potential to become an historical lever as significant 

as the printing press and computer, not because it will be a useful tool for 

completing practical tasks, but because the virtual world will change the way 

in which people view the real-world (Rheingold, 1990). VR has many 

different meanings depending on whom you ask. Many people associate VR 

with specific devices, such as head-mounted displays (HMDs), data glove 

input devices, and 3D audio. Others have extended the meaning to include 

such things as books, movies, or fantasy and imagination. Wells (1992) 

defines VR as "... a computer-generated environment which is sometimes 

synthetic, in which a person can interact with portrayed entities." In general 

this definition is useful because it restricts VR to computer-generated VEs 

without reference to specific technologies or to the level of system fidelity. 

Essentially, VEs are interactive computer-simulated environments which can 

provide visual, auditory, and other sensory inputs that can be explored freely 

in real time, characterizing a world inside the computer. 

Distinguishing VE systems by the mode in which they interface with 

the user can often be a helpful distinction for understanding and defining 

what VEs are and the sense of presence that can be experienced in them. 

Isdale (1993) provides several useful distinctions: Desktop VR or window 

on a world (WoW), as it is sometimes called, uses a conventional computer 

monitor to display the VE. The display applies perspective geometry to 

provide the illusion of 3D space. Much of the success in this area of VEs is



based on advances in computer graphics and on the increased processing 

power of low-end computer workstations. 

Fully “immersive” VE systems have been given a great deal of 

attention by the media recently. Although these systems can range in the 

hundreds of thousands of dollars, their capabilities have often been greatly 

sensationalized and exaggerated. Nevertheless, they can be very impressive 

in terms of immersing the user and providing a sense of presence in the VE. 

These systems use HMDs which present visual and auditory signals through 

miniaturized equipment. A glove placed over the hand is often used as the 

input device to manipulate objects in the VE, which is equipped with sensors 

on the fingers. HMDs and input gloves usually contain overall 

position/orientation tracking technology which provides 6 degrees-of- 

freedom tracking position for the head and hand. Between the extremes of 

desktop and fully immersive VEs are a range of hardware and software 

configurations that create different levels of fidelity for experiencing VEs. 

One important concept that needs to be defined to help fully grasp the 

general nature of VEs is the distinction between egocentric and exocentric 

frame-of-reference or viewpoint. Virtual spaces can be viewed from either 

egocentric (inside-out) or exocentric (outside-in) perspectives. From an 

egocentric perspective, the environment is experienced from the actual 

viewpoint assumed by the user, and the user perceives that their viewpoint is 

from within the environment. Exocentric viewpoints are from positions 

other than those assumed by or represented as the user. For example, the 

user's position, and therefore viewpoint, can be represented as a symbol in 

the VE. The egocentric, inside-out viewpoint is more realistic because it



corresponds to the viewpoint assumed by humans in the real-world. The 

type of viewpoint afforded to the user can have two important effects on 

performance in VEs. First, the frame-of-reference determines the types of 

movements that a user has to make to track a visual target. Compensatory 

tracking is required from egocentric viewpoints, and pursuit tracking is 

required from exocentric viewpoints (Ellis, 1991). The type of human 

tracking behavior that the user exhibits can have a large effect on movement 

through the VE. Secondly, viewpoint can play an important role in how 

users build a mental model of the VE, affecting orientation and navigation. 

Perspective Displays 

Object-centered cues (characteristics of objects in the world) and 

observer-centered cues (characteristics of the visual system) allow us to 

perceive 3D space. Perspective displays create the illusion of three 

dimensions through the use of object-centered cues: linear perspective, 

interposition, height in the plane, light and shadow, relative size, textural 

gradients, proximity-luminance covariance, aerial perspective, and relative 

motion gradient or parallax. Observer-centered cues, such as 

binocular disparity, convergence, and accommodation are more associated 

with 3D stereoscopic displays (see Wickens (1992a) for a full explanation of 

these cues). 

Three-dimensional perspective displays are essentially conventional 

monitors using perspective geometry to create the illusion of 3D space. 

However, although 3D perspective displays do not afford viewers observer- 

centered cues, they can be very effective in causing people to perceive that 

they are viewing a realistic scene in three-dimensions. Three-dimensional



imagery representing a real-world scene is more intuitive when the tasks 

required of the user have 3D spatial relationships. Referring to a screen as a 

3D perspective display is somewhat of a misnomer because monoscopic 

perspective displays, which project the image in perspective to the eye, 

cannot truly present information in three dimensions. Therefore, the illusion 

of depth produced by these displays is sometimes referred to in the literature 

as two-and-a-half-dimensional (2 1/2D). Although perspective displays will 

be referred to here as 3D displays, it is important to note that, because the 

image is not being displayed stereoscopicly, perspective displays are not 

truly 3D displays. However, it is common in the literature to see perspective 

imagery referred to as 3D. 

Desktop VEs are depicted on 3D perspective displays. Information 

can be presented on 3D (perspective and/or stereoscopic) displays versus a 

two-dimensional (2D) planar, conventional display. With 2D displays, only 

the x and y axis of the three dimensions of space are represented. The third 

dimension (z axis) must be encoded with shapes, numbers, colors, and so 

forth (McGreevy and Ellis, 1991). In contrast, perspective displays present 

information without collapsing the vertical dimension. Representing 3D 

information in the two contrasting formats can have a dramatic effect on the 

quality of the information being communicated. Figures la and 1b represent 

a cube being depicted in the conventional versus perspective views. The 

height of the cube in the conventional display is represented by a vertical bar 

to the left of the cube. The laborious mental reconstruction required to 

extract the spatial information from Figure la, and the almost intuitive 

nature in which the spatial information is being communicated from Figure
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Figure la. Conventional display. Figure 1b. Perspective display. 

  

1b, suggest that there are significant advantages to presenting 3D 

information spatially. 

Several experimenters have demonstrated the advantages of using 

perspective over conventional displays. Bemis, Leeds, and Winer (1988) 

compared pilot performance on a conventional versus perspective display. 

Pilots were required to search the display, detect any threats, and determine 

the nearest interceptor, which was the closest friendly aircraft to the threat. 

The results of this experiment showed that significantly fewer errors were 

made with faster response times when the perspective display was used. 

Ellis and McGreevy (1983) tested pilots' avoidance maneuvers while 

different cockpit air-traffic displays were used. They found that a 

perspective display had significant advantages over a conventional display, 

which was indicated by the doubling of vertical maneuvers made by pilots, 

resulting in greater separation between aircraft. Wickens and Todd (1990)



reported results from a study which partially support the argument that 3D 

perspective displays provide objectness and three dimensionality, not 

afforded by two-dimensional displays. Information presented in multiple 

dimensions can facilitate tasks requiring greater integration of the 

information. 

Furthermore, Kim, Ellis, Tyler, Hannaford, and Stark (1987) 

performed two experiments to compare the performance between a 

perspective and stereoscopic display in three-axis manual tracking tasks. 

The results indicated that when a perspective display is used with optimal 

perspective parameters and is enriched with visual enhancements, tracking 

performance can be equivalent to that of a stereoscopic display. 

Viewing parameters used to generate perspective displays. In 

perspective displays, 3D information is projected onto a 2D, flat surface 

  

(display screen). A number of parameters define the type of planar 

projection that is created, and their manipulation can have substantial effects 

on the perception of the depicted images. Figure 2 characterizes the 

stimulus geometry used to display images on the screen. Every point in the 

3D scene is projected to the station point or what is commonly referred to as 

the center of projection. The projectors originate from the stimulus images, 

intersect with the picture plane, and then are projected to the station point. 

The window is that part of the picture plane which is bound by the virtual 

space. The size and shape of the window determine the size and shape of the 

information that is available at the station point. However, the viewport is 

that part of the monitor in which the image is mapped. In other words, the



Clipping 

  

        

    

Picture Plane 

Plane 

station Projectors 
| ~ 

4 
N P Pe. 

q 

C   
        

a ages 

Virtual 
Space 

(Frustum) 

      

Figure 2. Representation of the 2D projection arising from 3D images. 

viewport 1s the visible region of the screen, but the window determines the 

amount of virtual space that is available. 

When dealing with computer displays, field-of-view (FOV) can have 

different conflicting meanings. FOV in the real-world is the visual angle of 

the scene (world) subtended at the observer's eye. Geometric field-of-view 

(GFOV) is the FOV that is visible in the virtual world. GFOV is the visual 

angle of the virtual scene subtended at the computer's eye (station point). 

For perspective displays, GFOV is the width and height subtended by the 

virtual world given as a visual angle in degrees of azimuth and elevation. 

This angle is determined by the width and height of the virtual world



projecting onto the window and the distance of the station point from the 

virtual image. 

There are four clipping planes and one hither clipping plane which 

determine the visible volume of virtual space and which together comprise 

the frustum (truncated pyramid). The clipping planes determine the 

boundaries for displayed and undisplayed images. The clipping planes 

together with the hither clipping plane, which lies in the same position as the 

picture plane truncating the pyramid, create the visible volume of space. 

The apex of the pyramid created by the four clipping planes is located at the 

station point. The shape of the frustum, determined by the angles in azimuth 

and elevation of the virtual space, determine the GFOV and is the angle 

subtended at the station point. 

For egocentric tasks, the observer's virtual viewpoint is usually placed 

at the beginning of the monitor surface. The viewing angle (FOV) for the 

observer is based on the width and height of the display viewport (visible 

image on the screen) and the observer's distance from the display. Figure 3 

illustrates the relationship between the GFOV and the observer's viewing 

angle (FOV). Only when the angles between the GFOV and the viewing 

angle are equal is the observer's eye at the station point. The GFOV angle 

and station point are independent of where the observer's eye is located; in 

other words, the observer's eye can be positioned in front of or behind the 

station point. However, the station point is dependent on the GFOV and 

vice versa. In the real-world under normal viewing conditions, viewing 

angle and FOV are equivalent, and the capabilities of the peripheral vision 

system determine its boundaries. It is important to point out that FOV and 
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Figure 3. Top-down view of an observer viewing a perspective display 

with the eye placed at the station point. 

GFOV, although different constructs, are considered conceptually and 

theoretically to be equivalent for the purposes of this research. In other 

words, restricted GFOV in VEs is assumed to produce similar consequences 

as restricted FOV in real environments. It is interesting to note that although 

the GFOV is the FOV for the virtual world, the observer's peripheral FOV 

still extends into the real-world. 

Many of the applications which allow the development of virtual 

spaces for perspective displays contain a “synthetic camera" that provides 

the GFOV angle into the VE. Changes in the "synthetic lens" zoom between 

wide-angle and telephoto settings. These settings are used to manipulate the 

GFOV in the VE, which will also change the distance of the station point 

from the virtual image. Moreover, changes in the GFOV (lens settings) will 

also change the distance of the station point from a stationary observer's eye 

position. Recall that the observer's viewing angle and the GFOV (station 

point) are independent of each other. This situation is analogous to the 

camera-to-observer distance equaling the viewing angle and the camera-to- 

image (lens setting) distance equaling the GFOV. What is uniquely different 

1]



between the synthetic camera and a real camera is that objects can be scaled 

selectively in the VE as a function of perspective, which can not be done in 

the real-world. Because of the inherent limitations in the human's ability to 

reconstruct 3D images from a 2D surface, and because of the ability to 

manipulated scale via perspective, perceptual errors occur while viewing 

perspective displays. 

Perceptual errors in computer generated imagery. Several 

experimenters have noted that the perception of depth in pictorial 

representations—pictorial representations contain the same depth cues as 

perspective displays—is inferior to that of the 3D real environment 

(Deregowski, 1972; Gibson, 1969; Wilcox and Teghtsoonian, 1971). One 

explanation that could account for this is that the observer receives 

conflicting cues about the depth in the scene. While several observer- 

centered cues indicate the picture surface is flat, other object-centered, 

perspective geometry cues convey 3D depth from the scene. 

Three-dimensional computer generated displays create images 

composed of lines and/or polygons. These images can lack significant detail 

when compared to the real-world. Because these 2D images must be 

mentally reconstructed into 3D representations, errors can result because of 

incorrectly choosing the relevant viewing parameters (Grunwald, Ellis, and 

Smith, 1988). Systematic errors in size and distance judgments can occur in 

perspective displays (Roscoe, 1984). Framed versus unrestricted visibilities 

were compared by having participants respond nearer or farther using the 

psychophysical method of constant stimuli. Participants repeatedly judged 

the distance to be shorter, indicating that a perceived minification in the 
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computer generated image resulted. And these errors were found to be 

slightly greater viewing images through a framed windshield rather than 

with unrestricted visibility. Roscoe (1984) points out that viewing images 

on a screen is essentially monocular as compared to binocular viewing in the 

real-world or with stereoscopic displays. This results in the elimination of 

binocular parallax used for distance judgments. 

A series of experiments has demonstrated that observers exhibit a 

systematic bias in judgments made with perspective displays as a result of 

the misinterpretation of the viewing parameters used to create the 3D images 

(Ellis, Smith, and Hacisalihzade, 1989; Grunwald and Ellis, 1986; 

McGreevy and Ellis, 1986). In fact, the appearance of the same scene can 

look very different depending on the computer graphic parameters used to 

generate the image. These errors can result as a function of how the GFOV 

is generated in the perspective display. 

McGreevy and Ellis (1986) had subjects judge the direction of targets 

in relation to a reference object shown on a perspective display with four 

levels of GFOV (30°, 60°, 90°, and 120°). This was accomplished by setting 

a synthetic camera lens at four different distances from the images. GFOV 

had a significant effect on direction judgment errors in azimuth and 

elevation. The magnitudes of the errors were a function of the direction of 

GFOV change. Target elevation was overestimated in all the conditions, and 

it increased as the GFOV increased, which resulted from a telephoto effect. 

A sinusoidal azimuth error in direction judgment occurred as a function of 

the azimuth direction of the target. This relationship revealed that targets 

were judged to be farther to the left or right of the reference object than they 
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actually were; however, the errors in one extreme GFOV gradually changed 

as the GFOV moved to the other extreme. When the reference grid is 

broken into four quadrants, azimuth error changes sinusoidally as the target 

moves clockwise or counterclockwise through the quadrants. The whole 

pattern of sinusoidal errors reverses (flips) as the GFOV is moved from one 

extreme to the next. 

These findings demonstrate two important causes of exocentric 

direction judgment errors in perspective displays: 1) errors in direction are a 

function of the actual direction of targets being judged, and 2) direction 

errors arise as a function of the perspective parameters used to generate the 

display, in this case, GFOV. The perceptual biases just described have been 

labeled respectively the "3D-to-2D projection effect or "2D effect" for short 

and the "virtual space effect." The 2D effect resulting in a sinusoidal 

azimuth error, which depends on the viewing quadrant of the target and on 

the GFOV, decreases in amplitude as the GFOV angle increases. This 

problem is a generalization of slant overestimation of a surface (Perrone, 

1982; Sedgwick, 1986). 

The virtual space effect results from an inappropriate viewing distance 

between the eyes and the monitor surface. This situation occurs when the 

GFOV is manipulated, resulting in the station point moving accordingly, but 

the observer's eye position does not change. When the eye point and the 

station point are not perfectly aligned, perceptual biases result in the 

perceived location (direction and distance) of the images caused by the 

magnification (narrow GFOV) or minification (wide GFOV). McGreevy 

and Ellis (1986) have referred to the observers’ behavior caused by the 
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virtual space effect as the "window assumption." In this assumption, the 

observer erroneously assumes that his viewpoint is at the correct geometric 

station point, and therefore that the projectors from the image are straight. 

However, when the eyes are not at the station point, the projectors are, in 

effect, bent at the point where they reach the display screen. The amount of 

bend is determined by the amount of misalignment between the eyes and 

station point. What is interesting is that the amplitude of this bias increases 

as the GFOV increases. 

In summary, the perceptual errors caused by the 2D effect decrease, 

and the errors caused by the virtual space effect increase as the GFOV 

increases. These findings demonstrate that the amplitude of the azimuth 

error for exocentric direction judgments occurs the least with a 60° GFOV. 

The magnitude in perceptual errors increases as the GFOV moves in either 

direction away from 60° with narrower and wider GFOVs. Perceptual errors 

are caused by the 2D effect at the narrow GFOVs, and the virtual space 

effect causes perceptual errors at the wider GFOVs. Barfield, Lim, and 

Rosenberg (1990) also had observers perform exocentric azimuth judgments 

and found that 45° and 60° GFOVs resulted in optimum performance. These 

optimal GFOVs being suggested by this research involve stimuli being 

presented from an exocentric viewpoint which then required an exocentric 

judgment. In other words, the relative direction between two objects 

presented on the screen were being judged. 

A similar pattern in perceptual biases for judgments of target azimuth 

was found in an experiment which also had subjects determine the direction 

of a target in relation to another object (Grunwald and Ellis, 1986). In this 
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�s�t�u�d�y� �t�h�e� �e�x�p�e�r�i�m�e�n�t�e�r�s� �c�o�n�t�r�o�l�l�e�d� �f�o�r� �t�h�e� �v�i�r�t�u�a�l� �s�p�a�c�e� �e�f�f�e�c�t� �b�y� �k�e�e�p�i�n�g� �t�h�e� 

�o�b�s�e�r�v�e�r�'�s� �e�y�e� �a�t� �t�h�e� �c�e�n�t�e�r� �o�f� �p�r�o�j�e�c�t�i�o�n� �o�r� �t�h�e� �s�t�a�t�i�o�n� �p�o�i�n�t� �t�h�r�o�u�g�h�o�u�t� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�.� �A�g�a�i�n�,� �i�t� �w�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e� �o�b�s�e�r�v�e�r�s� �r�e�v�e�a�l�e�d� �p�e�r�c�e�p�t�u�a�l� 

�b�i�a�s�e�s� �a�s� �t�h�o�u�g�h� �t�h�e�y� �w�e�r�e� �l�o�o�k�i�n�g� �t�h�r�o�u�g�h� �a� �t�e�l�e�p�h�o�t�o� �l�e�n�s�.� �A�l�t�h�o�u�g�h� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�e�r�s� �m�o�d�e�l�e�d� �t�h�e�s�e� �e�r�r�o�r�s� �v�e�r�y� �d�i�f�f�e�r�e�n�t�l�y� �f�r�o�m� �t�h�e� �b�i�a�s�e�s� �a�s�s�u�m�e�d� 

�t�o� �h�a�v�e� �c�a�u�s�e�d� �t�h�e� �v�i�r�t�u�a�l� �s�p�a�c�e� �e�f�f�e�c�t�,� �d�i�r�e�c�t�i�o�n� �j�u�d�g�m�e�n�t� �e�r�r�o�r�s� �w�e�r�e� 

�s�h�o�w�n� �t�o� �b�e� �t�h�e� �s�m�a�l�l�e�s�t� �w�h�e�n� �t�h�e� �o�b�s�e�r�v�e�r�s� �v�i�e�w�p�o�i�n�t� �(�e�y�e� �p�o�s�i�t�i�o�n�)� �w�a�s� 

�b�e�h�i�n�d� �t�h�e� �g�e�o�m�e�t�r�i�c�a�l�l�y� �c�o�r�r�e�c�t� �c�e�n�t�e�r� �o�f� �p�r�o�j�e�c�t�i�o�n�.� 

�T�o� �c�o�m�p�e�n�s�a�t�e� �f�o�r� �t�h�e� �p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s� �t�h�a�t� �w�e�r�e� �f�o�u�n�d� �t�o� �e�x�i�s�t� �i�n� 

�p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�,� �a� �m�o�d�e�l� �w�a�s� �d�e�v�e�l�o�p�e�d� �t�h�a�t� �m�a�k�e�s� �c�o�m�p�e�n�s�a�t�o�r�y� 

�d�i�s�t�o�r�t�i�o�n�s� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� �i�n� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �u�s�e�d� �t�o� �f�o�r�m�u�l�a�t�e� �a� �p�e�r�s�p�e�c�t�i�v�e� 

�d�i�s�p�l�a�y� �(�G�r�u�n�w�a�l�d�,� �E�l�l�i�s�,� �a�n�d� �S�m�i�t�h�,� �1�9�8�8�)�.� �T�h�e� �m�o�d�e�l� �t�o� �e�x�p�l�a�i�n� �t�h�e� �2�D� 

�e�f�f�e�c�t� �s�u�g�g�e�s�t�s� �t�h�a�t� �o�b�s�e�r�v�e�r�s� �a�r�e� �m�a�k�i�n�g� �e�r�r�o�r�s� �b�e�c�a�u�s�e� �t�h�e�y� �a�r�e� �b�a�s�i�n�g� �t�h�e�i�r� 

�j�u�d�g�m�e�n�t�s� �o�n� �t�h�e� �s�p�a�t�i�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �f�r�o�m� �t�h�e� �p�r�o�j�e�c�t�e�d� �i�m�a�g�e� �r�a�t�h�e�r� �t�h�a�n� 

�a�c�c�u�r�a�t�e�l�y� �r�e�c�o�n�s�t�r�u�c�t�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �3�D� �r�e�l�a�t�i�o�n�s�h�i�p�s�.� �T�h�e� �v�i�r�t�u�a�l� �s�p�a�c�e� 

�e�f�f�e�c�t� �m�o�d�e�l� �p�r�e�d�i�c�t�s� �t�h�a�t� �b�e�c�a�u�s�e� �o�b�s�e�r�v�e�r�s� �a�r�e� �n�o�t� �v�i�e�w�i�n�g� �t�h�e� �d�i�s�p�l�a�y� 

�f�r�o�m� �t�h�e� �c�o�r�r�e�c�t� �c�e�n�t�e�r� �o�f� �p�r�o�j�e�c�t�i�o�n�,� �t�h�e�y� �a�r�e� �r�e�c�o�n�s�t�r�u�c�t�i�n�g� �a� �d�i�s�t�o�r�t�e�d� �3�D� 

�s�p�a�c�e�.� 

�G�r�u�n�w�a�l�d� �a�n�d� �E�l�l�i�s� �(�1�9�8�8�)� �h�a�v�e� �s�u�m�m�a�r�i�z�e�d� �t�w�o� �d�e�s�i�g�n� �s�o�l�u�t�i�o�n�s� �f�o�r� 

�t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�:� 

�1�)� �T�h�e� �c�o�r�r�e�c�t� �c�e�n�t�e�r� �o�f� �p�r�o�j�e�c�t�i�o�n� �(�s�t�a�t�i�o�n� �p�o�i�n�t�)� �s�h�o�u�l�d� �b�e� �p�l�a�c�e�d� �i�n� 

�f�r�o�n�t� �o�f� �t�h�e� �o�b�s�e�r�v�e�r�'�s� �e�y�e� �p�o�s�i�t�i�o�n� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �t�e�l�e�p�h�o�t�o� �b�i�a�s�.� 

�I�n� �o�t�h�e�r� �w�o�r�d�s�,� �a� �w�i�d�e�r� �G�F�O�V� �s�h�o�u�l�d� �b�e� �u�s�e�d� �t�h�a�n� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� 

�a�c�q�u�i�r�e� �t�h�e� �c�o�r�r�e�c�t� �v�i�e�w�i�n�g� �g�e�o�m�e�t�r�y�.� 
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�2�)� �T�h�e� �r�e�a�l�-�t�i�m�e� �i�n�t�e�r�a�c�t�i�v�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �m�o�t�i�o�n� �s�h�o�u�l�d� �c�o�m�p�e�n�s�a�t�e� 

�c�o�n�s�i�d�e�r�a�b�l�y� �f�o�r� �t�h�e� �p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s� �i�n�d�i�c�a�t�e�d� �a�s� �t�h�e� �r�e�s�u�l�t� �o�f� 

�m�o�t�i�o�n� �o�r� �g�r�a�d�i�e�n�t� �p�a�r�a�l�l�a�x�.� 

�W�h�a�t� �c�l�e�a�r�l�y� �s�t�a�n�d�s� �o�u�t� �f�r�o�m� �t�h�e� �d�i�s�c�u�s�s�i�o�n� �o�f� �p�e�r�c�e�p�t�u�a�l� �e�r�r�o�r�s� �w�i�t�h� 

�c�o�m�p�u�t�e�r� �g�e�n�e�r�a�t�e�d� �i�m�a�g�e�r�y� �i�s� �t�h�a�t� �t�h�e�r�e� �h�a�s� �b�e�e�n� �a� �c�o�n�s�i�s�t�e�n�t� �s�y�s�t�e�m�a�t�i�c� 

�t�e�l�e�p�h�o�t�o� �b�i�a�s� �t�h�a�t� �o�c�c�u�r�s� �w�h�i�l�e� �m�a�k�i�n�g� �j�u�d�g�m�e�n�t�s� �a�b�o�u�t� �t�h�e� �s�p�a�t�i�a�l� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �i�m�a�g�e�s� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�.� �H�o�w�e�v�e�r�,� �w�h�a�t� �i�s� �n�o�t� �s�o� 

�c�l�e�a�r� �i�s� �w�h�e�t�h�e�r� �t�h�e� �f�i�n�d�i�n�g�s� �t�h�a�t� �a�z�i�m�u�t�h� �e�r�r�o�r�s� �a�s� �t�h�e� �r�e�s�u�l�t� �o�f� �a�b�s�o�l�u�t�e� 

�t�a�r�g�e�t� �l�o�c�a�t�i�o�n� �a�n�d� �G�F�O�V�,� �w�h�i�c�h� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �a�n� �e�x�o�c�e�n�t�r�i�c� �f�r�a�m�e�w�o�r�k� 

�r�e�q�u�i�r�i�n�g� �a�n� �e�x�o�c�e�n�t�r�i�c� �j�u�d�g�m�e�n�t�,� �w�i�l�l� �e�x�t�e�n�d� �t�o� �e�g�o�c�e�n�t�r�i�c� �p�e�r�s�p�e�c�t�i�v�e�s� �a�n�d� 

�j�u�d�g�m�e�n�t�s�.� 

�O�n�e� �s�t�u�d�y� �w�h�i�c�h� �h�e�l�p�s� �t�o� �c�l�a�r�i�f�y� �t�h�i�s� �i�s�s�u�e� �w�a�s� �c�o�n�d�u�c�t�e�d� �b�y� �D�o�r�i�g�h�i�,� 

�E�l�l�i�s�,� �a�n�d� �G�r�u�n�w�a�l�d� �(�1�9�9�3�)�.� �T�h�e� �s�p�a�t�i�a�l� �s�i�t�u�a�t�i�o�n�a�l� �a�w�a�r�e�n�e�s�s� �o�f� �p�i�l�o�t�s� �w�a�s� 

�m�e�a�s�u�r�e�d� �t�o� �s�e�e� �i�f� �h�a�v�i�n�g� �a� �p�e�r�s�p�e�c�t�i�v�e� �f�l�i�g�h�t� �p�a�t�h�w�a�y� �d�i�s�p�l�a�y� �i�n�t�e�g�r�a�t�e�d� 

�w�i�t�h� �a�n� �e�l�e�c�t�r�o�n�i�c� �m�a�p� �a�f�f�e�c�t�e�d� �p�i�l�o�t� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �"�T�u�n�n�e�l�-�i�n�-�t�h�e�-�S�k�y�"� 

�p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y� �p�r�o�v�i�d�e�d� �a�n� �e�g�o�c�e�n�t�r�i�c� �(�i�n�s�i�d�e�-�o�u�t�)� �f�r�a�m�e�-�o�f�-�r�e�f�e�r�e�n�c�e�,� 

�w�h�i�l�e� �t�h�e� �e�l�e�c�t�r�o�n�i�c� �m�a�p� �p�r�o�v�i�d�e�d� �a� �e�x�o�c�e�n�t�r�i�c� �(�o�u�t�s�i�d�e�-�i�n�)� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e�.� 

�S�i�t�u�a�t�i�o�n�a�l� �a�w�a�r�e�n�e�s�s� �f�o�r� �t�h�i�s� �e�n�v�i�r�o�n�m�e�n�t� �r�e�q�u�i�r�e�d� �p�i�l�o�t�s� �t�o� �i�n�t�e�g�r�a�t�e� 

�i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �t�w�o� �d�i�s�p�l�a�y�s�,� �w�h�i�c�h� �w�a�s� �t�h�e�n� �u�s�e�d� �t�o� �m�a�k�e� �a�n� 

�e�g�o�c�e�n�t�r�i�c� �j�u�d�g�m�e�n�t� �(�j�u�d�g�m�e�n�t� �o�f� �v�i�s�u�a�l� �d�i�r�e�c�t�i�o�n� �t�o� �t�a�r�g�e�t�s� �a�l�o�n�g� �a�n� 

�a�p�p�r�o�a�c�h� �p�a�t�h�)�.� �T�h�e� �a�z�i�m�u�t�h� �a�n�g�l�e� �o�f� �v�i�s�u�a�l� �d�i�r�e�c�t�i�o�n� �t�o� �t�a�r�g�e�t� �l�o�c�a�t�i�o�n� �w�a�s� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �u�n�d�e�r�e�s�t�i�m�a�t�e�d�.� �T�h�i�s� �s�t�u�d�y� �i�l�l�u�s�t�r�a�t�e�s� �t�h�a�t�,� �e�v�e�n� �w�h�e�n� 

�e�g�o�c�e�n�t�r�i�c� �a�n�d� �e�x�o�c�e�n�t�r�i�c� �f�r�a�m�e�s�-�o�f�-�r�e�f�e�r�e�n�c�e� �a�r�e� �c�o�m�b�i�n�e�d�,� �e�g�o�c�e�n�t�r�i�c� 

�j�u�d�g�m�e�n�t� �e�r�r�o�r�s� �c�a�n� �s�t�i�l�l� �p�e�r�s�i�s�t�.� 
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�F�u�r�t�h�e�r�m�o�r�e�,� �E�l�l�i�s�,� �S�m�i�t�h�,� �a�n�d� �H�a�c�i�s�a�l�i�h�z�a�d�e� �(�1�9�8�9�)� �f�o�u�n�d� �t�h�a�t� 

�e�g�o�c�e�n�t�r�i�c� �j�u�d�g�m�e�n�t�s� �m�a�d�e� �f�r�o�m� �a�n� �e�x�o�c�e�n�t�r�i�c� �v�i�e�w�p�o�i�n�t� �a�l�s�o� �r�e�s�u�l�t�e�d� �i�n� 

�d�i�r�e�c�t�i�o�n� �j�u�d�g�m�e�n�t� �e�r�r�o�r�s�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �i�n�d�i�c�a�t�e� �a� �t�a�r�g�e�t� 

�l�o�c�a�t�i�o�n� �b�y� �a�d�j�u�s�t�i�n�g� �a� �h�e�a�d�-�m�o�u�n�t�e�d� �c�u�r�s�o�r�.� �T�h�i�s� �i�s� �a�n� �e�g�o�c�e�n�t�r�i�c� �t�a�s�k� 

�w�h�i�c�h� �i�n�v�o�l�v�e�s� �m�a�k�i�n�g� �a� �j�u�d�g�m�e�n�t� �a�b�o�u�t� �t�a�r�g�e�t� �l�o�c�a�t�i�o�n� �i�n� �r�e�l�a�t�i�o�n� �t�o� �o�n�e�'�s� 

�o�w�n� �v�i�s�u�a�l� �d�i�r�e�c�t�i�o�n�,� �b�a�s�e�d� �o�n� �a�n� �e�x�o�c�e�n�t�r�i�c� �v�i�e�w�p�o�i�n�t� �o�f� �t�a�r�g�e�t� �d�i�r�e�c�t�i�o�n� 

�p�r�e�s�e�n�t�e�d� �o�n� �a� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�.� �S�u�b�j�e�c�t�s�'� �m�i�s�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�e� 

�v�i�e�w�i�n�g� �p�a�r�a�m�e�t�e�r�s� �o�n� �t�h�e� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y� �c�a�u�s�e�d� �a�n� �o�v�e�r�e�s�t�i�m�a�t�i�o�n� �i�n� 

�s�u�b�j�e�c�t�s �� �v�i�s�u�a�l� �g�a�z�e� �d�i�r�e�c�t�i�o�n�.� 

�A�l�l� �t�h�e� �s�t�u�d�i�e�s� �d�i�s�c�u�s�s�e�d� �t�h�u�s� �f�a�r� �a�b�o�u�t� �a�z�i�m�u�t�h� �d�i�r�e�c�t�i�o�n� �e�r�r�o�r�s� 

�c�o�n�t�a�i�n� �p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s�,� �i�n� �o�n�e� �w�a�y� �o�r� �a�n�o�t�h�e�r�,� �t�h�a�t� �p�r�e�s�e�n�t�e�d� �s�t�i�m�u�l�u�s� 

�o�b�j�e�c�t�s� �f�r�o�m� �a�n� �e�x�o�c�e�n�t�r�i�c� �v�i�e�w�p�o�i�n�t�.� �R�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n�s� �i�n� 

�e�g�o�c�e�n�t�r�i�c� �a�n�d� �e�x�o�c�e�n�t�r�i�c� �v�i�e�w�p�o�i�n�t�s� �a�n�d� �t�a�s�k�s�,� �h�o�w�e�v�e�r�,� �e�r�r�o�r�s� �h�a�v�e� 

�p�e�r�s�i�s�t�e�d�.� �T�h�e� �s�c�e�n�a�r�i�o� �w�h�i�c�h� �h�a�s� �y�e�t� �t�o� �b�e� �d�e�s�c�r�i�b�e�d� �i�s� �w�h�e�t�h�e�r� �a�n� 

�e�g�o�c�e�n�t�r�i�c� �v�i�e�w�p�o�i�n�t� �o�r� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e� �f�r�o�m� �w�i�t�h�i�n� �t�h�e� �V�E� �w�i�l�l� �l�e�a�d� �t�o� �a� 

�b�i�a�s�e�d� �e�g�o�c�e�n�t�r�i�c� �p�e�r�c�e�p�t�u�a�l� �j�u�d�g�m�e�n�t� �a�l�s�o� �m�a�d�e� �f�r�o�m� �w�i�t�h�i�n� �t�h�e� �V�E�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �s�t�u�d�i�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �d�i�s�c�u�s�s�i�o�n� �h�a�v�e� �n�o�t� 

�i�n�v�o�l�v�e�d� �t�h�e� �d�y�n�a�m�i�c� �i�n�t�e�r�a�c�t�i�o�n� �t�h�a�t� �o�c�c�u�r�s� �w�h�e�n� �m�o�t�i�o�n� �i�s� �i�n�t�r�o�d�u�c�e�d�,� 

�w�h�i�c�h� �i�s� �e�x�p�e�c�t�e�d� �t�o� �g�r�e�a�t�l�y� �r�e�d�u�c�e� �t�h�e� �t�y�p�e�s� �o�f� �p�e�r�c�e�p�t�u�a�l� �d�i�r�e�c�t�i�o�n� �b�i�a�s�e�s� 

�t�h�a�t� �t�r�a�n�s�p�i�r�e� �w�i�t�h� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�.� 

�B�r�i�c�k�n�e�r� �a�n�d� �F�o�y�l�e� �(�1�9�9�0�)� �l�o�o�k�e�d� �a�t� �r�e�s�t�r�i�c�t�e�d� �G�F�O�V� �i�n� �h�e�a�d�-�d�o�w�n� 

�a�n�d� �h�e�a�d�-�u�p� �1�9�"� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s� �f�o�r� �a� �s�i�m�u�l�a�t�e�d� �h�e�l�i�c�o�p�t�e�r� �m�a�n�e�u�v�e�r�i�n�g� 

�t�a�s�k�.� �T�h�r�e�e� �G�F�O�V� �a�n�g�l�e�s� �w�e�r�e� �e�x�a�m�i�n�e�d�:� �2�5� �x� �1�9�,� �4�0� �x� �3�0�,� �a�n�d� �5�5� �x� �4�1� 

�(�d�e�g�r�e�e�s� �a�z�i�m�u�t�h� �x� �d�e�g�r�e�e�s� �e�l�e�v�a�t�i�o�n�)�.� �P�i�l�o�t�s� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �m�a�n�e�u�v�e�r� 

�t�h�r�o�u�g�h� �a� �s�l�a�l�o�m� �c�o�u�r�s�e� �c�o�n�s�i�s�t�i�n�g� �o�f� �p�y�l�o�n�s�.� �A�s� �t�h�e� �G�F�O�V� �b�e�c�a�m�e� �m�o�r�e� 
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�r�e�s�t�r�i�c�t�e�d�,� �p�i�l�o�t�s� �w�e�r�e� �u�n�a�b�l�e� �t�o� �m�o�d�i�f�y� �t�h�e�i�r� �f�l�y�i�n�g� �s�t�r�a�t�e�g�i�e�s�,� �a�n�d� �a�s� �a� 

�r�e�s�u�l�t�,� �f�l�e�w� �c�l�o�s�e�r� �t�o� �t�h�e� �p�y�l�o�n�s�,� �h�i�t�t�i�n�g� �t�h�e� �p�y�l�o�n�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �o�f�t�e�n�.� 

�T�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s� �i�n�t�e�r�p�r�e�t�e�d� �t�h�e� �f�i�n�d�i�n�g�s� �t�o� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� 

�p�e�r�c�e�i�v�e�d� �t�h�e� �d�i�s�p�l�a�y� �a�s� �t�h�e� �e�n�t�i�r�e� �w�o�r�l�d� �v�e�r�s�u�s� �a� �r�e�s�t�r�i�c�t�e�d� �w�i�n�d�o�w� �i�n�t�o� �t�h�e� 

�w�o�r�l�d�.� �T�h�i�s� �h�y�p�o�t�h�e�s�i�s�,� �i�f� �t�r�u�e�,� �h�a�s� �i�m�p�o�r�t�a�n�t� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �d�e�s�i�g�n� �o�f� 

�v�i�r�t�u�a�l� �e�n�v�i�r�o�n�m�e�n�t�s� �b�e�c�a�u�s�e� �a� �r�e�s�t�r�i�c�t�e�d� �G�F�O�V� �m�a�y� �n�o�t� �o�n�l�y� �e�f�f�e�c�t� 

�p�e�r�f�o�r�m�a�n�c�e�,� �b�u�t� �i�t� �m�a�y� �a�l�s�o� �a�f�f�e�c�t� �p�e�o�p�l�e�'�s� �c�o�g�n�i�t�i�v�e� �m�o�d�e�l� �o�f� �t�h�e� �v�i�r�t�u�a�l� 

�w�o�r�l�d�.� 

�P�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y� �e�n�h�a�n�c�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�s�.� �S�e�v�e�r�a�l� �r�e�s�e�a�r�c�h�e�r�s� 

�h�a�v�e� �t�r�i�e�d� �t�o� �r�e�d�u�c�e� �t�h�e� �p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s� �b�y� 

�p�r�o�v�i�d�i�n�g� �g�e�o�m�e�t�r�i�c� �a�n�d� �s�y�m�b�o�l�i�c� �e�n�h�a�n�c�e�m�e�n�t�s� �t�o� �t�h�e� �i�n�t�e�r�f�a�c�e�.� �E�l�l�i�s� 

�(�1�9�9�3�)� �m�a�i�n�t�a�i�n�s� �t�h�a�t� �t�h�e�r�e� �a�r�e� �m�a�n�y� �k�i�n�d�s� �o�f� �g�e�o�m�e�t�r�i�c� �e�n�h�a�n�c�e�m�e�n�t�s� �f�o�r� 

�s�p�a�t�i�a�l� �d�i�s�p�l�a�y�s�,� �"�.�.�.�b�u�t� �t�h�e�i�r� �c�o�m�m�o�n� �f�e�a�t�u�r�e� �i�s� �a� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� 

�m�e�t�r�i�c�s� �o�f� �e�i�t�h�e�r� �t�h�e� �d�i�s�p�l�a�y�e�d� �s�p�a�c�e� �o�r� �o�f� �t�h�e� �o�b�j�e�c�t�s� �i�t� �c�o�n�t�a�i�n�s�.�"� 

�B�a�s�i�c�a�l�l�y�,� �t�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �d�e�l�i�b�e�r�a�t�e� �s�p�a�t�i�a�l� �d�i�s�t�o�r�t�i�o�n� �o�f� �t�h�e� �i�m�a�g�e� 

�t�o� �c�o�m�p�e�n�s�a�t�e� �f�o�r� �p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s� �a�n�d� �i�m�p�r�o�v�e� �t�h�e� �p�r�e�c�i�s�i�o�n� �o�f� �t�h�e� 

�i�n�f�o�r�m�a�t�i�o�n� �t�h�a�t� �i�s� �b�e�i�n�g� �d�i�s�p�l�a�y�e�d�.� �S�y�m�b�o�l�i�c� �e�n�h�a�n�c�e�m�e�n�t�s�,� �o�n� �t�h�e� �o�t�h�e�r� 

�h�a�n�d�,� �i�n�c�l�u�d�e� �t�h�i�n�g�s�,� �s�u�c�h� �a�s� �o�b�j�e�c�t�s�,� �s�c�a�l�e�s�,� �o�r� �m�e�t�r�i�c�s� �w�h�i�c�h� �a�d�d� �a�d�d�i�t�i�o�n�a�l� 

�i�n�f�o�r�m�a�t�i�o�n� �t�o� �f�a�c�i�l�i�t�a�t�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�p�a�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n� �b�e�i�n�g� 

�p�r�e�s�e�n�t�e�d�.� 

�O�n�e� �g�e�o�m�e�t�r�i�c� �e�n�h�a�n�c�e�m�e�n�t� �t�h�a�t� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �b�y� �s�e�v�e�r�a�l� 

�r�e�s�e�a�r�c�h�e�r�s� �i�s� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �a� �w�i�d�e�-�a�n�g�l�e� �d�i�s�t�o�r�t�i�o�n� �t�o� �c�o�m�p�e�n�s�a�t�e� �f�o�r� 

�t�h�e� �t�e�l�e�p�h�o�t�o� �b�i�a�s� �k�n�o�w�n� �t�o� �e�x�i�s�t� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s� �(�M�c�G�r�e�e�v�y� �a�n�d� 

�E�l�l�i�s�,� �1�9�8�6�;� �G�r�u�n�w�a�l�d� �a�n�d� �E�l�l�i�s�,� �1�9�8�7�;� �R�o�s�c�o�e�,� �1�9�8�4�)�.� �A�l�s�o�,� �t�h�e� �u�s�e� �o�f� 

�s�t�e�r�e�o�p�s�i�s� �c�a�n� �i�m�p�r�o�v�e� �t�h�e� �p�e�r�c�e�p�t�i�o�n� �o�f� �d�e�p�t�h� �a�n�d� �r�e�d�u�c�e� �t�h�e� �b�i�a�s� �i�n� 
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�p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s� �(�E�l�l�i�s�,� �T�h�a�r�p�,� �G�r�u�n�w�a�l�d�,� �a�n�d� �S�m�i�t�h�,� �1�9�9�1�)�.� �D�y�n�a�m�i�c� 

�i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� �t�h�e� �v�i�r�t�u�a�l� �e�n�v�i�r�o�n�m�e�n�t� �(�e�.�g�.� �m�o�t�i�o�n�)� �c�a�n� �a�l�s�o� �e�l�i�m�i�n�a�t�e� 

�b�i�a�s�e�s� �e�x�p�e�r�i�e�n�c�e�d� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�.� 

�S�e�v�e�r�a�l� �t�y�p�e�s� �o�f� �s�y�m�b�o�l�i�c� �e�n�h�a�n�c�e�m�e�n�t�s� �h�a�v�e� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �t�o� 

�b�e� �v�e�r�y� �e�f�f�e�c�t�i�v�e� �i�n� �r�e�d�u�c�i�n�g� �p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�.� �T�h�e� 

�u�s�e� �o�f� �3�D� �o�b�j�e�c�t�s� �w�h�o�s�e� �s�h�a�p�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� �k�n�o�w�n� �a� �p�r�i�o�r�i� �,� �s�u�c�h� �a�s� 

�s�i�z�e�,� �s�h�a�p�e�,� �a�n�d� �p�a�r�a�l�l�e�l�i�s�m� �o�r� �p�e�r�p�e�n�d�i�c�u�l�a�r�i�t�y� �o�f� �l�i�n�e�s� �c�a�n� �p�r�o�v�i�d�e� �c�u�e�s� �f�o�r� 

�s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �(�G�r�u�n�w�a�l�d� �a�n�d� �E�l�l�i�s�,� �1�9�8�6�)�.� �F�a�m�i�l�i�a�r�i�t�y� �c�u�e�s� �c�a�n� �h�e�l�p� �t�h�e� 

�o�b�s�e�r�v�e�r� �e�s�t�i�m�a�t�e� �t�h�e� �3�D� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �a�n� �o�b�j�e�c�t� �f�r�o�m� �a� �2�D� �p�r�o�j�e�c�t�i�o�n�.� �T�h�e� 

�u�s�e� �o�f� �r�e�f�e�r�e�n�c�e� �g�r�i�d�s� �a�n�d� �p�o�s�t�s� �c�o�n�n�e�c�t�i�n�g� �o�b�j�e�c�t�s� �t�o� �t�h�e� �g�r�i�d� �t�o� �i�n�d�i�c�a�t�e� 

�o�b�j�e�c�t� �l�o�c�a�t�i�o�n� �a�n�d� �o�r�i�e�n�t�a�t�i�o�n� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �a�l�l�e�v�i�a�t�e� �p�e�r�c�e�p�t�u�a�l� 

�b�i�a�s�e�s� �(�E�l�l�i�s�,� �M�c�G�r�e�e�v�y�,� �a�n�d� �H�i�t�c�h�c�o�c�k�,� �1�9�8�7�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �c�o�m�p�a�s�s� �r�o�s�e�s� 

�h�a�v�e� �b�e�e�n� �u�s�e�d� �a�s� �s�y�m�b�o�l�i�c� �e�n�h�a�n�c�e�m�e�n�t�s� �f�o�r� �o�p�t�i�m�i�z�i�n�g� �a�z�i�m�u�t�h� 

�e�s�t�i�m�a�t�i�o�n� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s� �(�E�l�l�i�s� �a�n�d� �H�a�c�i�s�a�l�i�h�z�a�d�e�,� �1�9�9�0�)�.� �T�h�e�s�e� 

�e�n�h�a�n�c�e�m�e�n�t�s� �c�o�n�s�i�s�t� �o�f� �a� �c�o�m�p�a�s�s� �l�i�k�e� �d�e�v�i�c�e� �t�h�a�t� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �d�i�f�f�e�r�e�n�t� 

�d�e�n�s�i�t�i�e�s� �a�n�d� �s�u�p�e�r�i�m�p�o�s�e�d� �o�n� �a� �g�r�o�u�n�d� �r�e�f�e�r�e�n�c�e� �g�r�i�d� �a�n�d�/�o�r� �o�n� �a� �r�e�s�p�o�n�s�e� 

�d�i�a�l�.� �T�h�e� �c�o�m�p�a�s�s�e�s� �a�r�e� �u�s�e�d� �t�o� �p�r�o�v�i�d�e� �r�e�f�e�r�e�n�c�e� �a�n�g�l�e�s� �w�h�e�n� �m�a�k�i�n�g� 

�a�z�i�m�u�t�h� �j�u�d�g�m�e�n�t�s� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�.� �E�x�o�c�e�n�t�r�i�c� �a�z�i�m�u�t�h� �j�u�d�g�m�e�n�t�s� 

�w�e�r�e� �s�h�o�w�n� �t�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�m�p�r�o�v�e� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e�s�e� �s�y�m�b�o�l�i�c� �a�i�d�s�.� 

�B�a�r�f�i�e�l�d�,� �L�i�m�,� �a�n�d� �R�o�s�e�n�b�e�r�g� �(�1�9�9�0�)� �u�s�e�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� �r�o�t�a�t�e� �t�h�e� 

�p�e�r�s�p�e�c�t�i�v�e� �s�c�e�n�e�s� �a�n�d� �s�o�l�i�d� �s�h�a�d�e�d� �o�b�j�e�c�t�s� �i�n� �t�h�e� �s�c�e�n�e�s� �a�s� �v�i�s�u�a�l� 

�e�n�h�a�n�c�e�m�e�n�t�s�.� �T�h�e� �a�b�i�l�i�t�y� �t�o� �r�o�t�a�t�e� �t�h�e� �s�c�e�n�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�m�p�r�o�v�e�d� �t�h�e� 

�a�c�c�u�r�a�c�y� �o�f� �j�u�d�g�m�e�n�t�s� �f�o�r� �o�b�j�e�c�t� �e�l�e�v�a�t�i�o�n�.� 

�L�a�s�t�l�y�,� �i�n� �a� �d�i�f�f�e�r�e�n�t� �a�p�p�r�o�a�c�h� �t�o� �r�e�d�u�c�e� �p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s� �f�o�u�n�d� �i�n� 

�p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�,� �T�h�a�r�p� �a�n�d� �E�l�l�i�s� �(�1�9�9�0�)� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�r�a�i�n�i�n�g� �c�o�u�l�d� 

�2�0



�r�e�d�u�c�e�,� �b�u�t� �n�o�t� �e�l�i�m�i�n�a�t�e�,� �e�r�r�o�r�s� �f�o�r� �e�x�o�c�e�n�t�r�i�c� �d�i�r�e�c�t�i�o�n� �j�u�d�g�m�e�n�t�s�.� �T�h�e� 

�t�r�a�i�n�i�n�g� �i�n�c�l�u�d�e�d� �p�r�e�s�e�n�t�i�n�g� �e�r�r�o�r� �f�e�e�d�b�a�c�k� �a�f�t�e�r� �a� �d�i�r�e�c�t�i�o�n� �j�u�d�g�m�e�n�t� �w�a�s� 

�m�a�d�e� �b�y� �d�i�s�p�l�a�y�i�n�g� �a�n� �o�b�j�e�c�t� �i�n� �t�h�e� �j�u�d�g�e�d� �p�o�s�i�t�i�o�n� �t�o� �t�h�a�t� �o�f� �t�h�e� �t�r�u�e� 

�p�o�s�i�t�i�o�n� �o�f� �a�n� �o�b�j�e�c�t�.� �U�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d�,� �o�b�s�e�r�v�e�r�s� �c�o�n�t�i�n�u�e�d� �t�o� �l�e�a�r�n� �u�n�t�i�l� 

�t�h�e� �a�m�p�l�i�t�u�d�e� �o�f� �t�h�e� �e�r�r�o�r� �a�s�y�m�p�t�o�t�e�d� �a�t� �a�b�o�u�t� �3�3�%� �o�f� �t�h�e� �b�a�s�e�l�i�n�e�;� 

�h�o�w�e�v�e�r�,� �i�t� �w�a�s� �c�l�e�a�r� �t�h�a�t� �t�h�e� �e�r�r�o�r� �w�o�u�l�d� �n�o�t� �g�o� �t�o� �0� �w�i�t�h� �t�h�e� �t�r�a�i�n�i�n�g� 

�m�e�t�h�o�d� �a�l�o�n�e�.� �T�h�e�s�e� �m�e�t�h�o�d�s� �c�l�e�a�r�l�y� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t� �v�i�s�u�a�l� �e�n�h�a�n�c�e�m�e�n�t�s� 

�c�a�n� �r�e�d�u�c�e�,� �i�f� �n�o�t� �e�l�i�m�i�n�a�t�e�,� �t�h�e� �p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s� �w�h�i�c�h� �a�r�e� �m�a�n�i�f�e�s�t�e�d� �i�n� 

�p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�.� 

�F�i�e�l�d�-�o�f�-�v�i�e�w� 

�W�i�t�h� �r�e�c�e�n�t� �a�d�v�a�n�c�e�s� �i�n� �d�i�s�p�l�a�y� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �c�o�m�p�u�t�e�r� �p�r�o�c�e�s�s�i�n�g� 

�o�u�t�p�u�t�s�,� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �i�n�c�r�e�a�s�i�n�g�l�y� �b�e�i�n�g� �p�r�e�s�e�n�t�e�d� �o�n� �3�D� �(�p�e�r�s�p�e�c�t�i�v�e� 

�a�n�d�/�o�r� �s�t�e�r�e�o�s�c�o�p�i�c�)� �d�i�s�p�l�a�y�s� �w�h�e�r�e� �F�O�V�/�G�F�O�V� �c�a�n� �b�e� �m�a�n�i�p�u�l�a�t�e�d�.� 

�B�e�c�a�u�s�e� �o�f� �p�r�a�c�t�i�c�a�l� �l�i�m�i�t�a�t�i�o�n�s� �i�n� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �h�a�r�d�w�a�r�e�,� �a�n�d� 

�l�i�m�i�t�a�t�i�o�n�s� �i�n� �p�r�o�c�e�s�s�i�n�g� �s�p�e�e�d�s� �d�e�m�a�n�d�e�d� �b�y� �l�a�r�g�e� �F�O�V�s�,� �3�D� �c�o�m�p�u�t�e�r� 

�r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f�t�e�n� �r�e�s�t�r�i�c�t� �t�h�e� �F�O�V�/�G�F�O�V� �w�i�t�h�o�u�t� �c�o�n�s�i�d�e�r�a�t�i�o�n� �f�o�r� �t�h�e� 

�c�o�n�s�e�q�u�e�n�c�e�s� �o�n� �u�s�e�r�s�'� �p�e�r�f�o�r�m�a�n�c�e�.� �S�t�u�d�i�e�s� �e�v�a�l�u�a�t�i�n�g� �r�e�s�t�r�i�c�t�e�d� �F�O�V� �i�n� 

�t�h�e� �r�e�a�l�-�w�o�r�l�d� �a�r�e� �h�e�l�p�f�u�l� �f�o�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �p�r�o�b�l�e�m�s� �t�h�a�t� �c�a�n� �a�r�i�s�e� �i�n� �V�E�s�.� 

�F�i�e�l�d�-�o�f�-�v�i�e�w�:� �r�e�a�l�-�w�o�r�l�d�.� �I�n� �t�h�e� �r�e�a�l�-�w�o�r�l�d�,� �t�h�e� �m�a�x�i�m�u�m� �n�o�r�m�a�l� 

�a�c�h�r�o�m�a�t�i�c� �b�i�n�o�c�u�l�a�r� �f�i�e�l�d�-�o�f�-�v�i�e�w� �(�F�O�V�)� �f�o�r� �t�h�e� �v�i�s�u�a�l� �s�y�s�t�e�m� �i�s� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �+� �1�0�0� �x� �+� �6�0� �(�d�e�g�r�e�e�s� �a�z�i�m�u�t�h� �x� �d�e�g�r�e�e�s� �e�l�e�v�a�t�i�o�n�)� �(�B�o�f�f� �a�n�d� 

�L�i�n�c�o�l�n�,� �1�9�8�8�;� �H�a�r�r�i�n�g�t�o�n�,� �1�9�6�4�)�.� �T�h�i�s� �v�i�s�u�a�l� �f�i�e�l�d� �i�s� �c�o�m�p�r�i�s�e�d� �o�f� �a�n� 

�i�r�r�e�g�u�l�a�r�l�y� �s�h�a�p�e�d� �e�l�l�i�p�s�e� �c�r�e�a�t�e�d� �f�r�o�m� �t�h�e� �o�v�e�r�l�a�p�p�i�n�g� �m�o�n�o�c�u�l�a�r� �F�O�V�s� �o�f� 

�b�o�t�h� �e�y�e�s�.� 
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�M�u�c�h� �o�f� �t�h�e� �v�i�s�u�a�l� �a�d�a�p�t�a�t�i�o�n� �r�e�s�e�a�r�c�h�,� �w�h�e�r�e� �o�b�s�e�r�v�e�r�s� �l�o�o�k� �t�h�r�o�u�g�h� 

�s�p�e�c�t�a�c�l�e�s� �w�h�i�c�h� �a�l�t�e�r� �t�h�e�i�r� �v�i�s�u�a�l� �f�i�e�l�d�,� �h�a�s� �o�f�t�e�n� �s�e�v�e�r�e�l�y� �r�e�s�t�r�i�c�t�e�d� �t�h�e� 

�F�O�V� �o�f� �p�a�r�t�i�c�i�p�a�n�t�s� �w�i�t�h�o�u�t� �c�o�n�s�i�d�e�r�a�t�i�o�n� �f�o�r� �i�t�s� �i�m�p�a�c�t� �o�n� �p�e�r�f�o�r�m�a�n�c�e�.� 

�D�o�l�e�z�a�l� �(�1�9�8�2�)�,� �w�h�i�l�e� �t�r�y�i�n�g� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �c�o�n�f�o�u�n�d�i�n�g� �e�f�f�e�c�t�s� �o�f� �r�e�s�t�r�i�c�t�e�d� 

�F�O�V� �o�n� �a�d�a�p�t�a�t�i�o�n� �r�e�s�e�a�r�c�h�,� �w�o�r�e� �t�w�o� �p�a�p�e�r� �t�u�b�e�s� �f�o�r� �6� �d�a�y�s�,� �r�e�s�t�r�i�c�t�i�n�g� �h�i�s� 

�v�i�s�u�a�l� �a�n�g�l�e� �t�o� �1�2�°� �h�o�r�i�z�o�n�t�a�l� �x� �1�1�°� �v�e�r�t�i�c�a�l�.� �D�o�l�e�z�a�l�'�s� �s�t�u�d�y� �h�a�d� �s�e�v�e�r�a�l� 

�c�o�n�s�e�q�u�e�n�c�e�s� �o�n� �h�i�s� �a�b�i�l�i�t�y� �t�o� �p�e�r�c�e�i�v�e� �a�n�d� �i�n�t�e�r�a�c�t� �w�i�t�h� �h�i�s� �e�n�v�i�r�o�n�m�e�n�t�:� 

�D�u�r�i�n�g� �h�e�a�d� �m�o�v�e�m�e�n�t�s�,� �t�h�e� �F�O�V� �a�p�p�e�a�r�e�d� �t�o� �s�w�e�e�p� �o�v�e�r� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �h�e�a�d� �m�o�v�e�m�e�n�t�s� �h�a�d� �t�o� �b�e� �s�u�b�s�t�i�t�u�t�e�d� �f�o�r� �l�a�r�g�e� �e�y�e� �m�o�v�e�m�e�n�t�s�.� 

�W�i�t�h� �a� �n�o�r�m�a�l� �F�O�V�,� �m�u�c�h� �o�f� �t�h�e� �v�i�s�u�a�l� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �s�h�a�r�e�d� �f�r�o�m� �o�n�e� �h�e�a�d� 

�m�o�v�e�m�e�n�t� �t�o� �t�h�e� �n�e�x�t�.� �W�i�t�h� �a� �r�e�s�t�r�i�c�t�e�d� �F�O�V�,� �h�o�w�e�v�e�r�,� �s�u�c�c�e�s�s�i�v�e� �h�e�a�d� 

�m�o�v�e�m�e�n�t�s� �h�a�v�e� �l�i�t�t�l�e� �o�r� �n�o� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �c�o�m�m�o�n�.� �C�o�n�t�i�n�u�i�t�y� �o�f� �t�h�e� 

�v�i�s�u�a�l� �w�o�r�l�d� �d�e�p�e�n�d�s� �o�n� �t�h�e� �o�v�e�r�l�a�p� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �a�c�r�o�s�s� �s�u�c�c�e�s�s�i�v�e� �F�O�V�s�.� 

�I�n� �f�a�c�t�,� �r�e�d�u�c�i�n�g� �t�h�e� �p�e�r�i�p�h�e�r�a�l� �v�i�s�i�o�n�,� �r�e�d�u�c�e�d� �t�h�e� �a�m�o�u�n�t� �o�f� �i�n�f�o�r�m�a�t�i�o�n� 

�n�e�c�e�s�s�a�r�y� �f�o�r� �e�f�f�e�c�t�i�v�e� �o�r�i�e�n�t�a�t�i�o�n� �a�n�d� �l�o�c�o�m�o�t�i�o�n�.� 

�T�h�e� �r�e�s�t�r�i�c�t�e�d� �F�O�V� �h�a�d� �t�w�o� �c�o�n�s�e�q�u�e�n�c�e�s�:� �1�)� �t�h�e� �a�m�o�u�n�t� �o�f� 

�p�e�r�i�p�h�e�r�a�l� �i�n�f�o�r�m�a�t�i�o�n� �w�a�s� �r�e�d�u�c�e�d�,� �a�n�d� �2�)� �t�h�e� �o�v�e�r�l�a�p� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �w�a�s� 

�r�e�d�u�c�e�d� �b�e�t�w�e�e�n� �s�u�c�c�e�s�s�i�v�e� �F�O�V�s�.� �O�n�e� �o�f� �t�h�e� �m�o�s�t� �s�i�g�n�i�f�i�c�a�n�t� �f�i�n�d�i�n�g�s� �o�f� 

�D�o�l�e�z�a�l�'�s� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �t�h�a�t� �h�i�s� �a�b�i�l�i�t�y� �t�o� �d�e�v�e�l�o�p� �a� �c�o�g�n�i�t�i�v�e� �m�a�p� �o�f� 

�u�n�f�a�m�i�l�i�a�r� �p�l�a�c�e�s� �w�a�s� �s�e�v�e�r�e�l�y� �i�m�p�a�i�r�e�d�.� �A�s� �a� �r�e�s�u�l�t�,� �h�e� �h�a�d� �d�i�f�f�i�c�u�l�t�y� 

�o�r�i�e�n�t�i�n�g� �h�i�m�s�e�l�f� �i�n� �u�n�f�a�m�i�l�i�a�r� �s�p�a�c�e�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �o�b�j�e�c�t�s� 

�i�n� �p�l�a�c�e�s� �w�a�s� �a�l�s�o� �m�i�s�j�u�d�g�e�d�.� �D�o�l�e�z�a�l� �(�1�9�8�2�)� �s�t�a�t�e�s� �t�h�a�t�,� �"�T�h�e� �p�e�r�c�e�p�t�i�o�n� 

�a�n�d� �h�e�n�c�e� �c�o�n�c�e�p�t�i�o�n� �o�f� �t�h�e� �v�i�s�u�a�l� �w�o�r�l�d� �i�s� �e�v�i�d�e�n�t�l�y� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �t�h�e� 

�s�i�z�e� �o�f� �t�h�e� �F�O�V�.�.�.�"� �T�h�i�s� �l�a�c�k� �i�n� �t�h�e� �a�b�i�l�i�t�y� �t�o� �m�a�i�n�t�a�i�n� �o�r�i�e�n�t�a�t�i�o�n� �a�n�d� 
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�d�e�v�e�l�o�p� �a� �c�o�g�n�i�t�i�v�e� �m�a�p� �o�f� �t�h�e� �s�u�r�r�o�u�n�d�i�n�g�s� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �i�n�a�b�i�l�i�t�y� �t�o� 

�u�n�d�e�r�s�t�a�n�d� �t�h�e� �m�e�a�n�i�n�g� �o�f� �o�n�g�o�i�n�g� �e�v�e�n�t�s�.� 

�L�a�s�t�l�y�,� �t�h�e� �r�e�s�t�r�i�c�t�e�d� �F�O�V� �a�l�s�o� �r�e�s�u�l�t�e�d� �i�n� �s�i�z�e� �a�n�d� �d�i�s�t�a�n�c�e� 

�u�n�d�e�r�e�s�t�i�m�a�t�i�o�n�,� �c�a�u�s�i�n�g� �o�b�j�e�c�t�s� �t�o� �a�p�p�e�a�r� �n�e�a�r�e�r� �a�n�d� �s�m�a�l�l�e�r�.� �O�n�e� 

�p�l�a�u�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �g�i�v�e�n� �i�s� �t�h�a�t� �b�e�c�a�u�s�e� �t�h�e� �v�i�s�u�a�l� �s�c�e�n�e� �i�s� �d�e�p�r�i�v�e�d� �o�f� 

�c�o�n�t�e�x�t�,� �t�h�e� �o�b�s�e�r�v�e�r� �i�s� �o�n�l�y� �a�b�l�e� �t�o� �b�a�s�e� �s�i�z�e� �a�n�d� �d�i�s�t�a�n�c�e� �j�u�d�g�m�e�n�t�s� �o�n� 

�r�e�t�i�n�a�l� �i�m�a�g�e� �s�i�z�e�.� 

�H�a�g�e�n�,� �J�o�n�e�s�,� �a�n�d� �R�e�e�d� �(�1�9�7�8�)� �l�o�o�k�e�d� �a�t� �t�h�e� �p�e�r�c�e�p�t�u�a�l� �e�f�f�e�c�t�s� �o�f� 

�r�e�s�t�r�i�c�t�e�d� �F�O�V� �f�o�r� �e�s�t�i�m�a�t�i�n�g� �s�i�z�e� �a�n�d� �d�i�s�t�a�n�c�e� �i�n� �p�i�c�t�o�r�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s�.� 

�O�b�s�e�r�v�e�r�s� �v�i�e�w�e�d� �s�t�i�m�u�l�i� �u�n�d�e�r� �f�o�u�r� �d�i�f�f�e�r�e�n�t� �m�o�n�o�c�u�l�a�r� �c�o�n�d�i�t�i�o�n�s�:� 

�u�n�r�e�s�t�r�i�c�t�e�d� �m�o�n�o�c�u�l�a�r� �v�i�e�w�,� �p�e�e�p�h�o�l�e� �v�i�e�w�,� �v�i�e�w� �b�o�u�n�d�e�d� �b�y� �a� �r�e�c�t�a�n�g�u�l�a�r� 

�f�r�a�m�e�,� �a�n�d� �s�t�i�m�u�l�i� �v�i�e�w�e�d� �o�n� �p�h�o�t�o�g�r�a�p�h�e�d� �s�l�i�d�e�s�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �r�e�q�u�i�r�e�d� 

�t�o� �s�c�a�l�e� �t�h�e� �s�i�z�e� �a�n�d� �d�i�s�t�a�n�c�e� �o�f� �t�r�i�a�n�g�l�e�s� �a�t� �d�i�f�f�e�r�e�n�t� �d�i�s�t�a�n�c�e�s�.� �T�h�e� �r�e�s�u�l�t�s� 

�i�l�l�u�s�t�r�a�t�e�d� �t�h�a�t�,� �i�n� �a�l�l� �o�f� �t�h�e� �t�r�u�n�c�a�t�e�d� �F�O�V� �c�o�n�d�i�t�i�o�n�s�,� �o�b�s�e�r�v�e�r�s� �e�x�p�e�r�i�e�n�c�e�d� 

�a� �c�o�m�p�r�e�s�s�e�d� �d�i�s�t�a�n�c�e� �p�e�r�c�e�p�t�i�o�n�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t�e�r�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� 

�s�i�z�e� �a�n�d� �d�i�s�t�a�n�c�e� �c�o�m�p�r�e�s�s�i�o�n� �w�a�s� �d�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �v�i�s�u�a�l� �i�n�f�o�r�m�a�t�i�o�n� 

�a�v�a�i�l�a�b�l�e� �i�n� �t�h�e� �f�o�r�e�g�r�o�u�n�d� �f�r�o�m� �t�h�e� �o�b�s�e�r�v�e�r� �t�o� �t�h�e� �v�i�s�u�a�l� �s�c�e�n�e�.� �T�h�e� 

�t�r�u�n�c�a�t�i�o�n� �i�n� �t�h�e� �f�o�r�e�g�r�o�u�n�d� �o�f� �t�h�e� �F�O�V� �c�o�m�p�r�e�s�s�e�d� �t�h�e� �s�i�z�e� �a�n�d� �d�i�s�t�a�n�c�e� 

�p�e�r�c�e�p�t�i�o�n� �p�r�o�d�u�c�i�n�g� �a� �t�e�l�e�p�h�o�t�o� �e�f�f�e�c�t�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t�e�r�s� �h�y�p�o�t�h�e�s�i�z�e�d� 

�t�h�a�t�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �l�a�c�k� �o�f� �f�o�r�e�g�r�o�u�n�d� �d�i�s�t�a�n�c�e� �i�n�f�o�r�m�a�t�i�o�n�,� �p�a�r�t�i�c�i�p�a�n�t�s� 

�a�d�d�e�d� �a� �s�m�a�l�l� �f�i�x�e�d� �v�a�l�u�e� �t�o� �a�l�l� �o�f� �t�h�e�i�r� �d�i�s�t�a�n�c�e� �j�u�d�g�m�e�n�t�s�.� �T�h�e�s�e� �r�e�s�u�l�t�s� 

�s�u�p�p�o�r�t� �t�h�e� �a�r�g�u�m�e�n�t� �t�h�a�t� �p�h�o�t�o�g�r�a�p�h�s�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �3�D� �p�e�r�s�p�e�c�t�i�v�e� 

�d�i�s�p�l�a�y�s�,� �c�a�n� �r�e�s�u�l�t� �i�n� �s�i�z�e� �a�n�d� �d�i�s�t�a�n�c�e� �d�i�s�t�o�r�t�i�o�n�.� 

�T�o� �e�x�a�m�i�n�e� �t�h�e� �r�o�l�e� �o�f� �r�e�s�t�r�i�c�t�i�n�g� �t�h�e� �F�O�V� �o�n� �p�e�r�c�e�p�t�u�a�l� �a�n�d� 

�p�e�r�f�o�r�m�a�n�c�e� �e�f�f�e�c�t�s� �f�o�r� �f�o�r�m�i�n�g� �a� �c�o�g�n�i�t�i�v�e� �m�a�p�,� �A�l�f�a�n�o� �a�n�d� �M�i�c�h�e�l� �(�1�9�9�0�)� 
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�t�r�u�n�c�a�t�e�d� �t�h�e� �F�O�V� �o�f� �o�b�s�e�r�v�e�r�s� �t�o� �9�°�,� �1�4�°�,� �2�2�°�,� �a�n�d� �6�0�°� �u�s�i�n�g� �v�i�s�i�o�n� �g�o�g�g�l�e�s� 

�w�h�i�l�e� �t�h�e�y� �e�x�a�m�i�n�e�d� �a� �r�o�o�m� �t�h�a�t� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �u�n�s�e�e�n�.� �F�o�r� �t�h�e� �c�o�g�n�i�t�i�v�e� 

�m�a�p� �t�a�s�k�,� �t�h�e�r�e� �w�a�s� �a�l�s�o� �a� �c�o�n�t�r�o�l� �g�r�o�u�p� �t�h�a�t� �v�i�e�w�e�d� �t�h�e� �r�o�o�m� �w�i�t�h� �a� �n�o�r�m�a�l� 

�F�O�V�.� �A�n� �1�1� �x� �1�9� �f�o�o�t� �r�o�o�m� �w�a�s� �f�u�r�n�i�s�h�e�d� �w�i�t�h� �c�o�m�m�o�n� �i�t�e�m�s�,� �s�u�c�h� �a�s� 

�c�h�a�i�r�s�,� �b�o�o�k�c�a�s�e�,� �l�a�m�p�,� �e�t� �c�e�t�e�r�a�.� �P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �s�c�a�n� �t�h�e� 

�r�o�o�m� �f�o�r� �6�0� �s�e�c�o�n�d�s�,� �a�n�d� �t�h�e�n� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �r�e�c�r�e�a�t�e� �t�h�e� �l�a�y�o�u�t� �o�f� �t�h�e� 

�r�o�o�m� �o�n� �a� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �f�l�o�o�r�-�s�p�a�c�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� �A�c�c�u�r�a�c�y� �f�o�r� 

�r�e�c�r�e�a�t�i�n�g� �t�h�e� �s�p�a�t�i�a�l� �l�a�y�o�u�t�,� �b�y� �p�l�a�c�i�n�g� �i�t�e�m�s� �o�n� �t�h�e� �l�a�y�o�u�t� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�,� 

�w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �d�e�g�r�e�e� �o�f� �r�e�s�t�r�i�c�t�i�o�n� �i�n� �t�h�e� �F�O�V�.� �P�o�s�t�-�h�o�c� 

�t�e�s�t�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e� �9�°� �a�n�d� �1�4�°� �F�O�V� �c�o�n�d�i�t�i�o�n�s� �f�a�i�l�e�d� �t�o� �p�l�a�c�e� �a�s� �m�a�n�y� 

�i�t�e�m�s� �a�s� �t�h�e� �f�u�l�l� �F�O�V� �g�r�o�u�p�.� �A�l�s�o�,� �t�h�e� �g�r�e�a�t�e�r� �t�h�e� �t�r�u�n�c�a�t�i�o�n� �i�n� �t�h�e� �F�O�V�,� �t�h�e� 

�f�e�w�e�r� �i�t�e�m�s� �t�h�a�t� �w�e�r�e� �r�e�p�l�a�c�e�d� �f�o�r� �e�a�c�h� �s�u�c�c�e�s�s�i�v�e� �r�e�s�t�r�i�c�t�e�d� �F�O�V� �c�o�n�d�i�t�i�o�n�.� 

�F�o�l�l�o�w�i�n�g� �u�p� �w�i�t�h� �a� �p�o�s�t�-�t�e�s�t� �i�n�t�e�r�v�i�e�w�,� �8�2�%� �o�r� �b�e�t�t�e�r� �o�f� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �i�n� 

�a�l�l� �o�f� �t�h�e� �r�e�s�t�r�i�c�t�e�d� �F�O�V� �c�o�n�d�i�t�i�o�n�s� �r�e�s�p�o�n�d�e�d� �t�h�a�t� �t�h�e�y� �h�a�d� �p�e�r�c�e�i�v�e�d� �t�h�e� 

�r�o�o�m� �t�o� �h�a�v�e� �c�h�a�n�g�e�d� �a�p�p�e�a�r�a�n�c�e� �i�n� �s�i�z�e� �(�l�a�r�g�e�r� �o�r� �s�m�a�l�l�e�r�)� �w�h�e�n� �t�h�e�y� 

�r�e�v�i�s�i�t�e�d� �t�h�e� �r�o�o�m� �w�i�t�h� �a�n� �u�n�r�e�s�t�r�i�c�t�e�d� �F�O�V�.� 

�M�a�n�y� �o�f� �t�h�e� �r�e�s�u�l�t�s� �b�e�i�n�g� �d�i�s�c�u�s�s�e�d� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �p�e�r�i�p�h�e�r�a�l� 

�i�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e� �i�n� �l�a�r�g�e� �F�O�V�s�,� �a�n�d� �i�t�s� �o�v�e�r�l�a�p�,� �a�r�e� �n�e�c�e�s�s�a�r�y� �t�o� �e�n�a�b�l�e� 

�h�u�m�a�n�s� �t�o� �c�o�n�s�t�r�u�c�t� �a�n� �a�c�c�u�r�a�t�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e�i�r� �e�n�v�i�r�o�n�m�e�n�t�.� �A�n�d� 

�t�h�a�t� �a�c�c�u�r�a�t�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �o�n�e�'�s� �s�u�r�r�o�u�n�d�i�n�g�s� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �p�e�r�f�o�r�m� 

�s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �t�a�s�k�s� �e�f�f�e�c�t�i�v�e�l�y�.� 

�F�i�e�l�d�-�o�f�-�v�i�e�w�:� �s�t�e�r�e�o�s�c�o�p�i�c� �d�i�s�p�l�a�y�s�.� �M�u�c�h� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �c�o�n�d�u�c�t�e�d� 

�i�n� �t�h�e� �r�e�a�l�-�w�o�r�l�d� �o�n� �F�O�V� �h�a�s� �b�e�e�n� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �h�o�w� �t�h�e� �v�i�s�u�a�l� �s�y�s�t�e�m� 

�u�s�e�s� �p�e�r�i�p�h�e�r�a�l� �v�i�s�i�o�n�,� �n�o�t� �o�n�l�y� �f�o�r� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n�,� �b�u�t� �a�l�s�o� �f�o�r� 

�v�i�s�u�o�m�o�t�o�r� �a�c�t�i�v�i�t�i�e�s� �l�i�k�e� �w�a�l�k�i�n�g� �a�n�d� �r�e�a�c�h�i�n�g� �f�o�r� �o�b�j�e�c�t�s�.� �R�e�c�e�n�t�l�y� �w�i�t�h� 
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�t�h�e� �a�d�v�e�n�t� �o�f� �V�R� �t�e�c�h�n�o�l�o�g�y�,� �h�u�m�a�n�s� �a�r�e� �e�x�p�e�r�i�e�n�c�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� 

�a�n�a�l�o�g� �c�o�m�p�u�t�e�r� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �w�h�i�c�h� �p�r�o�v�i�d�e� �t�h�e�m� �w�i�t�h� �s�i�m�u�l�a�t�e�d� �3�D� 

�e�n�v�i�r�o�n�m�e�n�t�s�.� �B�e�c�a�u�s�e� �t�h�e�s�e� �c�o�m�p�u�t�e�r�-�s�i�m�u�l�a�t�e�d� �3�D� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f�t�e�n� 

�f�a�l�l� �s�h�o�r�t� �o�f� �a�c�c�u�r�a�t�e�l�y� �d�e�p�i�c�t�i�n�g� �t�h�e� �r�e�a�l�-�w�o�r�l�d�,� �a�n�d� �b�e�c�a�u�s�e� �o�f� �o�t�h�e�r� 

�l�i�m�i�t�a�t�i�o�n�s� �o�f� �t�h�e� �t�e�c�h�n�o�l�o�g�y�,� �l�i�k�e� �h�o�w� �u�s�e�r�s� �n�a�v�i�g�a�t�e� �i�n� �V�E� �s�p�a�c�e�s�,� 

�r�e�s�t�r�i�c�t�e�d� �F�O�V�s� �i�n� �s�i�m�u�l�a�t�e�d� �s�p�a�c�e�s� �p�l�a�c�e� �e�v�e�n� �g�r�e�a�t�e�r� �d�e�m�a�n�d�s� �o�n� �t�h�e� 

�s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �a�b�i�l�i�t�y� �o�f� �u�s�e�r�s�.� �W�e�l�l�s�,� �V�e�n�t�u�r�i�n�o� �a�n�d� �O�s�g�o�o�d� �(�1�9�8�8�)� 

�c�o�m�p�a�r�e�d� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �p�a�r�t�i�c�i�p�a�n�t�s� �u�n�d�e�r� �v�a�r�i�o�u�s� �d�i�f�f�e�r�e�n�t� �s�i�z�e� �F�O�V�s� 

�u�s�i�n�g� �t�h�e� �V�i�s�u�a�l�l�y� �C�o�u�p�l�e�d� �A�i�r�b�o�r�n�e� �S�y�s�t�e�m�s� �S�i�m�u�l�a�t�o�r� �(�V�C�A�S�S�)�,� �w�h�i�c�h� 

�u�t�i�l�i�z�e�s� �h�e�a�d�-�m�o�u�n�t�e�d� �V�E� �t�e�c�h�n�o�l�o�g�y�.� �O�n�e� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�t� �i�s�s�u�e�s� �u�n�d�e�r� 

�c�o�n�s�i�d�e�r�a�t�i�o�n� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �t�h�e� �d�e�g�r�e�e� �o�f� �s�p�a�t�i�a�l� �a�w�a�r�e�n�e�s�s� 

�e�x�p�e�r�i�e�n�c�e�d�,� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �d�e�g�r�e�e� �t�o� �w�h�i�c�h� �s�t�a�t�i�o�n�a�r�y� �t�a�r�g�e�t�s� �c�o�u�l�d� �b�e� 

�a�c�q�u�i�r�e�d�,� �m�e�m�o�r�i�z�e�d�,� �a�n�d� �t�h�e�n� �r�e�c�a�l�l�e�d�.� �R�e�c�a�l�l� �w�a�s� �t�e�s�t�e�d� �b�y� �a� �r�e�p�l�a�c�e�m�e�n�t� 

�p�r�o�c�e�d�u�r�e� �t�h�a�t� �r�e�q�u�i�r�e�d� �p�a�r�t�i�c�i�p�a�n�t�s� �t�o� �p�o�i�n�t� �t�o� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �p�r�e�v�i�o�u�s�l�y� 

�m�e�m�o�r�i�z�e�d� �t�a�r�g�e�t�s� �o�n�c�e� �t�h�e�y� �h�a�d� �b�e�e�n� �r�e�m�o�v�e�d�,� �u�s�i�n�g� �t�h�e� �c�r�o�s�s� �h�a�i�r�s� �o�n� �t�h�e� 

�d�i�s�p�l�a�y�.� �T�h�e� �t�r�i�g�g�e�r� �o�n� �a� �j�o�y�s�t�i�c�k� �w�a�s� �t�h�e�n� �u�s�e�d� �t�o� �r�e�p�l�a�c�e� �t�h�e� �i�t�e�m�s� �i�n� �t�h�e�i�r� 

�o�r�i�g�i�n�a�l� �p�o�s�i�t�i�o�n�.� �S�e�a�r�c�h� �t�i�m�e� �w�a�s� �s�h�o�w�n� �t�o� �b�e� �s�e�n�s�i�t�i�v�e� �t�o� �F�O�V� 

�m�a�n�i�p�u�l�a�t�i�o�n�s�.� �I�n�c�r�e�a�s�i�n�g� �s�e�a�r�c�h� �t�i�m�e�s� �a�c�c�o�m�p�a�n�i�e�d� �d�e�c�r�e�a�s�i�n�g� �F�O�V�s�.� �T�h�e� 

�e�x�p�l�a�n�a�t�i�o�n� �g�i�v�e�n� �f�o�r� �t�h�i�s� �d�i�s�c�o�v�e�r�y� �w�a�s� �t�h�a�t� �f�i�n�d�i�n�g� �a�n�d� �t�h�e�n� �r�e�-�f�i�n�d�i�n�g� 

�t�a�r�g�e�t�s� �w�a�s� �i�m�p�a�i�r�e�d� �b�e�c�a�u�s�e� �o�f� �m�e�m�o�r�y� �d�e�m�a�n�d�s� �p�l�a�c�e�d� �o�n� �p�a�r�t�i�c�i�p�a�n�t�s�.� 

�H�o�w�e�v�e�r�,� �r�e�p�l�a�c�e�m�e�n�t� �e�r�r�o�r� �f�o�r� �t�h�e� �t�a�r�g�e�t�s� �w�a�s� �u�n�a�f�f�e�c�t�e�d� �b�y� �F�O�V�.� �T�h�e� 

�f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t� �t�h�a�t� �o�n�c�e� �t�h�e� �t�a�r�g�e�t�s� �w�e�r�e� �a�c�q�u�i�r�e�d� �a�n�d� �m�e�m�o�r�i�z�e�d�,� �r�e�c�a�l�l� 

�a�n�d� �r�e�p�l�a�c�e�m�e�n�t� �w�a�s� �n�o�t� �i�m�p�a�i�r�e�d� �b�y� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s�.� 

�F�u�r�t�h�e�r� �d�a�t�a� �a�n�a�l�y�s�i�s� �o�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �(�V�e�n�t�u�r�i�n�o� �a�n�d� �W�e�l�l�s�,� �1�9�9�0�)� 

�r�e�v�e�a�l�e�d� �t�h�a�t� �F�O�V� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �n�o�t� �o�n�l�y� �t�h�e� �n�u�m�b�e�r� �o�f� �h�e�a�d� 
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�m�o�v�e�m�e�n�t�s�,� �b�u�t� �a�l�s�o� �t�h�e�i�r� �v�e�l�o�c�i�t�y�.� �F�e�w�e�r�,� �b�u�t� �f�a�s�t�e�r�,� �h�e�a�d�-�m�o�v�e�m�e�n�t�s� �w�e�r�e� 

�f�o�u�n�d� �w�i�t�h� �l�a�r�g�e�r� �F�O�V�s�.� �N�o�t� �s�u�r�p�r�i�s�i�n�g�l�y�,� �t�h�e�r�e� �w�a�s� �a� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� 

�t�i�m�e� �t�o� �a�c�q�u�i�r�e� �a�n�d� �m�e�m�o�r�i�z�e� �t�a�r�g�e�t� �l�o�c�a�t�i�o�n�s� �a�n�d� �h�e�a�d� �m�o�v�e�m�e�n�t�.� �A�s� �t�h�e� 

�F�O�V� �w�a�s� �i�n�c�r�e�a�s�e�d�,� �s�u�b�j�e�c�t�s� �r�e�q�u�i�r�e�d� �l�e�s�s� �t�i�m�e� �f�o�r� �a�c�q�u�i�r�i�n�g� �a�n�d� 

�m�e�m�o�r�i�z�i�n�g� �t�a�r�g�e�t� �p�o�s�i�t�i�o�n�,� �r�e�s�u�l�t�i�n�g� �i�n� �f�e�w�e�r� �h�e�a�d� �m�o�v�e�m�e�n�t�s�.� �O�n�e� 

�i�n�t�e�r�e�s�t�i�n�g� �f�i�n�d�i�n�g� �i�s� �t�h�a�t� �w�h�e�n� �a� �t�e�r�r�a�i�n� �v�e�r�s�u�s� �a� �b�l�a�n�k� �b�a�c�k�g�r�o�u�n�d� �w�e�r�e� 

�c�o�m�p�a�r�e�d�,� �p�a�r�t�i�c�i�p�a�n�t�s� �a�p�p�e�a�r�e�d� �t�o� �b�e� �m�a�t�c�h�i�n�g� �t�a�r�g�e�t�s� �w�i�t�h� �t�e�r�r�a�i�n� �f�e�a�t�u�r�e�s�,� 

�w�h�i�c�h� �w�a�s� �i�n�d�i�c�a�t�e�d� �b�y� �s�l�o�w�e�r� �h�e�a�d� �m�o�v�e�m�e�n�t�s� �a�n�d� �a� �g�r�e�a�t�e�r� �r�e�c�a�l�l� �f�o�r� 

�t�a�r�g�e�t� �p�o�s�i�t�i�o�n�s� �i�n� �t�h�e� �t�e�r�r�a�i�n� �c�o�n�d�i�t�i�o�n� �o�v�e�r� �t�h�e� �b�l�a�n�k� �b�a�c�k�g�r�o�u�n�d�.� 

�I�n� �t�w�o� �f�o�l�l�o�w�-�u�p� �e�x�p�e�r�i�m�e�n�t�s�,� �V�e�n�t�u�r�i�n�o� �a�n�d� �K�u�n�z�e� �(�1�9�8�9�)� �l�o�o�k�e�d� �a�t� 

�t�h�e� �a�b�i�l�i�t�y� �o�f� �p�a�r�t�i�c�i�p�a�n�t�s� �t�o� �a�c�q�u�i�r�e�,� �m�e�m�o�r�i�z�e�,� �a�n�d� �r�e�c�a�l�l� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� 

�t�a�r�g�e�t�s� �i�n�a� �V�E� �u�s�i�n�g� �a� �H�M�D�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e�y� �m�a�n�i�p�u�l�a�t�e�d� �m�e�m�o�r�y� �l�o�a�d� 

�b�y� �v�a�r�y�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �t�a�r�g�e�t�s� �p�r�e�s�e�n�t�e�d�.� �T�h�e� �t�w�o� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� 

�i�d�e�n�t�i�c�a�l� �e�x�c�e�p�t� �f�o�r� �t�h�e� �n�u�m�b�e�r� �o�f� �t�a�r�g�e�t�s� �r�e�m�o�v�e�d� �d�u�r�i�n�g� �t�h�e� �r�e�p�l�a�c�e�m�e�n�t� 

�p�h�a�s�e�.� �I�n� �t�h�e� �f�i�r�s�t�,� �a�l�l� �o�f� �t�h�e� �t�a�r�g�e�t�s� �w�e�r�e� �r�e�m�o�v�e�d�,� �a�n�d� �i�n� �t�h�e� �s�e�c�o�n�d�,� �o�n�l�y� 

�t�h�e� �t�a�r�g�e�t�s� �t�o� �b�e� �r�e�p�l�a�c�e�d� �w�e�r�e� �r�e�m�o�v�e�d�.� �S�p�a�t�i�a�l� �c�o�g�n�i�t�i�o�n� �w�a�s� �a�g�a�i�n� 

�a�s�s�e�s�s�e�d� �b�y� �t�h�e� �t�a�r�g�e�t� �r�e�p�l�a�c�e�m�e�n�t� �p�r�o�c�e�d�u�r�e�.� �T�h�e�r�e� �w�e�r�e� �f�i�v�e� �l�e�v�e�l�s� �o�f� 

�F�O�V� �r�a�n�g�i�n�g� �f�r�o�m� �2�0� �x� �2�0� �t�o� �9�0� �x� �6�0� �(�d�e�g�r�e�e�s� �a�z�i�m�u�t�h� �x� �d�e�g�r�e�e�s� �e�l�e�v�a�t�i�o�n�)� 

�a�n�d� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �t�a�r�g�e�t� �m�e�m�o�r�y� �l�o�a�d� �(�3�,� �6�,� �a�n�d� �9�)�.� �I�n� �b�o�t�h� �e�x�p�e�r�i�m�e�n�t�s� 

�s�e�a�r�c�h� �t�i�m�e� �t�o� �a�c�q�u�i�r�e� �t�a�r�g�e�t�s� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �F�O�V� �a�f�f�o�r�d�e�d� 

�t�o� �t�h�e� �o�b�s�e�r�v�e�r�.� �T�h�e� �s�m�a�l�l�e�r� �t�h�e� �F�O�V�,� �t�h�e� �m�o�r�e� �t�i�m�e� �i�t� �t�o�o�k� �t�o� �a�c�q�u�i�r�e� �t�h�e� 

�i�n�f�o�r�m�a�t�i�o�n�.� �R�e�s�t�r�i�c�t�e�d� �F�O�V�s� �i�m�p�e�d�e� �t�h�e� �a�b�i�l�i�t�y� �o�f� �p�e�o�p�l�e� �t�o� �a�c�q�u�i�r�e� �s�p�a�t�i�a�l� 

�i�n�f�o�r�m�a�t�i�o�n�,� �a�n�d� �i�t� �r�e�q�u�i�r�e�s� �a� �g�r�e�a�t�e�r� �d�e�g�r�e�e� �o�f� �s�p�a�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n� 

�i�n�t�e�g�r�a�t�i�o�n� �i�n� �d�e�v�e�l�o�p�i�n�g� �a� �c�o�g�n�i�t�i�v�e� �m�a�p� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� 

�a�d�d�i�t�i�o�n�a�l� �b�u�r�d�e�n� �o�f� �i�n�t�e�g�r�a�t�i�n�g� �s�p�a�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s� 
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�p�l�a�c�e�s� �g�r�e�a�t�e�r� �d�e�m�a�n�d�s� �o�n� �h�e�a�d� �m�o�v�e�m�e�n�t�s�,� �m�e�m�o�r�y�,� �a�n�d� �a�t�t�e�n�t�i�o�n�a�l� 

�r�e�s�o�u�r�c�e�s�.� �E�v�e�n� �t�h�o�u�g�h� �t�h�e� �n�u�m�b�e�r� �o�f� �t�a�r�g�e�t�s� �d�i�d� �r�e�d�u�c�e� �p�a�r�t�i�c�i�p�a�n�t�s �� �s�p�a�t�i�a�l� 

�m�e�m�o�r�y�,� �a�s� �i�n� �t�h�e� �W�e�l�l�s� �e�t� �a�l�.� �(�1�9�8�8�)� �s�t�u�d�y�,� �F�O�V� �h�a�d� �n�o� �e�f�f�e�c�t� �o�n� 

�p�a�r�t�i�c�i�p�a�n�t�'�s� �a�b�i�l�i�t�i�e�s� �t�o� �u�t�i�l�i�z�e� �t�h�e�i�r� �m�e�n�t�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� 

�t�h�a�t� �h�a�d� �a�l�r�e�a�d�y� �b�e�e�n� �m�a�p�p�e�d� �i�n�t�o� �m�e�m�o�r�y�.� 

�T�h�e� �i�d�e�a� �t�h�a�t� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s� �p�l�a�c�e� �g�r�e�a�t�e�r� �d�e�m�a�n�d�s� �o�n� �m�e�m�o�r�y� �a�n�d� 

�a�t�t�e�n�t�i�o�n�a�l� �p�r�o�c�e�s�s� �w�a�s� �c�o�n�f�i�r�m�e�d� �b�y� �e�x�a�m�i�n�i�n�g� �h�o�w� �p�e�r�f�o�r�m�i�n�g� �a� �s�p�a�t�i�a�l� 

�c�o�g�n�i�t�i�o�n� �t�a�s�k� �u�n�d�e�r� �t�r�u�n�c�a�t�e�d� �F�O�V�s� �a�l�s�o� �r�e�s�u�l�t�e�d� �i�n� �d�e�c�r�e�a�s�i�n�g� 

�p�e�r�f�o�r�m�a�n�c�e� �o�n� �a� �s�e�c�o�n�d�a�r�y� �t�a�s�k� �(�W�e�l�l�s� �a�n�d� �V�e�n�t�u�r�i�n�o�,� �1�9�8�9�)�.� �A�g�a�i�n�,� 

�s�u�b�j�e�c�t�s� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �a�c�q�u�i�r�e�,� �m�e�m�o�r�i�z�e�,� �a�n�d� �r�e�p�l�a�c�e� �o�b�j�e�c�t�s� �i�n� �t�h�e�i�r� 

�o�r�i�g�i�n�a�l� �p�o�s�i�t�i�o�n� �o�n�c�e� �t�h�e�y� �h�a�d� �b�e�e�n� �r�e�m�o�v�e�d�;� �h�o�w�e�v�e�r�,� �i�n� �a�d�d�i�t�i�o�n�,� �s�u�b�j�e�c�t�s� 

�h�a�d� �t�o� �p�e�r�f�o�r�m� �a� �s�e�p�a�r�a�t�e� �t�r�a�c�k�i�n�g� �t�a�s�k�.� �T�h�i�s� �s�t�u�d�y� �e�f�f�e�c�t�i�v�e�l�y� �d�e�m�o�n�s�t�r�a�t�e�d� 

�t�h�a�t� �t�h�e�r�e� �i�s� �a� �c�o�s�t� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�e�c�r�e�a�s�i�n�g� �t�h�e� �F�O�V�.� �A�s� �t�h�e� �d�e�g�r�e�e� �o�f� 

�F�O�V� �r�e�s�t�r�i�c�t�i�o�n� �w�a�s� �i�n�c�r�e�a�s�e�d�,� �p�e�r�f�o�r�m�a�n�c�e� �o�n� �t�h�e� �s�e�c�o�n�d�a�r�y� �t�a�s�k� 

�d�e�c�r�e�a�s�e�d�.� �T�h�i�s� �f�i�n�d�i�n�g� �i�s� �i�m�p�o�r�t�a�n�t� �b�e�c�a�u�s�e� �i�t� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �d�e�c�r�e�m�e�n�t� 

�i�n� �p�e�r�f�o�r�m�a�n�c�e� �a�s� �a� �r�e�s�u�l�t� �o�f� �F�O�V� �r�e�s�t�r�i�c�t�i�o�n� �1�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �t�a�s�k� 

�d�i�f�f�i�c�u�l�t�y� �a�n�d�/�o�r� �t�h�e� �t�y�p�e� �o�f� �t�a�s�k�.� �B�e�c�a�u�s�e� �p�e�r�f�o�r�m�a�n�c�e� �e�f�f�e�c�t�s� �f�r�o�m� 

�t�r�u�n�c�a�t�e�d� �F�O�V�s� �a�r�e� �t�a�s�k� �d�e�p�e�n�d�e�n�t�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �l�a�r�g�e� 

�v�i�r�t�u�a�l� �e�n�v�i�r�o�n�m�e�n�t�s� �w�i�t�h� �m�a�n�y� �o�b�j�e�c�t�s� �w�i�l�l� �u�n�d�o�u�b�t�e�d�l�y� �r�e�q�u�i�r�e� �g�r�e�a�t�e�r� 

�F�O�V�s� �(�W�e�l�l�s� �a�n�d� �V�e�n�t�u�r�i�n�o�,� �1�9�9�0�)�.� 

�O�s�g�o�o�d� �a�n�d� �W�e�l�l�s� �(�1�9�9�1�)� �h�a�d� �e�x�p�e�r�i�e�n�c�e�d� �f�i�g�h�t�e�r� �p�i�l�o�t�s� �f�l�y� �s�i�m�u�l�a�t�e�d� 

�a�i�r�-�t�o�-�g�r�o�u�n�d� �n�i�g�h�t� �a�t�t�a�c�k�s� �u�s�i�n�g� �a� �h�e�a�d�-�m�o�u�n�t�e�d� �d�i�s�p�l�a�y� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �e�f�f�e�c�t�s� �o�f� �r�e�s�t�r�i�c�t�i�n�g� �t�h�e� �F�O�V� �a�n�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�a�t� �t�h�e� 

�m�i�n�i�m�u�m� �F�O�V� �s�i�z�e� �i�s� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �H�M�D�s�.� �F�a�s�t�e�r� �t�a�r�g�e�t� �a�c�q�u�i�s�i�t�i�o�n� �w�a�s� 

�f�o�u�n�d� �f�o�r� �l�a�r�g�e�r� �F�O�V�s�.� �B�a�s�e�d� �o�n� �t�h�e�i�r� �f�i�n�d�i�n�g�s�,� �F�O�V�s� �l�a�r�g�e�r� �t�h�a�n� �3�0� 
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�d�e�g�r�e�e�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�t�e�r� �f�o�r� �t�a�r�g�e�t� �a�c�q�u�i�s�i�t�i�o�n�.� �W�e�l�l�s�,� �V�e�n�t�u�r�i�n�o�,� 

�a�n�d� �O�s�g�o�o�d� �(�1�9�8�9�)� �d�e�t�e�r�m�i�n�e�d�,� �b�a�s�e�d� �o�n� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �a� �h�e�a�d�-�m�o�u�n�t�e�d� 

�d�i�s�p�l�a�y�,� �t�h�a�t� �t�h�e� �F�O�V� �n�e�c�e�s�s�a�r�y� �f�o�r� �a�c�c�u�r�a�t�e� �p�e�r�f�o�r�m�a�n�c�e� �w�a�s� �d�e�p�e�n�d�e�n�t� �o�n� 

�t�a�s�k� �d�i�f�f�i�c�u�l�t�y�.� �I�n� �a�n� �a�i�r�-�t�o�-�a�i�r� �s�i�m�u�l�a�t�e�d� �c�o�m�b�a�t� �m�i�s�s�i�o�n�,� �t�a�s�k� �d�i�f�f�i�c�u�l�t�y� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �t�a�r�g�e�t�s� �p�r�e�s�e�n�t�e�d�,� �r�e�p�l�a�c�e�d�,� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� 

�t�h�r�e�a�t�s� �f�a�c�i�n�g� �a� �p�i�l�o�t�.� �T�w�e�n�t�y� �d�e�g�r�e�e�s� �F�O�V� �a�f�f�o�r�d�e�d� �a�d�e�q�u�a�t�e� �p�e�r�f�o�r�m�a�n�c�e� 

�o�n� �a�n� �e�a�s�y� �t�a�s�k�,� �w�h�e�r�e�a�s� �a� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�a�s�k� �r�e�q�u�i�r�e�d� �6�0� �d�e�g�r�e�e�s� �F�O�V�.� 

�V�i�s�u�a�l� �M�o�m�e�n�t�u�m� 

�I�n� �t�h�e� �l�a�s�t� �d�e�c�a�d�e� �a�n�d� �a� �h�a�l�f�,� �a� �g�r�e�a�t� �d�e�a�l� �o�f� �r�e�s�e�a�r�c�h� �h�a�s� �g�o�n�e� �i�n�t�o� 

�d�e�s�i�g�n�i�n�g� �c�o�m�p�u�t�e�r� �i�n�t�e�r�f�a�c�e�s�;� �h�o�w�e�v�e�r�,� �m�o�s�t� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �h�a�s� �f�o�c�u�s�e�d� 

�o�n� �t�h�e� �d�e�s�i�g�n� �o�f� �d�i�s�p�l�a�y�s� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �a� �s�i�n�g�l�e� �s�c�r�e�e�n�,� �n�o�t� �o�n� �i�n�t�e�g�r�a�t�i�n�g� 

�i�n�f�o�r�m�a�t�i�o�n� �a�c�r�o�s�s� �d�i�s�p�l�a�y�s�.� �W�o�o�d�s� �(�1�9�8�4�)� �h�a�s� �i�d�e�n�t�i�f�i�e�d� �a� �m�e�a�s�u�r�e� �o�f� 

�a�c�r�o�s�s�-�d�i�s�p�l�a�y� �p�r�o�c�e�s�s�i�n�g�,� �"�v�i�s�u�a�l� �m�o�m�e�n�t�u�m�,�"� �a�s� �t�h�e� �d�e�g�r�e�e� �t�o� �w�h�i�c�h� �u�s�e�r�s� 

�c�a�n� �e�x�t�r�a�c�t� �a�n�d� �i�n�t�e�g�r�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� �a�c�r�o�s�s� �d�i�s�p�l�a�y�s�.� �V�i�s�u�a�l� �m�o�m�e�n�t�u�m� �i�s� �a� 

�p�r�i�n�c�i�p�l�e� �t�h�a�t� �t�a�k�e�s� �i�n�t�o� �a�c�c�o�u�n�t� �t�h�e� �h�u�m�a�n�'�s� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�i�n�g� 

�m�e�c�h�a�n�i�s�m�s� �a�n�d� �a�l�l�o�w�s� �t�h�i�s� �t�o� �d�i�r�e�c�t� �t�h�e� �d�e�s�i�g�n� �o�f� �d�i�s�p�l�a�y� �s�y�s�t�e�m�s� �i�n� �o�r�d�e�r� 

�t�h�a�t� �a�t�t�e�n�t�i�o�n�a�l� �r�e�s�o�u�r�c�e�s� �b�e� �o�p�t�i�m�i�z�e�d� �i�n� �t�h�e� �h�u�m�a�n� �(�W�i�s�e� �a�n�d� �D�e�b�o�n�s�,� 

�1�9�8�7�;� �W�o�o�d�s�,� �1�9�8�4�)�.� �M�o�r�e�o�v�e�r�,� �F�O�V�,� �s�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n�,� 

�a�n�d� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �d�i�s�p�l�a�y� �t�r�a�n�s�i�t�i�o�n�s� �t�h�a�t� �o�c�c�u�r� �w�i�t�h� �V�E�s� �a�r�e� �d�e�p�e�n�d�e�n�t� 

�o�n� �i�n�t�e�g�r�a�t�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �a�c�r�o�s�s� �d�i�s�p�l�a�y�s�.� �T�h�e�r�e�f�o�r�e�,� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� 

�t�e�c�h�n�i�q�u�e�s�,� �w�h�i�c�h� �c�a�n� �i�m�p�r�o�v�e� �a�c�r�o�s�s�-�d�i�s�p�l�a�y� �p�r�o�c�e�s�s�i�n�g�,� �s�h�o�u�l�d� �b�e� �v�e�r�y� 

�e�f�f�e�c�t�i�v�e� �a�t� �a�l�l�e�v�i�a�t�i�n�g� �m�a�n�y� �o�f� �t�h�e� �p�r�o�b�l�e�m�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� 

�s�e�c�t�i�o�n�s�.� 

�T�h�e� �c�o�n�c�e�p�t� �o�f� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �o�r�i�g�i�n�a�t�e�d� �i�n� �c�i�n�e�m�a�t�o�g�r�a�p�h�y� 

�(�H�o�c�h�b�e�r�g� �a�n�d� �B�r�o�o�k�s�,� �1�9�7�8�)� �a�n�d� �w�a�s� �b�a�s�e�d� �o�n� �t�h�e� �i�d�e�a� �t�h�a�t� �h�o�w� �e�f�f�e�c�t�i�v�e�l�y� 
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�s�u�c�c�e�s�s�i�v�e� �s�c�e�n�e�s� �i�n� �a� �m�o�t�i�o�n� �p�i�c�t�u�r�e� �a�r�e� �i�n�t�e�g�r�a�t�e�d� �d�e�p�e�n�d�s� �o�n� �t�h�e� �d�e�g�r�e�e� �o�f� 

�t�h�e�i�r� �o�v�e�r�l�a�p�.� �F�r�o�m� �a� �c�o�g�n�i�t�i�v�e� �p�s�y�c�h�o�l�o�g�y� �p�e�r�s�p�e�c�t�i�v�e�,� �W�o�o�d�s� �e�x�t�e�n�d�e�d� 

�t�h�e� �c�o�n�c�e�p�t� �t�o� �i�n�c�l�u�d�e� �p�r�o�b�l�e�m�s� �o�f� �a�c�r�o�s�s�-�d�i�s�p�l�a�y� �p�r�o�c�e�s�s�i�n�g�.� �A�l�t�h�o�u�g�h� 

�v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �w�a�s� �a� �c�o�n�s�t�r�u�c�t� �g�i�v�e�n� �i�t�s� �n�a�m�e� �b�a�s�e�d� �o�n� �i�t�s� �d�i�r�e�c�t� 

�r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �p�e�r�c�e�p�t�u�a�l� �p�r�o�c�e�s�s�i�n�g�,� �t�h�e� �p�r�i�n�c�i�p�l�e� �h�a�s� �a� �s�t�r�o�n�g� �c�o�g�n�i�t�i�v�e� 

�c�o�m�p�o�n�e�n�t� �(�W�o�o�d�s�,� �1�9�8�4�)�.� �W�o�o�d�'�s� �m�o�d�e�l� �c�o�n�s�i�d�e�r�s� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �t�o� 

�b�e� �o�n� �a� �c�o�n�t�i�n�u�u�m� �w�h�e�r�e� �t�h�e� �c�o�g�n�i�t�i�v�e� �c�o�u�p�l�i�n�g� �o�f� �s�u�c�c�e�s�s�i�v�e� �d�i�s�p�l�a�y�s� 

�e�x�t�e�n�d�s� �f�r�o�m� �l�o�w� �(�d�i�s�c�o�n�t�i�n�u�o�u�s� �t�o�t�a�l� �r�e�p�l�a�c�e�m�e�n�t�)� �t�o� �h�i�g�h� �(�c�o�n�t�i�n�u�o�u�s� 

�s�u�c�c�e�s�s�i�v�e� �v�i�e�w�s�)�.� �H�i�g�h� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �s�u�p�p�o�r�t�s� �r�a�p�i�d� �e�x�t�r�a�c�t�i�o�n� �a�n�d� 

�i�n�t�e�g�r�a�t�i�o�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n�,� �t�h�e�r�e�f�o�r�e�,� �f�a�c�i�l�i�t�a�t�i�n�g� �c�o�m�p�r�e�h�e�n�s�i�o�n� �b�y� �t�h�e� �u�s�e�r�.� 

�I�n� �c�o�n�t�r�a�s�t�,� �l�o�w� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �r�e�s�u�l�t�s� �i�n� �s�l�o�w�,� �l�a�b�o�r�i�o�u�s� �e�x�t�r�a�c�t�i�o�n� �a�n�d� 

�c�o�m�p�r�e�h�e�n�s�i�o�n� �o�f� �d�a�t�a� �a�c�r�o�s�s� �d�i�s�p�l�a�y�s�.� 

�T�h�e� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �r�e�q�u�i�r�e�d� �t�o� �i�n�t�e�g�r�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� �a�c�r�o�s�s� �d�i�s�p�l�a�y�s� 

�i�s� �d�i�r�e�c�t�l�y� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �t�h�e� �d�i�s�p�l�a�y� 

�s�y�s�t�e�m� �s�u�p�p�o�r�t�s�.� �M�e�n�t�a�l� �w�o�r�k�l�o�a�d� �c�a�n� �b�e� �r�e�d�u�c�e�d� �b�y� �a�l�l�o�c�a�t�i�n�g� �m�o�r�e� �o�f� �t�h�e� 

�t�a�s�k� �d�e�m�a�n�d�s� �i�n�t�o� �t�h�e� �p�e�r�c�e�p�t�u�a�l� �d�o�m�a�i�n� �o�f� �h�u�m�a�n� �i�n�f�o�r�m�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g�.� 

�S�p�a�t�i�a�l� �i�n�p�u�t� �i�s� �e�n�c�o�d�e�d� �a�n�d� �p�r�o�c�e�s�s�e�d� �a�u�t�o�m�a�t�i�c�a�l�l�y� �a�n�d� �p�r�o�v�i�d�e�s� �c�u�e�s� �f�o�r� 

�i�n�f�o�r�m�a�t�i�o�n� �r�e�t�r�i�e�v�a�l�.� �A�s� �t�h�e� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �o�f� �a� �d�i�s�p�l�a�y� �s�y�s�t�e�m� �m�o�v�e�s� 

�f�r�o�m� �l�o�w� �t�o� �h�i�g�h� �o�n� �t�h�e� �c�o�n�t�i�n�u�u�m�,� �m�e�n�t�a�l� �e�f�f�o�r�t� �i�n�v�e�r�s�e�l�y� �m�o�v�e�s� �f�r�o�m� �h�i�g�h� 

�t�o� �l�o�w� �(�s�e�e� �F�i�g�u�r�e� �4�)�.� 

�T�w�o� �s�i�g�n�i�f�i�c�a�n�t� �p�e�r�f�o�r�m�a�n�c�e� �p�r�o�b�l�e�m�s� �h�a�v�e� �b�e�e�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� 

�f�a�i�l�u�r�e� �t�o� �e�f�f�e�c�t�i�v�e�l�y� �i�n�t�e�g�r�a�t�e� �d�a�t�a� �a�c�r�o�s�s� �s�u�c�c�e�s�s�i�v�e� �d�i�s�p�l�a�y� �n�e�t�w�o�r�k�s�:� 

�"�g�e�t�t�i�n�g� �l�o�s�t�"� �a�n�d� �t�h�e� �"�k�e�y�h�o�l�e�"� �p�h�e�n�o�m�e�n�a�.� �G�e�t�t�i�n�g� �l�o�s�t� �i�n� �c�o�m�p�u�t�e�r� 

�s�y�s�t�e�m�s� �i�s� �a� �c�o�m�m�o�n� �e�x�p�e�r�i�e�n�c�e� �f�o�r� �u�s�e�r�s�.� �P�e�o�p�l�e� �h�a�v�e� �p�r�o�b�l�e�m�s� �n�a�v�i�g�a�t�i�n�g� 
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�L�o�w� �H�i� �2� 
�V�i�s�u�a�l� 

�M�o�m�e�n�t�u�m� 

�F�i�g�u�r�e� �4�.� �V�i�s�u�a�l� �m�o�m�e�n�t�u�m�'�s� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �m�e�n�t�a�l� �e�f�f�o�r�t�.� 

�i�n� �s�y�s�t�e�m�s� �t�h�a�t� �h�a�v�e� �l�a�r�g�e� �n�e�t�w�o�r�k�s� �o�f� �s�c�r�e�e�n�s�.� �U�s�e�r�s� �g�e�t� �l�o�s�t� �i�n� �d�i�s�p�l�a�y� 

�n�e�t�w�o�r�k�s� �b�e�c�a�u�s�e� �t�h�e�y� �f�a�i�l� �t�o� �d�e�v�e�l�o�p� �a� �s�t�r�o�n�g� �m�e�n�t�a�l� �m�o�d�e�l� �o�f� �t�h�e� �s�y�s�t�e�m�,� 

�r�e�s�u�l�t�i�n�g� �i�n� �t�h�e�i�r� �h�a�v�i�n�g� �a� �p�o�o�r� �c�o�n�c�e�p�t�i�o�n� �o�f� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� 

�d�i�s�p�l�a�y�s� �w�i�t�h�i�n� �t�h�e� �s�y�s�t�e�m�.� �D�i�s�p�l�a�y�s� �o�f�t�e�n� �o�n�l�y� �s�h�o�w� �a� �f�r�a�c�t�i�o�n� �o�f� �t�h�e� �t�o�t�a�l� 

�i�n�f�o�r�m�a�t�i�o�n� �i�n� �a� �s�y�s�t�e�m� �a�t� �o�n�e� �t�i�m�e�.� �T�h�i�s� �c�o�n�d�i�t�i�o�n� �i�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� 

�k�e�y�h�o�l�e� �p�h�e�n�o�m�e�n�o�n�.� �I�f� �t�h�e� �d�i�s�p�l�a�y� �s�t�r�u�c�t�u�r�e� �i�s� �n�o�t� �w�e�l�l� �i�n�t�e�g�r�a�t�e�d�,� �t�h�e� 

�i�n�f�o�r�m�a�t�i�o�n� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �d�i�s�c�r�e�t�e� �c�h�u�n�k�s�.� �A�s� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �i�n� �t�h�e� �d�i�s�p�l�a�y� 

�s�t�r�u�c�t�u�r�e� �i�n�c�r�e�a�s�e�s�,� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �f�l�o�w�s� �i�n� �a� �m�o�r�e� �c�o�n�t�i�n�u�o�u�s� �m�a�n�n�e�r�,� 

�w�h�i�c�h� �i�s� �m�o�r�e� �c�o�m�p�a�t�i�b�l�e� �w�i�t�h� �t�h�e� �a�n�a�l�o�g� �p�e�r�c�e�p�t�i�o�n� �t�h�a�t� �o�c�c�u�r�s� �w�i�t�h� �s�p�a�t�i�a�l� 

�i�n�f�o�r�m�a�t�i�o�n�.� 

�S�e�v�e�r�a�l� �a�d�d�i�t�i�o�n�a�l� �p�r�o�b�l�e�m�s� �i�n� �d�i�s�p�l�a�y� �s�y�s�t�e�m�s� �c�a�n� �a�r�i�s�e� �a�s� �a� �r�e�s�u�l�t� �o�f� 

�a�n� �i�n�c�r�e�a�s�e� �i�n� �m�e�n�t�a�l� �e�f�f�o�r�t�.� �P�o�o�r� �f�o�r�m�u�l�a�t�i�o�n� �o�f� �p�r�o�b�l�e�m� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �c�a�n� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�c�r�e�a�s�e� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� �b�e�h�a�v�i�o�r�.� �M�e�m�o�r�y� �b�o�t�t�l�e�n�e�c�k�s� �c�a�n� 

�r�e�s�u�l�t� �b�e�c�a�u�s�e� �o�f� �a� �l�a�c�k� �i�n� �s�y�s�t�e�m� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�,� �a�f�f�e�c�t�i�n�g� �t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� 

�u�s�e�r� �t�o� �f�o�r�m� �a�n� �a�c�c�u�r�a�t�e� �m�e�n�t�a�l� �m�o�d�e�l� �o�f� �t�h�e� �s�y�s�t�e�m�.� �T�h�e�s�e� �b�o�t�t�l�e�n�e�c�k�s� 
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�p�r�e�v�e�n�t� �t�i�m�e�l�y�,� �e�r�r�o�r�-�f�r�e�e� �t�a�s�k� �c�o�m�p�l�e�t�i�o�n�.� �D�e�g�r�a�d�a�t�i�o�n� �i�n� �a�t�t�e�n�t�i�o�n�a�l� 

�p�r�o�c�e�s�s�e�s� �c�a�n� �r�e�s�u�l�t� �f�r�o�m� �f�o�c�u�s�i�n�g� �o�n� �p�a�r�t�i�c�u�l�a�r� �a�s�p�e�c�t�s� �o�f� �t�h�e� �d�i�s�p�l�a�y� 

�i�n�f�o�r�m�a�t�i�o�n� �a�t� �t�h�e� �e�x�p�e�n�s�e� �o�f� �e�x�c�l�u�d�i�n�g� �o�t�h�e�r� �r�e�l�e�v�a�n�t� �i�n�f�o�r�m�a�t�i�o�n�.� �I�n� 

�s�u�m�m�a�r�y�,� �l�o�w� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �d�e�g�r�a�d�e�s� �u�s�e�r�s�'� �a�b�i�l�i�t�i�e�s� �t�o� �e�x�t�r�a�c�t� �a�n�d� 

�i�n�t�e�g�r�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� �a�c�r�o�s�s� �s�u�c�c�e�s�s�i�v�e� �d�i�s�p�l�a�y�s�.� 

�W�o�o�d�s� �p�r�o�p�o�s�e�d� �t�h�a�t� �t�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �t�e�c�h�n�i�q�u�e�s� �t�h�a�t� �c�a�n� �b�e� �u�s�e�d� �t�o� 

�i�n�c�r�e�a�s�e� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m�.� �F�i�g�u�r�e� �5� �l�i�s�t�s� �t�h�e� �t�e�c�h�n�i�q�u�e�s� �o�n� �t�h�e� �c�o�n�t�i�n�u�u�m� 

�f�r�o�m� �l�o�w� �t�o� �h�i�g�h� �b�a�s�e�d� �o�n� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� �l�i�n�k� �s�u�c�c�e�s�s�i�v�e�l�y� �v�i�e�w�e�d� �d�i�s�p�l�a�y�s� 

�(�W�o�o�d�s�,� �1�9�8�4�)�.� �A�l�l� �o�f� �t�h�e� �t�e�c�h�n�i�q�u�e�s� �i�n� �F�i�g�u�r�e� �5� �a�r�e� �i�n�t�e�n�d�e�d� �t�o� �h�e�l�p� �t�h�e� 

�u�s�e�r� �b�u�i�l�d� �a� �s�p�a�t�i�a�l� �m�e�n�t�a�l� �m�o�d�e�l� �o�r� �c�o�g�n�i�t�i�v�e� �m�a�p� �o�f� �t�h�e� �s�y�s�t�e�m�.� �T�h�e� 

�m�e�t�h�o�d�s� �a�r�e� �i�n�t�e�n�d�e�d� �t�o� �p�r�o�v�i�d�e� �t�h�e� �u�s�e�r� �w�i�t�h� �p�e�r�c�e�p�t�u�a�l� �c�u�e�s� �t�h�a�t� �a�l�l�o�w� 

�t�h�e�m� �t�o� �c�o�n�n�e�c�t� �t�h�e� �d�i�s�p�l�a�y�s� �c�o�g�n�i�t�i�v�e�l�y�.� 
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�V�i�s�u�a�l� 

�L�o�w� �M�o�m�e�n�t�u�m� �H�i�g�h� 

�?� �|� �7� �|� �7� �|� �e�r� 
�|� �|� �|� �|� �|� �|� 

�T�o�t�a�l� �l� �L�o�n�g� �l� �O�v�e�r�l�a�p� �|� �S�p�a�t�i�a�l� 
�r�e�p�l�a�c�e�m�e�n�t� �|� �,� �s�h�o�t� �.� �p�h�y�s�i�c�a�l� �\� �c�o�g�n�i�t�i�o�n� 

�F�i�x�e�d� �f�o�r�m�a�t� �P�e�r�c�e�p�t�u�a�l� �S�p�a�t�i�a�l� 
�d�a�t�a� �r�e�p�l�a�c�e�m�e�n�t� �l�a�n�d�m�a�r�k�s� �r�e�p�r�e�s�e�n�a�t�i�o�n� 

�F�i�g�u�r�e� �5�.� �T�e�c�h�n�i�q�u�e�s� �t�o� �i�n�c�r�e�a�s�e� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m�.� 

�A�l�l� �o�f� �t�h�e�s�e� �t�e�c�h�n�i�q�u�e�s� �i�n�c�r�e�a�s�e� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �b�y� �h�e�l�p�i�n�g� �t�h�e� �u�s�e�r� 

�b�r�i�d�g�e� �i�n�f�o�r�m�a�t�i�o�n� �g�a�p�s� �i�n� �d�i�s�p�l�a�y� �t�r�a�n�s�i�t�i�o�n�s�.� �T�h�e�y� �d�o� �t�h�i�s� �b�y� �p�r�o�v�i�d�i�n�g� �t�h�e� 

�p�h�y�s�i�c�a�l�,� �f�u�n�c�t�i�o�n�a�l�,� �p�e�r�c�e�p�t�u�a�l�,� �a�n�d� �c�o�g�n�i�t�i�v�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� 

�s�u�c�c�e�s�s�i�v�e� �v�i�e�w�s�.� �S�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�,� �w�h�i�c�h� �a�l�l�o�w�s� �t�h�e� �a�n�a�l�o�g� 

�r�e�p�r�e�s�e�n�t�a�t�i�o�n� �a�n�d� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n�,� �1�s� �a� �v�e�r�y� �p�o�w�e�r�f�u�l� �m�e�t�h�o�d� 

�f�o�r� �o�r�g�a�n�i�z�i�n�g� �i�n�f�o�r�m�a�t�i�o�n�.� �S�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �c�a�n� �b�e� �s�o� �c�o�m�p�e�l�l�i�n�g� �t�h�a�t� 

�3�1



�n�o�n�-�s�p�a�t�i�a�l� �d�a�t�a� �i�s� �o�f�t�e�n� �r�e�p�r�e�s�e�n�t�e�d� �s�p�a�t�i�a�l�l�y� �(�e�.�g�.� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� 

�f�l�o�w�c�h�a�r�t�s�)�.� �B�i�l�l�i�n�g�s�l�e�y� �(�1�9�8�2�)� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �p�i�c�t�o�r�i�a�l� 

�r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �a� �h�i�e�r�a�r�c�h�i�c�a�l� �m�e�n�u� �s�t�r�u�c�t�u�r�e� �a�i�d�e�d� �s�u�b�j�e�c�t�s� �i�n� �d�e�v�e�l�o�p�i�n�g� 

�a� �w�o�r�k�a�b�l�e� �m�e�n�t�a�l� �m�o�d�e�l� �o�f� �h�o�w� �m�e�n�u� �i�t�e�m�s� �i�n�t�e�r�r�e�l�a�t�e�d�.� �S�u�b�j�e�c�t�s� �s�t�u�d�i�e�d� 

�e�i�t�h�e�r� �a� �p�i�c�t�o�r�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �i�n� �t�h�e� �f�o�r�m� �o�f� �a� �m�e�m�o�r�y� �m�a�p� �o�r� �a� �l�i�n�e�a�r� 

�i�n�d�e�x� �o�f� �m�e�n�u� �c�h�o�i�c�e� �s�e�q�u�e�n�c�e�s�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �a�b�l�e� �t�o� �f�i�n�d� �t�a�r�g�e�t� �m�e�n�u� 

�i�t�e�m�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�a�s�t�e�r� �f�r�o�m� �m�e�m�o�r�y� �w�h�e�n� �t�h�e�y� �h�a�d� �r�e�c�e�i�v�e�d� �a� �m�a�p� �o�f� �t�h�e� 

�m�e�n�u� �s�t�r�u�c�t�u�r�e�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t�,� �b�y� �r�e�p�r�e�s�e�n�t�i�n�g� �s�p�a�t�i�a�l�l�y� 

�i�n�f�o�r�m�a�t�i�o�n� �t�h�a�t� �h�a�s� �t�o� �b�e� �i�n�t�e�g�r�a�t�e�d� �a�c�r�o�s�s� �a� �s�e�r�i�e�s� �o�f� �d�i�s�p�l�a�y�s�,� �m�e�m�o�r�y� 

�l�o�a�d� �c�a�n� �b�e� �r�e�d�u�c�e�d�.� 

�T�h�e� �s�p�a�t�i�a�l� �m�e�t�a�p�h�o�r� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �v�i�s�u�a�l�i�z�e� �a�n�d� �m�o�v�e� �a�r�o�u�n�d� �j�u�s�t� 

�a�s� �t�h�e�y� �w�o�u�l�d� �i�n� �r�e�a�l� �3�D� �s�p�a�c�e�.� �A� �s�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �p�r�o�v�i�d�e�s� �a�n� 

�e�x�o�c�e�n�t�r�i�c� �(�w�o�r�l�d� �c�e�n�t�e�r�e�d�)� �v�i�e�w� �o�f� �t�h�e� �s�y�s�t�e�m� �w�h�i�c�h� �i�n� �t�u�r�n� �s�u�p�p�o�r�t�s� 

�e�g�o�c�e�n�t�r�i�c� �t�a�s�k� �s�e�q�u�e�n�c�e�s� �b�y� �a�l�l�o�w�i�n�g� �t�h�e� �u�s�e�r� �t�o� �m�a�i�n�t�a�i�n� �o�r�i�e�n�t�a�t�i�o�n� �i�n� �t�h�e� 

�s�y�s�t�e�m� �a�n�d� �p�e�r�m�i�t�t�i�n�g� �s�m�o�o�t�h� �t�r�a�n�s�i�t�i�o�n�s� �b�e�t�w�e�e�n� �t�a�s�k�s�,� �i�n�f�o�r�m�a�t�i�o�n�,� �a�n�d� 

�d�i�s�p�l�a�y�s�.� 

�F�o�u�r� �g�u�i�d�e�l�i�n�e�s� �f�o�r� �i�n�c�r�e�a�s�i�n�g� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �i�n� �V�E�s� �h�a�v�e� �b�e�e�n� 

�s�u�m�m�a�r�i�z�e�d� �(�W�i�c�k�e�n�s�,� �1�9�9�2�a�;� �W�i�c�k�e�n�s� �1�9�9�2�b�;� �W�i�c�k�e�n�s� �a�n�d� �B�a�k�e�r�,� �i�n� 

�p�r�e�s�s�)�:� 

�1�)� �U�s�e� �c�o�n�s�i�s�t�e�n�c�y� �a�c�r�o�s�s� �d�i�s�p�l�a�y�s�.� �D�a�t�a� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�s�t�e�n�t�l�y� 

�r�e�p�r�e�s�e�n�t�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�y�s�t�e�m�.� 

�2�)� �G�r�a�c�e�f�u�l� �t�r�a�n�s�i�t�i�o�n�s� �s�h�o�u�l�d� �o�c�c�u�r� �b�e�t�w�e�e�n� �d�i�s�p�l�a�y�s� �t�o� �p�r�e�v�e�n�t� �a�b�r�u�p�t� 

�t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� 
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�3�)� �A�n�c�h�o�r�s� �s�h�o�u�l�d� �b�e� �u�s�e�d� �t�o� �o�r�i�e�n�t� �u�s�e�r�s� �b�e�t�w�e�e�n� �s�c�r�e�e�n� �t�r�a�n�s�i�t�i�o�n�s�.� 

�A�n�c�h�o�r�s� �a�r�e� �h�i�g�h�l�i�g�h�t�e�d�,� �s�a�l�i�e�n�t� �f�e�a�t�u�r�e�s� �t�h�a�t� �a�r�e� �i�n�v�a�r�i�a�n�t� �f�r�o�m� �o�n�e� 

�d�i�s�p�l�a�y� �t�o� �t�h�e� �n�e�x�t�.� 

�4�)� �A� �c�o�n�t�i�n�u�o�u�s� �w�o�r�l�d� �m�a�p� �(�i�.�e�.� �a� �m�a�p� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �w�h�o�l�e� �s�y�s�t�e�m�)� 

�s�h�o�u�l�d� �b�e� �p�r�o�v�i�d�e�d�.� �T�h�e� �u�s�e�r�'�s� �l�o�c�a�t�i�o�n� �i�n� �t�h�e� �d�i�s�p�l�a�y� �b�e�i�n�g� �v�i�e�w�e�d� 

�i�s� �a�l�w�a�y�s� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �w�o�r�l�d� �m�a�p�.� �T�h�i�s� �p�e�r�m�i�t�s� �u�s�e�r�s� �t�o� 

�a�l�w�a�y�s� �k�n�o�w� �w�h�e�r�e� �t�h�e�i�r� �p�o�s�i�t�i�o�n� �i�s� �i�n� �r�e�g�a�r�d�s� �t�o� �t�h�e� �s�y�s�t�e�m� �a�s� �a� 

�w�h�o�l�e�.� 

�V�E�s� �b�y� �t�h�e�i�r� �v�e�r�y� �n�a�t�u�r�e� �p�r�o�v�i�d�e� �d�i�s�p�l�a�y� �o�v�e�r�l�a�p�,� �s�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�,� 

�a�n�d� �s�p�a�t�i�a�l� �c�o�g�n�i�t�i�o�n�.� �T�h�e� �l�o�n�g� �s�h�o�t� �a�n�d� �u�s�e� �o�f� �p�e�r�c�e�p�t�u�a�l� �l�a�n�d�m�a�r�k�s� �a�r�e� �n�o�t� 

�i�n�h�e�r�e�n�t� �i�n� �V�E�s�.� �T�h�e�y� �m�u�s�t� �b�e� �d�e�s�i�g�n�e�d� �i�n�t�o� �V�E�s� �a�s� �a�n� �a�d�d�i�t�i�o�n�a�l� �m�e�a�s�u�r�e� 

�t�o� �i�n�s�u�r�e� �t�h�a�t� �t�h�e� �h�u�m�a�n�-�m�a�c�h�i�n�e� �i�n�t�e�r�f�a�c�e� �i�s� �o�p�t�i�m�i�z�e�d�.� 

�T�h�e� �l�o�n�g� �s�h�o�t�,� �o�n�e� �o�f� �t�h�e� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �t�e�c�h�n�i�q�u�e�s�,� �p�r�o�v�i�d�e�s� �a�n� 

�o�v�e�r�v�i�e�w� �o�r� �"�w�o�r�l�d� �m�a�p�"� �o�f� �t�h�e� �d�i�s�p�l�a�y� �s�y�s�t�e�m�.� �T�h�e� �o�v�e�r�v�i�e�w� �m�a�p� �s�h�o�w�s� 

�t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �o�r� �d�i�s�p�l�a�y�s� �i�n� �t�h�e� �s�y�s�t�e�m�.� �T�h�e� 

�l�o�n�g� �s�h�o�t� �h�e�l�p�s� �t�h�e� �u�s�e�r� �b�y� �p�r�o�v�i�d�i�n�g� �a� �f�u�l�l� �s�p�a�t�i�a�l� �m�o�d�e�l� �o�f� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� 

�i�n� �o�n�e� �v�i�e�w�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �f�l�o�w� �c�h�a�r�t� �o�f� �a�n� �h�i�e�r�a�r�c�h�i�c�a�l� �d�a�t�a�b�a�s�e� �s�h�o�w�i�n�g� 

�a�l�l� �t�h�e� �l�e�v�e�l�s� �a�n�d� �n�o�d�e�s� �i�n� �t�h�e� �d�a�t�a�b�a�s�e� �i�s� �a� �l�o�n�g� �s�h�o�t�.� �T�h�i�s� �t�e�c�h�n�i�q�u�e� �a�i�d�s� 

�t�h�e� �u�s�e�r� �i�n� �e�s�t�a�b�l�i�s�h�i�n�g� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �d�i�s�p�l�a�y� �b�e�i�n�g� �v�i�e�w�e�d� �a�t� 

�a�n�y� �g�i�v�e�n� �m�o�m�e�n�t� �a�n�d� �t�h�e� �e�n�t�i�r�e� �i�n�f�o�r�m�a�t�i�o�n� �s�t�r�u�c�t�u�r�e�.� 

�V�i�c�e�n�t�e� �a�n�d� �W�i�l�l�i�g�e�s� �(�1�9�8�8�)� �e�f�f�e�c�t�i�v�e�l�y� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� �u�s�e�f�u�l�n�e�s�s� �o�f� 

�w�o�r�l�d� �m�a�p�s� �f�o�r� �i�n�d�i�v�i�d�u�a�l� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �s�e�a�r�c�h�i�n�g� �s�t�r�a�t�e�g�i�e�s� �u�s�e�d� �i�n� �a� 

�h�i�e�r�a�r�c�h�i�c�a�l� �f�i�l�e� �s�y�s�t�e�m�.� �T�h�e�y� �i�n�c�o�r�p�o�r�a�t�e�d� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �b�y� �u�s�i�n�g� �a� 

�p�a�r�t�i�a�l� �m�a�p� �o�f� �t�h�e� �h�i�e�r�a�r�c�h�i�c�a�l� �f�i�l�e� �s�t�r�u�c�t�u�r�e� �a�n�d� �a�n� �a�n�a�l�o�g� �i�n�d�i�c�a�t�o�r� �o�f� �t�h�e� 

�u�s�e�r�'�s� �p�o�s�i�t�i�o�n� �w�i�t�h�i�n� �a� �f�i�l�e� �(�s�i�m�i�l�a�r� �t�o� �s�c�r�o�l�l� �b�a�r�s� �n�o�w� �u�s�e�d� �i�n� �m�a�n�y� 
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�a�p�p�l�i�c�a�t�i�o�n�s�)�.� �B�o�t�h� �o�f� �t�h�e�s�e� �t�e�c�h�n�i�q�u�e�s� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �u�s�e� �o�f� �t�h�e� �l�o�n�g� �s�h�o�t� 

�w�h�i�c�h� �p�r�o�v�i�d�e�s� �a� �s�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �f�i�l�e� �s�t�r�u�c�t�u�r�e�.� �T�h�e�y� �t�e�s�t�e�d� �f�o�r� 

�i�n�d�i�v�i�d�u�a�l� �d�i�f�f�e�r�e�n�c�e�s� �(�g�r�o�u�p�s� �w�i�t�h� �l�o�w� �a�n�d� �h�i�g�h� �s�p�a�t�i�a�l� �a�b�i�l�i�t�i�e�s�)� �i�n� �t�h�e� 

�s�e�a�r�c�h�i�n�g� �s�t�r�a�t�e�g�i�e�s� �u�s�e�d� �w�i�t�h� �t�h�e� �g�r�a�p�h�i�c�a�l� �d�e�s�i�g�n� �t�o� �t�h�a�t� �o�f� �a� �v�e�r�b�a�l� 

�i�n�t�e�r�f�a�c�e�.� �T�h�e� �p�a�r�t�i�a�l� �m�a�p� �o�f� �t�h�e� �f�i�l�e� �s�t�r�u�c�t�u�r�e� �w�a�s� �i�n�t�e�n�d�e�d� �t�o� �a�i�d� �i�n�t�e�r�-�f�i�l�e� 

�t�r�a�n�s�i�t�i�o�n�s�,� �a�n�d� �t�h�e� �a�n�a�l�o�g� �i�n�d�i�c�a�t�o�r� �w�a�s� �i�m�p�l�e�m�e�n�t�e�d� �t�o� �a�i�d� �i�n�t�r�a�-�f�i�l�e� 

�t�r�a�n�s�i�t�i�o�n�s�.� �P�a�r�t�i�c�i�p�a�n�t�s� �d�i�d� �s�h�o�w� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�m�p�r�o�v�e�m�e�n�t� �w�i�t�h� �t�h�e� 

�g�r�a�p�h�i�c�a�l� �i�n�t�e�r�f�a�c�e� �f�o�r� �t�h�e� �a�v�e�r�a�g�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �c�o�m�m�a�n�d�s� �u�s�e�d� �a�n�d� �t�h�e� 

�a�v�e�r�a�g�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �c�o�m�m�a�n�d�s� �u�s�e�d� �p�e�r� �t�r�i�a�l�.� �S�e�a�r�c�h�i�n�g� �s�t�r�a�t�e�g�i�e�s� 

�w�e�r�e� �s�h�o�w�n� �t�o� �b�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �i�n� �t�h�e� �g�r�a�p�h�i�c�a�l� �(�v�i�s�u�a�l� �m�o�m�e�n�t�u�m�)� 

�i�n�t�e�r�f�a�c�e� �b�e�c�a�u�s�e� �p�a�r�t�i�c�i�p�a�n�t�s� �r�e�l�i�e�d� �l�e�s�s� �o�n� �m�o�r�e� �i�n�e�f�f�i�c�i�e�n�t� �c�o�m�m�a�n�d�s� �l�i�k�e� 

�"�s�c�r�o�l�l� �d�o�w�n�"� �a�n�d� �"�z�o�o�m� �o�u�t�.�"� 

�B�r�o�w�n�,� �M�e�e�h�a�n�,� �a�n�d� �S�a�r�k�a�r� �(�1�9�9�3�)� �u�s�e�d� �a� �"�f�i�s�h�e�y�e� �v�i�e�w�"� �w�h�i�c�h� 

�p�r�o�v�i�d�e�s� �a� �l�o�n�g� �s�h�o�t� �f�o�r� �b�r�o�w�s�i�n�g� �l�a�r�g�e� �g�r�a�p�h�s�.� �T�r�a�d�i�t�i�o�n�a�l�l�y�,� �f�o�r� �u�s�e�r�s� �t�o� �b�e� 

�a�b�l�e� �t�o� �v�i�e�w� �s�e�c�t�i�o�n�s� �o�f� �l�a�r�g�e� �g�r�a�p�h�s� �o�n� �d�i�s�p�l�a�y�s�,� �t�h�e�y� �h�a�d� �t�o� �z�o�o�m� �i�n�t�o� �t�h�e� 

�a�r�e�a� �o�f� �i�n�t�e�r�e�s�t�.� �I�n� �d�o�i�n�g� �s�o�,� �t�h�e� �g�l�o�b�a�l� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �m�a�p� �w�a�s� �l�o�s�t� �b�e�c�a�u�s�e� 

�o�r�d�i�n�a�r�i�l�y� �t�h�e�r�e� �i�s� �n�o�t� �e�n�o�u�g�h� �d�i�s�p�l�a�y� �s�p�a�c�e� �t�o� �p�r�e�s�e�n�t� �t�h�e� �g�l�o�b�a�l� �a�n�d� �z�o�o�m�-� 

�i�n� �v�i�e�w�s�.� �T�h�e�s�e� �t�y�p�e�s� �o�f� �t�a�s�k�s� �c�a�n� �i�m�p�o�s�e� �m�e�m�o�r�y� �d�e�m�a�n�d�s� �o�n� �u�s�e�r�s� 

�b�e�c�a�u�s�e� �t�h�e�y� �a�r�e� �f�o�r�c�e�d� �t�o� �r�e�m�e�m�b�e�r� �h�o�w� �t�h�e� �z�o�o�m�e�d�-�i�n� �a�r�e�a� �o�f� �i�n�t�e�r�e�s�t� �f�i�t�s� 

�i�n�t�o� �t�h�e� �o�v�e�r�a�l�l� �g�l�o�b�a�l� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �g�r�a�p�h�.� �T�h�e� �f�i�s�h�e�y�e� �v�i�e�w� �s�o�l�v�e�s� �t�h�i�s� 

�p�r�o�b�l�e�m� �b�y� �p�r�e�s�e�n�t�i�n�g� �t�h�e� �a�r�e�a� �o�f� �i�n�t�e�r�e�s�t� �i�n� �d�e�t�a�i�l�,� �w�h�i�l�e� �t�h�e� �r�e�m�a�i�n�i�n�g� 

�a�r�e�a�s� �i�n� �t�h�e� �g�r�a�p�h� �a�r�e� �d�i�s�p�l�a�y�e�d� �i�n� �p�r�o�g�r�e�s�s�i�v�e�l�y� �l�e�s�s� �d�e�t�a�i�l� �a�s� �t�h�e�y� �m�o�v�e� 

�f�a�r�t�h�e�r� �a�w�a�y� �f�r�o�m� �t�h�e� �a�r�e�a� �o�f� �i�n�t�e�r�e�s�t�.� �A�l�t�h�o�u�g�h� �t�h�e� �a�r�e�a� �o�f� �i�n�t�e�r�e�s�t� �i�s� �s�h�o�w�n� 

�i�n� �d�e�t�a�i�l�,� �a� �l�o�n�g� �s�h�o�t� �o�f� �t�h�e� �e�n�t�i�r�e� �s�t�r�u�c�t�u�r�e� �i�s� �a�l�w�a�y�s� �v�i�s�i�b�l�e�.� 
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�D�o�r�i�g�h�i�,� �E�l�l�i�s�,� �a�n�d� �G�r�u�n�w�a�l�d� �(�1�9�9�3�)� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �p�r�o�v�i�d�i�n�g� �a�n� 

�e�l�e�c�t�r�o�n�i�c� �m�a�p� �d�i�s�p�l�a�y�,� �w�h�i�c�h� �g�a�v�e� �p�i�l�o�t�s� �a� �"�b�i�r�d�s� �e�y�e� �v�i�e�w�"� �(�e�x�o�c�e�n�t�r�i�c� �o�r� 

�o�u�t�s�i�d�e�-�i�n�)� �w�h�i�l�e� �p�e�r�f�o�r�m�i�n�g� �a�n� �e�g�o�c�e�n�t�r�i�c� �(�i�n�s�i�d�e�-�o�u�t�)� �t�a�s�k� �f�o�r� �t�a�r�g�e�t� 

�o�r�i�e�n�t�a�t�i�o�n�,� �w�a�s� �a� �s�u�b�s�t�a�n�t�i�a�l� �s�o�u�r�c�e� �f�o�r� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �p�i�l�o�t� �s�p�a�t�i�a�l� 

�a�w�a�r�e�n�e�s�s�.� 

�T�h�e� �l�o�n�g� �s�h�o�t� �p�r�o�v�i�d�e�s� �a� �w�o�r�l�d� �v�i�e�w� �t�h�a�t� �c�o�n�t�a�i�n�s� �s�u�m�m�a�r�y� 

�i�n�f�o�r�m�a�t�i�o�n�,� �i�l�l�u�s�t�r�a�t�i�n�g� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �d�i�s�p�l�a�y�s� �a�n�d� �p�r�o�v�i�d�i�n�g� �a� 

�c�o�n�s�t�a�n�t� �s�y�s�t�e�m� �m�o�d�e�l�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �l�o�n�g� �s�h�o�t� �h�i�g�h�l�i�g�h�t�s� �s�a�l�i�e�n�t� 

�f�e�a�t�u�r�e�s� �o�f� �t�h�e� �s�y�s�t�e�m� �t�h�a�t� �a�r�e� �i�m�p�e�r�a�t�i�v�e� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �a� �m�e�n�t�a�l� �m�o�d�e�l� �o�f� 

�t�h�e� �s�y�s�t�e�m�.� 

�P�e�r�c�e�p�t�u�a�l� �l�a�n�d�m�a�r�k�s� �(�a�n�c�h�o�r�s�)�,� �w�h�i�c�h� �a�r�e� �h�i�g�h�l�i�g�h�t�e�d� �s�a�l�i�e�n�t� �f�e�a�t�u�r�e�s� 

�t�h�a�t� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �b�e�t�w�e�e�n� �d�i�s�p�l�a�y�s�,� �a�r�e� �a� �v�e�r�y� �u�s�e�f�u�l� �t�e�c�h�n�i�q�u�e� �f�o�r� 

�i�n�t�e�g�r�a�t�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �a�c�r�o�s�s� �d�i�s�p�l�a�y�s�.� �P�e�r�c�e�p�t�u�a�l� �l�a�n�d�m�a�r�k�s� �p�r�o�v�i�d�e� 

�a�n�c�h�o�r�s� �t�h�a�t� �g�i�v�e� �u�s�e�r�s� �a� �c�o�m�m�o�n� �f�r�a�m�e�-�o�f�-�r�e�f�e�r�e�n�c�e� �w�h�e�n� �m�o�v�i�n�g� �b�e�t�w�e�e�n� 

�d�i�s�p�l�a�y�s�.� �B�e�c�a�u�s�e� �t�h�e�s�e� �l�a�n�d�m�a�r�k�s� �a�r�e� �h�i�g�h�l�i�g�h�t�e�d�,� �t�h�e�y� �a�r�e� �p�e�r�c�e�p�t�u�a�l�l�y� 

�e�a�s�y� �t�o� �l�o�c�a�t�e�,� �q�u�i�c�k�l�y� �o�r�i�e�n�t�i�n�g� �t�h�e� �u�s�e�r� �t�o� �t�h�e� �s�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� 

�s�y�s�t�e�m�.� 

�A�r�e�t�z� �(�1�9�9�0�)� �l�o�o�k�e�d� �a�t� �n�a�v�i�g�a�t�i�o�n� �t�a�s�k�s� �o�f� �p�i�l�o�t�s� �c�o�m�p�a�r�i�n�g� �t�h�r�e�e� 

�d�i�f�f�e�r�e�n�t� �m�a�p� �f�o�r�m�a�t�s�.� �T�w�o� �t�r�a�d�i�t�i�o�n�a�l� �m�a�p� �d�i�s�p�l�a�y�s�,� �t�r�a�c�k�-�u�p� �a�n�d� �n�o�r�t�h�-�u�p�,� 

�w�e�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �a� �m�a�p� �d�e�s�i�g�n�e�d� �t�o� �u�t�i�l�i�z�e� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �t�h�a�t� 

�o�p�t�i�m�i�z�e�d� �t�h�e� �b�e�n�e�f�i�t�s� �a�n�d� �c�o�s�t�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �t�w�o� �t�r�a�d�i�t�i�o�n�a�l� �d�e�s�i�g�n�s�.� 

�T�h�e� �t�r�a�c�k�-�u�p� �m�a�p� �p�r�o�v�i�d�e�s� �a�n� �e�g�o�-�c�e�n�t�e�r�e�d� �(�e�g�o�c�e�n�t�r�i�c�)� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e� 

�(�E�R�F�)�.� �T�h�e� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �m�a�p� �a�l�w�a�y�s� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �p�i�l�o�t�'�s� �f�o�r�w�a�r�d� 

�v�i�e�w� �o�u�t� �o�f� �t�h�e� �c�o�c�k�p�i�t�.� �T�h�e� �n�o�r�t�h�-�u�p� �m�a�p� �e�s�t�a�b�l�i�s�h�e�s� �a� �w�o�r�l�d�-�c�e�n�t�e�r�e�d� 

�(�e�x�o�c�e�n�t�r�i�c�)� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e� �(�W�R�F�)�.� �R�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �p�i�l�o�t�'�s� �f�o�r�w�a�r�d� �v�i�e�w� 
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�o�u�t� �o�f� �t�h�e� �c�o�c�k�p�i�t� �(�h�e�a�d�i�n�g�)�,� �t�h�e� �m�a�p� �a�l�w�a�y�s� �h�a�s� �a� �n�o�r�t�h�-�u�p� �c�a�n�o�n�i�c�a�l� 

�a�l�i�g�n�m�e�n�t�.� �W�i�t�h� �e�i�t�h�e�r� �o�f� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �m�a�p�s�,� �p�i�l�o�t�s� �m�u�s�t� �b�e� �a�b�l�e� �t�o� �m�a�t�c�h� 

�t�h�e�i�r� �c�u�r�r�e�n�t� �v�i�e�w� �o�f� �t�h�e� �w�o�r�l�d� �(�e�g�o�c�e�n�t�r�i�c�)� �w�i�t�h� �t�h�e�i�r� �m�a�p� �d�i�s�p�l�a�y�.� �T�h�e� 

�d�e�g�r�e�e� �t�o� �w�h�i�c�h� �t�h�e�r�e� �i�s� �c�o�g�n�i�t�i�v�e� �c�o�u�p�l�i�n�g� �b�e�t�w�e�e�n� �t�h�e� �p�i�l�o�t�'�s� �e�g�o�c�e�n�t�r�i�c� 

�r�e�f�e�r�e�n�c�e� �f�r�a�m�e� �a�n�d� �t�h�e� �m�a�p� �d�i�s�p�l�a�y� �w�i�l�l� �d�e�t�e�r�m�i�n�e� �a� �p�i�l�o�t�'�s� �n�a�v�i�g�a�t�i�o�n�a�l� 

�a�w�a�r�e�n�e�s�s�.� �P�i�l�o�t�s� �a�r�e� �o�f�t�e�n� �f�o�r�c�e�d� �t�o� �m�e�n�t�a�l�l�y� �r�o�t�a�t�e� �t�h�e� �m�a�p� �r�e�f�e�r�e�n�c�e� 

�f�r�a�m�e� �s�o� �t�h�a�t� �i�t� �a�l�i�g�n�s� �w�i�t�h� �t�h�e�i�r� �e�g�o�c�e�n�t�r�i�c� �f�r�a�m�e�-�o�f�-�r�e�f�e�r�e�n�c�e�.� 

�N�a�v�i�g�a�t�i�o�n� �c�a�n� �i�m�p�o�s�e� �s�e�r�i�o�u�s� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �c�o�n�s�t�r�a�i�n�t�s� �o�n� �a� �p�i�l�o�t�.� 

�N�o�r�t�h�-�u�p� �a�n�d� �t�r�a�c�k�-�u�p� �b�o�t�h� �o�f�f�e�r� �a�d�v�a�n�t�a�g�e�s� �a�n�d� �d�i�s�a�d�v�a�n�t�a�g�e�s� �i�n� 

�n�a�v�i�g�a�t�i�o�n�.� �T�r�a�c�k�-�u�p� �a�i�d�s� �n�a�v�i�g�a�t�i�o�n� �b�e�c�a�u�s�e� �l�e�f�t� �a�n�d� �r�i�g�h�t� �t�u�r�n�s� �d�o� �n�o�t� 

�r�e�q�u�i�r�e� �m�e�n�t�a�l� �r�o�t�a�t�i�o�n� �o�f� �t�h�e� �E�R�F� �m�a�p� �t�o� �t�h�e� �e�g�o�c�e�n�t�r�i�c� �f�r�a�m�e�-�o�f�-�r�e�f�e�r�e�n�c�e� 

�o�f� �t�h�e� �p�i�l�o�t�.� �H�o�w�e�v�e�r�,� �n�o�r�t�h�-�u�p� �m�a�p�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �a�i�d� �s�e�a�r�c�h�i�n�g� �f�o�r� 

�a�n�d� �l�o�c�a�t�i�n�g� �l�a�n�d�m�a�r�k�s�.� �A�l�s�o�,� �p�i�l�o�t� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �w�i�t�h� �o�t�h�e�r� �a�i�r�c�r�a�f�t� �a�r�e� 

�f�a�c�i�l�i�t�a�t�e�d� �b�y� �n�o�r�t�h�-�u�p� �m�a�p�s�.� 

�O�n�e� �s�o�l�u�t�i�o�n� �t�o� �c�a�p�t�u�r�i�n�g� �t�h�e� �a�d�v�a�n�t�a�g�e�s� �a�n�d� �m�i�n�i�m�i�z�i�n�g� �t�h�e� �c�o�s�t�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �t�w�o� �t�y�p�e�s� �o�f� �d�i�s�p�l�a�y� �m�a�p�s� �i�s� �t�o� �u�s�e� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �t�o� 

�c�o�m�b�i�n�e� �t�h�e�m� �i�n�t�o� �o�n�e� �d�i�s�p�l�a�y�.� �B�e�c�a�u�s�e� �n�a�v�i�g�a�t�i�o�n� �r�e�q�u�i�r�e�s� �t�h�a�t� �t�h�e� �p�i�l�o�t� 

�i�n�t�e�g�r�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �E�R�F� �a�n�d� �W�R�F�,� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �c�a�n� �b�e� 

�u�s�e�d� �t�o� �l�i�n�k� �t�h�e� �t�w�o� �s�u�c�c�e�s�s�i�v�e� �v�i�e�w�s�.� �A�r�e�t�z� �(�1�9�9�0�)� �d�e�c�i�d�e�d� �t�o� �t�e�s�t� �t�h�i�s� 

�h�y�p�o�t�h�e�s�i�s� �b�y� �s�u�p�e�r�-�i�m�p�o�s�i�n�g� �t�h�e� �E�R�F� �(�t�r�a�c�k�-�u�p� �o�r�i�e�n�t�a�t�i�o�n�)� �o�v�e�r� �t�h�e� �W�R�F� 

�(�n�o�r�t�h�-�u�p� �o�r�i�e�n�t�a�t�i�o�n�)�.� �A� �t�r�a�d�i�t�i�o�n�a�l� �n�o�r�t�h�-�u�p� �m�a�p� �w�a�s� �u�s�e�d� �w�i�t�h� �a� �w�e�d�g�e� 

�e�m�a�n�a�t�i�n�g� �f�r�o�m� �t�h�e� �a�i�r�c�r�a�f�t� �s�y�m�b�o�l�.� �T�h�e� �w�e�d�g�e� �p�r�o�v�i�d�e�d� �t�h�e� �"�a�n�c�h�o�r�,�"� �i�n� 

�t�h�i�s� �c�a�s�e� �t�h�e� �E�R�F�,� �b�y� �h�i�g�h�l�i�g�h�t�i�n�g� �t�h�e� �p�i�l�o�t�s� �f�o�r�w�a�r�d� �F�O�V�.� 

�T�h�e� �r�e�s�u�l�t�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �w�e�d�g�e� �d�i�s�p�l�a�y� �d�e�s�i�g�n�,� �i�n�c�o�r�p�o�r�a�t�i�n�g� 

�v�i�s�u�a�l� �m�o�m�e�n�t�u�m�,� �f�a�c�i�l�i�t�a�t�e�d� �t�h�e� �e�f�f�e�c�t�i�v�e� �c�o�g�n�i�t�i�v�e� �c�o�u�p�l�i�n�g� �b�e�t�w�e�e�n� �t�h�e� 

�3�6



�E�R�F� �a�n�d� �t�h�e� �W�R�F� �o�r�i�e�n�t�a�t�i�o�n�s�.� �T�h�e� �d�a�t�a� �i�n�d�i�c�a�t�e�s� �t�h�e� �E�R�F� �w�e�d�g�e� �r�e�d�u�c�e�d� 

�r�e�a�c�t�i�o�n� �t�i�m�e� �f�o�r� �a� �l�o�c�a�l�i�z�a�t�i�o�n� �t�a�s�k�.� �T�h�e� �p�r�i�n�c�i�p�l�e� �o�f� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� 

�a�l�l�o�w�e�d� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �E�R�F� �t�r�a�c�k�-�u�p� �a�n�d� �W�R�F� 

�n�o�r�t�h�-�u�p� �d�i�s�p�l�a�y�s�.� �T�h�e� �w�e�d�g�e� �d�i�s�p�l�a�y� �d�e�s�i�g�n� �m�i�n�i�m�i�z�e�d� �t�h�e� �c�o�s�t�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �t�h�e� �n�o�r�t�h�-�u�p� �d�e�s�i�g�n� �b�e�c�a�u�s�e� �m�e�n�t�a�l� �r�o�t�a�t�i�o�n� �w�a�s� �e�s�s�e�n�t�i�a�l�l�y� �e�l�i�m�i�n�a�t�e�d�,� 

�a�l�l�o�w�i�n�g� �a�n� �E�R�F�-�b�a�s�e�d� �o�r�i�e�n�t�a�t�i�o�n�.� �T�h�e� �w�e�d�g�e� �d�e�s�i�g�n� �m�a�n�a�g�e�d� �t�o� �r�e�t�a�i�n� �a�l�l� 

�o�f� �t�h�e� �a�d�v�a�n�t�a�g�e�s� �o�f� �t�h�e� �n�o�r�t�h�-�u�p� �a�n�d� �t�r�a�c�k�-�u�p� �d�e�s�i�g�n�s� �w�h�i�l�e� �m�i�n�i�m�i�z�i�n�g� 

�t�h�e�i�r� �c�o�s�t�s�.� 

�Y�o�u�-�a�r�e�-�h�e�r�e� �(�Y�A�H�)� �s�y�m�b�o�l�s� �i�n� �m�a�p�s� �l�i�k�e� �t�h�e� �o�n�e�s� �u�s�e�d� �i�n� �s�h�o�p�p�i�n�g� 

�m�a�l�l�s� �c�a�n� �b�e� �u�s�e�d� �a�s� �s�a�l�i�e�n�t� �l�a�n�d�m�a�r�k�s� �t�o� �p�r�o�v�i�d�e� �t�h�e� �v�i�e�w�e�r� �w�i�t�h� �a�n� �a�n�c�h�o�r� 

�t�h�a�t� �s�p�a�t�i�a�l�l�y� �i�n�d�i�c�a�t�e�s� �t�h�e�i�r� �l�o�c�a�t�i�o�n� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �o�v�e�r�a�l�l� �e�n�v�i�r�o�n�m�e�n�t� 

�(�L�e�v�i�n�e�,� �1�9�8�2�)�.� �Y�A�H�s� �s�u�p�p�l�y� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �b�y� �l�i�n�k�i�n�g� �t�w�o� �s�e�p�a�r�a�t�e� 

�t�e�r�r�a�i�n� �f�e�a�t�u�r�e�s�,� �t�h�e� �m�a�p� �a�n�d� �t�h�e� �v�i�e�w�e�r�s� �p�o�s�i�t�i�o�n�.� 

�T�h�e� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �t�e�c�h�n�i�q�u�e�s� �d�e�s�c�r�i�b�e�d� �a�r�e� �f�o�u�n�d�e�d� �o�n� �a� �s�p�a�t�i�a�l� 

�f�r�a�m�e�w�o�r�k� �a�n�d� �c�a�p�i�t�a�l�i�z�e� �o�n� �t�h�e� �h�u�m�a�n�'�s� �p�o�w�e�r�f�u�l� �s�p�a�t�i�a�l� �r�e�a�s�o�n�i�n�g� �s�k�i�l�l�s� �b�y� 

�s�u�p�p�l�y�i�n�g� �a� �s�e�m�a�n�t�i�c� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �w�h�i�c�h� �u�s�e�r�s� �c�a�n� �p�e�r�f�o�r�m� �t�h�e�i�r� �t�a�s�k�s�.� 

�S�p�a�t�i�a�l� �O�r�i�e�n�t�a�t�i�o�n� 

�S�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �h�a�s� �b�e�e�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�t�e�r�m�i�n�e� 

�o�n�e�'�s� �s�e�n�s�e� �o�f� �d�i�r�e�c�t�i�o�n�,� �w�h�i�c�h� �h�a�s� �l�o�n�g� �b�e�e�n� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �d�i�r�e�c�t�l�y� �l�i�n�k�e�d� 

�t�o� �c�u�e�s� �o�r�i�g�i�n�a�t�i�n�g� �f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �T�o�l�m�a�n� �(�1�9�4�8�)� �w�a�s� �o�n�e� �o�f� �t�h�e� 

�f�i�r�s�t� �t�o� �p�r�o�p�o�s�e� �t�h�a�t� �s�p�a�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �t�a�k�e�n� �i�n� �b�y� �h�u�m�a�n�s� �a�n�d� 

�c�o�n�s�t�r�u�c�t�e�d� �i�n�t�o� �a� �m�a�p� �o�r� �s�i�m�p�l�i�f�i�e�d� �m�o�d�e�l� �t�h�a�t� �i�s� �c�o�m�p�o�s�e�d� �o�f� �k�e�y� �e�l�e�m�e�n�t�s� 

�(�l�a�n�d�m�a�r�k�s�)� �f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�i�s� �m�a�p� �s�e�r�v�e�s� �a�s� �a�n� �o�v�e�r�v�i�e�w� �o�f� �t�h�e� 

�s�p�a�t�i�a�l� �r�e�l�a�t�i�o�n�s� �w�h�i�c�h� �e�x�i�s�t� �i�n� �s�p�a�c�e�.� �A� �c�o�g�n�i�t�i�v�e� �m�a�p� �i�s� �l�i�k�e� �a� �p�i�c�t�u�r�e�,� 

�w�h�e�r�e� �a�l�l� �o�f� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �m�a�p� �(�p�i�c�t�u�r�e�)� �i�s� �a�v�a�i�l�a�b�l�e� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� 
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�f�o�r� �t�h�e� �p�e�r�s�o�n� �t�o� �a�c�c�e�s�s� �(�L�e�v�i�n�e�,� �J�a�n�k�o�v�i�c�,� �a�n�d� �P�a�l�i�j�,� �1�9�8�2�)�.� �K�u�i�p�e�r�s� �(�1�9�8�3�)� 

�h�a�s� �s�u�g�g�e�s�t�e�d� �a� �d�i�c�h�o�t�o�m�y� �f�o�r� �c�l�a�s�s�i�f�y�i�n�g� �t�h�e� �t�y�p�e�s� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�i�n�f�o�r�m�a�t�i�o�n� �t�h�a�t� �a�r�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �a� �c�o�g�n�i�t�i�v�e� �m�a�p�:� �(�1�)� �T�o�p�o�l�o�g�i�c�a�l� 

�r�e�l�a�t�i�o�n�s� �p�r�o�v�i�d�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �l�o�c�a�t�i�o�n�s� �o�r� �p�o�i�n�t�s� �i�n� �s�p�a�c�e�.� �(�2�)� 

�M�e�t�r�i�c�a�l� �r�e�l�a�t�i�o�n�s� �p�r�o�v�i�d�e� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �d�i�s�t�a�n�c�e� �a�n�d� �d�i�r�e�c�t�i�o�n� 

�b�e�t�w�e�e�n� �p�o�i�n�t�s�.� �T�o�p�o�l�o�g�i�c�a�l� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �c�a�p�a�b�l�e� �o�f� �d�e�v�e�l�o�p�i�n�g� �i�n� �p�e�o�p�l�e� 

�e�v�e�n� �w�h�e�n� �i�n�c�o�m�p�l�e�t�e� �p�i�e�c�e�s� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �a�r�e� �e�x�p�e�r�i�e�n�c�e�d� �b�e�c�a�u�s�e� �o�f� 

�l�i�m�i�t�e�d� �e�x�p�o�s�u�r�e�.� �T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �p�r�o�v�i�d�e�s� �t�h�e� �"�o�v�e�r�v�i�e�w�"� �o�f� �s�p�a�c�e�s� �a�n�d� �i�s� 

�i�m�p�o�r�t�a�n�t� �f�o�r� �o�r�i�e�n�t�a�t�i�o�n�.� �I�n� �a�d�d�i�t�i�o�n�,� �m�e�t�r�i�c�a�l� �r�e�l�a�t�i�o�n�s� �s�u�p�p�l�e�m�e�n�t� �t�h�e� 

�o�v�e�r�v�i�e�w� �b�y� �p�r�o�v�i�d�i�n�g� �d�i�s�t�a�n�c�e� �a�n�d� �d�i�r�e�c�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n�,� �h�e�l�p�i�n�g� �p�e�o�p�l�e� �t�o� 

�u�n�d�e�r�s�t�a�n�d� �w�h�e�r�e� �t�h�e�i�r� �p�o�s�i�t�i�o�n� �i�n� �s�p�a�c�e� �i�s� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �e�n�t�i�r�e� 

�e�n�v�i�r�o�n�m�e�n�t�.� �A�l�t�h�o�u�g�h�,� �b�o�t�h� �m�e�t�r�i�c�a�l� �a�n�d� �t�o�p�o�l�o�g�i�c�a�l� �t�y�p�e�s� �o�f� �i�n�f�o�r�m�a�t�i�o�n� 

�a�r�e� �i�m�p�o�r�t�a�n�t� �f�o�r� �o�r�i�e�n�t�a�t�i�o�n� �a�n�d� �n�a�v�i�g�a�t�i�o�n� �i�n� �e�n�v�i�r�o�n�m�e�n�t�s� �(�K�u�i�p�e�r�s�,� 

�1�9�8�3�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �h�o�w� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�c�q�u�i�r�e�d� �c�a�n� �e�f�f�e�c�t� �t�h�e� �n�a�t�u�r�e� �o�f� 

�p�e�o�p�l�e�'�s� �c�o�g�n�i�t�i�v�e� �m�a�p�s� �(�S�h�o�l�l�,� �1�9�8�7�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �P�r�e�s�s�o�n� �a�n�d� �H�a�z�e�l�r�i�g�g� 

�(�1�9�8�4�)� �h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �t�h�a�t� �t�h�e�r�e� �c�a�n� �b�e� �p�r�i�m�a�r�y� �a�n�d� �s�e�c�o�n�d�a�r�y� �s�p�a�t�i�a�l� 

�k�n�o�w�l�e�d�g�e�.� �P�r�i�m�a�r�y� �s�p�a�t�i�a�l� �k�n�o�w�l�e�d�g�e� �i�s� �a�c�q�u�i�r�e�d� �d�i�r�e�c�t�l�y� �f�r�o�m� �t�h�e� 

�e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �s�e�c�o�n�d�a�r�y� �k�n�o�w�l�e�d�g�e� �i�s� �a�c�q�u�i�r�e�d� �i�n�d�i�r�e�c�t�l�y� �t�h�r�o�u�g�h� �o�t�h�e�r� 

�s�o�u�r�c�e�s�,� �s�u�c�h� �a�s� �m�a�p�s� �o�r� �m�o�d�e�l�s� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �t�y�p�e� 

�o�f� �p�r�i�o�r� �l�e�a�r�n�i�n�g�,� �t�h�e� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �a�c�q�u�i�r�e�d� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d� 

�d�i�f�f�e�r�e�n�t�l�y� �i�n� �p�e�o�p�l�e� �a�n�d� �c�a�n� �a�f�f�e�c�t� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �o�r�i�e�n�t�a�t�i�o�n� �t�a�s�k�s� �(�S�h�o�l�l�,� 

�1�9�8�7�)�.� 

�P�a�s�s�i�n�i� �(�1�9�8�4�)� �s�u�m�m�a�r�i�z�e�d� �s�e�v�e�r�a�l� �r�e�s�e�a�r�c�h�e�r�s �� �n�o�t�i�o�n� �o�f� �s�p�a�t�i�a�l� 

�o�r�i�e�n�t�a�t�i�o�n� �a�s�  ��.�.�.�a� �p�e�r�s�o�n�'�s� �c�o�g�n�i�t�i�v�e� �a�b�i�l�i�t�y� �t�o� �r�e�p�r�e�s�e�n�t� �s�p�a�c�e� �a�c�c�u�r�a�t�e�l�y�,� �t�o� 

�m�a�p� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�n�f�o�r�m�a�t�i�o�n� �a�t� �t�h�e� �l�a�r�g�e� �s�c�a�l�e� �a�n�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 
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�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �p�e�r�s�o�n� �c�o�n�c�e�r�n�e�d� �w�i�t�h�i�n� �t�h�a�t� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.�"� �F�u�r�t�h�e�r�m�o�r�e�,� 

�P�a�s�s�i�n�i� �(�1�9�9�2�)� �i�d�e�n�t�i�f�i�e�d� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �a�s� �a� �"�.�.�.�p�e�r�s�o�n�'�s� �a�b�i�l�i�t�y� �t�o� 

�m�e�n�t�a�l�l�y� �d�e�t�e�r�m�i�n�e� �h�i�s� �p�o�s�i�t�i�o�n� �w�i�t�h�i�n� �a� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� 

�m�a�d�e� �p�o�s�s�i�b�l�e� �b�y� �c�o�g�n�i�t�i�v�e� �m�a�p�s�.�"� 

�R�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �s�p�a�c�e�s� �(�c�o�g�n�i�t�i�v�e� �m�a�p�s�)�,� �w�h�i�c�h� �a�r�e� �c�l�o�s�e�l�y� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n�,� �h�a�v�e� �a�l�w�a�y�s� �b�e�e�n� �t�h�o�u�g�h�t� �t�o� �u�n�d�e�r�l�i�e� 

�n�a�v�i�g�a�t�i�o�n� �b�e�h�a�v�i�o�r� �(�G�o�r�d�o�n�,� �J�u�p�p�,� �a�n�d� �B�y�r�n�e�,� �1�9�8�9�;� �R�o�v�i�n�e� �a�n�d� �W�e�i�s�m�a�n�,� 

�1�9�8�9�)�.� �I�f� �a�n� �i�n�d�i�v�i�d�u�a�l� �h�a�s� �a�n� �a�c�c�u�r�a�t�e� �c�o�g�n�i�t�i�v�e� �m�a�p� �o�r� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� 

�t�h�e� �s�u�r�r�o�u�n�d�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�,� �t�h�a�t� �p�e�r�s�o�n� �s�h�o�u�l�d� �b�e� �o�r�i�e�n�t�e�d� �a�n�d� �m�o�r�e� �a�b�l�e� 

�t�o� �n�a�v�i�g�a�t�e� �t�h�r�o�u�g�h� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �s�p�a�c�e� �(�E�v�a�n�s�,� �1�9�8�0�)�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� 

�h�u�m�a�n�s�'� �s�p�a�t�i�a�l� �c�o�g�n�i�t�i�v�e� �m�a�p�s� �c�a�n�n�o�t� �b�e� �o�b�s�e�r�v�e�d� �d�i�r�e�c�t�l�y�;� �t�h�e�r�e�f�o�r�e�,� �t�h�e�y� 

�m�u�s�t� �b�e� �i�n�f�e�r�r�e�d� �f�r�o�m� �s�k�e�t�c�h� �m�a�p�s�,� �d�r�a�w�i�n�g�s�,� �a�n�d� �o�t�h�e�r� �s�p�a�t�i�a�l�l�y� �o�r�i�e�n�t�e�d� 

�t�a�s�k�s�.� �H�o�w�e�v�e�r�,� �a�l�t�h�o�u�g�h� �p�e�o�p�l�e� �h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� �a�c�c�u�r�a�t�e�l�y� 

�w�a�y�f�i�n�d� �i�n� �a�n� �e�n�v�i�r�o�n�m�e�n�t�,� �t�h�e�y� �r�e�g�u�l�a�r�l�y� �a�r�e� �u�n�a�b�l�e� �t�o� �a�c�c�u�r�a�t�e�l�y� �p�r�o�v�i�d�e� 

�c�a�r�t�o�g�r�a�p�h�i�c� �s�p�a�t�i�a�l� �d�e�s�c�r�i�p�t�i�o�n�s� �o�r� �s�k�e�t�c�h�-�m�a�p�s� �o�f� �t�h�e� �s�a�m�e� �e�n�v�i�r�o�n�m�e�n�t� 

�(�P�a�s�s�i�n�i�,� �1�9�9�2�)�.� �T�h�e�s�e� �c�i�r�c�u�m�s�t�a�n�c�e�s� �a�l�l�u�d�e� �t�o� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �t�h�e� 

�s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �t�o�o�l�s� �c�u�r�r�e�n�t�l�y� �u�s�e�d� �m�a�y� �b�e� �i�n�a�d�e�q�u�a�t�e�.� �T�h�i�s� 

�a�p�p�a�r�e�n�t� �c�o�n�t�r�a�d�i�c�t�i�o�n�,� �h�o�w�e�v�e�r�,� �m�a�y� �b�e� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �f�a�c�t� �t�h�a�t� 

�w�a�y�f�i�n�d�i�n�g� �i�n�v�o�l�v�e�s� �t�h�e� �s�e�r�i�a�l� �p�r�o�c�e�s�s�i�n�g� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�u�e�s� �a�l�o�n�g� �t�h�e� 

�t�r�i�p�,� �f�a�c�i�l�i�t�a�t�i�n�g� �s�t�o�r�a�g�e� �a�n�d� �r�e�t�r�i�e�v�a�l� �o�f� �s�p�a�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n�.� �I�t� �b�e�c�o�m�e�s� 

�a�p�p�a�r�e�n�t� �f�r�o�m� �t�h�i�s� �d�i�s�c�u�s�s�i�o�n� �t�h�a�t� �w�a�y�f�i�n�d�i�n�g� �r�e�l�i�e�s� �h�e�a�v�i�l�y� �o�n� �r�e�c�o�g�n�i�t�i�o�n� 

�a�s� �w�h�e�r�e� �t�h�e� �p�r�o�c�e�s�s� �o�f� �c�o�m�m�u�n�i�c�a�t�i�n�g� �o�n�e�'�s� �s�p�a�t�i�a�l� �k�n�o�w�l�e�d�g�e� �r�e�l�i�e�s� �t�o� �a� 

�g�r�e�a�t�e�r� �e�x�t�e�n�t� �o�n� �t�h�e� �r�e�c�a�l�l� �o�f� �i�n�f�o�r�m�a�t�i�o�n�.� �B�a�s�e�d� �o�n� �t�h�e� �i�d�e�a� �t�h�a�t� �o�u�r� 

�i�n�t�e�r�e�s�t� �i�n� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �i�s� �d�i�r�e�c�t�l�y� �r�e�l�a�t�e�d� �t�o� �o�u�r� �d�e�s�i�r�e� �t�o� �u�n�d�e�r�s�t�a�n�d� 

�n�a�v�i�g�a�t�i�o�n� �a�n�d� �r�e�l�a�t�e�d� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �r�e�a�l� �o�r� �s�i�m�u�l�a�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�s�,� 
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�P�a�s�s�i�n�i� �(�1�9�8�4�)� �h�a�s� �p�r�o�p�o�s�e�d� �t�h�a�t� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �s�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� 

�s�h�o�u�l�d� �b�e� �a�s�s�e�s�s�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e�i�r� �u�t�i�l�i�t�y� �v�a�l�u�e� �a�n�d� �n�o�t� �o�n� �c�a�r�t�o�g�r�a�p�h�i�c� 

�d�e�s�c�r�i�p�t�i�o�n�s�.� 

�L�a�n�d�m�a�r�k�s� �i�n� �c�o�g�n�i�t�i�v�e� �m�a�p� �b�u�i�l�d�i�n�g�.� �E�x�p�e�r�i�m�e�n�t�a�l� �s�t�u�d�i�e�s� �h�a�v�e� 

�r�e�p�e�a�t�e�d�l�y� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t�,� �i�n� �o�r�d�e�r� �f�o�r� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �t�o� �d�e�v�e�l�o�p� �i�n� 

�i�n�d�i�v�i�d�u�a�l�s�,� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �m�u�s�t� �b�e� �c�o�m�p�r�e�h�e�n�d�e�d� �f�r�o�m� 

�m�u�l�t�i�p�l�e� �p�e�r�s�p�e�c�t�i�v�e�s�.� �P�a�s�s�i�n�i� �(�1�9�9�2�)� �r�e�f�e�r�s� �t�o� �t�h�e� �"�l�e�g�i�b�i�l�i�t�y� �f�a�c�t�o�r�"� �a�s� �t�h�e� 

�q�u�a�l�i�t�y� �i�n� �w�h�i�c�h� �a� �p�l�a�c�e� �l�e�n�d�s� �i�t�s�e�l�f� �t�o� �e�x�t�r�a�c�t�i�o�n� �a�n�d� �c�o�m�p�r�e�h�e�n�s�i�o�n� �o�f� �t�h�e� 

�s�p�a�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n� �c�o�n�t�a�i�n�e�d� �w�i�t�h�i�n� �i�t�.� �I�n� �f�a�c�t�,� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �v�a�r�i�e�s� �i�n� 

�q�u�a�l�i�t�y� �n�o�t� �o�n�l�y� �i�n� �e�x�t�e�r�i�o�r� �e�n�v�i�r�o�n�m�e�n�t�,� �b�u�t� �i�n� �a�r�c�h�i�t�e�c�t�u�r�a�l� �e�l�e�m�e�n�t�s� �a�s� 

�w�e�l�l�.� �F�o�r� �e�x�a�m�p�l�e�,� �O�'�N�e�i�l�l� �(�1�9�9�1�)� �c�l�a�i�m�s� �t�h�a�t� �"�A�r�c�h�i�t�e�c�t�u�r�a�l� �l�e�g�i�b�i�l�i�t�y� �i�s� �t�h�e� 

�d�e�g�r�e�e� �t�o� �w�h�i�c�h� �t�h�e� �d�e�s�i�g�n�e�d� �f�e�a�t�u�r�e�s� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �a�i�d� �p�e�o�p�l�e� �i�n� 

�c�r�e�a�t�i�n�g� �a�n� �e�f�f�e�c�t�i�v�e� �m�e�n�t�a�l� �i�m�a�g�e�,� �o�r�  ��c�o�g�n�i�t�i�v�e� �m�a�p �� �o�f� �t�h�e� �s�p�a�t�i�a�l� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �w�i�t�h�i�n� �a� �b�u�i�l�d�i�n�g�.�.�.�"� �P�l�a�c�e�s� �w�i�t�h� �a� �h�i�g�h�e�r� �l�e�g�i�b�i�l�i�t�y� �f�a�c�t�o�r� �w�i�l�l� 

�f�a�c�i�l�i�t�a�t�e� �b�e�i�n�g� �c�o�g�n�i�t�i�v�e�l�y� �m�a�p�p�e�d� �i�n�t�o� �m�e�m�o�r�y�.� �L�y�n�c�h� �(�1�9�6�0�)� �d�e�t�e�r�m�i�n�e�d� 

�s�e�v�e�r�a�l� �k�e�y� �e�l�e�m�e�n�t�s� �t�h�a�t� �p�e�o�p�l�e� �u�s�e� �t�o� �b�u�i�l�d� �c�o�g�n�i�t�i�v�e� �m�a�p�s� �o�f� �p�l�a�c�e�s�,� �o�n�e� 

�o�f� �w�h�i�c�h� �i�s� �l�a�n�d�m�a�r�k�s�.� �E�x�p�l�o�r�e�r�s� �h�a�v�e� �o�f�t�e�n� �g�i�v�e�n� �a�c�c�o�u�n�t�s� �o�f� �u�s�i�n�g� 

�l�a�n�d�m�a�r�k�s� �t�o� �m�a�i�n�t�a�i�n� �a� �s�e�n�s�e� �o�f� �d�i�r�e�c�t�i�o�n� �a�n�d� �t�o� �p�e�r�f�o�r�m� �w�a�y�f�i�n�d�i�n�g� �i�n� 

�c�o�m�p�l�e�x� �e�n�v�i�r�o�n�m�e�n�t�s�.� �P�e�o�p�l�e� �u�s�e� �l�a�n�d�m�a�r�k�s� �t�o� �o�r�g�a�n�i�z�e� �a�n�d� �r�e�t�r�i�e�v�e� �o�t�h�e�r� 

�s�p�a�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �a�n� �e�n�v�i�r�o�n�m�e�n�t� �(�A�l�l�e�n�,� �S�i�e�g�e�l�,� �a�n�d� �R�o�s�i�n�s�,� �1�9�7�8�)�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �l�a�n�d�m�a�r�k�s� �b�e�i�n�g� �s�a�l�i�e�n�t� �f�e�a�t�u�r�e�s�,� �P�e�z�d�e�c�k� �a�n�d� �E�v�e�n�s� �(�1�9�7�9�)� 

�f�o�u�n�d� �t�h�a�t� �t�h�e� �r�e�c�a�l�l� �f�o�r� �p�h�y�s�i�c�a�l� �f�e�a�t�u�r�e�s� �o�f� �a� �b�u�i�l�d�i�n�g� �d�e�p�e�n�d�e�d� �o�n� �t�h�e� 

�f�e�a�t�u�r�e�s� �b�e�i�n�g� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �f�u�n�c�t�i�o�n� �o�r� �s�o�m�e�t�h�i�n�g� �a�s� �s�i�m�p�l�e� �a�s� �a� �l�a�b�e�l�.� 

�A�n� �a�n�c�h�o�r�-�p�o�i�n�t� �h�y�p�o�t�h�e�s�i�s� �o�f� �s�p�a�t�i�a�l� �c�o�g�n�i�t�i�o�n� �h�a�s� �b�e�e�n� �p�u�t� �f�o�r�t�h� �w�h�i�c�h� 

�e�m�p�h�a�s�i�z�e�s� �t�h�e� �c�e�n�t�r�a�l� �r�o�l�e� �s�a�l�i�e�n�t� �s�p�a�t�i�a�l� �c�u�e�s� �(�l�a�n�d�m�a�r�k�s�)� �p�l�a�y� �i�n� �t�h�e� 
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�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �c�o�g�n�i�t�i�v�e� �s�t�r�u�c�t�u�r�e� �u�s�e�d� �b�y� �h�u�m�a�n�s� �f�o�r� �s�p�a�t�i�a�l� 

�o�r�i�e�n�t�a�t�i�o�n� �(�C�o�u�c�l�e�l�i�s�,� �G�o�l�l�e�d�g�e�,� �G�a�l�e�,� �a�n�d� �T�o�b�l�e�r�,� �1�9�8�7�;� �G�o�l�l�e�d�g�e�,� �1�9�7�8�)�.� 

�I�n�t�e�r�e�s�t�i�n�g�l�y�,� �i�t� �h�a�s� �a�l�s�o� �b�e�e�n� �s�h�o�w�n� �t�h�a�t� �i�n� �e�n�v�i�r�o�n�m�e�n�t�s� �w�e�r�e� �n�o� 

�s�i�g�n�i�f�i�c�a�n�t� �l�a�n�d�m�a�r�k�s� �e�x�i�s�t�,� �p�e�o�p�l�e� �w�i�l�l� �s�e�l�e�c�t� �i�t�e�m�s� �w�h�i�c�h� �a�r�e� �n�o�t� 

�n�e�c�e�s�s�a�r�i�l�y� �s�a�l�i�e�n�t�,� �s�u�c�h� �a�s� �t�h�e� �c�o�l�o�r� �o�f� �c�u�r�t�a�i�n�s� �o�r� �u�n�i�q�u�e� �f�e�a�t�u�r�e�s� �o�f� �d�o�o�r�s� 

�a�n�d� �u�s�e� �t�h�e�s�e� �a�s� �l�a�n�d�m�a�r�k�s� �i�n�s�t�e�a�d� �(�D�e� �J�o�n�g�e�,� �1�9�6�2�)�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �l�a�n�d�m�a�r�k�s� �p�r�o�v�i�d�i�n�g� �s�a�l�i�e�n�t� �c�u�e�s� �f�o�r� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n�,� 

�t�h�e�y� �h�a�v�e� �a�l�s�o� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �t�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�m�p�r�o�v�e� �a�d�u�l�t�s �� �a�b�i�l�i�t�y� �t�o� 

�e�s�t�i�m�a�t�e� �d�i�s�t�a�n�c�e�s� �(�A�l�l�e�n�,� �K�i�r�a�s�i�c�,� �S�i�e�g�e�l�,� �H�e�r�m�a�n�,� �1�9�7�9�)�.� �A�l�l�e�n�,� �S�i�e�g�e�l�,� 

�a�n�d� �R�o�s�i�n�s�k�i� �(�1�9�7�8�)� �s�e�l�e�c�t�e�d� �s�c�e�n�e�s� �b�a�s�e�d� �o�n� �l�a�n�d�m�a�r�k� �p�o�t�e�n�t�i�a�l�,� �w�h�i�c�h� 

�r�e�f�e�r�s� �t�o� �t�h�e� �a�b�i�l�i�t�y� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �f�e�a�t�u�r�e�s� �t�o� �s�e�r�v�e� �a�s� �s�p�a�t�i�a�l� �r�e�f�e�r�e�n�c�e� 

�p�o�i�n�t�s�.� �T�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�m�p�r�o�v�e�m�e�n�t� �f�o�r� �d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �h�i�g�h� 

�l�a�n�d�m�a�r�k� �p�o�t�e�n�t�i�a�l� �e�n�v�i�r�o�n�m�e�n�t�s�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t�e�r�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� 

�e�s�t�i�m�a�t�e�s� �o�f� �d�i�s�t�a�n�c�e� �w�e�r�e� �b�e�t�t�e�r� �b�e�c�a�u�s�e� �l�a�n�d�m�a�r�k�s� �a�r�e� �a�n� �e�f�f�e�c�t�i�v�e� �w�a�y� �o�f� 

�o�r�g�a�n�i�z�i�n�g� �c�o�g�n�i�t�i�v�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �s�p�a�c�e�s�.� �T�o� �i�n�v�e�s�t�i�g�a�t�e� �w�h�e�t�h�e�r� 

�j�u�d�g�m�e�n�t� �o�f� �d�i�r�e�c�t�i�o�n� �i�s� �b�i�a�s�e�d� �w�h�e�n� �t�r�a�v�e�r�s�i�n�g� �a� �w�i�n�d�i�n�g� �p�a�t�h�,� �O�k�a�b�e�,� 

�A�o�k�i�,� �a�n�d� �H�a�m�a�m�o�t�o� �(�1�9�8�6�)� �h�a�d� �s�u�b�j�e�c�t�s� �w�a�l�k� �t�h�r�o�u�g�h� �a� �w�i�n�d�i�n�g� �p�a�t�h� �a�n�d� 

�m�a�k�e� �d�i�r�e�c�t�i�o�n� �e�s�t�i�m�a�t�e�s� �b�y� �p�o�i�n�t�i�n�g� �t�h�e� �n�e�e�d�l�e� �o�f� �a� �c�o�m�p�a�s�s� �t�o� �a� �s�p�e�c�i�f�i�e�d� 

�l�o�c�a�t�i�o�n�.� �A�s� �p�r�e�d�i�c�t�e�d�,� �d�i�r�e�c�t�i�o�n� �e�r�r�o�r�s� �w�e�r�e� �a� �f�u�n�c�t�i�o�n� �o�f� �h�o�w� �f�a�r� �t�h�e� 

�v�a�n�i�s�h�i�n�g� �p�o�i�n�t� �o�f� �t�h�e� �t�r�a�i�l� �d�e�v�i�a�t�e�d� �f�r�o�m� �t�h�e� �r�e�q�u�i�r�e�d� �t�a�r�g�e�t� �p�o�s�i�t�i�o�n�;� 

�h�o�w�e�v�e�r�,� �w�h�e�n� �a� �s�a�l�i�e�n�t� �l�a�n�d�m�a�r�k� �w�a�s� �a�v�a�i�l�a�b�l�e�,� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�t�e�r� �a�t� �m�a�k�i�n�g� �d�i�r�e�c�t�i�o�n� �j�u�d�g�m�e�n�t�s�.� 

�S�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �i�n� �v�i�r�t�u�a�l� �e�n�v�i�r�o�n�m�e�n�t�s�.� �H�e�n�r�y� �a�n�d� �F�u�r�n�e�s�s� 

�(�1�9�9�3�)� �c�o�m�p�a�r�e�d� �t�h�e� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �o�f� �a�r�c�h�i�t�e�c�t�s� �w�h�i�l�e� �t�o�u�r�i�n�g� �a� �m�u�s�e�u�m� 

�g�a�l�l�e�r�y� �i�n� �e�i�t�h�e�r� �a� �r�e�a�l� �m�u�s�e�u�m� �o�r� �i�n� �c�o�m�p�u�t�e�r�-�g�e�n�e�r�a�t�e�d� �g�a�l�l�e�r�i�e�s�.� �T�h�e� 
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�c�o�m�p�u�t�e�r�-�g�e�n�e�r�a�t�e�d� �g�a�l�l�e�r�i�e�s� �w�e�r�e� �v�i�e�w�e�d� �u�n�d�e�r� �t�h�r�e�e� �i�n�c�r�e�a�s�i�n�g�l�y� 

�i�m�m�e�r�s�i�v�e� �c�o�n�d�i�t�i�o�n�s�:� �t�h�r�o�u�g�h� �a� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�,� �v�i�e�w�i�n�g� �t�h�r�o�u�g�h� �a� 

�s�t�e�r�e�o�s�c�o�p�i�c� �H�M�D� �w�i�t�h�o�u�t� �h�e�a�d�-�p�o�s�i�t�i�o�n� �t�r�a�c�k�i�n�g�,� �a�n�d� �a� �H�M�D� �w�i�t�h� �h�e�a�d�-� 

�p�o�s�i�t�i�o�n� �t�r�a�c�k�i�n�g�.� �W�o�r�t�h� �n�o�t�i�n�g� �i�s� �t�h�e� �f�a�c�t� �t�h�a�t� �a�l�l� �t�h�r�e�e� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� 

�v�i�e�w�e�d� �w�i�t�h� �a� �9�0�°� �F�O�V�;� �a�l�t�h�o�u�g�h�,� �t�h�e� �m�o�n�i�t�o�r� �c�o�n�d�i�t�i�o�n� �w�a�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� 

�t�h�e� �H�M�D� �c�o�n�d�i�t�i�o�n�s� �i�n� �t�h�a�t� �t�h�e� �H�M�D�s� �i�s�o�l�a�t�e�d� �t�h�e� �p�e�r�i�p�h�e�r�a�l� �v�i�s�i�o�n�.� 

�P�a�r�t�i�c�i�p�a�n�t�s� �t�o�u�r�e�d� �t�h�e� �g�a�l�l�e�r�y� �f�o�r� �1�5� �m�i�n�u�t�e�s� �w�h�i�l�e� �p�e�r�f�o�r�m�i�n�g� �s�p�a�t�i�a�l� 

�d�i�m�e�n�s�i�o�n� �a�n�d� �o�r�i�e�n�t�a�t�i�o�n� �t�a�s�k�s�.� �T�h�e�y� �w�e�r�e� �a�s�k�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �w�i�d�t�h�,� 

�l�e�n�g�t�h�,� �a�n�d� �h�e�i�g�h�t� �o�f� �e�a�c�h� �r�o�o�m� �w�h�i�l�e� �i�n� �t�h�e� �g�a�l�l�e�r�y�.� �P�a�r�t�i�c�i�p�a�n�t�s� �a�l�s�o� 

�p�e�r�f�o�r�m�e�d� �s�e�v�e�r�a�l� �o�r�i�e�n�t�a�t�i�o�n� �t�a�s�k�s� �b�y� �p�o�i�n�t�i�n�g� �a�t� �a�n� �o�b�j�e�c�t� �e�x�p�e�r�i�e�n�c�e�d� 

�e�a�r�l�i�e�r� �i�n� �t�h�e� �t�o�u�r� �b�u�t� �o�u�t� �o�f� �s�i�g�h�t� �d�u�r�i�n�g� �t�h�e� �d�i�r�e�c�t�i�o�n� �j�u�d�g�m�e�n�t�s�.� 

�I�t� �w�a�s� �d�i�s�c�o�v�e�r�e�d� �t�h�a�t� �s�p�a�t�i�a�l� �d�i�m�e�n�s�i�o�n�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�u�n�d�e�r�e�s�t�i�m�a�t�e�d� �i�n� �a�l�l� �o�f� �t�h�e� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�s� �a�s� �c�o�m�p�a�r�e�d� 

�t�o� �t�h�e� �r�e�a�l� �g�a�l�l�e�r�y�.� �S�u�r�p�r�i�s�i�n�g�l�y�,� �t�h�e� �f�u�l�l�y� �i�m�m�e�r�s�i�v�e� �v�i�r�t�u�a�l� �e�n�v�i�r�o�n�m�e�n�t� 

�y�i�e�l�d�e�d� �t�h�e� �p�o�o�r�e�s�t� �d�i�s�t�a�n�c�e� �d�i�m�e�n�s�i�o�n�s�,� �a�s� �w�h�e�r�e� �t�h�e� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y� 

�h�a�d� �t�h�e� �l�e�a�s�t� �p�r�o�n�o�u�n�c�e�d� �u�n�d�e�r�e�s�t�i�m�a�t�e�s� �o�f� �t�h�e� �t�h�r�e�e� �s�i�m�u�l�a�t�e�d� �c�o�n�d�i�t�i�o�n�s�.� 

�N�o� �d�i�f�f�e�r�e�n�c�e�s� �e�x�i�s�t�e�d� �f�o�r� �t�h�e� �o�r�i�e�n�t�a�t�i�o�n� �t�a�s�k� �a�c�r�o�s�s� �d�i�s�p�l�a�y� �c�o�n�d�i�t�i�o�n�s�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s� �i�n� �t�h�e� �s�i�m�u�l�a�t�e�d� �c�o�n�d�i�t�i�o�n�s� 

�w�e�r�e� �m�u�c�h� �m�o�r�e� �d�i�s�p�e�r�s�e�d� �t�h�a�n� �i�n� �t�h�e� �r�e�a�l� �v�i�e�w�i�n�g� �c�o�n�d�i�t�i�o�n�.� �O�n�e� 

�e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e� �l�a�c�k� �o�f� �s�i�g�n�i�f�i�c�a�n�t� �r�e�s�u�l�t�s� �a�c�r�o�s�s� �d�i�s�p�l�a�y� �c�o�n�d�i�t�i�o�n�s� �i�s� �t�h�a�t� 

�t�h�e� �m�u�s�e�u�m� �g�a�l�l�e�r�y� �w�a�s� �t�o�o� �s�i�m�p�l�i�s�t�i�c� �a� �s�p�a�c�e�.� �B�e�c�a�u�s�e� �F�O�V� �w�a�s� �n�o�t� 

�m�a�n�i�p�u�l�a�t�e�d�,� �i�t� �i�s� �u�n�c�l�e�a�r� �w�h�e�t�h�e�r� �t�h�e� �l�i�m�i�t�e�d� �F�O�V� �i�n� �a�l�l� �t�h�e� �s�i�m�u�l�a�t�e�d� 

�c�o�n�d�i�t�i�o�n�s� �p�r�e�v�e�n�t�e�d� �p�e�o�p�l�e� �f�r�o�m� �f�o�r�m�i�n�g� �a� �c�o�g�n�i�t�i�v�e� �m�a�p� �o�f� �t�h�e� �s�p�a�c�e�,� �a�n�d� 

�t�h�e�r�e�f�o�r�e�,� �h�i�n�d�e�r�i�n�g� �d�i�m�e�n�s�i�o�n� �e�s�t�i�m�a�t�e�s� �a�n�d� �o�r�i�e�n�t�a�t�i�o�n� �j�u�d�g�m�e�n�t�s�.� 
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�A�r�t�h�u�r�,� �H�a�n�c�o�c�k�,� �a�n�d� �C�h�r�y�s�l�e�r� �(�1�9�9�3�)� �h�a�d� �p�a�r�t�i�c�i�p�a�n�t�s� �r�e�p�r�o�d�u�c�e� �a� 

�s�p�a�t�i�a�l� �l�a�y�o�u�t� �c�o�n�s�i�s�t�i�n�g� �o�f� �n�i�n�e� �c�o�m�m�o�n� �o�b�j�e�c�t�s� �u�n�d�e�r� �v�i�r�t�u�a�l� �a�n�d� �r�e�a�l� 

�c�o�n�d�i�t�i�o�n�s�.� �V�i�e�w�i�n�g� �c�o�n�d�i�t�i�o�n�s� �i�n�c�l�u�d�e�d�:� �b�i�n�o�c�u�l�a�r� �r�e�a�l�,� �b�i�n�o�c�u�l�a�r� �v�i�r�t�u�a�l� 

�a�n�d� �m�o�n�o�c�u�l�a�r� �r�e�a�l�.� �T�h�e� �l�a�t�t�e�r� �w�a�s� �v�i�e�w�e�d� �f�r�o�m� �a� �s�i�n�g�l�e� �v�i�e�w�p�o�i�n�t�,� �a�n�d� �t�h�e� 

�b�i�n�o�c�u�l�a�r� �c�o�n�d�i�t�i�o�n�s� �a�l�l�o�w�e�d� �f�o�r� �a�c�t�i�v�e� �e�x�p�l�o�r�a�t�i�o�n� �o�f� �t�h�e� �s�p�a�c�e�.� �N�o� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �b�i�n�o�c�u�l�a�r� �r�e�a�l� �a�n�d� �v�i�r�t�u�a�l� �c�o�n�d�i�t�i�o�n�s� 

�w�e�r�e� �d�e�m�o�n�s�t�r�a�t�e�d� �f�o�r� �a� �m�a�p� �t�a�s�k� �t�h�a�t� �r�e�q�u�i�r�e�d� �p�a�r�t�i�c�i�p�a�n�t�s� �t�o� �d�r�a�w� �t�h�e� 

�o�b�j�e�c�t�s� �t�h�e�y� �h�a�d� �v�i�e�w�e�d� �o�n� �a� �s�c�a�l�e�d� �d�o�w�n� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� �T�h�e� �f�i�n�d�i�n�g�s� �o�f� 

�t�h�i�s� �s�t�u�d�y� �s�u�g�g�e�s�t� �t�h�a�t� �p�e�o�p�l�e� �p�e�r�c�e�i�v�e� �a�n�d� �d�e�v�e�l�o�p� �s�p�a�t�i�a�l� �c�o�g�n�i�t�i�v�e� �m�a�p�s� �o�f� 

�o�b�j�e�c�t�s� �e�q�u�a�l�l�y� �a�s� �e�f�f�e�c�t�i�v�e� �i�n� �r�e�a�l� �a�n�d� �v�i�r�t�u�a�l� �e�n�v�i�r�o�n�m�e�n�t�s�.� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �I�s�s�u�e�s� 

�P�e�r�c�e�p�t�i�o�n�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �t�h�e� �c�o�g�n�i�t�i�v�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �v�i�s�u�a�l� 

�w�o�r�l�d�,� �d�e�p�e�n�d�s� �o�n� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �F�O�V�,� �a�n�d� �w�i�t�h�o�u�t� �a�d�e�q�u�a�t�e� �F�O�V�s�,� �p�e�o�p�l�e�'�s� 

�a�b�i�l�i�t�y� �t�o� �a�c�q�u�i�r�e� �s�p�a�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �i�m�p�e�d�e�d�.� �R�e�s�t�r�i�c�t�e�d� �F�O�V�s� �r�e�s�u�l�t� �i�n� 

�t�h�e� �l�o�s�s� �o�f� �t�h�e� �t�o�t�a�l� �a�m�o�u�n�t� �o�f� �p�e�r�i�p�h�e�r�a�l� �i�n�f�o�r�m�a�t�i�o�n� �n�o�r�m�a�l�l�y� �a�c�q�u�i�r�e�d� �a�t� 

�a�n�y� �g�i�v�e�n� �i�n�s�t�a�n�c�e�.� �A�s� �a� �r�e�s�u�l�t� �o�f� �t�h�i�s�,� �i�t� �h�a�s� �b�e�e�n� �r�e�p�e�a�t�e�d�l�y� �s�h�o�w�n� �t�h�a�t� �t�h�e� 

�o�v�e�r�l�a�p� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �a�c�r�o�s�s� �s�u�c�c�e�s�s�i�v�e� �F�O�V�s� �i�s� �r�e�d�u�c�e�d�.� �T�h�e�s�e� �t�w�o� 

�c�o�n�s�e�q�u�e�n�c�e�s� �h�a�v�e� �p�r�o�f�o�u�n�d� �e�f�f�e�c�t�s� �o�n� �t�h�e� �h�u�m�a�n�'�s� �a�b�i�l�i�t�y� �t�o� �d�e�v�e�l�o�p� �a� 

�s�p�a�t�i�a�l� �c�o�g�n�i�t�i�v�e� �m�a�p� �o�f� �u�n�f�a�m�i�l�i�a�r� �s�p�a�c�e�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �t�h�e� �o�r�i�e�n�t�a�t�i�o�n� �o�f� 

�o�b�j�e�c�t�s� �i�n� �t�h�e�s�e� �s�p�a�c�e�s� �a�l�s�o� �b�e�i�n�g� �m�i�s�j�u�d�g�e�d�.� �N�o�t� �s�u�r�p�r�i�s�i�n�g�l�y�,� �d�i�s�t�o�r�t�i�o�n�s� �i�n� 

�t�h�e� �p�e�r�c�e�p�t�i�o�n� �o�f� �s�i�z�e� �a�n�d� �d�i�s�t�a�n�c�e� �a�r�e� �a�l�s�o� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s�.� 

�A�n�d� �t�h�i�s� �d�i�s�t�o�r�t�i�o�n� �i�s� �m�a�n�i�f�e�s�t�e�d� �a�s� �a� �c�o�m�p�r�e�s�s�e�d� �d�e�p�t�h� �m�i�s�p�e�r�c�e�p�t�i�o�n� 

�r�e�s�u�l�t�i�n�g� �f�r�o�m� �a� �t�e�l�e�p�h�o�t�o� �e�f�f�e�c�t�.� 

�T�h�e� �n�e�g�a�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �t�r�u�n�c�a�t�e�d� �F�O�V�s� �i�n� �V�E�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� 

�e�v�e�n� �f�u�r�t�h�e�r� �i�n�f�l�a�t�e�d�.� �T�h�e� �t�i�m�e� �t�a�k�e�n� �t�o� �a�c�q�u�i�r�e�,� �m�e�m�o�r�i�z�e�,� �a�n�d� �r�e�c�a�l�l� 
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�t�a�r�g�e�t�s� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �t�o� �b�e� �a�n� �i�n�d�i�c�a�t�o�r� �o�f� �s�p�a�t�i�a�l� �a�w�a�r�e�n�e�s�s� �i�n� �V�E�s�.� 

�S�e�v�e�r�a�l� �a�d�d�i�t�i�o�n�a�l� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �r�e�s�t�r�i�c�t�e�d� �F�O�V� �h�a�v�e� �b�e�e�n� �f�l�u�s�h�e�d� �o�u�t� �i�n� 

�V�E� �r�e�s�e�a�r�c�h�,� �s�u�c�h� �a�s� �g�r�e�a�t�e�r� �m�e�m�o�r�y� �a�n�d� �a�t�t�e�n�t�i�o�n�a�l� �d�e�m�a�n�d�s� �o�n� �t�h�e� �h�u�m�a�n� 

�o�p�e�r�a�t�o�r�.� �T�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e�s�e� �h�u�m�a�n� �i�n�f�o�r�m�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g� �d�e�c�r�e�m�e�n�t�s� 

�a�r�e� �d�e�p�e�n�d�e�n�t� �o�n� �t�a�s�k� �d�i�f�f�i�c�u�l�t�y� �a�n�d� �t�y�p�e�.� �T�h�e� �s�u�m� �o�f� �t�h�e�s�e� �e�f�f�e�c�t�s� �f�r�o�m� 

�r�e�s�t�r�i�c�t�e�d� �F�O�V�s� �a�f�f�e�c�t�s� �n�o�t� �o�n�l�y� �t�h�e� �p�e�r�c�e�p�t�i�o�n� �a�n�d� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �s�p�a�t�i�a�l� 

�i�n�f�o�r�m�a�t�i�o�n�,� �b�u�t� �u�l�t�i�m�a�t�e�l�y� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �h�u�m�a�n�s� �i�n� �V�E�s�.� �E�s�s�e�n�t�i�a�l�l�y�,� 

�p�e�o�p�l�e� �p�e�r�c�e�i�v�e� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s� �w�i�t�h� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s� �a�s� �t�h�e� �e�n�t�i�r�e� �V�E�,� 

�r�a�t�h�e�r� �t�h�a�n� �a� �w�i�n�d�o�w� �i�n�t�o� �t�h�e� �V�E�.� 

�V�i�s�u�a�l� �m�o�m�e�n�t�u�m� �t�e�c�h�n�i�q�u�e�s� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �d�e�g�r�e�e� �t�o� �w�h�i�c�h� �u�s�e�r�s� �c�a�n� 

�e�x�t�r�a�c�t� �a�n�d� �i�n�t�e�g�r�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� �a�c�r�o�s�s� �d�i�s�p�l�a�y�s�.� �T�h�i�s� �i�s� �p�r�e�c�i�s�e�l�y� �t�h�e� 

�s�o�l�u�t�i�o�n� �u�s�e�r�s� �n�e�e�d� �t�o� �h�e�l�p� �t�h�e�m� �o�v�e�r�c�o�m�e� �t�h�e� �p�e�r�c�e�p�t�u�a�l� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� 

�p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s�.� �R�e�s�t�r�i�c�t�e�d� �F�O�V�s�,� �i�n� �e�s�s�e�n�c�e�,� 

�r�e�s�u�l�t� �i�n� �d�i�s�c�r�e�t�e� �s�n�a�p�s�h�o�t�s� �o�f� �s�u�c�c�e�s�s�i�v�e� �v�i�s�u�a�l� �g�l�a�n�c�e�s� �w�i�t�h� �r�e�d�u�c�e�d� 

�i�n�t�e�g�r�a�t�i�o�n� �a�n�d� �o�v�e�r�l�a�p�p�i�n�g� �o�f� �i�n�f�o�r�m�a�t�i�o�n�.� �V�i�s�u�a�l� �m�o�m�e�n�t�u�m� �t�e�c�h�n�i�q�u�e�s� 

�c�a�n� �a�s�s�i�s�t� �t�h�e� �a�n�a�l�o�g� �p�e�r�c�e�p�t�i�o�n� �o�f� �s�p�a�t�i�a�l� �e�n�v�i�r�o�n�m�e�n�t�s� �b�y� �f�a�c�i�l�i�t�a�t�i�n�g� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�p�a�t�i�a�l� �c�o�g�n�i�t�i�v�e� �m�o�d�e�l�s�,� �c�o�m�p�e�n�s�a�t�i�n�g� �f�o�r� �p�o�o�r� �m�o�d�e�l� 

�f�o�r�m�u�l�a�t�i�o�n� �b�e�c�a�u�s�e� �o�f� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s�.� �V�i�s�u�a�l� �m�o�m�e�n�t�u�m� �h�a�s� �a�l�s�o� �b�e�e�n� 

�s�h�o�w�n� �t�o� �a�l�l�e�v�i�a�t�e� �e�x�c�e�s�s�i�v�e� �m�e�m�o�r�y� �d�e�m�a�n�d�s� �a�n�d� �b�o�t�t�l�e�n�e�c�k�s� �i�n� �a�t�t�e�n�t�i�o�n�a�l� 

�r�e�s�o�u�r�c�e�s� �u�n�d�e�r� �s�i�m�i�l�a�r� �c�o�n�d�i�t�i�o�n�s� �(�a�c�r�o�s�s� �d�i�s�p�l�a�y� �p�r�o�c�e�s�s�i�n�g�)� �t�o� �t�h�o�s�e� 

�i�m�p�o�s�e�d� �b�y� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s�.� �T�h�e� �k�e�y�h�o�l�e� �a�n�d� �g�e�t�t�i�n�g� �l�o�s�t� �p�h�e�n�o�m�e�n�o�n� 

�c�a�u�s�e�d� �b�y� �l�o�w� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �a�r�e� �a�l�s�o� �p�r�e�c�i�s�e�l�y� �t�h�e� �s�a�m�e� �e�f�f�e�c�t� �c�a�u�s�e�d� �b�y� 

�r�e�s�t�r�i�c�t�e�d� �F�O�V�s�.� 

�T�h�e� �v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �c�o�n�c�e�p�t�s� �o�f� �d�i�s�p�l�a�y� �o�v�e�r�l�a�p�,� �s�p�a�t�i�a�l� 

�r�e�p�r�e�s�e�n�t�a�t�i�o�n�,� �a�n�d� �s�p�a�t�i�a�l� �c�o�g�n�i�t�i�o�n� �a�r�e� �i�n�h�e�r�e�n�t� �i�n� �V�E�s�,� �b�u�t� �t�h�e� �u�s�e� �o�f� �t�h�e� 
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�l�o�n�g� �s�h�o�t� �a�n�d� �p�e�r�c�e�p�t�u�a�l� �l�a�n�d�m�a�r�k�s� �n�e�e�d� �t�o� �b�e� �d�e�s�i�g�n�e�d� �i�n�t�o� �V�E�s�,� �w�h�i�c�h� �a�r�e� 

�c�a�p�a�b�l�e�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �o�t�h�e�r� �t�e�c�h�n�i�q�u�e�s�,� �o�f� �i�n�t�r�i�n�s�i�c�a�l�l�y� �o�v�e�r�c�o�m�i�n�g� �t�h�e� 

�t�y�p�e�s� �o�f� �p�r�o�b�l�e�m�s� �c�a�u�s�e�d� �b�y� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s�.� �T�h�e� �l�o�n�g� �s�h�o�t� �a�f�f�o�r�d�s� �a�n� 

�o�v�e�r�v�i�e�w� �m�a�p� �o�f� �t�h�e� �V�E�,� �s�u�p�p�l�e�m�e�n�t�i�n�g� �t�h�e� �d�e�f�i�c�i�e�n�c�y� �1�n� �t�h�e� �s�u�b�-�o�p�t�i�m�a�l� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �u�s�e�r�'�s� �s�p�a�t�i�a�l� �c�o�g�n�i�t�i�v�e� �m�a�p� �c�a�u�s�e�d� �b�y� �t�r�u�n�c�a�t�e�d� �F�O�V�s�.� 

�I�t� �i�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �t�h�e� �o�v�e�r�v�i�e�w� �m�a�p� �c�a�n� �r�e�p�l�a�c�e� �t�h�e� �i�n�c�o�m�p�l�e�t�e� �s�p�a�t�i�a�l� 

�c�o�g�n�i�t�i�v�e� �m�a�p� �a�n�d� �t�h�e�r�e�b�y� �r�e�t�u�r�n� �p�e�r�f�o�r�m�a�n�c�e� �t�o� �e�x�p�e�c�t�e�d� �l�e�v�e�l�s� �w�h�e�n� �a�n� 

�a�d�e�q�u�a�t�e� �s�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �h�a�s� �b�e�e�n� �f�o�r�m�e�d�.� 

�I�n� �r�e�a�l� �e�n�v�i�r�o�n�m�e�n�t�s� �l�a�n�d�m�a�r�k�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �o�n�e� �o�f� �t�h�e� �k�e�y� 

�f�e�a�t�u�r�e�s� �w�h�i�c�h� �a�r�e� �u�s�e�d� �t�o� �d�e�v�e�l�o�p� �a� �c�o�g�n�i�t�i�v�e� �s�p�a�t�i�a�l� �m�a�p�.� �I�n� �d�o�i�n�g� �s�o�,� 

�l�a�n�d�m�a�r�k�s� �a�r�e� �t�h�e�n� �u�s�e�d� �t�o� �o�r�g�a�n�i�z�e� �a�n�d� �r�e�t�r�i�e�v�e� �o�t�h�e�r� �s�p�a�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n� 

�f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�i�s� �p�r�o�p�e�r�t�y� �o�f� �l�a�n�d�m�a�r�k�s� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �V�E�s� 

�w�h�e�n� �s�l�o�w�e�r� �h�e�a�d� �m�o�v�e�m�e�n�t�s� �u�n�d�e�r� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �u�s�e�r�s� 

�w�e�r�e� �m�a�t�c�h�i�n�g� �t�e�r�r�a�i�n� �f�e�a�t�u�r�e�s� �w�i�t�h� �t�a�r�g�e�t�s� �t�o� �r�e�m�e�m�b�e�r� �t�h�e�m�.� �E�x�p�e�r�i�m�e�n�t�a�l� 

�s�t�u�d�i�e�s� �h�a�v�e� �r�e�p�e�a�t�e�d�l�y� �s�h�o�w�n� �t�h�a�t� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �m�u�s�t� �b�e� �e�x�p�e�r�i�e�n�c�e�d� 

�f�r�o�m� �m�u�l�t�i�p�l�e� �p�e�r�s�p�e�c�t�i�v�e�s�.� �V�E�s� �i�n�h�e�r�e�n�t�l�y� �p�r�o�v�i�d�e� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� 

�m�u�l�t�i�p�l�e� �p�e�r�s�p�e�c�t�i�v�e�s�,� �a�n�d� �b�y� �i�n�c�l�u�d�i�n�g� �t�h�e� �l�o�n�g� �s�h�o�t� �a�n�d� �s�a�l�i�e�n�t� �l�a�n�d�m�a�r�k�s�,� 

�a�d�d�i�t�i�o�n�a�l� �p�e�r�s�p�e�c�t�i�v�e�s� �a�r�e� �f�u�r�n�i�s�h�e�d� �i�n� �t�h�e� �i�n�t�e�r�f�a�c�e�.� 

�S�a�l�i�e�n�t� �p�e�r�c�e�p�t�u�a�l� �l�a�n�d�m�a�r�k�s� �p�r�o�v�i�d�e� �a�n�c�h�o�r�s� �t�h�a�t� �a�r�e� �u�s�e�d� �a�s� 

�r�e�f�e�r�e�n�c�e� �p�o�i�n�t�s� �t�o� �a�i�d� �d�i�s�p�l�a�y� �t�r�a�n�s�v�e�r�s�a�l�s�.� �W�h�e�n� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� 

�t�h�e� �l�o�n�g� �s�h�o�t�,� �t�h�e� �l�o�n�g� �s�h�o�t� �h�i�g�h�l�i�g�h�t�s� �t�h�e�s�e� �a�n�c�h�o�r�s�,� �a�l�l�o�w�i�n�g� �a� �f�r�a�m�e�w�o�r�k� 

�o�f� �t�h�e� �s�p�a�t�i�a�l� �e�n�v�i�r�o�n�m�e�n�t� �t�o� �m�a�t�e�r�i�a�l�i�z�e�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �r�e�d�u�c�e�d� �s�u�c�c�e�s�s�i�v�e� 

�i�n�f�o�r�m�a�t�i�o�n� �o�v�e�r�l�a�p� �i�n� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s�,� �a�n�c�h�o�r�s� �c�a�n� �a�l�l�e�v�i�a�t�e� �m�e�m�o�r�y� 

�d�e�m�a�n�d�s� �b�y� �s�e�r�v�i�n�g� �a�s� �m�n�e�m�o�n�i�c�s� �t�h�a�t� �c�a�n� �b�e� �r�e�m�e�m�b�e�r�e�d� �a�c�r�o�s�s� �d�i�s�c�r�e�t�e�-� 

�l�i�k�e� �F�O�V� �g�l�a�n�c�e�s� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �l�i�n�k�i�n�g� �t�h�e� �i�n�c�o�m�p�l�e�t�e� �o�r� �l�i�m�i�t�e�d� 
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�s�u�c�c�e�s�s�i�v�e� �F�O�V�s�.� �L�a�n�d�m�a�r�k�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �s�h�o�w�n� �t�o� �i�m�p�r�o�v�e� �j�u�d�g�m�e�n�t�s� 

�i�n� �d�i�r�e�c�t�i�o�n� �m�a�k�i�n�g�.� �F�u�r�t�h�e�r�m�o�r�e�,� �l�a�n�d�m�a�r�k�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �i�m�p�r�o�v�e� �p�e�o�p�l�e�'�s� �a�b�i�l�i�t�y� �t�o� �e�s�t�i�m�a�t�e� �d�i�s�t�a�n�c�e�s�.� �D�i�r�e�c�t�i�o�n�,� �s�i�z�e�,� 

�a�n�d� �d�i�s�t�a�n�c�e� �j�u�d�g�m�e�n�t�s� �a�r�e� �t�h�e� �v�e�r�y� �a�b�i�l�i�t�i�e�s� �t�h�a�t� �a�r�e� �i�m�p�a�i�r�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� 

�r�e�s�t�r�i�c�t�e�d� �F�O�V�s�.� �T�h�e� �l�o�n�g� �s�h�o�t� �a�n�d� �s�a�l�i�e�n�t� �a�n�c�h�o�r�s� �p�r�o�v�i�d�e� �t�h�e� �e�x�o�c�e�n�t�r�i�c� 

�w�o�r�l�d� �v�i�e�w�,� �i�n� �t�u�r�n�,� �b�e�n�e�f�i�t�i�n�g� �e�g�o�c�e�n�t�r�i�c� �t�a�s�k�s�,� �f�o�r� �e�x�a�m�p�l�e�,� �s�p�a�t�i�a�l� 

�o�r�i�e�n�t�a�t�i�o�n�.� 

�O�n�e� �g�e�t�s� �t�h�e� �i�m�p�r�e�s�s�i�o�n� �f�r�o�m� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w� �t�h�a�t� �t�h�e�r�e� �a�r�e� �s�o�m�e� 

�g�a�p�s� �i�n� �o�u�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �h�o�w� �V�E�s� �a�r�e� �p�e�r�c�e�i�v�e�d�,� �w�h�i�c�h� �i�s� �c�o�m�p�o�u�n�d�e�d� 

�b�y� �a�m�b�i�g�u�i�t�y� �i�n� �t�h�e� �f�i�n�d�i�n�g�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �c�o�l�l�e�c�t�e�d�.� �H�o�w�e�v�e�r�,� �a� �f�e�w� 

�c�o�n�s�i�s�t�e�n�t� �p�a�t�t�e�r�n�s� �h�a�v�e� �e�m�e�r�g�e�d� �f�r�o�m� �t�h�e� �r�e�s�e�a�r�c�h�:� �(�1�)� �R�e�s�t�r�i�c�t�e�d� �F�O�V�s� 

�h�a�v�e� �a� �g�r�e�a�t�e�r� �i�m�p�a�c�t� �i�n� �V�E�s� �t�h�a�n� �i�n� �t�h�e� �r�e�a�l�-�w�o�r�l�d�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �i�t� �t�a�k�e�s� 

�l�e�s�s� �r�e�s�t�r�i�c�t�i�o�n� �i�n� �t�h�e� �F�O�V� �t�o� �p�r�o�d�u�c�e� �p�e�r�f�o�r�m�a�n�c�e� �l�o�s�s�e�s� �i�n� �V�E�s� �t�h�a�n� �w�o�u�l�d� 

�o�c�c�u�r� �u�n�d�e�r� �l�a�r�g�e�r� �F�O�V�s� �i�n� �t�h�e� �r�e�a�l�-�w�o�r�l�d�.� �(�2�)� �T�h�e� �e�f�f�e�c�t�s� �o�f� �F�O�V� �a�r�e� �t�a�s�k� 

�d�e�p�e�n�d�e�n�t�.� �N�o�t� �o�n�l�y� �d�o� �t�h�e�y� �d�e�p�e�n�d� �o�n� �t�h�e� �t�y�p�e� �o�f� �t�a�s�k�,� �b�u�t� �t�h�e�y� �a�l�s�o� 

�d�e�p�e�n�d� �o�n� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�r� �r�e�s�o�u�r�c�e� �d�e�m�a�n�d�s� �i�m�p�o�s�e�d� �b�y� �t�h�e� �t�a�s�k�.� �(�3�)� 

�R�e�s�t�r�i�c�t�e�d� �F�O�V�,� �i�n� �a�n�d� �o�f� �i�t�s�e�l�f�,� �c�a�u�s�e�s� �p�e�r�c�e�p�t�u�a�l�,� �c�o�g�n�i�t�i�v�e�,� �a�n�d� 

�p�e�r�f�o�r�m�a�n�c�e� �p�r�o�b�l�e�m�s� �f�o�r� �h�u�m�a�n�s�.� �(�4�)� �T�h�e� �p�e�r�s�p�e�c�t�i�v�e� �p�a�r�a�m�e�t�e�r�s� �u�s�e�d� �t�o� 

�m�a�n�i�p�u�l�a�t�e� �G�F�O�V� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s� �i�m�p�o�s�e� �a�d�d�i�t�i�o�n�a�l� �d�i�f�f�i�c�u�l�t�i�e�s� �b�y� 

�d�i�s�t�o�r�t�i�n�g� �t�h�e� �i�m�a�g�e� �p�r�o�d�u�c�i�n�g� �a� �t�e�l�e�p�h�o�t�o� �e�f�f�e�c�t�.� �(�5�)� �I�n� �a�d�d�i�t�i�o�n�,� �o�b�s�e�r�v�e�r�s� 

�e�x�h�i�b�i�t� �a� �m�i�s�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�e� �v�i�e�w�i�n�g� �p�a�r�a�m�e�t�e�r�s� �b�e�c�a�u�s�e� �t�h�e�i�r� �e�y�e�s� �a�r�e� 

�o�f�t�e�n� �n�o�t� �l�o�c�a�t�e�d� �a�t� �t�h�e� �c�e�n�t�e�r� �o�f� �p�r�o�j�e�c�t�i�o�n� �o�r� �t�h�e� �c�o�r�r�e�c�t� �d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� 

�d�i�s�p�l�a�y�.� 
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�P�u�r�p�o�s�e� 

�V�E� �t�e�c�h�n�o�l�o�g�i�e�s� �o�f�f�e�r� �t�r�e�m�e�n�d�o�u�s� �p�o�s�s�i�b�i�l�i�t�i�e�s� �f�o�r� �t�h�e� �f�u�t�u�r�e�.� 

�D�e�s�i�g�n�e�r�s� �o�f� �a�r�c�h�i�t�e�c�t�u�r�e� �a�r�e� �a�m�o�n�g� �t�h�e� �f�i�r�s�t� �w�h�o� �a�r�e� �f�i�n�d�i�n�g� �i�m�m�e�d�i�a�t�e� �u�s�e� 

�f�o�r� �V�E�s�.� �T�h�e� �3�D� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �s�p�a�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n� �m�a�k�e�s� �V�E�s� �t�h�e� 

�p�e�r�f�e�c�t� �t�o�o�l� �f�o�r� �s�i�m�u�l�a�t�i�n�g� �a�r�c�h�i�t�e�c�t�u�r�a�l� �s�p�a�c�e�s�.� �H�o�w�e�v�e�r�,� �b�e�f�o�r�e� �w�e� �c�a�n� �u�s�e� 

�V�E�s� �e�f�f�e�c�t�i�v�e�l�y� �a�n�d� �r�e�l�i�a�b�l�y�,� �a� �m�o�r�e� �c�o�m�p�l�e�t�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �h�u�m�a�n�'�s� 

�p�e�r�c�e�p�t�u�a�l�,� �c�o�g�n�i�t�i�v�e�,� �a�n�d� �p�h�y�s�i�c�a�l� �c�a�p�a�b�i�l�i�t�i�e�s� �m�u�s�t� �b�e� �u�n�d�e�r�s�t�o�o�d�.� �V�e�r�y� 

�l�i�t�t�l�e� �r�e�s�e�a�r�c�h� �h�a�s� �a�d�d�r�e�s�s�e�d� �t�h�e�s�e� �f�u�n�d�a�m�e�n�t�a�l�,� �i�n�t�r�i�n�s�i�c� �h�u�m�a�n� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n� �V�E�s�.� �M�o�r�e� �s�p�e�c�i�f�i�c�a�l�l�y�,� �l�i�t�t�l�e� �e�m�p�i�r�i�c�a�l� �i�n�q�u�i�r�y� �h�a�s� 

�e�x�a�m�i�n�e�d� �w�h�e�t�h�e�r� �t�h�e� �b�a�s�i�c� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �s�p�a�c�e�s� �a�r�e� �p�e�r�c�e�i�v�e�d� �s�i�m�i�l�a�r�l�y� 

�i�n� �r�e�a�l� �a�n�d� �v�i�r�t�u�a�l� �e�n�v�i�r�o�n�m�e�n�t�s�.� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �t�h�e� �b�a�s�i�c� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �a�r�c�h�i�t�e�c�t�u�r�a�l� �s�p�a�c�e� �a�r�e� �a�c�c�u�r�a�t�e�l�y� �p�e�r�c�e�i�v�e�d� �i�n� �V�E�s� �a�n�d� �t�o� 

�f�i�n�d� �t�h�e� �e�x�t�e�n�t� �t�o� �w�h�i�c�h� �m�a�n�i�p�u�l�a�t�i�n�g� �t�h�e� �G�F�O�V� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s� �w�i�l�l� 

�a�f�f�e�c�t� �t�h�a�t� �p�e�r�c�e�p�t�i�o�n�.� �I�n� �a�d�d�i�t�i�o�n�,� �h�o�w� �d�o� �V�E� �e�n�h�a�n�c�e�m�e�n�t�s� �b�a�s�e�d� �o�n� 

�v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �t�e�c�h�n�i�q�u�e�s� �c�o�m�p�e�n�s�a�t�e� �f�o�r� �t�h�e� �p�e�r�c�e�i�v�e�d� �b�i�a�s�e�s� �t�h�a�t� �a�r�e� 

�k�n�o�w�n� �t�o� �e�x�i�s�t� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �i�n�t�e�n�d�e�d� �t�o� �a�n�s�w�e�r� �t�h�e� �q�u�e�s�t�i�o�n� �o�f� 

�w�h�e�t�h�e�r� �e�g�o�c�e�n�t�r�i�c� �j�u�d�g�m�e�n�t�s� �o�f� �o�r�i�e�n�t�a�t�i�o�n� �a�n�d� �d�i�s�t�a�n�c�e� �f�r�o�m� �w�i�t�h�i�n� �t�h�e� 

�V�E�,� �w�h�i�c�h� �a�r�e� �b�a�s�e�d� �o�n� �a�n� �e�g�o�c�e�n�t�r�i�c� �V�E� �f�r�a�m�e�-�o�f�-�r�e�f�e�r�e�n�c�e�,� �c�o�r�r�o�b�o�r�a�t�e� 

�p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s� �f�o�u�n�d� �u�n�d�e�r� �a� �v�a�r�i�e�t�y� �o�f� �o�t�h�e�r� �c�o�n�d�i�t�i�o�n�s� �i�n� �p�e�r�s�p�e�c�t�i�v�e� 

�d�i�s�p�l�a�y�s�.� �M�o�r�e�o�v�e�r�,� �t�h�e� �d�e�g�r�e�e� �o�f� �G�F�O�V� �r�e�s�t�r�i�c�t�i�o�n� �a�n�d� �h�o�w� �i�t� �i�n�t�e�r�a�c�t�s� 

�w�i�t�h� �t�a�s�k� �d�i�f�f�i�c�u�l�t�y� �w�i�l�l� �b�e� �e�x�a�m�i�n�e�d�.� �R�e�s�t�r�i�c�t�e�d� �F�O�V�s� �p�r�e�v�e�n�t� �t�h�e� �a�d�e�q�u�a�t�e� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �c�o�g�n�i�t�i�v�e� �m�a�p�s� �f�o�r� �s�p�a�c�e�s� �r�e�s�u�l�t�i�n�g� �i�n� �r�e�d�u�c�e�d� �s�p�a�t�i�a�l� 
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�o�r�i�e�n�t�a�t�i�o�n�,� �a�n�d� �p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s� �r�e�s�u�l�t� �b�e�c�a�u�s�e� �o�f� �m�i�s�i�n�t�e�r�p�r�e�t�i�n�g� �t�h�e� 

�v�i�e�w�i�n�g� �p�a�r�a�m�e�t�e�r�s� �u�s�e�d� �t�o� �g�e�n�e�r�a�t�e� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�.� 

�T�h�e�r�e�f�o�r�e�,� �i�t� �i�s� �t�h�e� �a�i�m� �o�f� �t�h�i�s� �s�t�u�d�y� �t�o� �c�o�n�f�i�r�m� �t�h�e� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� 

�v�i�s�u�a�l� �m�o�m�e�n�t�u�m� �t�e�c�h�n�i�q�u�e�s�,� �w�h�i�c�h� �s�y�m�b�o�l�i�c�a�l�l�y� �e�n�h�a�n�c�e� �t�h�e� �V�E�,� �w�i�l�l� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�m�o�v�e� �p�e�r�c�e�p�t�u�a�l�,� �c�o�g�n�i�t�i�v�e�,� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �p�r�o�b�l�e�m�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �r�e�s�t�r�i�c�t�e�d� �G�F�O�V�s� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�.� �S�p�e�c�i�f�i�c�a�l�l�y�,� �t�h�e� 

�r�e�s�e�a�r�c�h� �d�i�s�c�u�s�s�e�d� �e�a�r�l�i�e�r� �i�n� �t�h�i�s� �t�h�e�s�i�s� �s�u�g�g�e�s�t�s� �s�e�v�e�r�a�l� �h�y�p�o�t�h�e�s�i�z�e�d� 
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�s�u�b�j�e�c�t� �r�e�c�e�i�v�i�n�g� �t�h�e� �E�a�s�y� �D�i�f�f�i�c�u�l�t�y� �c�o�n�d�i�t�i�o�n� �f�i�r�s�t�,� �a�n�d� �a� �n�u�m�b�e�r� �2� 

�c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �s�u�b�j�e�c�t� �r�e�c�e�i�v�i�n�g� �t�h�e� �H�a�r�d� �D�i�f�f�i�c�u�l�t�y� �c�o�n�d�i�t�i�o�n� �f�i�r�s�t�.� 

�T�h�e� �t�h�r�e�e� �G�F�O�V�s� �w�e�r�e� �c�h�o�s�e�n� �f�o�r� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �b�a�s�e�d� �o�n� �p�r�e�v�i�o�u�s� 

�f�i�n�d�i�n�g�s� �i�n� �t�h�e� �r�e�a�l�-�w�o�r�l�d� �a�n�d� �i�n� �V�E�s�.� �F�i�r�s�t�,� �t�h�e�y� �r�e�p�r�e�s�e�n�t� �a�d�e�q�u�a�t�e� �c�h�o�i�c�e�s� 

�f�o�r� �r�e�p�r�o�d�u�c�i�n�g� �t�h�e� �r�a�n�g�e� �o�f� �r�e�s�t�r�i�c�t�e�d� �F�O�V� �e�f�f�e�c�t�s� �f�o�u�n�d� �i�n� �V�E�s� �a�n�d� �t�h�e� 

�r�e�a�l�-�w�o�r�l�d�.� �S�e�c�o�n�d�l�y�,� �3�0�°� �(�t�e�l�e�p�h�o�t�o�)�,� �6�0�°� �(�n�o�r�m�a�l�)�,� �a�n�d� �9�0�°� �(�w�i�d�e� �a�n�g�l�e�)� 

�r�e�p�r�e�s�e�n�t� �t�h�e� �f�u�l�l� �s�p�e�c�t�r�u�m� �o�f� �e�f�f�e�c�t�s� �i�n� �t�h�e� �G�F�O�V�s� �p�r�o�d�u�c�e�d� �b�y� �s�y�n�t�h�e�t�i�c� 

�c�a�m�e�r�a�s� �i�n� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �t�h�e� �t�e�l�e�p�h�o�t�o� �a�n�d� �w�i�d�e� 

�a�n�g�l�e� �e�f�f�e�c�t�s� �k�n�o�w�n� �t�o� �c�a�u�s�e� �p�e�r�c�e�p�t�u�a�l� �b�i�a�s�e�s� �a�r�e� �c�r�e�a�t�e�d� �b�y� �3�0�°� �a�n�d� �9�0�°�.� 

�T�h�e� �G�F�O�V�s� �r�e�f�e�r�r�e�d� �t�o� �h�e�r�e� �a�r�e� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �v�i�s�u�a�l� �f�i�e�l�d�s�.� �T�h�e� �w�i�d�t�h� �o�f� 

�t�h�e� �v�i�s�u�a�l� �f�i�e�l�d� �i�s� �a�l�m�o�s�t� �m�o�r�e� �t�h�a�n� �d�o�u�b�l�e� �t�h�a�t� �o�f� �e�l�e�v�a�t�i�o�n� �a�n�d� �m�o�r�e� �c�e�n�t�r�a�l� 

�t�o� �t�h�e� �i�s�s�u�e�s� �o�f� �p�e�r�c�e�p�t�i�o�n� �i�n� �g�e�n�e�r�a�l�.� �M�u�c�h� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �c�o�n�c�e�r�n�i�n�g� �t�h�i�s� 

�t�o�p�i�c� �o�n�l�y� �p�r�o�v�i�d�e�s� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �F�O�V� �o�r� �G�F�O�V� �m�e�t�r�i�c�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�h�o�r�i�z�o�n�t�a�l� �G�F�O�V� �t�h�a�t� �i�s� �d�e�s�i�r�e�d� �f�o�r� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �i�s� �s�e�t�,� �a�n�d� �t�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �G�F�O�V� �f�o�r� �e�l�e�v�a�t�i�o�n� �i�s� �p�r�o�v�i�d�e�d� �a�u�t�o�m�a�t�i�c�a�l�l�y� �b�y� �t�h�e� 

�s�o�f�t�w�a�r�e�.� �I�n� �m�o�s�t� �c�a�s�e�s�,� �t�h�i�s� �i�s� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �s�e�t�t�i�n�g� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� 

�h�o�r�i�z�o�n�t�a�l� �v�i�s�u�a�l� �a�n�g�l�e� �c�h�o�s�e�n�.� 

�I�n� �t�h�e� �H�i�g�h� �V�i�s�u�a�l� �M�o�m�e�n�t�u�m� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �V�E� �i�n�c�l�u�d�e�d� �a� �l�o�n�g� 

�s�h�o�t� �a�n�d� �s�a�l�i�e�n�t� �l�a�n�d�m�a�r�k�s�.� �T�h�e� �L�o�w� �V�i�s�u�a�l� �M�o�m�e�n�t�u�m� �c�o�n�d�i�t�i�o�n�s� �d�i�d� �n�o�t� 

�i�n�c�l�u�d�e� �t�h�e�s�e� �t�e�c�h�n�i�q�u�e�s� �b�u�t� �h�a�v�e� �s�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� �T�h�e� �E�a�s�y� �a�n�d� �H�a�r�d� 

�D�i�f�f�i�c�u�l�t�y� �l�e�v�e�l� �f�o�r� �t�h�e� �w�i�t�h�i�n�-�s�u�b�j�e�c�t�s� �f�a�c�t�o�r� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �d�e�g�r�e�e� �o�f� 

�d�i�f�f�i�c�u�l�t�y� �r�e�q�u�i�r�e�d� �f�o�r� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n�.� �O�r�i�e�n�t�a�t�i�o�n� �d�i�f�f�i�c�u�l�t�y� �w�a�s� 

�p�a�r�t�i�t�i�o�n�e�d� �i�n�t�o� �E�a�s�y� �a�n�d� �H�a�r�d� �t�o� �c�r�e�a�t�e� �a� �g�r�e�a�t�e�r� �r�a�n�g�e� �i�n� �t�h�e� �e�f�f�e�c�t� �f�o�r� �t�h�i�s� 

�f�a�c�t�o�r� �b�e�c�a�u�s�e� �o�f� �t�h�e� �l�a�c�k� �i�n� �s�e�n�s�i�t�i�v�i�t�y� �w�h�i�c�h� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �e�x�i�s�t� �f�o�r� 

�p�o�i�n�t�-�t�o�-�u�n�s�e�e�n�-�t�a�r�g�e�t�s� �i�n� �V�E�s� �(�H�e�n�r�y� �a�n�d� �F�u�r�n�e�s�s�,� �1�9�9�3�)�.� �A�l�s�o�,� 
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�p�e�r�f�o�r�m�a�n�c�e� �d�e�c�r�e�m�e�n�t�s� �a�s� �a� �r�e�s�u�l�t� �o�f� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� 

�b�e� �t�a�s�k� �d�e�p�e�n�d�e�n�t�.� 

�D�e�p�e�n�d�e�n�t�_�V�a�r�i�a�b�l�e�s� 

�T�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �i�n�c�l�u�d�e�:� �(�1�)� �e�s�t�i�m�a�t�e�s� �g�i�v�e�n� �i�n� �f�e�e�t� �o�f� �t�h�e� 

�w�i�d�t�h� �a�n�d� �l�e�n�g�t�h� �i�n� �e�a�c�h� �o�f� �t�h�e� �r�o�o�m�s� �e�x�p�e�r�i�e�n�c�e�d� �b�y� �t�h�e� �s�u�b�j�e�c�t�s� �(�s�q�u�a�r�e� 

�f�o�o�t�a�g�e�)�.� �(�2�)� �P�o�i�n�t�i�n�g�-�t�o�-�u�n�s�e�e�n�-�t�a�r�g�e�t�s�,� �E�a�s�y� �a�n�d� �H�a�r�d� �D�i�f�f�i�c�u�l�t�y� 

�c�o�n�d�i�t�i�o�n�s�,� �w�a�s� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �a�b�s�o�l�u�t�e� �a�n�g�l�e� �d�i�s�p�l�a�c�e�m�e�n�t� �i�n� �d�e�g�r�e�e�s� 

�a�z�i�m�u�t�h� �f�r�o�m� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �c�e�n�t�e�r� �o�f� �t�h�e� �r�e�t�i�c�l�e� �t�o� �t�h�e� �o�r�i�e�n�t�a�t�i�o�n� �t�a�s�k� 

�o�b�j�e�c�t� �d�u�r�i�n�g� �d�i�r�e�c�t�i�o�n� �j�u�d�g�m�e�n�t�s�.� �(�3�)� �A�l�o�n�g� �w�i�t�h� �t�h�e� �p�o�i�n�t�i�n�g� �t�a�s�k�s�,� 

�s�u�b�j�e�c�t�s� �g�a�v�e� �e�s�t�i�m�a�t�e�s� �i�n� �f�e�e�t� �f�o�r� �t�h�e� �d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e�i�r� �p�o�i�n�t�i�n�g� �p�o�s�i�t�i�o�n� �t�o� 

�t�h�e� �o�r�i�e�n�t�a�t�i�o�n� �t�a�s�k� �o�b�j�e�c�t�.� �F�o�l�l�o�w�i�n�g� �t�h�e� �i�n�i�t�i�a�l� �t�o�u�r� �o�f� �t�h�e� �s�p�a�c�e�,� �s�u�b�j�e�c�t�s� 

�w�e�r�e� �a�s�k�e�d� �t�o� �d�r�a�w� �a� �s�k�e�t�c�h� �m�a�p� �o�f� �t�h�e� �t�e�s�t� �e�n�v�i�r�o�n�m�e�n�t�.� �(�4�)� �S�e�v�e�r�a�l� 

�m�e�a�s�u�r�e�s� �a�r�e� �a�n�a�l�y�z�e�d� �a�n�d� �c�o�m�b�i�n�e�d� �i�n�t�o� �a� �c�o�m�p�o�s�i�t�e� �s�c�o�r�e� �f�o�r� �s�k�e�t�c�h� �m�a�p� 

�a�c�c�u�r�a�c�y�:� �t�h�e� �n�u�m�b�e�r� �o�f� �r�o�o�m�s� �a�n�d� �t�h�e�i�r� �c�o�r�r�e�c�t� �p�l�a�c�e�m�e�n�t�,� �n�u�m�b�e�r� �o�f� �d�o�o�r�s� 

�a�n�d� �t�h�e�i�r� �c�o�r�r�e�c�t� �p�l�a�c�e�m�e�n�t�,� �n�u�m�b�e�r� �o�f� �h�a�l�l�w�a�y�s� �c�o�r�r�e�c�t�l�y� �p�l�a�c�e�d�,� �a�n�d� �r�o�o�m� 

�p�r�o�p�o�r�t�i�o�n�s�.� 

�I�n� �t�h�e� �2�n�d� �p�h�a�s�e� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �s�u�b�j�e�c�t�s� �r�e�c�o�n�s�t�r�u�c�t�e�d� �t�h�e� 

�f�u�r�n�i�t�u�r�e� �l�a�y�o�u�t� �o�f� �a� �v�i�r�t�u�a�l� �r�o�o�m� �w�h�i�c�h� �t�h�e�y� �h�a�d� �p�r�e�v�i�o�u�s�l�y� �e�x�a�m�i�n�e�d�.� �T�h�e� 

�(�5�)� �t�i�m�e� �t�a�k�e�n� �t�o� �r�e�c�o�n�s�t�r�u�c�t� �t�h�e� �r�o�o�m� �l�a�y�o�u�t�,� �a�n�d� �(�6�)� �t�h�e� �a�c�c�u�r�a�c�y� �f�o�r� �t�h�e� 

�n�u�m�b�e�r� �o�f� �i�t�e�m�s� �c�o�r�r�e�c�t�l�y� �p�l�a�c�e�d� �w�i�t�h�i�n� �2� �f�e�e�t� �o�f� �t�h�e�i�r� �o�r�i�g�i�n�a�l� �p�o�s�i�t�i�o�n� �w�e�r�e� 

�t�h�e� �m�e�a�s�u�r�e�s� �c�o�l�l�e�c�t�e�d� �f�o�r� �t�h�e� �r�e�c�o�n�s�t�r�u�c�t�i�o�n� �t�a�s�k�.� �L�a�s�t�l�y�,� �(�7�)� �a� �s�u�b�j�e�c�t�i�v�e� 

�q�u�e�s�t�i�o�n�n�a�i�r�e� �w�a�s� �a�d�m�i�n�i�s�t�e�r�e�d� �f�o�l�l�o�w�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �s�e�s�s�i�o�n� �t�o� �c�o�l�l�e�c�t� 

�p�a�r�t�i�c�i�p�a�n�t�s �� �o�p�i�n�i�o�n�s� �r�e�g�a�r�d�i�n�g� �t�h�e�i�r� �e�x�p�e�r�i�e�n�c�e� �i�n� �t�h�e� �V�E� �(�s�e�e� �A�p�p�e�n�d�i�x� 

�A�)�.� 
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�S�u�b�j�e�c�t�s� 

�T�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �i�n�d�i�v�i�d�u�a�l�s� �r�e�c�r�u�i�t�e�d� �f�r�o�m� �t�h�e� �V�i�r�g�i�n�i�a� �T�e�c�h� 

�c�a�m�p�u�s�.� �T�h�e�y� �a�l�l� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �h�a�v�e� �a�t� �l�e�a�s�t� �2�0�/�4�0� �c�o�r�r�e�c�t�e�d� �v�i�s�i�o�n� �a�n�d� 

�b�e� �a�b�l�e� �t�o� �d�i�s�c�r�i�m�i�n�a�t�e� �c�o�l�o�r�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e�y� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �h�a�v�e� �s�o�m�e� 

�f�a�m�i�l�i�a�r�i�t�y� �w�i�t�h� �c�o�m�p�u�t�e�r�s� �a�n�d� �t�h�e� �u�s�e� �o�f� �a� �m�o�u�s�e� �a�s� �a�n� �i�n�p�u�t� �d�e�v�i�c�e�.� �A� 

�t�o�t�a�l� �o�f� �6�0� �i�n�d�i�v�i�d�u�a�l�s� �p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �n�o�t� �s�e�l�e�c�t�e�d� �o�r� �d�i�v�i�d�e�d� �i�n�t�o� �g�r�o�u�p�s� �e�x�p�e�r�i�m�e�n�t�a�l�l�y� 

�o�n� �t�h�e� �b�a�s�i�s� �o�f� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y�.� �T�h�e� �p�r�e�d�o�m�i�n�a�n�t� �r�e�a�s�o�n� �f�o�r� �n�o�t� 

�e�x�p�e�r�i�m�e�n�t�a�l�l�y� �b�l�o�c�k�i�n�g� �f�o�r� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �i�s� �b�e�c�a�u�s�e�,� �i�n� �a� �v�e�r�y� �p�r�a�c�t�i�c�a�l� 

�s�e�n�s�e�,� �n�o� �a�s�s�u�m�p�t�i�o�n�s� �c�a�n� �b�e� �m�a�d�e� �a�b�o�u�t� �t�h�e� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �o�f� �i�n�d�i�v�i�d�u�a�l�s� 

�u�s�i�n�g� �t�h�e�s�e� �t�y�p�e�s� �o�f� �a�p�p�l�i�c�a�t�i�o�n�s�,� �w�h�o� �m�a�y� �o�r� �m�a�y� �n�o�t� �h�a�v�e� �t�h�e� �d�e�v�e�l�o�p�e�d� 

�s�p�a�t�i�a�l� �a�b�i�l�i�t�i�e�s� �f�o�u�n�d� �i�n� �a�r�c�h�i�t�e�c�t�s�,� �e�n�g�i�n�e�e�r�s�,� �v�i�s�u�a�l� �a�r�t�i�s�t�s�,� �e�t� �c�e�t�e�r�a�.� �C�r�a�i�k� 

�(�1�9�7�6�)� �p�o�i�n�t�s� �o�u�t� �t�h�a�t�,� �a�l�t�h�o�u�g�h� �s�p�e�c�i�f�i�c� �s�u�b�g�r�o�u�p�s� �s�o�m�e�t�i�m�e�s� �w�a�r�r�a�n�t� 

�i�n�v�e�s�t�i�g�a�t�i�o�n�,� �s�u�c�h� �a�s� �t�h�o�s�e� �t�h�o�u�g�h�t� �t�o� �p�o�s�s�e�s�s� �s�p�e�c�i�a�l� �c�o�m�p�e�t�e�n�c�e� �i�n� �s�p�a�t�i�a�l� 

�a�b�i�l�i�t�y�,� �t�h�e� �b�e�s�t� �s�u�b�j�e�c�t�s� �f�o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �r�e�s�e�a�r�c�h� �a�r�e� �o�f�t�e�n� �t�h�o�s�e� �w�h�o� �a�r�e� 

�a� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �s�a�m�p�l�e� �o�f� �t�h�e� �g�e�n�e�r�a�l� �p�u�b�l�i�c�.� �F�u�r�t�h�e�r�m�o�r�e�,� �i�n� �a� �s�t�u�d�y� �t�o� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�k�n�o�w�l�e�d�g�e�,� �P�e�a�r�s�o�n� �a�n�d� �I�a�l�o�n�g�o� �(�1�9�8�6�)� �c�o�m�p�a�r�e�d� �t�h�e� �s�c�o�r�e�s� �o�f� �c�o�l�l�e�g�e� 

�u�n�d�e�r�g�r�a�d�u�a�t�e�s� �o�n� �f�o�u�r� �s�t�a�n�d�a�r�d�i�z�e�d� �m�e�a�s�u�r�e�s� �o�f� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �a�n�d� �t�w�o� 

�m�e�a�s�u�r�e�s� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �k�n�o�w�l�e�d�g�e�.� �A� �s�i�g�n�i�f�i�c�a�n�t� �c�o�r�r�e�l�a�t�i�o�n� �d�i�d� �n�o�t� 

�e�x�i�s�t� �b�e�t�w�e�e�n� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �k�n�o�w�l�e�d�g�e�.� �B�a�s�e�d� �o�n� �t�h�e�s�e� 

�f�i�n�d�i�n�g�s�,� �t�h�e� �e�x�p�e�r�i�m�e�n�t�e�r�s� �r�e�p�o�r�t�e�d� �t�h�a�t� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �p�u�r�p�o�r�t�e�d� 

�d�i�m�e�n�s�i�o�n�s� �i�n� �e�i�t�h�e�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �k�n�o�w�l�e�d�g�e� �o�r� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y�,� �i�n� �a�l�l� 

�p�r�o�b�a�b�i�l�i�t�y�,� �t�h�e�r�e� �w�i�l�l� �n�o�t� �b�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� 

�c�o�n�s�t�r�u�c�t�s� �(�P�e�a�r�s�o�n� �a�n�d� �I�a�l�o�n�g�o�.�,� �1�9�8�6�)�.� �T�h�e� �t�a�s�k�s� �i�n� �t�h�i�s� �s�t�u�d�y� �r�e�l�y� �o�n� 
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�e�n�v�i�r�o�n�m�e�n�t�a�l� �k�n�o�w�l�e�d�g�e�,� �a�n�d� �a�l�t�h�o�u�g�h� �t�h�e�s�e� �f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t� �t�h�a�t� �s�p�a�t�i�a�l� 

�a�b�i�l�i�t�y� �m�a�y� �n�o�t� �b�e� �a� �f�a�c�t�o�r� �f�o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �k�n�o�w�l�e�d�g�e�,� �t�h�e� �a�b�i�l�i�t�y� �t�o� 

�m�a�i�n�t�a�i�n� �o�r�i�e�n�t�a�t�i�o�n� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �o�b�j�e�c�t�s� �i�n� �s�p�a�c�e� �i�s� �l�i�k�e�l�y� �t�o� �b�e� �a�f�f�e�c�t�e�d� 

�b�y� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y�.� �T�h�e�r�e�f�o�r�e�,� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �w�a�s� �n�o�t� �u�s�e�d� �a�s� �a� �b�l�o�c�k�i�n�g� 

�f�a�c�t�o�r�,� �i�n�s�u�r�i�n�g� �t�h�a�t� �p�e�o�p�l�e� �w�i�t�h� �a� �f�u�l�l� �r�a�n�g�e� �o�f� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �p�a�r�t�i�c�i�p�a�t�e�d� �i�n� 

�t�h�e� �e�x�p�e�r�i�m�e�n�t�.� �I�n�s�t�e�a�d�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �t�e�s�t�e�d� �f�o�r� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �p�r�i�o�r� �t�o� 

�p�a�r�t�i�c�i�p�a�t�i�n�g� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �f�o�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �i�n� �p�o�s�t�-�h�o�c� �a�n�a�l�y�z�e�s�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �A�p�p�a�r�a�t�u�s� 

�V�i�s�i�o�n� �t�e�s�t�s�.� �T�h�e� �B�a�u�s�c�h� �&� �L�o�m�b�®� �V�i�s�i�o�n� �T�e�s�t�e�r� �w�a�s� �u�s�e�d� �t�o� 

�m�e�a�s�u�r�e� �v�i�s�u�a�l� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �V�i�s�i�o�n� �T�e�s�t�e�r� �i�s� �a� �s�t�a�n�d�a�r�d� �i�n�s�t�r�u�m�e�n�t� �f�o�r� 

�m�e�a�s�u�r�i�n�g� �v�i�s�u�a�l� �a�b�i�l�i�t�i�e�s�.� �A�c�u�i�t�y� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �a�d�m�i�n�i�s�t�e�r�i�n�g� �T�e�s�t� �F�-�3� 

�(�a�c�u�i�t�y� �b�o�t�h� �e�y�e�s� �n�e�a�r�)�.� �C�o�l�o�r� �v�i�s�i�o�n� �p�r�o�f�i�c�i�e�n�c�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �s�e�c�t�i�o�n� 

�o�n�e� �o�f� �t�h�e� �D�v�o�r�i�n�e� �P�s�e�u�d�o�-�I�s�o�c�h�r�o�m�a�t�i�c� �P�l�a�t�e�s� �t�e�s�t� �(�D�v�o�r�i�n�e�,� �1�9�5�3�)�.� �T�h�e� 

�t�e�s�t� �c�o�n�s�i�s�t�s� �o�f� �1�4� �p�l�a�t�e�s� �w�i�t�h� �c�o�l�o�r� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�r�a�n�g�e�d� �i�n� �p�a�i�r�s�.� 

�S�p�a�t�i�a�l� �a�b�i�l�i�t�i�e�s� �t�e�s�t�.� �T�h�e� �F�a�c�t�o�r�-�R�e�f�e�r�e�n�c�e�d� �C�o�g�n�i�t�i�v�e� �T�e�s�t� �K�i�t� 

�(�E�k�s�t�r�o�m�,� �F�r�e�n�c�h�,� �a�n�d� �H�a�r�m�o�n�,� �1�9�7�6�)� �u�s�i�n�g� �t�h�e� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �C�u�b�e� 

�C�o�m�p�a�r�i�s�o�n�s� �T�e�s�t� �(�f�o�r�m� �S�-�2�)� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�'�s� �a�b�i�l�i�t�y� 

�t�o� �m�a�i�n�t�a�i�n� �o�r�i�e�n�t�a�t�i�o�n� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �o�b�j�e�c�t�s� �i�n� �s�p�a�c�e�.� �T�h�i�s� �s�p�a�t�i�a�l� �t�e�s�t� �w�a�s� 

�s�e�l�e�c�t�e�d� �b�a�s�e�d� �o�n� �p�r�e�v�i�o�u�s� �f�i�n�d�i�n�g�s� �b�y� �A�n�t�i�n�,� �D�i�n�g�u�s�,� �H�u�l�s�e�,� �a�n�d� �W�i�e�r�w�i�l�l�e� 

�(�1�9�8�8�)�.� �T�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s� �f�o�u�n�d� �t�h�a�t� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �p�r�e�d�i�c�t�e�d� �b�y� �t�h�i�s� �t�e�s�t� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �a�f�f�e�c�t�e�d� �n�a�v�i�g�a�t�i�o�n� �p�e�r�f�o�r�m�a�n�c�e� �w�h�i�l�e� �t�r�a�v�e�r�s�i�n�g� �r�o�u�t�e�s� �i�n� �a�n� 

�a�u�t�o�m�o�b�i�l�e� �u�s�i�n�g� �v�a�r�i�o�u�s� �m�a�p� �d�i�s�p�l�a�y�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �C�u�b�e� �C�o�m�p�a�r�i�s�o�n�s� 

�t�e�s�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�w�o� �o�t�h�e�r� �s�p�a�t�i�a�l� �a�b�i�l�i�t�i�e�s� �t�e�s�t�s� �f�r�o�m� �t�h�e� 

�F�a�c�t�o�r�-�R�e�f�e�r�e�n�c�e�d� �C�o�g�n�i�t�i�v�e� �T�e�s�t�s� �K�i�t� �(�I�d�e�n�t�i�c�a�l� �P�i�c�t�u�r�e�s� �a�n�d� �M�a�p� 

�P�l�a�n�n�i�n�g�)�.� �N�a�v�i�g�a�t�i�o�n� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �t�h�e� �t�a�s�k�s� �i�n� �t�h�i�s� �s�t�u�d�y� �a�r�e� 
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�c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �a�b�i�l�i�t�y� �o�f� �a� �p�e�r�s�o�n� �t�o� �r�e�m�a�i�n� �o�r�i�e�n�t�e�d� �i�n� 

�r�e�l�a�t�i�o�n� �t�o� �o�b�j�e�c�t�s� �i�n� �s�p�a�c�e�.� �|� 

�C�o�m�p�u�t�e�r�.� �A� �M�a�c�i�n�t�o�s�h�®� �Q�u�a�d�r�a� �8�4�0�A�V� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �a�p�p�a�r�a�t�u�s� 

�f�o�r� �p�r�e�s�e�n�t�i�n�g� �s�t�i�m�u�l�i� �t�o� �p�a�r�t�i�c�i�p�a�n�t�s� �b�e�c�a�u�s�e� �o�f� �i�t�s� �a�b�i�l�i�t�y� �t�o� �d�i�s�p�l�a�y� �r�e�a�l�-� 

�t�i�m�e� �g�r�a�p�h�i�c�s� �d�e�m�a�n�d�e�d� �b�y� �V�E� �a�p�p�l�i�c�a�t�i�o�n�s�.� �I�t� �w�a�s� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� 

�w�i�t�h� �a�n� �e�x�t�e�n�d�e�d� �k�e�y�b�o�a�r�d�,� �m�o�u�s�e�,� �1�4�"� �A�V� �m�o�n�i�t�o�r�,� �a�n�d� �a� �2�1�"� �c�o�l�o�r� 

�d�i�s�p�l�a�y�.� 

�V�i�r�t�u�a�l� �e�n�v�i�r�o�n�m�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �V�i�r�t�u�s�®� �W�a�l�k�T�h�r�o�u�g�h� �P�r�o!"� �i�s� �a� 

�3�D�,� �V�E� �c�o�m�p�u�t�e�r�-�a�i�d�e�d� �d�r�a�w�i�n�g� �a�n�d� �v�i�s�u�a�l�i�z�a�t�i�o�n� �t�o�o�l� �f�o�r� �s�p�a�t�i�a�l� �d�e�s�i�g�n�.� 

�T�w�o� �c�a�t�e�g�o�r�i�e�s� �o�f� �V�E� �s�o�f�t�w�a�r�e� �a�r�e� �t�o�o�l�k�i�t�s� �a�n�d� �a�u�t�h�o�r�i�n�g� �p�a�c�k�a�g�e�s�.� 

�T�o�o�l�k�i�t�s� �c�o�n�t�a�i�n� �p�r�o�g�r�a�m�m�i�n�g� �l�i�b�r�a�r�i�e�s� �a�n�d� �g�e�n�e�r�a�l�l�y� �r�e�q�u�i�r�e� �a� �s�k�i�l�l�e�d� 

�p�r�o�g�r�a�m�m�e�r� �t�o� �c�r�e�a�t�e� �V�E� �a�p�p�l�i�c�a�t�i�o�n�s�.� �A�u�t�h�o�r�i�n�g� �p�a�c�k�a�g�e�s� �u�s�u�a�l�l�y� �h�a�v�e� 

�G�U�I�s� �a�n�d� �d�o� �n�o�t� �r�e�q�u�i�r�e� �t�h�e� �d�e�t�a�i�l�e�d� �p�r�o�g�r�a�m�m�i�n�g� �a�s� �w�i�t�h� �t�o�o�l�k�i�t�s�;� �h�o�w�e�v�e�r�,� 

�t�h�e�y� �o�f�t�e�n� �d�o� �h�a�v�e� �h�i�g�h�e�r� �l�e�v�e�l� �s�c�r�i�p�t�i�n�g� �l�a�n�g�u�a�g�e�s� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �t�o� 

�d�e�s�c�r�i�b�e� �c�o�m�p�l�e�x� �a�c�t�i�o�n�s�.� �W�a�l�k�t�h�r�o�u�g�h� �P�r�o!"� �i�s� �a�n� �a�u�t�h�o�r�i�n�g� �V�E� 

�a�p�p�l�i�c�a�t�i�o�n� �d�e�s�i�g�n�e�d� �f�o�r� �u�s�e� �w�i�t�h� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s� �w�h�i�c�h� �p�r�o�v�i�d�e�s� �3�D� 

�m�o�d�e�l�i�n�g�.� �I�t� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �w�a�l�k� �t�h�r�o�u�g�h� �V�E�s� �i�n� �r�e�a�l�-�t�i�m�e�,� �b�u�t� �d�y�n�a�m�i�c� 

�i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� �o�b�j�e�c�t�s� �i�s� �n�o�t� �s�u�p�p�o�r�t�e�d�.� �P�o�l�y�g�o�n�s� �a�r�e� �d�r�a�w�n� �i�n� �a� �2�D� 

�"�D�e�s�i�g�n� �V�i�e�w�"� �a�n�d� �t�h�e�n� �i�n�f�l�a�t�e�d� �a�n�d� �r�e�n�d�e�r�e�d� �i�n�t�o� �3�D� �o�b�j�e�c�t�s� �a�n�d� 

�e�n�v�i�r�o�n�m�e�n�t�s� �i�n� �t�h�e� �"�W�a�l�k� �V�i�e�w�.�"� �T�h�e� �W�a�l�k� �V�i�e�w�,� �o�r� �3�D� �m�o�d�e�l�i�n�g� �v�i�e�w�,� 

�a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �n�a�v�i�g�a�t�e� �t�h�r�o�u�g�h� �e�n�v�i�r�o�n�m�e�n�t�s� �t�h�a�t� �w�e�r�e� �c�r�e�a�t�e�d� �i�n� �t�h�e� 

�D�e�s�i�g�n� �V�i�e�w�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �a�l�s�o� �s�u�p�p�o�r�t�s� �t�e�x�t�u�r�e� �m�a�p�p�i�n�g� �a�n�d� 

�Q�u�i�c�k�T�i�m�e� �m�o�v�i�e�s�.� �W�a�l�k�t�h�r�o�u�g�h� �P�r�o!"� �f�a�l�l�s� �i�n�t�o� �t�h�e� �c�a�t�e�g�o�r�y� �o�f� �d�e�s�k�t�o�p� 

�V�R� �p�r�e�v�i�o�u�s�l�y� �d�i�s�c�u�s�s�e�d�.� 
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�T�h�e� �w�a�l�k� �t�h�r�o�u�g�h� �i�n� �t�h�e� �V�E� �i�s� �f�r�o�m� �a�n� �e�g�o�c�e�n�t�r�i�c� �v�i�e�w�p�o�i�n�t�.� 

�N�a�v�i�g�a�t�i�o�n� �t�h�r�o�u�g�h� �t�h�e� �V�E� �i�s� �i�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �m�o�u�s�e� �p�o�s�i�t�i�o�n� �r�e�l�a�t�i�v�e� �t�o� 

�t�h�e� �c�r�o�s�s� �h�a�i�r�s� �t�h�a�t� �a�r�e� �c�e�n�t�e�r�e�d� �i�n� �t�h�e� �W�a�l�k� �V�i�e�w� �w�i�n�d�o�w�.� �I�f� �t�h�e� �m�o�u�s�e� 

�p�o�i�n�t�e�r� �i�s� �a�b�o�v�e� �t�h�e� �c�r�o�s�s� �h�a�i�r�,� �f�o�r�w�a�r�d� �m�o�v�e�m�e�n�t� �r�e�s�u�l�t�s�,� �a�n�d� �w�h�e�n� �i�t� �i�s� 

�b�e�l�o�w� �t�h�e� �c�r�o�s�s� �h�a�i�r�s�,� �t�h�e� �o�b�s�e�r�v�e�r�'�s� �v�i�e�w�p�o�i�n�t� �m�o�v�e�s� �b�a�c�k�w�a�r�d�.� �W�h�e�n� �t�h�e� 

�m�o�u�s�e� �p�o�i�n�t�e�r� �i�s� �t�o� �t�h�e� �l�e�f�t� �o�r� �r�i�g�h�t� �o�f� �t�h�e� �c�r�o�s�s� �h�a�i�r�s�,� �m�o�v�e�m�e�n�t� �o�c�c�u�r�s� �i�n� 

�t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �d�i�r�e�c�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�e� �m�o�u�s�e� �b�u�t�t�o�n� �m�u�s�t� �b�e� �d�e�p�r�e�s�s�e�d� 

�f�o�r� �a�n�y� �m�o�v�e�m�e�n�t� �t�o� �o�c�c�u�r�.� �T�h�e� �v�e�l�o�c�i�t�y� �o�f� �m�o�v�e�m�e�n�t� �i�n�c�r�e�a�s�e�s� �a�s� �t�h�e� 

�c�u�r�s�o�r� �m�o�v�e�s� �a�w�a�y� �f�r�o�m� �t�h�e� �c�r�o�s�s� �h�a�i�r�s�.� �W�h�e�n� �t�h�e� �m�o�u�s�e� �i�s� �u�s�e�d� �i�n� 

�c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �t�h�e� �o�p�t�i�o�n� �k�e�y�,� �t�h�e� �u�s�e�r�'�s� �v�i�e�w�p�o�i�n�t� �s�l�i�d�e�s� �l�e�f�t� �o�r� �r�i�g�h�t� 

�r�a�t�h�e�r� �t�h�a�n� �t�u�r�n�i�n�g�.� 

�V�i�r�t�u�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� �C�r�a�i�k� �(�1�9�7�6�)� �h�a�s� �s�u�m�m�a�r�i�z�e�d� �s�e�v�e�r�a�l� 

�p�r�e�s�e�n�t�a�t�i�o�n� �m�e�t�h�o�d�s� �f�o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�n�f�o�r�m�a�t�i�o�n�:� �(�1�)� �d�i�r�e�c�t� �e�x�p�e�r�i�e�n�c�e�,� 

�(�2�)� �c�i�n�e�m�a�t�i�c� �a�n�d� �p�h�o�t�o�g�r�a�p�h�i�c� �m�e�t�h�o�d�s�,� �(�3�)� �s�k�e�t�c�h�e�s�,� �d�r�a�w�i�n�g�s�,� �a�n�d� 

�m�o�d�e�l�s�,� �a�n�d� �(�4�)� �s�i�m�u�l�a�t�i�v�e� �e�x�p�l�o�r�a�t�i�o�n�.� �T�h�e�r�e� �a�r�e� �a�d�v�a�n�t�a�g�e�s� �a�n�d� 

�l�i�m�i�t�a�t�i�o�n�s� �t�o� �e�a�c�h� �o�f� �t�h�e� �a�p�p�r�o�a�c�h�e�s� �l�i�s�t�e�d� �a�b�o�v�e�.� �I�n� �t�h�e� �p�a�s�t�,� �d�y�n�a�m�i�c� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �s�i�m�u�l�a�t�i�o�n� �h�a�s� �t�a�k�e�n� �o�n� �s�e�v�e�r�a�l� �f�o�r�m�s�:� �(�1�)� �d�y�n�a�m�i�c� 

�c�o�n�c�e�p�t�u�a�l� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �w�h�i�c�h� �m�o�d�e�l� �t�h�e� �h�u�m�a�n� �b�y� �s�e�t�s� 

�o�f� �r�u�l�e�s� �o�r� �o�t�h�e�r� �p�r�e�d�i�c�t�i�v�e� �m�e�t�h�o�d�s� �(�G�o�p�a�l�,� �K�l�a�t�z�k�y�,� �a�n�d� �S�m�i�t�h�,� �1�9�8�9�;� 

�S�m�i�t�h�,� �P�e�l�l�e�g�r�i�n�o�,� �a�n�d� �G�o�l�l�e�d�g�e�,� �1�9�8�2�)�,� �a�n�d� �(�2�)� �d�y�n�a�m�i�c� �p�e�r�c�e�p�t�u�a�l� 

�a�p�p�r�o�a�c�h� �u�s�i�n�g� �s�e�q�u�e�n�c�e�s� �o�f� �i�m�a�g�e�s� �f�r�o�m� �p�h�o�t�o�g�r�a�p�h�s� �o�r� �v�i�d�e�o�t�a�p�e�s� 

�(�C�o�r�n�e�l�l� �a�n�d� �H�a�y�,� �1�9�8�4�;� �a�n�d� �P�e�a�r�s�o�n� �a�n�d� �I�a�l�o�n�g�o�,� �1�9�8�6�;� �W�e�i�s�m�a�n� �e�t� �a�l�.�,� 

�1�9�8�7�)�.� �R�e�c�e�n�t�l�y� �w�i�t�h� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t�s� �i�n� �c�o�m�p�u�t�e�r� �t�e�c�h�n�o�l�o�g�y�,� �3�D� 

�p�e�r�s�p�e�c�t�i�v�e� �i�m�a�g�e�s� �a�r�e� �d�y�n�a�m�i�c�a�l�l�y� �p�r�e�s�e�n�t�e�d�,� �a�l�l�o�w�i�n�g� �t�h�e� �o�b�s�e�r�v�e�r� �t�o� 

�f�r�e�e�l�y� �e�x�p�l�o�r�e� �a�n�d� �i�n�t�e�r�a�c�t� �w�i�t�h� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �(�H�e�n�r�y� �a�n�d� �F�u�r�n�e�s�s�,� �1�9�9�3�;� 

�5�7



�O�'�N�e�i�l�l�,� �1�9�9�2�)�.� �S�i�m�u�l�a�t�e�d� �V�E�s� �a�l�l�o�w� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� �o�f� �e�x�t�r�a�n�e�o�u�s� �v�a�r�i�a�b�l�e�s� 

�w�h�i�c�h� �c�a�n� �c�o�n�f�o�u�n�d� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �i�n� �t�h�e� �r�e�a�l�-�w�o�r�l�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �m�a�n�y� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �v�a�r�i�a�b�l�e�s� �c�a�n� �e�a�s�i�l�y� �b�e� �m�a�n�i�p�u�l�a�t�e�d� �a�n�d� �s�i�m�u�l�a�t�e�d� �i�n� �V�E�s�.� 

�T�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�i�m�u�l�u�s� �c�o�n�s�i�s�t�e�d� �o�f� �a� �s�i�m�u�l�a�t�e�d� �o�f�f�i�c�e� �b�u�i�l�d�i�n�g� 

�w�i�t�h� �8� �r�o�o�m�s� �c�o�n�n�e�c�t�e�d� �b�y� �s�e�v�e�r�a�l� �h�a�l�l�w�a�y�s�.� �S�e�e� �F�i�g�u�r�e� �7� �f�o�r� �t�h�e� �f�l�o�o�r� �p�l�a�n� 

�l�a�y�o�u�t� �o�f� �t�h�e� �t�e�s�t� �e�n�v�i�r�o�n�m�e�n�t� �w�i�t�h� �r�o�o�m� �d�i�m�e�n�s�i�o�n�s� �g�i�v�e�n� �i�n� �f�e�e�t�.� �S�e�v�e�r�a�l� 
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�F�i�g�u�r�e� �7�.� �F�l�o�o�r� �p�l�a�n� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�e�d� �o�f�f�i�c�e� �b�u�i�l�d�i�n�g�.� 

�p�i�e�c�e�s� �o�f� �o�f�f�i�c�e� �f�u�r�n�i�t�u�r�e� �h�a�v�e� �b�e�e�n� �c�a�r�e�f�u�l�l�y� �p�l�a�c�e�d� �i�n� �e�a�c�h� �o�f� �t�h�e� �r�o�o�m�s� �t�o� 

�p�r�o�v�i�d�e� �s�c�a�l�e� �d�i�m�e�n�s�i�o�n�s� �f�o�r� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� �V�E� �w�a�s� �i�n�t�e�n�t�i�o�n�a�l�l�y� 

�d�e�s�i�g�n�e�d� �t�o� �b�e� �c�o�m�p�l�e�x� �b�u�t� �n�o� �m�o�r�e� �s�o� �t�h�a�n� �w�h�a�t� �c�o�u�l�d� �b�e� �f�o�u�n�d� �i�n� �a�n� 

�a�v�e�r�a�g�e� �o�f�f�i�c�e� �b�u�i�l�d�i�n�g�.� 

�S�e�v�e�r�a�l� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �f�a�m�i�l�i�a�r�i�t�y� �w�i�t�h� �t�h�e� 

�e�n�v�i�r�o�n�m�e�n�t� �a�f�f�e�c�t�s� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �c�o�g�n�i�t�i�v�e� �m�a�p� �(�E�v�a�n�s�,� �M�a�r�r�e�r�o�,� �a�n�d� 

�B�u�t�l�e�r�,� �1�9�8�1�;� �M�a�i�n�a�r�d�i� �P�e�r�o�n�,� �B�a�r�o�n�i�,� �J�o�b�,� �a�n�d� �S�a�l�m�a�s�o�,� �1�9�9�0�;� �O�'�N�e�i�l�l�,� 
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�1�9�9�2�)�;� �t�h�e�r�e�f�o�r�e�,� �t�o� �e�l�i�m�i�n�a�t�e� �t�h�e� �u�n�c�o�n�t�r�o�l�l�e�d� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �c�o�g�n�i�t�i�v�e� 

�r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �p�a�r�t�i�c�i�p�a�n�t�s�,� �a� �t�o�t�a�l�l�y� �u�n�f�a�m�i�l�i�a�r� �e�n�v�i�r�o�n�m�e�n�t� �w�a�s� �u�s�e�d�.� 

�B�e�c�a�u�s�e� �t�h�e� �u�p�d�a�t�e� �r�a�t�e� �f�o�r� �t�h�e� �r�e�a�l�-�t�i�m�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �p�e�r�s�p�e�c�t�i�v�e� �i�m�a�g�e�s� 

�i�s� �a�d�v�e�r�s�e�l�y� �e�f�f�e�c�t�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �p�o�l�y�g�o�n�s� �i�n� �t�h�e� �m�o�d�e�l� �(�d�e�t�a�i�l�)�,� �t�h�e� 

�s�e�t�t�i�n�g� �w�a�s� �k�e�p�t� �r�e�l�a�t�i�v�e�l�y� �s�i�m�p�l�e� �b�y� �u�s�i�n�g� �o�n�l�y� �i�n�t�e�r�i�o�r� �s�p�a�c�e�s� �w�i�t�h� �n�o� 

�w�i�n�d�o�w�s� �a�n�d� �d�i�f�f�u�s�e� �l�i�g�h�t�i�n�g�.� �S�e�e� �F�i�g�u�r�e� �8� �f�o�r� �a�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� �V�E�.� 

� � � � 

�F�i�g�u�r�e� �8�.� �S�a�m�p�l�e� �v�i�e�w� �o�u�t�s�i�d�e� �r�o�o�m� �G� �i�n� �t�h�e� �V�E�.� 

�A�l�s�o�,� �t�h�e� �e�n�t�i�r�e� �V�E� �i�s� �p�o�r�t�r�a�y�e�d� �o�n�l�y� �i�n� �s�h�a�d�e�s� �o�f� �g�r�a�y�.� �H�o�w�e�v�e�r�,� �f�o�r� �t�h�e� 

�V�i�s�u�a�l� �M�o�m�e�n�t�u�m� �c�o�n�d�i�t�i�o�n�s�,� �l�a�n�d�m�a�r�k�s� �a�r�e� �m�a�d�e� �s�a�l�i�e�n�t� �b�y� �d�i�s�p�l�a�y�i�n�g� 

�t�h�e�m� �i�n� �c�o�l�o�r�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �c�o�n�e� �i�s� �o�r�a�n�g�e�.� �F�i�g�u�r�e� �9� 

�s�h�o�w�s� �t�h�e� �f�l�o�o�r� �p�l�a�n� �l�a�y�o�u�t� �w�i�t�h� �t�h�e� �p�l�a�c�e�m�e�n�t� �o�f� �l�a�n�d�m�a�r�k�s� �i�n� �t�h�e� 

�e�n�v�i�r�o�n�m�e�n�t�.� �E�a�c�h� �r�o�o�m� �h�a�d� �o�n�e� �c�o�l�o�r�e�d� �l�a�n�d�m�a�r�k� �p�l�a�c�e�d� �i�n� �i�t�.� �I�n� �a�d�d�i�t�i�o�n�,� 

�b�e�c�a�u�s�e� �d�e�c�i�s�i�o�n�s� �m�u�s�t� �b�e� �m�a�d�e� �a�t� �c�h�o�i�c�e� �p�o�i�n�t�s� �(�h�a�l�l�w�a�y� �i�n�t�e�r�s�e�c�t�i�o�n�s�)�,� 

�t�h�e�s�e� �a�r�e�a�s� �b�e�c�o�m�e� �h�i�g�h�l�y� �s�a�l�i�e�n�t� �n�o�d�e�s� �(�l�a�n�d�m�a�r�k�s�)� �i�n� �c�o�g�n�i�t�i�v�e� �m�a�p�s� 
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�L�o�u�d�s�p�e�a�k� 
�o�u�e�s�p�e�a�K�e�r�s� �T�e�l�e�v�i�s�i�o�n� 

�C�o�n�s�t�r�u�c�t�i�o�n� 
�c�o�n�e� � � � � �=� �e�e� �8� �e� �s�e� �s�e�l�l� �R�l�l� �U�l� �l�l� �e�l�e� �l�e� 

�e�o� �w�e� �e�e� �e�e� �e�l� �l�w� �t�e� �k�l� �B�e� �O�e� 
� � 

�S�t�e�p� �h�a�t�t�e�r� �w�e�.� 

�7�.� �.� �©� �8� �©� 

�P�l�a�n�t� �$�e�.�.�.� �f�.�.�.� � � � � � � 

�F�i�g�u�r�e� �9�.� �F�l�o�o�r� �p�l�a�n� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�e�d� �o�f�f�i�c�e� �b�u�i�l�d�i�n�g� �w�i�t�h� �l�a�n�d�m�a�r�k�s� �o�n�l�y�.� 

�(�L�y�n�c�h�,� �1�9�6�0�;� �O�'�N�e�i�l�l�,� �1�9�9�1�)�;� �t�h�e�r�e�f�o�r�e�,� �s�a�l�i�e�n�t� �c�o�l�o�r�e�d� �o�b�j�e�c�t�s� �(�l�a�n�d�m�a�r�k�s�)� 

�w�e�r�e� �p�l�a�c�e�d� �a�t� �m�a�j�o�r� �h�a�l�l�w�a�y� �i�n�t�e�r�s�e�c�t�i�o�n�s� �i�n� �t�h�e� �V�E�.� 

�T�h�e� �f�l�o�o�r� �p�l�a�n� �w�i�t�h� �f�u�r�n�i�t�u�r�e� �f�o�r� �t�h�e� �V�E� �r�o�o�m� �t�h�a�t� �w�a�s� �u�s�e�d� �i�n� �t�h�e� 

�r�e�c�o�n�s�t�r�u�c�t�i�o�n� �t�a�s�k� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�0�.� �T�h�e� �r�o�o�m� �i�s� �2�0� �f�e�e�t� �b�y� �1�5� �f�e�e�t� 
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�F�i�g�u�r�e� �1�0�.� �F�l�o�o�r� �p�l�a�n� �o�f� �V�E� �r�o�o�m� �f�o�r� �r�e�c�o�n�s�t�r�u�c�t�i�o�n� �t�a�s�k�.� 
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�a�n�d� �c�o�n�t�a�i�n�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �1�3� �o�b�j�e�c�t�s�:� �d�e�s�k�,� �o�f�f�i�c�e� �a�r�m� �c�h�a�i�r�,� �b�o�o�k� �c�a�s�e�,� 

�r�o�u�n�d� �t�a�b�l�e�,� �l�o�u�d�s�p�e�a�k�e�r�,� �c�h�a�i�r�,� �c�o�u�c�h�,� �l�o�u�n�g�e� �c�h�a�i�r�,� �f�l�o�o�r� �l�a�m�p�,� �e�x�e�c�u�t�i�v�e� 

�c�h�a�i�r�,� �f�i�l�e� �c�a�b�i�n�e�t�,� �t�a�b�l�e�,� �a�n�d� �c�a�b�i�n�e�t�.� �F�o�r� �t�h�e� �V�i�s�u�a�l� �M�o�m�e�n�t�u�m� �c�o�n�d�i�t�i�o�n�s�,� 

�f�o�u�r� �l�a�n�d�m�a�r�k�s� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �r�o�o�m�:� �b�l�u�e� �b�a�r� �s�t�o�o�l�,� �l�i�g�h�t� �b�r�o�w�n� �e�n�d� 

�t�a�b�l�e�,� �d�a�r�k� �b�r�o�w�n� �c�o�f�f�e�e� �t�a�b�l�e�,� �a�n�d� �a� �g�r�e�e�n� �p�l�a�n�t�.� �F�i�g�u�r�e� �1�1� �s�h�o�w�s� �a�n� 

�o�v�e�r�v�i�e�w� �o�f� �t�h�e� �r�o�o�m� �w�i�t�h�o�u�t� �l�a�n�d�m�a�r�k�s�.� 

� � � � 

�F�i�g�u�r�e� �1�1�.� �V�E� �r�o�o�m� �f�o�r� �r�e�c�o�n�s�t�r�u�c�t�i�o�n� �t�a�s�k�.� 
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�P�r�o�c�e�d�u�r�e� 

�P�r�e�s�c�r�e�e�n�i�n�g� �a�n�d� �t�r�a�i�n�i�n�g�.� �E�a�c�h� �s�u�b�j�e�c�t� �w�a�s� �b�r�o�u�g�h�t� �i�n�t�o� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�e�r� �a�r�e�a�,� �b�r�i�e�f�e�d� �o�n� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �r�e�s�e�a�r�c�h�,� �p�r�o�v�i�d�e�d� �w�i�t�h� �a�n� 

�i�n�t�r�o�d�u�c�t�i�o�n� �t�o� �t�h�e� �s�t�u�d�y� �(�s�e�e� �A�p�p�e�n�d�i�x� �B�)�,� �a�n�d� �a�s�k�e�d� �t�o� �f�i�l�l� �o�u�t� �a�n� �i�n�f�o�r�m�e�d� 

�c�o�n�s�e�n�t� �f�o�r�m� �(�s�e�e� �A�p�p�e�n�d�i�x� �C�)�.� �T�h�e�y� �w�e�r�e� �t�h�e�n� �g�i�v�e�n� �t�h�e� �B�a�u�s�c�h� �&� 

�L�o�m�b�®� �v�i�s�i�o�n� �a�c�u�i�t�y� �t�e�s�t� �(�F�-�3�)� �t�o� �i�n�s�u�r�e� �t�h�a�t� �t�h�e�y� �h�a�d� �a�t� �l�e�a�s�t� �2�0�/�4�0� 

�c�o�r�r�e�c�t�e�d� �v�i�s�i�o�n�.� �C�o�l�o�r� �v�i�s�i�o�n� �w�a�s� �t�h�e�n� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �t�h�e� �D�v�o�r�i�n�e� �P�s�e�u�d�o�-� 

�I�s�o�c�h�r�o�m�a�t�i�c� �P�l�a�t�e�s� �t�e�s�t�.� �I�f� �t�h�e�y� �m�e�t� �t�h�e� �v�i�s�i�o�n� �r�e�q�u�i�r�e�m�e�n�t�s�,� �p�a�r�t�i�c�i�p�a�n�t�s� 

�w�e�r�e� �a�d�m�i�n�i�s�t�e�r�e�d� �t�h�e� �C�u�b�e� �C�o�m�p�a�r�i�s�o�n�s� �T�e�s�t� �(�f�o�r�m� �S�-�2�)� �f�r�o�m� �t�h�e� �K�i�t� �o�f� 

�F�a�c�t�o�r�-�R�e�f�e�r�e�n�c�e�d� �C�o�g�n�i�t�i�v�e� �T�e�s�t�s�.� 

�A�f�t�e�r� �c�o�m�p�l�e�t�i�n�g� �p�r�e�-�t�e�s�t�i�n�g�,� �p�a�r�t�i�c�i�p�a�n�t�s� �v�i�e�w�e�d� �a� �p�r�e�-�r�e�c�o�r�d�e�d� 

�i�n�s�t�r�u�c�t�i�o�n�s� �v�i�d�e�o� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�e� �c�o�m�p�u�t�e�r� �a�p�p�l�i�c�a�t�i�o�n�.� �P�a�r�t�i�c�i�p�a�n�t�s� 

�p�e�r�f�o�r�m�e�d� �s�e�v�e�r�a�l� �n�a�v�i�g�a�t�i�o�n� �t�a�s�k�s� �i�n� �a� �p�r�a�c�t�i�c�e� �V�E�.� �F�o�l�l�o�w�i�n�g� �p�r�a�c�t�i�c�e�,� 

�p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �g�i�v�e�n� �a� �s�e�t� �o�f� �g�e�n�e�r�a�l� �i�n�s�t�r�u�c�t�i�o�n�s� �t�o� �r�e�a�d� �f�o�r� �p�h�a�s�e� �I� �o�f� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t� �(�s�e�e� �A�p�p�e�n�d�i�x� �D�)�.� 

�A�l�l� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �w�i�t�h� �t�h�e� �W�a�l�k� �V�i�e�w� �w�h�i�c�h� �a�l�l�o�w�e�d� 

�n�a�v�i�g�a�t�i�o�n� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �V�E�.� �O�n�l�y� �s�u�b�j�e�c�t�s� �i�n� �t�h�e� �V�i�s�u�a�l� �M�o�m�e�n�t�u�m� 

�c�o�n�d�i�t�i�o�n�s� �h�a�d� �t�h�e� �o�v�e�r�v�i�e�w� �m�a�p� �(�l�o�n�g� �s�h�o�t�)� �w�i�t�h� �s�a�l�i�e�n�t� �(�c�o�l�o�r�e�d�)� 

�l�a�n�d�m�a�r�k�s�.� �A�l�s�o�,� �p�r�i�o�r� �t�o� �s�t�a�r�t�i�n�g� �t�h�e�y� �w�e�r�e� �t�o�l�d� �t�o� �r�e�m�e�m�b�e�r� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� 

�t�h�e� �e�n�t�r�a�n�c�e� �b�e�c�a�u�s�e� �t�h�e�y� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �t�o� �p�o�i�n�t� �t�o� �i�t� �t�h�r�o�u�g�h�o�u�t� �t�h�e� 

�t�o�u�r�.� �S�u�b�j�e�c�t�s� �s�t�a�r�t�e�d� �a�t� �t�h�e� �e�n�t�r�a�n�c�e� �o�f� �t�h�e� �V�E� �a�n�d� �f�o�l�l�o�w�e�d� �a� 

�p�r�e�d�e�t�e�r�m�i�n�e�d� �p�a�t�h�.� �H�o�w�e�v�e�r�,� �t�h�e�y� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �f�r�e�e�l�y� �e�x�p�l�o�r�e� �e�a�c�h� 

�s�p�a�c�e� �i�n� �t�h�e� �V�E� �a�s� �t�h�e�y� �e�n�c�o�u�n�t�e�r�e�d� �i�t�.� �P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �b�y� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�e�r� �v�i�a� �a� �t�w�o�-�w�a�y� �i�n�t�e�r�c�o�m� �w�h�i�l�e� �n�a�v�i�g�a�t�i�n�g� �a�n�d� �p�e�r�f�o�r�m�i�n�g� �t�a�s�k�s� 

�i�n� �t�h�e� �V�E�.� �S�e�e� �A�p�p�e�n�d�i�x� �E� �f�o�r� �a� �t�r�a�n�s�c�r�i�p�t� �o�f� �t�h�e� �v�e�r�b�a�l� �i�n�s�t�r�u�c�t�i�o�n�s�.� 
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�P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �t�r�y� �a�n�d� �u�n�d�e�r�s�t�a�n�d� �a�n�d� �r�e�m�e�m�b�e�r� �t�h�e� �l�a�y�o�u�t� 

�o�f� �t�h�e� �s�p�a�c�e� �a�s� �t�h�e�y� �m�o�v�e�d� �t�h�r�o�u�g�h� �t�h�e� �v�i�r�t�u�a�l� �b�u�i�l�d�i�n�g�.� 

�R�o�o�m� �d�i�m�e�n�s�i�o�n� �e�s�t�i�m�a�t�e�s�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �g�u�i�d�e�d� �t�o� �s�p�a�c�e� �A� �a�n�d� 

�a�s�k�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �d�i�m�e�n�s�i�o�n�s� �(�w�i�d�t�h� �a�n�d� �l�e�n�g�t�h�)� �o�f� �t�h�e� �r�o�o�m�.� 

�P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �s�p�e�c�i�f�i�c�a�l�l�y� �i�n�s�t�r�u�c�t�e�d� �n�o�t� �t�o� �u�s�e� �f�u�r�n�i�t�u�r�e� �o�r� �a�n�y� �o�t�h�e�r� 

�m�e�t�h�o�d� �t�o� �t�r�y� �a�n�d� �m�e�a�s�u�r�e� �o�r� �c�o�u�n�t� �o�f�f� �t�h�e� �d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e� �s�p�a�c�e�.� �T�h�e�y� 

�w�e�r�e� �a�s�k�e�d� �t�o� �s�i�m�p�l�y� �e�s�t�i�m�a�t�e� �t�h�e� �d�i�m�e�n�s�i�o�n�s� �f�r�o�m� �t�h�e�i�r� �g�e�n�e�r�a�l� �i�m�p�r�e�s�s�i�o�n� 

�o�f� �t�h�e� �r�o�o�m� �s�i�z�e�.� �V�e�r�t�i�c�a�l� �h�e�i�g�h�t� �o�f� �t�h�e� �r�o�o�m�s� �w�a�s� �n�o�t� �e�s�t�i�m�a�t�e�d� �b�e�c�a�u�s�e� 

�p�a�r�t�i�c�i�p�a�n�t�s� �a�r�e� �v�e�r�y� �a�c�c�u�r�a�t�e� �a�t� �e�s�t�i�m�a�t�i�n�g� �a�s�p�e�c�t�s� �o�f� �i�n�t�e�r�i�o�r� �s�p�a�c�e�s� �t�h�a�t� 

�u�s�u�a�l�l�y� �c�o�m�e� �i�n� �s�t�a�n�d�a�r�d� �d�i�m�e�n�s�i�o�n�s�,� �a�n�d� �a�l�s�o� �b�e�c�a�u�s�e� �t�h�e� �s�t�a�n�d�i�n�g� �p�o�s�t�u�r�e� 

�h�e�l�p�s� �p�e�o�p�l�e� �u�s�e� �t�h�e�i�r� �v�e�r�t�i�c�a�l� �h�e�i�g�h�t� �a�s� �a� �s�c�a�l�e� �(�H�e�n�r�y� �a�n�d� �F�u�r�n�e�s�s�,� �1�9�9�3�)�.� 

�R�o�o�m� �d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s� �a�s� �a� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �a�r�e� �i�n�t�e�n�d�e�d� �t�o� �a�s�s�e�s�s� �h�o�w� 

�a�c�c�u�r�a�t�e�l�y� �p�e�o�p�l�e� �p�e�r�c�e�i�v�e� �t�h�e� �m�o�s�t� �b�a�s�i�c� �d�i�m�e�n�s�i�o�n�s� �o�f� �v�i�r�t�u�a�l� �s�p�a�c�e� �a�n�d� �t�o� 

�w�h�a�t� �e�x�t�e�n�t� �m�a�n�i�p�u�l�a�t�i�n�g� �G�F�O�V� �h�a�s� �o�n� �t�h�a�t� �p�e�r�c�e�p�t�i�o�n�.� �W�h�i�l�e� �t�h�e�y� �w�e�r�e� �i�n� 

�s�p�a�c�e� �A�,� �t�h�e�y� �w�e�r�e� �g�i�v�e�n� �i�n�s�t�r�u�c�t�i�o�n�s� �t�o� �p�a�y� �p�a�r�t�i�c�u�l�a�r� �a�t�t�e�n�t�i�o�n� �t�o� �t�h�e� �c�h�a�i�r� 

�i�n� �t�h�e� �c�o�r�n�e�r� �b�e�c�a�u�s�e� �t�h�e�y� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�t�s� �l�o�c�a�t�i�o�n� �f�r�o�m� 

�t�h�e� �n�e�x�t� �r�o�o�m�.� 

�D�i�r�e�c�t�i�o�n� �j�u�d�g�m�e�n�t�s�.� �P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �d�i�r�e�c�t�e�d� �t�o� �t�h�e� �c�e�n�t�e�r� �o�f� �e�a�c�h� 

�s�u�c�c�e�s�s�i�v�e� �r�o�o�m� �i�n� �t�h�e� �V�E� �a�n�d� �a�s�k�e�d� �t�o� �p�o�i�n�t� �t�o� �e�i�t�h�e�r� �t�h�e� �e�n�t�r�a�n�c�e� �(�H�a�r�d� 

�D�i�f�f�i�c�u�l�t�y�)� �o�r� �t�h�e� �o�b�j�e�c�t� �(�E�a�s�y� �d�i�f�f�i�c�u�l�t�y�)� �t�h�e�y� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �p�a�y� 

�a�t�t�e�n�t�i�o�n� �t�o� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �r�o�o�m� �(�t�h�e� �o�r�d�e�r� �o�f� �t�a�s�k�s� �w�e�r�e� �b�a�l�a�n�c�e�d� �a�c�r�o�s�s� �a�l�l� 

�s�u�b�j�e�c�t�s�)�.� �P�o�i�n�t�i�n�g� �t�a�s�k�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �6� �o�u�t� �o�f� �t�h�e� �8� �r�o�o�m�s� �(�B� �t�h�r�o�u�g�h� 

�G�)� �w�i�t�h� �t�h�e� �f�i�r�s�t� �a�n�d� �l�a�s�t� �r�o�o�m�s� �b�e�i�n�g� �e�x�c�l�u�d�e�d�.� �T�h�e�r�e� �a�r�e� �a� �t�o�t�a�l� �o�f� �1�2� 

�j�u�d�g�m�e�n�t�s� �t�o� �b�e� �p�e�r�f�o�r�m�e�d� �b�y� �e�a�c�h� �p�a�r�t�i�c�i�p�a�n�t�,� �6� �i�n� �t�h�e� �E�a�s�y� �D�i�f�f�i�c�u�l�t�y� 

�c�o�n�d�i�t�i�o�n�s� �a�n�d� �6� �i�n� �t�h�e� �H�a�r�d� �D�i�f�f�i�c�u�l�t�y� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t�e�r� �t�o�o�k� �a� 
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�s�n�a�p�s�h�o�t� �o�f� �t�h�e� �s�c�r�e�e�n� �d�u�r�i�n�g� �e�a�c�h� �o�r�i�e�n�t�a�t�i�o�n� �t�a�s�k� �w�h�i�c�h� �w�a�s� �t�h�e�n� �u�s�e�d� �t�o� 

�c�a�l�c�u�l�a�t�e� �t�h�e� �a�n�g�l�e� �i�n� �d�e�g�r�e�e�s� �a�z�i�m�u�t�h� �f�r�o�m� �t�h�e� �c�e�n�t�e�r� �o�f� �t�h�e� �r�e�t�i�c�l�e� �(�c�r�o�s�s� 

�h�a�i�r�s�)� �t�o� �t�h�e� �o�r�i�e�n�t�a�t�i�o�n� �o�b�j�e�c�t� �l�o�c�a�t�i�o�n�.� �P�o�i�n�t�i�n�g� �i�n� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �a�n� 

�u�n�s�e�e�n� �r�e�f�e�r�e�n�c�e� �o�b�j�e�c�t� �i�s� �a� �c�o�m�m�o�n�l�y� �u�s�e�d� �m�e�t�h�o�d� �f�o�r� �e�x�a�m�i�n�i�n�g� �t�h�e� 

�d�e�g�r�e�e� �o�f� �o�r�i�e�n�t�a�t�i�o�n� �o�b�s�e�r�v�e�r�s� �h�a�v�e� �i�n� �r�e�a�l� �e�n�v�i�r�o�n�m�e�n�t�s� �(�G�o�r�d�o�n� �e�t� �a�l�.�,� 

�1�9�8�9�;� �L�i�n�d�b�e�r�g� �a�n�d� �G�a�r�l�i�n�g�,� �1�9�8�1�;� �S�h�o�l�l�,� �1�9�8�7�;� �O�k�a�b�e� �e�t� �a�l�.�,� �1�9�8�6�)� �a�n�d� �i�n� 

�V�E�s� �(�H�e�n�r�y� �a�n�d� �F�u�r�n�e�s�s�,� �1�9�9�3�;� �W�e�l�l�s� �a�n�d� �V�e�n�t�u�r�i�n�o�,� �1�9�9�0�)�.� 

�D�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s�.� �A�f�t�e�r� �e�a�c�h� �p�o�i�n�t�i�n�g� �t�a�s�k�,� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �a�s�k�e�d� 

�t�o� �e�s�t�i�m�a�t�e� �t�h�e� �d�i�s�t�a�n�c�e� �t�o� �t�h�e� �o�b�j�e�c�t� �f�o�r� �w�h�i�c�h� �t�h�e�y� �m�a�d�e� �t�h�e� �d�i�r�e�c�t�i�o�n� 

�j�u�d�g�m�e�n�t�.� �D�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �a� �c�o�m�m�o�n� �t�a�s�k� �f�o�r� 

�d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �l�e�v�e�l� �o�f� �s�p�a�t�i�a�l� �f�a�m�i�l�i�a�r�i�t�y� �w�i�t�h� �a�n� �e�n�v�i�r�o�n�m�e�n�t� �(�G�o�r�d�o�n� �e�t� 

�a�l�.�,� �1�9�8�9�;� �K�o�s�s�l�y�n�,� �P�i�c�k�,� �a�n�d� �F�a�r�i�e�l�l�o�,� �1�9�7�4�;� �L�i�n�d�b�e�r�g� �a�n�d� �G�a�r�l�i�n�g�,� �1�9�8�1�)�.� 

�F�o�l�l�o�w�i�n�g� �t�h�e� �p�o�i�n�t�i�n�g� �t�a�s�k�s� �a�n�d� �d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s� �t�o� �t�h�e� �o�r�i�e�n�t�a�t�i�o�n� �t�a�s�k� 

�o�b�j�e�c�t� �i�n� �e�a�c�h� �o�f� �t�h�e� �r�o�o�m�s�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �d�i�m�e�n�s�i�o�n�s� 

�o�f� �t�h�e� �s�p�a�c�e�.� 

�C�o�g�n�i�t�i�v�e� �m�a�p� �t�a�s�k�.� �A�f�t�e�r� �c�o�m�p�l�e�t�i�n�g� �t�h�e� �t�o�u�r� �o�f� �t�h�e� �v�i�r�t�u�a�l� �o�f�f�i�c�e� 

�b�u�i�l�d�i�n�g�,� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �g�i�v�e�n� �a�n� �8� �1�/�2� �b�y� �1�1� �b�l�a�n�k� �s�h�e�e�t� �o�f� �p�a�p�e�r� �a�n�d� 

�a�s�k�e�d� �t�o� �d�r�a�w� �t�h�e� �f�l�o�o�r� �p�l�a�n� �o�f� �t�h�e� �V�E� �t�h�e�y� �j�u�s�t� �e�x�p�e�r�i�e�n�c�e�d�.� �S�k�e�t�c�h� �m�a�p�s� 

�h�a�v�e� �b�e�e�n� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �m�e�t�h�o�d�s� �u�s�e�d� �f�o�r� �t�h�e� �e�x�t�r�a�c�t�i�o�n� �o�f� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�g�n�i�t�i�v�e� �i�n�f�o�r�m�a�t�i�o�n� �(�E�v�a�n�s�,� �1�9�8�0�;� �L�y�n�c�h�,� �1�9�6�0�;� �O�'�N�e�i�l�l�,� 

�1�9�9�1�;� �O�'�N�e�i�l�l�,� �1�9�9�2�;� �R�o�v�i�n�e� �a�n�d� �W�e�i�s�m�a�n�,� �1�9�8�9�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �B�l�a�d�e�s� 

�(�1�9�9�0�)� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �s�k�e�t�c�h� �m�a�p�s� �a�r�e� �a� �r�e�l�i�a�b�l�e� �s�o�u�r�c�e� �o�f� �d�a�t�a� �b�a�s�e�d� �o�n� 

�a� �t�e�s�t�-�r�e�t�e�s�t� �m�e�t�h�o�d�o�l�o�g�y� �w�h�e�r�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �p�r�o�d�u�c�e� �a� �s�k�e�t�c�h� 

�m�a�p� �o�f� �t�h�e� �s�a�m�e� �e�n�v�i�r�o�n�m�e�n�t� �o�n� �t�w�o� �s�e�p�a�r�a�t�e� �t�r�i�a�l�s�.� 
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�R�o�o�m� �r�e�c�o�n�s�t�r�u�c�t� �t�a�s�k�.� �P�h�a�s�e� �I�I� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �i�n�v�o�l�v�e�d� 

�r�e�c�o�n�s�t�r�u�c�t�i�n�g� �t�h�e� �l�a�y�o�u�t� �o�f� �a� �V�E� �r�o�o�m�.� �P�a�r�t�i�c�i�p�a�n�t�s� �v�i�e�w�e�d� �a�n� �i�n�s�t�r�u�c�t�i�o�n� 

�v�i�d�e�o� �d�e�m�o�n�s�t�r�a�t�i�n�g� �h�o�w� �t�o� �m�o�v�e� �o�b�j�e�c�t�s� �i�n� �t�h�e� �2�D� �D�e�s�i�g�n� �V�i�e�w�.� 

�F�o�l�l�o�w�i�n�g� �t�h�e� �v�i�d�e�o�,� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �p�r�a�c�t�i�c�e� �m�o�v�i�n�g� �a�n�d� 

�r�o�t�a�t�i�n�g� �f�u�r�n�i�t�u�r�e� �i�n� �a� �p�r�a�c�t�i�c�e� �V�E�.� �A�f�t�e�r� �r�e�a�d�i�n�g� �t�h�e� �g�e�n�e�r�a�l� �i�n�s�t�r�u�c�t�i�o�n�s� 

�f�o�r� �P�h�a�s�e� �I�I� �(�s�e�e� �A�p�p�e�n�d�i�x� �D�)�,� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �v�i�e�w� �a�n�d� �m�o�v�e� 

�f�r�e�e�l�y� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �r�o�o�m� �f�o�r� �1� �m�i�n�u�t�e�.� �T�h�e� �V�i�s�u�a�l� �M�o�m�e�n�t�u�m� �c�o�n�d�i�t�i�o�n�s� 

�i�n�c�l�u�d�e�d� �t�h�e� �l�o�n�g� �s�h�o�t� �(�o�v�e�r�v�i�e�w� �m�a�p�)� �w�i�t�h� �l�a�n�d�m�a�r�k�s�.� �L�a�n�d�m�a�r�k�s� �w�e�r�e� 

�l�e�f�t� �i�n� �t�h�e� �r�o�o�m� �d�u�r�i�n�g� �t�h�e� �r�e�c�o�n�s�t�r�u�c�t�i�o�n� �t�a�s�k� �f�o�r� �t�h�e� �V�i�s�u�a�l� �M�o�m�e�n�t�u�m� 

�c�o�n�d�i�t�i�o�n�s�.� �P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �r�e�m�e�m�b�e�r� �t�h�e� �l�a�y�o�u�t� �o�f� �t�h�e� 

�f�u�r�n�i�t�u�r�e� �w�h�i�l�e� �i�n� �t�h�e� �r�o�o�m�.� �A�f�t�e�r� �e�x�p�l�o�r�i�n�g� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �a�l�l� �t�h�e� 

�f�u�r�n�i�t�u�r�e� �w�a�s� �r�e�m�o�v�e�d� �a�n�d� �p�l�a�c�e�d� �o�u�t�s�i�d�e� �t�h�e� �r�o�o�m�.� �T�h�e� �D�e�s�i�g�n� �V�i�e�w� �a�n�d� 

�t�h�e� �W�a�l�k� �V�i�e�w� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �t�o� �a�l�l� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �d�u�r�i�n�g� �t�h�e� 

�r�e�c�o�n�s�t�r�u�c�t�i�o�n� �t�a�s�k�.� �P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �r�e�c�o�n�s�t�r�u�c�t� �t�h�e� �l�a�y�o�u�t� �o�f� �t�h�e� 

�r�o�o�m� �a�s� �q�u�i�c�k�l�y� �a�n�d� �a�s� �a�c�c�u�r�a�t�e�l�y� �a�s� �p�o�s�s�i�b�l�e�.� 

�R�e�c�o�n�s�t�r�u�c�t�i�n�g� �a�n� �e�n�v�i�r�o�n�m�e�n�t� �w�i�t�h� �o�b�j�e�c�t�s� �t�h�a�t� �w�e�r�e� �p�r�e�v�i�o�u�s�l�y� 

�v�i�e�w�e�d� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �a� �v�a�l�i�d� �m�e�t�h�o�d� �f�o�r� �i�n�v�e�s�t�i�g�a�t�i�n�g� �t�h�e� �a�c�c�u�r�a�c�y� 

�o�f� �s�u�b�j�e�c�t�'�s� �c�o�g�n�i�t�i�v�e� �m�a�p�s� �(�H�e�r�m�a�n� �a�n�d� �S�i�e�g�e�l�,� �1�9�7�8�;� �A�l�f�a�n�o� �a�n�d� �M�i�c�h�e�l�,� 

�1�9�9�0�)�.� �T�i�m�e� �a�n�d� �e�r�r�o�r�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�y� �t�h�e� �e�x�p�e�r�i�m�e�n�t�e�r�.� �E�r�r�o�r�s� �w�e�r�e� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �p�e�r�c�e�n�t� �o�f� �f�u�r�n�i�t�u�r�e� �i�t�e�m�s� �n�o�t� �c�o�r�r�e�c�t�l�y� �p�l�a�c�e�d� �w�i�t�h�i�n� �2� 

�f�e�e�t� �o�f� �t�h�e�i�r� �o�r�i�g�i�n�a�l� �p�o�s�i�t�i�o�n�.� �A�l�f�a�n�o� �a�n�d� �M�i�c�h�e�l� �(�1�9�9�0�)� �u�s�e�d� �r�e�l�a�t�i�v�e� �e�r�r�o�r� 

�f�o�r� �r�e�p�l�a�c�i�n�g� �o�b�j�e�c�t�s� �(�w�i�t�h�i�n� �1� �f�o�o�t� �o�f� �o�r�i�g�i�n�a�l� �p�o�s�i�t�i�o�n�)� �i�n� �a� �s�p�a�t�i�a�l� 

�O�r�i�e�n�t�a�t�i�o�n� �t�a�s�k� �u�n�d�e�r� �r�e�s�t�r�i�c�t�e�d� �F�O�V�s� �a�n�d� �f�o�u�n�d� �i�t� �t�o� �b�e� �a� �p�r�e�d�i�c�t�i�v�e� 

�m�e�a�s�u�r�e� �o�f� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �p�e�r�f�o�r�m�a�n�c�e�.� �S�n�a�p� �s�h�o�t�s� �o�f� �t�h�e� �s�c�r�e�e�n� �w�e�r�e� 

�u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �p�l�a�c�e�m�e�n�t� �e�r�r�o�r�s� �f�o�r� �t�h�e� �o�b�j�e�c�t�s� �i�n� �t�h�e� �r�o�o�m�.� 
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�Q�u�e�s�t�i�o�n�n�a�i�r�e� �r�e�s�p�o�n�s�e�s�.� �L�a�s�t�l�y�,� �p�a�r�t�i�c�i�p�a�n�t�s� �c�o�m�p�l�e�t�e�d� �a� �s�u�b�j�e�c�t�i�v�e� 

�q�u�e�s�t�i�o�n�n�a�i�r�e� �(�A�p�p�e�n�d�i�x� �A�)�,� �r�e�s�p�o�n�d�i�n�g� �t�o� �n�i�n�e� �q�u�e�s�t�i�o�n�s� �w�h�i�c�h� �u�s�e�d� �a� 

�s�e�v�e�n� �p�o�i�n�t� �L�i�k�e�r�t�-�t�y�p�e� �s�c�a�l�e�.� �Q�u�e�s�t�i�o�n�s� �1� �a�n�d� �6� �t�h�r�o�u�g�h� �9� �a�s�k�e�d� 

�p�a�r�t�i�c�i�p�a�n�t�s� �t�o� �r�a�t�e� �h�o�w� �w�e�l�l� �t�h�e�y� �p�e�r�c�e�i�v�e�d� �t�h�e�y� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �v�a�r�i�o�u�s� 

�t�a�s�k�s� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� �Q�u�e�s�t�i�o�n�s� �2� �t�h�r�o�u�g�h� �5� �w�e�r�e� �a�d�a�p�t�e�d� �f�r�o�m� �a� �l�e�x�i�c�o�n� 

�o�f� �a�r�c�h�i�t�e�c�t�u�r�a�l� �d�e�s�c�r�i�p�t�o�r�s� �d�e�v�e�l�o�p�e�d� �b�y� �K�a�s�m�a�r� �(�1�9�7�0�)� �a�n�d� �w�e�r�e� �i�n�t�e�n�d�e�d� 

�t�o� �m�e�a�s�u�r�e� �w�h�e�t�h�e�r� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �i�n�f�l�u�e�n�c�e�d� �t�h�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� 

�i�m�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �v�i�r�t�u�a�l� �s�p�a�c�e�.� �T�h�e� �a�d�j�e�c�t�i�v�e� �p�a�i�r�s� �b�o�r�r�o�w�e�d� �f�r�o�m� �t�h�e� �l�i�s�t� 

�o�f� �d�e�s�c�r�i�p�t�o�r�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �a�n�d� �i�n�t�e�n�d�e�d� �t�o� �b�e� �u�s�e�d� �b�y� �l�a�y�m�e�n� �f�o�r� 

�d�e�s�c�r�i�b�i�n�g� �p�h�y�s�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�s�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t� �t�o�o�k� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1� �1�/�2� 

�t�o� �2� �h�o�u�r�s� �t�o� �c�o�m�p�l�e�t�e� �f�o�r� �e�a�c�h� �p�a�r�t�i�c�i�p�a�n�t�.� 
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�R�E�S�U�L�T�S� 

�T�h�e� �r�e�s�u�l�t�s� �a�n�d� �d�i�s�c�u�s�s�i�o�n� �s�e�c�t�i�o�n�s� �w�i�l�l� �u�s�e� �F�O�V� �a�n�d� �G�F�O�V� 

�i�n�t�e�r�c�h�a�n�g�e�a�b�l�y�.� �R�e�c�a�l�l� �t�h�e� �c�l�a�i�m� �w�a�s� �m�a�d�e� �t�h�a�t� �t�h�e� �t�w�o� �c�o�n�s�t�r�u�c�t�s� �a�r�e� 

�c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �c�o�n�c�e�p�t�u�a�l�l�y� �a�n�d� �t�h�e�o�r�e�t�i�c�a�l�l�y� �e�q�u�i�v�a�l�e�n�t� �f�o�r� �m�o�s�t� �i�n�t�e�n�s�i�v�e� 

�p�u�r�p�o�s�e�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �t�e�c�h�n�i�c�a�l� �n�a�t�u�r�e� �o�f� �G�F�O�V� �a�n�d� �i�t�s� �a�s�s�o�c�i�a�t�e�d� 

�p�a�r�a�m�e�t�e�r�s� �a�r�e� �i�m�p�o�r�t�a�n�t� �f�o�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �t�h�e� �p�e�r�c�e�p�t�u�a�l� �e�r�r�o�r�s� �w�h�i�c�h� 

�r�e�s�u�l�t�,� �m�u�c�h� �o�f� �t�h�e� �d�i�s�c�u�s�s�i�o�n� �o�n� �s�p�a�t�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �v�i�e�w�s� �G�F�O�V� �t�o� �b�e� 

�e�q�u�i�v�a�l�e�n�t� �t�o� �F�O�V�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �t�h�e� �G�F�O�V� �f�o�r� �p�e�r�s�p�e�c�t�i�v�e� �d�i�s�p�l�a�y�s� �i�s� �t�h�e� 

�F�O�V� �f�o�r� �d�e�s�k�t�o�p� �V�E�s� �a�n�d� �i�s� �e�q�u�i�v�a�l�e�n�t� �t�o� �i�t�s� �r�e�a�l�-�w�o�r�l�d� �c�o�u�n�t�e�r�p�a�r�t�.� 

�S�e�v�e�r�a�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�n�d� �a�r�e� �g�r�o�u�p�e�d� �i�n�t�o� �t�w�o� �b�r�o�a�d� 

�c�a�t�e�g�o�r�i�e�s�:� �1�)� �a�n�a�l�y�s�i�s� �f�o�r� �p�e�r�f�o�r�m�a�n�c�e� �r�e�l�a�t�i�n�g� �t�o� �b�a�s�i�c� �s�p�a�c�e� �d�i�m�e�n�s�i�o�n� 

�e�s�t�i�m�a�t�e�s�,� �a�n�d� �2�)� �e�v�a�l�u�a�t�i�o�n� �o�f� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n�.� �B�a�s�i�c� �s�p�a�c�e� �d�i�m�e�n�s�i�o�n� 

�e�s�t�i�m�a�t�e�s� �i�n�c�l�u�d�e� �e�v�a�l�u�a�t�i�o�n�s� �o�f� �r�o�o�m� �d�i�m�e�n�s�i�o�n�s� �a�n�d� �d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s� �t�o� 

�u�n�s�e�e�n� �t�a�r�g�e�t�s� �p�r�e�v�i�o�u�s�l�y� �v�i�e�w�e�d�.� �R�o�o�m� �d�i�m�e�n�s�i�o�n�s� �w�e�r�e� �t�e�s�t�e�d� �b�y� 

�c�o�m�p�a�r�i�n�g� �p�a�r�t�i�c�i�p�a�n�t�s� �r�e�s�p�o�n�s�e�s� �f�o�r� �t�h�e� �w�i�d�t�h� �a�n�d� �l�e�n�g�t�h� �o�f� �r�o�o�m�s� �g�i�v�e�n� �i�n� 

�w�h�o�l�e� �f�e�e�t�.� �D�i�m�e�n�s�i�o�n�s� �a�r�e� �c�o�m�b�i�n�e�d� �t�o� �p�r�o�v�i�d�e� �t�o�t�a�l� �s�q�u�a�r�e� �f�o�o�t�a�g�e� �f�o�r� 

�e�a�c�h� �r�o�o�m�.� �D�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s� �t�o� �u�n�s�e�e�n� �o�b�j�e�c�t�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �t�e�s�t�e�d� 

�t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t� �o�f� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �o�n� �t�h�e� �a�b�i�l�i�t�y� �t�o� �j�u�d�g�e� �t�h�e� 

�d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�'�s� �v�i�r�t�u�a�l� �e�g�o�c�e�n�t�e�r� �t�o� �1�)� �t�h�e� �e�n�t�r�a�n�c�e� �o�f� �t�h�e� 

�b�u�i�l�d�i�n�g� �(�H�a�r�d� �D�i�f�f�i�c�u�l�t�y�)� �a�n�d� �2�)� �a�n� �o�b�j�e�c�t� �f�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s� �r�o�o�m� �(�E�a�s�y� 

�D�i�f�f�i�c�u�l�t�y�)�.� 

�S�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �w�a�s� �a�n�a�l�y�z�e�d� �b�y� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �c�o�g�n�i�t�i�v�e� �m�a�p� 

�t�a�s�k�,� �d�i�r�e�c�t�i�o�n� �j�u�d�g�m�e�n�t�s� �(�p�o�i�n�t�i�n�g�)�,� �e�r�r�o�r� �f�o�r� �o�b�j�e�c�t� �p�l�a�c�e�m�e�n�t�,� �a�n�d� �t�i�m�e� �t�o� 

�p�l�a�c�e� �o�b�j�e�c�t�s� �i�n� �r�e�c�o�n�s�t�r�u�c�t�i�n�g� �t�h�e� �f�u�r�n�i�t�u�r�e� �l�a�y�o�u�t� �o�f� �a� �v�i�r�t�u�a�l� �r�o�o�m�.� 

�C�o�g�n�i�t�i�v�e� �m�a�p� �a�c�c�u�r�a�c�y� �p�e�r�f�o�r�m�a�n�c�e� �f�o�r� �e�a�c�h� �p�a�r�t�i�c�i�p�a�n�t� �w�a�s� �a�n�a�l�y�z�e�d� �b�y� 
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�d�e�v�e�l�o�p�i�n�g� �a� �c�o�m�p�o�s�i�t�e� �s�c�o�r�e�.� �I�n�t�e�r�r�a�t�e�r� �r�e�l�i�a�b�i�l�i�t�y� �w�a�s� �a�l�s�o� �d�e�t�e�r�m�i�n�e�d� �f�o�r� 

�m�a�p� �s�c�o�r�e�s�.� �D�e�g�r�e�e�s� �a�z�i�m�u�t�h� �p�r�o�v�i�d�e�d� �a�c�c�u�r�a�c�y� �r�e�s�u�l�t�s� �f�o�r� �d�i�r�e�c�t�i�o�n� 

�j�u�d�g�m�e�n�t�s� �f�r�o�m� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�'�s� �v�i�r�t�u�a�l� �e�g�o�c�e�n�t�e�r� �t�o� �1�)� �t�h�e� �e�n�t�r�a�n�c�e� �o�f� �t�h�e� 

�b�u�i�l�d�i�n�g� �(�H�a�r�d� �D�i�f�f�i�c�u�l�t�y�)� �a�n�d� �2�)� �a�n� �o�b�j�e�c�t� �f�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s� �r�o�o�m� �(�E�a�s�y� 

�D�i�f�f�i�c�u�l�t�y�)�.� �O�b�j�e�c�t� �p�l�a�c�e�m�e�n�t� �f�o�r� �t�h�e� �r�e�c�o�n�s�t�r�u�c�t�i�o�n� �t�a�s�k� �w�a�s� �a�n�a�l�y�z�e�d� �b�y� 

�t�h�e� �p�e�r�c�e�n�t� �o�f� �o�b�j�e�c�t�s� �c�o�r�r�e�c�t�l�y� �p�l�a�c�e�d� �w�i�t�h�i�n� �2� �f�e�e�t� �o�f� �t�h�e�i�r� �o�r�i�g�i�n�a�l� �p�o�s�i�t�i�o�n�.� 

�T�h�e�n�,� �o�v�e�r�a�l�l� �t�i�m�e� �t�o� �r�e�c�o�n�s�t�r�u�c�t� �t�h�e� �f�u�r�n�i�t�u�r�e� �l�a�y�o�u�t� �w�a�s� �a�n�a�l�y�z�e�d� �t�o� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �s�p�e�e�d� �o�f� �o�b�j�e�c�t� �p�l�a�c�e�m�e�n�t�.� �I�n� �a�d�d�i�t�i�o�n�,� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �w�a�s� 

�t�e�s�t�e�d� �f�o�r� �i�t�s� �e�f�f�e�c�t� �o�n� �b�o�t�h� �s�p�a�c�e� �d�i�m�e�n�s�i�o�n� �e�s�t�i�m�a�t�e�s� �a�n�d� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� 

�p�e�r�f�o�r�m�a�n�c�e�.� �A�l�s�o�,� �q�u�e�s�t�i�o�n�n�a�i�r�e� �r�e�s�u�l�t�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �a�c�r�o�s�s� �t�h�e� 

�i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� �L�a�s�t�l�y�,� �c�o�r�r�e�l�a�t�i�o�n�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �b�e�t�w�e�e�n� �r�e�l�e�v�a�n�t� 

�d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�s� �a�n�d� �b�e�t�w�e�e�n� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�s� �a�n�d� �q�u�e�s�t�i�o�n�n�a�i�r�e� 

�d�a�t�a�.� 

�O�n�l�y� �t�h�e� �d�i�r�e�c�t�i�o�n� �j�u�d�g�m�e�n�t�s� �a�n�d� �d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s� �t�o� �u�n�s�e�e�n� �o�b�j�e�c�t�s� 

�w�e�r�e� �a�n�a�l�y�z�e�d� �w�i�t�h� �t�h�e� �3� �x� �2� �x� �2� �m�i�x�e�d�-�f�a�c�t�o�r� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n�.� �A�l�l� 

�o�t�h�e�r� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �w�i�t�h� �t�h�e� �3� �x� �2� �b�e�t�w�e�e�n�-�s�u�b�j�e�c�t�s� 

�p�o�r�t�i�o�n� �o�f� �t�h�e� �d�e�s�i�g�n�.� �T�h�e�s�e� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�s� �d�i�d� �n�o�t� �i�n�c�l�u�d�e� �t�h�e� �w�i�t�h�i�n�-� 

�s�u�b�j�e�c�t�s� �f�a�c�t�o�r� �o�f� �D�i�f�f�i�c�u�l�t�y�.� 

�I�t� �w�a�s� �s�u�s�p�e�c�t�e�d� �a� �p�r�i�o�r�i� �t�h�a�t� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �c�o�u�l�d� �i�n�f�l�u�e�n�c�e� �t�h�e� 

�b�e�h�a�v�i�o�r�s� �e�x�h�i�b�i�t�e�d� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� �T�h�e�r�e�f�o�r�e�,� �b�e�c�a�u�s�e� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� 

�w�a�s� �n�o�t� �u�s�e�d� �a�s� �a� �b�l�o�c�k�i�n�g� �v�a�r�i�a�b�l�e�,� �a�n�a�l�y�s�i�s� �o�f� �c�o�v�a�r�i�a�n�c�e� �(�A�N�C�O�V�A�)� �w�a�s� 

�u�s�e�d� �a� �p�o�s�t�e�r�i�o�r� �t�o� �s�t�a�t�i�s�t�i�c�a�l�l�y�,� �r�a�t�h�e�r� �t�h�a�n� �e�x�p�e�r�i�m�e�n�t�a�l�l�y�,� �r�e�m�o�v�e� 

�v�a�r�i�a�b�i�l�i�t�y� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �c�a�u�s�e�d� �b�y� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y�.� �T�h�e� 

�c�o�n�c�o�m�i�t�a�n�t� �v�a�r�i�a�b�l�e�,� �m�e�a�s�u�r�e�s� �o�n� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y�,� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �c�o�v�a�r�i�a�t�e� 

�f�o�r� �t�h�e� �a�n�a�l�y�s�i�s�.� �T�h�e� �m�a�i�n� �c�r�i�t�e�r�i�a� �f�o�r� �u�s�i�n�g� �t�h�e� �c�o�v�a�r�i�a�t�e� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �i�s� �i�t� 
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�m�u�s�t� �h�a�v�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �l�i�n�e�a�r� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� 

�(�K�e�p�p�e�l�,� �1�9�9�1�)�.� �T�o� �t�e�s�t� �t�h�i�s�,� �t�w�o� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �f�o�r� �a�l�l� �o�f� �t�h�e� 

�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �a�n�d� �t�h�e� �c�o�v�a�r�i�a�t�e�.� �P�e�a�r�s�o�n� �c�o�r�r�e�l�a�t�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�s� �(�R�)� 

�b�e�t�w�e�e�n� �a�l�l� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�s� �a�n�d� �t�h�e� �c�o�v�a�r�i�a�t�e� �w�e�r�e� �f�o�r�m�e�d� �a�n�d� �9�5�%� 

�c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�e� �c�o�r�r�e�l�a�t�i�o�n�s�.� �C�o�n�f�i�d�e�n�c�e� 

�i�n�t�e�r�v�a�l�s� �p�r�o�d�u�c�e� �t�h�e� �s�a�m�e� �r�e�s�u�l�t�s� �a�s� �t�-�t�e�s�t�s� �b�y� �d�e�t�e�r�m�i�n�i�n�g� �i�f� �t�h�e� �c�o�r�r�e�l�a�t�i�o�n� 

�i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �t�h�a�n� �z�e�r�o�.� �I�f� �t�h�e� �t�w�o� �v�a�r�i�a�b�l�e�s� �a�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�c�o�r�r�e�l�a�t�e�d�,� �t�h�e� �v�a�l�u�e� �o�f� �z�e�r�o� �i�s� �l�i�k�e�l�y� �t�o� �b�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �c�o�n�f�i�d�e�n�c�e� 

�i�n�t�e�r�v�a�l�.� �T�h�e�r�e�f�o�r�e�,� �i�f� �z�e�r�o� �i�s� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l�,� �t�h�e� �t�w�o� 

�v�a�r�i�a�b�l�e�s� �a�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�r�r�e�l�a�t�e�d�.� �T�a�b�l�e� �1� �i�n� �A�p�p�e�n�d�i�x� �F� 

�l�i�s�t�s� �a�l�l� �t�h�e� �c�o�r�r�e�l�a�t�i�o�n�s� �a�n�d� �c�o�r�r�e�s�p�o�n�d�i�n�g� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l�s� �b�e�t�w�e�e�n� �t�h�e� 

�c�o�v�a�r�i�a�t�e� �a�n�d� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�s�.� 

�L�e�a�s�t� �S�i�g�n�i�f�i�c�a�n�t� �D�i�f�f�e�r�e�n�c�e� �(�L�S�D�)� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �a�l�l� 

�p�a�i�r�w�i�s�e� �c�o�m�p�a�r�i�s�o�n�s� �b�e�t�w�e�e�n� �g�r�o�u�p�s� �f�o�r� �v�a�r�i�a�b�l�e�s� �w�i�t�h� �a� �s�i�g�n�i�f�i�c�a�n�t� �F�-� 

�r�a�t�i�o�.� �A�l�t�h�o�u�g�h� �t�h�e� �L�S�D� �t�e�s�t� �i�s� �t�h�e� �l�e�a�s�t� �s�t�r�i�n�g�e�n�t� �i�n� �t�h�e� �c�a�t�e�g�o�r�y� �o�f� �p�o�s�t�-�h�o�c� 

�t�e�s�t�s�,� �f�a�m�i�l�y�-�w�i�s�e� �e�r�r�o�r� �i�s� �c�o�n�t�r�o�l�l�e�d� �b�y� �g�r�e�a�t�l�y� �r�e�s�t�r�i�c�t�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� 

�c�o�m�p�a�r�i�s�o�n�s� �t�o� �c�o�n�d�i�t�i�o�n�s� �w�h�e�n� �t�h�e� �o�v�e�r�a�l�l� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �i�s� �f�a�l�s�e�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �b�e�c�a�u�s�e� �i�n�d�i�v�i�d�u�a�l� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �i�s� �r�e�m�o�v�e�d� 

�s�t�a�t�i�s�t�i�c�a�l�l�y�,� �r�a�t�h�e�r� �t�h�a�n� �e�x�p�e�r�i�m�e�n�t�a�l�l�y�,� �i�t� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�h�a�t� �l�e�s�s� �o�f� �a� 

�d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �g�r�o�u�p� �m�e�a�n�s� �w�o�u�l�d� �r�e�s�u�l�t� �b�e�c�a�u�s�e� �a� �g�r�e�a�t�e�r� �p�r�o�p�o�r�t�i�o�n� 

�o�f� �p�a�r�t�i�c�i�p�a�n�t�s� �w�i�t�h� �"�a�v�e�r�a�g�e�"� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�e�s ��a� 

�n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �f�o�u�n�d� �f�o�r� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �a�c�r�o�s�s� �p�a�r�t�i�c�i�p�a�n�t�s� �i�n� �t�h�i�s� 

�s�t�u�d�y�.� �C�o�n�v�e�r�s�e�l�y�,� �w�h�e�n� �e�x�p�e�r�i�m�e�n�t�a�l�l�y� �b�l�o�c�k�i�n�g� �f�o�r� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y�,� �o�n�e� 

�w�o�u�l�d� �a�d�o�p�t� �a�n� �a�p�p�r�o�a�c�h� �o�f� �i�n�c�l�u�d�i�n�g� �o�n�l�y� �t�h�o�s�e� �i�n�d�i�v�i�d�u�a�l�s� �w�i�t�h� �e�i�t�h�e�r� �l�o�w� 

�o�r� �h�i�g�h� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y�,� �a�n�d� �t�h�e�r�e�f�o�r�e�,� �m�o�r�e� �p�r�e�c�i�s�e�l�y� �i�s�o�l�a�t�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� 
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�s�p�a�t�i�a�l� �a�b�i�l�i�t�y�.� �B�e�c�a�u�s�e� �o�f� �t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s�,� �a� �l�e�s�s� �c�o�n�s�e�r�v�a�t�i�v�e� �p�o�s�t�-�h�o�c� �t�e�s�t� 

�w�a�s� �c�h�o�s�e�n�.� 

�A�n�a�l�y�s�i�s� �o�n� �S�p�a�c�e� �D�i�m�e�n�s�i�o�n� �J�u�d�g�m�e�n�t�s� 

�T�h�e� �r�e�s�u�l�t�s� �f�o�r� �r�o�o�m� �d�i�m�e�n�s�i�o�n� �e�s�t�i�m�a�t�e�s� �a�r�e� �i�n�t�e�n�d�e�d� �t�o� �r�e�f�l�e�c�t� �t�h�e� 

�i�m�p�a�c�t� �o�f� �V�i�s�u�a�l� �M�o�m�e�n�t�u�m� �(�V�M�)� �a�n�d� �F�O�V� �o�n� �h�o�w� �p�e�o�p�l�e� �p�e�r�c�e�i�v�e� �t�h�e� 

�b�a�s�i�c� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �v�i�r�t�u�a�l� �s�p�a�c�e�s�.� �D�i�s�t�a�n�c�e� �j�u�d�g�m�e�n�t�s� �t�o� �u�n�s�e�e�n� �t�a�r�g�e�t�s� 

�a�r�e� �i�n�t�e�n�d�e�d� �t�o� �r�e�f�l�e�c�t� �t�h�e�s�e� �s�a�m�e� �p�e�r�c�e�p�t�i�o�n�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� �p�r�o�v�i�d�i�n�g� �a� 

�m�e�a�s�u�r�e� �o�f� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n ��i�f� �t�a�r�g�e�t�s� �a�r�e� �v�i�e�w�e�d�,� �a�n�d� �t�h�e�n� �m�o�v�e�m�e�n�t� �i�s� 

�r�e�q�u�i�r�e�d� �t�h�r�o�u�g�h� �t�h�e� �s�p�a�c�e� �b�e�f�o�r�e� �d�i�s�t�a�n�c�e� �j�u�d�g�m�e�n�t�s� �a�r�e� �r�e�q�u�i�r�e�d� �t�o� �t�h�e� 

�u�n�s�e�e�n� �t�a�r�g�e�t�,� �s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n� �i�s� �g�o�i�n�g� �t�o� �i�n�f�l�u�e�n�c�e� �t�h�a�t� �j�u�d�g�m�e�n�t�.� 

�A�n�a�l�y�s�e�s� �o�f� �r�o�o�m� �d�i�m�e�n�s�i�o�n� �e�s�t�i�m�a�t�e�s�.� �A� �t�w�o�-�f�a�c�t�o�r� �a�n�a�l�y�s�i�s� �o�f� 

�v�a�r�i�a�n�c�e� �(�A�N�O�V�A�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �a�v�e�r�a�g�e� �s�q�u�a�r�e� �f�o�o�t�a�g�e� �e�s�t�i�m�a�t�e�d� 

�f�r�o�m� �a�l�l� �8� �r�o�o�m�s� �i�n� �t�h�e� �V�E�.� �T�a�b�l�e� �2� �p�r�o�v�i�d�e�s� �t�h�e� �A�N�O�V�A� �s�u�m�m�a�r�y� �t�a�b�l�e�.� 

�T�a�b�l�e� �2�.� �A�N�O�V�A� �S�u�m�m�a�r�y� �t�a�b�l�e� �f�o�r� �r�o�o�m� �s�i�z�e� �e�s�t�i�m�a�t�e�s�.� 
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�V�M� �1� �3�6�3�9�4�8�.�8�1�7� �3�6�3�9�4�8�.�8�1�7� �1�.�0�6�1� �0�.�3�0�7�6� 

�F�O�V� �2� �1�2�7�7�8�5�1�.�9�0�0� �6�3�8�9�2�5�.�9�5�0� �1�.�8�6�2� �0�.�1�6�5�2� 

�V�M� �*� �F�O�V� �2� �1�4�0�0�3�7�5�.�0�3�3� �7�0�0�1�8�7�.�5�1�7� �2�.�0�4�1� �0�.�1�3�9�8� 

�R�e�s�i�d�u�a�l� �5�4�]� �1�8�5�2�7�9�7�9�.�1�0�0� �3�4�3�1�1�0�.�7�2�4� � � � � � � � � � � � � � � � � 
�D�e�p�e�n�d�e�n�t�:� �R�o�o�m� �S�i�z�e�s� 

�N�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �f�o�u�n�d� �t�o� �e�x�i�s�t� �b�e�t�w�e�e�n� �g�r�o�u�p�s� �f�o�r� �t�h�i�s� 

�a�n�a�l�y�s�i�s�.� �A�l�t�h�o�u�g�h� �t�h�e�r�e� �w�e�r�e� �l�a�r�g�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �g�r�o�u�p� �m�e�a�n�s�,� �t�h�e� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �s�t�a�t�i�s�t�i�c� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �w�i�t�h�i�n�-�g�r�o�u�p� �v�a�r�i�a�n�c�e� �w�a�s� 

�h�i�g�h�.� �S�e�e� �T�a�b�l�e� �2� �i�n� �A�p�p�e�n�d�i�x� �F� �f�o�r� �a� �s�u�m�m�a�r�y� �o�f� �r�o�o�m� �s�i�z�e� �m�e�a�n�s� �a�n�d� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s�.� 
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�T�h�e�r�e� �i�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �c�o�r�r�e�l�a�t�i�o�n� �(�R� �=� �-� �0�.�3�7�2�)� �b�e�t�w�e�e�n� �t�h�e� �c�o�v�a�r�i�a�t�e� 

�(�s�p�a�t�i�a�l� �a�b�i�l�i�t�y�)� �a�n�d� �r�o�o�m� �s�i�z�e� �e�s�t�i�m�a�t�e�s�.� �T�h�e�r�e�f�o�r�e�,� �a� �t�w�o�-�f�a�c�t�o�r� �A�N�C�O�V�A� 

�w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �r�o�o�m� �s�i�z�e� �e�s�t�i�m�a�t�e�s� �a�n�d� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �3�.� �T�h�e� 

�A�N�C�O�V�A� �t�a�b�l�e� �s�h�o�w�s� �t�h�e� �m�a�i�n� �e�f�f�e�c�t�s�,� �i�n�t�e�r�a�c�t�i�o�n�s�,� �a�n�d� �t�h�e� �r�e�g�r�e�s�s�o�r� 

�T�a�b�l�e� �3�.� �A�N�C�O�V�A� �S�u�m�m�a�r�y� �t�a�b�l�e� �f�o�r� �r�o�o�m� �s�i�z�e� �e�s�t�i�m�a�t�e�s�.� 

�S�o�u�r�c�e� �d�f� �S�u�m�o�f� �S�q�u�a�r�e�s� �M�e�a�n� �S�q�u�a�r�e� �F�-�V�a�l�u�e� �P�-�V�a�l�u�e� 

�V�M� �1� �1�3�9�0�8�7�0�.�8�3�0� �|� �1�3�9�0�8�7�0�.�8�3�0� �5�.�5�0�2�]� �0�.�0�2�3�2� 

�F�O�V� �2� �2�3�4�0�3�0�8�.�6�5�7� �|� �1�1�7�0�1�5�4�.�3�2�8�|� �4�.�6�2�9�]� �0�.�0�1�4�5� 

�S�p�a�t�i�a�l� �1� �2�6�9�3�8�7�6�.�6�1�9� �|� �2�6�9�3�8�7�6�.�6�1�9�]� �1�0�.�6�5�7�]� �0�.�0�0�2�0� 

�V�M� �*� �F�O�V� �2� �1�5�3�7�2�6�6�.�7�8�2�|� �7�6�8�6�3�3�.�3�9�1� �3�.�0�4�1�]� �0�.�0�5�7�1� 
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�V�M� �*� �S�p�a�t�i�a�l� �1�1�7�5�5�1�6�.�7�7�4�]�|� �1�1�7�5�5�1�6�.�7�7�4� �4�.�6�5�0�]� �0�.�0�3�6�1� 

�F�O�V� �*� �S�p�a�t�i�a�l� �1�7�1�9�4�6�7�.�2�5�5�|� �8�5�9�7�3�3�.�6�2�8� �3�.�4�0�1�]� �0�.�0�4�1�6� 

�V�M� �*� �F�O�V� �*� �S�p�a�.�.�.� �9�5�2�9�1�5�.�6�5�4�|� �4�7�6�4�5�7�.�8�2�7� �1�.�8�8�5�]� �0�.�1�6�2�9� 

�R�e�s�i�d�u�a�l� �4�8�]� �1�2�1�3�3�3�7�3�.�9�7�4�|� �2�5�2�7�7�8�.�6�2�4� 

�D�e�p�e�n�d�e�n�t�:� �R�o�o�m� �S�i�z�e�s� 

� � 

� � 

� � � � � � � � � � � � � � � � 
� � 

�v�a�r�i�a�b�l�e� �f�o�r� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� �W�h�e�n� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �r�e�s�u�l�t�s� 

�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �a�n�a�l�y�s�e�s� �o�n� �r�o�o�m� �s�i�z�e� �e�s�t�i�m�a�t�e�s�,� �i�t� �m�a�y� �b�e� �h�e�l�p�f�u�l� 

�t�o� �r�e�f�l�e�c�t� �o�n� �t�h�a�t� �t�h�e� �a�c�t�u�a�l� �o�v�e�r�a�l�l� �a�v�e�r�a�g�e� �r�o�o�m� �s�i�z�e� �i�s� �6�7�6�.�5� �s�q�u�a�r�e� �f�e�e�t�.� 

�A� �m�a�i�n� �e�f�f�e�c�t� �f�o�r� �V�M� �w�a�s� �f�o�u�n�d� �f�o�r� �r�o�o�m� �s�i�z�e� �e�s�t�i�m�a�t�e�s� �F�(�1�,� �4�8�)� �=� 

�5�.�5�0�2�,� �p� �=� �0�.�0�2�3�2�.� �T�h�e� �V�M� �m�a�i�n� �e�f�f�e�c�t� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�2�.� �T�h�e� �H�i�g�h� 

�V�M� �g�r�o�u�p�s� �e�s�t�i�m�a�t�e�d� �r�o�o�m� �s�i�z�e�s� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �L�o�w� �V�M� 

�g�r�o�u�p�s�.� �A� �F�O�V� �m�a�i�n� �e�f�f�e�c�t� �w�a�s� �a�l�s�o� �f�o�u�n�d� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t� �F�(�2�,� �4�8�)� �=� 

�4�.�6�2�9�,� �p�=�0�.�0�1�4�5�.� �F�i�g�u�r�e� �1�3� �s�h�o�w�s� �t�h�e� �m�a�i�n� �e�f�f�e�c�t� �f�o�r� �F�O�V�.� �T�a�b�l�e� �3� �i�n� 

�A�p�p�e�n�d�i�x� �F� �s�h�o�w�s� �t�h�e� �L�S�D� �t�e�s�t� �f�o�r� �p�a�i�r�w�i�s�e� �c�o�m�p�a�r�i�s�o�n�s� �a�m�o�n�g� �t�h�e� �t�h�r�e�e� 

�F�O�V� �g�r�o�u�p�s�.� �T�h�e� �3�0�°� �F�O�V� �g�r�o�u�p� �e�s�t�i�m�a�t�e�d� �t�h�e� �r�o�o�m�s� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�s�m�a�l�l�e�r� �t�h�a�n� �b�o�t�h� �t�h�e� �6�0�°� �a�n�d� �9�0�°� �F�O�V� �g�r�o�u�p�s�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �a�n�a�l�y�s�e�s� 
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�3�0�0� �5� �M�=� �4�9�5�.�6� �M� �=� �6�5�1�.�3� 
�2�0�0� �-� 

�1�0�0� �-� � � � � � � � � � � � � 

�L�o�w� �H�i�g�h� 
�V�M� 

�F�i�g�u�r�e� �1�2�.� �O�v�e�r�a�l�l� �m�e�a�n� �r�o�o�m� �s�i�z�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �V�M�.� 
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�A�c�t�u�a�l� �a�v�e�.� 
�1�0�0�0� �-� �s�q�u�a�r�e� �f�o�o�t�a�g�e� 

�o�f� �r�o�o�m�s� �(�6�7�6�.�5�)� 

�8�0�0� �-� 

�6�0�0� �~� 

�4�0�0� �7� �|� 

�2�0�0� �-� �M� �=� �3�6�8�.�2� �M� �=� �6�9�4�.�8� �M� �=� �6�5�7�.�4� 

�0� �7� �7� �T� 

�3�0� �6�0� �9�0� 

�F�O�V� 

�F�i�g�u�r�e� �1�3�.� �O�v�e�r�a�l�l� �m�e�a�n� �r�o�o�m� �s�i�z�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �F�O�V�.� 
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�j�u�s�t� �p�r�e�s�e�n�t�e�d�,� �r�o�o�m�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �i�n�d�i�v�i�d�u�a�l�l�y�,� �a�n�d� �n�o� �l�e�a�r�n�i�n�g� �e�f�f�e�c�t� 

�o�c�c�u�r�r�e�d� �a�s� �p�a�r�t�i�c�i�p�a�n�t�s� �e�s�t�i�m�a�t�e�d� �r�o�o�m� �s�i�z�e�s� �f�o�r� �a�d�d�i�t�i�o�n�a�l� �r�o�o�m�s�.� 

�A� �s�i�g�n�i�f�i�c�a�n�t� �V�M� �b�y� �F�O�V� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �f�o�u�n�d� �f�o�r� �r�o�o�m� �s�i�z�e� 

�e�s�t�i�m�a�t�e�s� �w�h�e�n� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �d�u�e� �t�o� �s�p�a�t�i�a�l� �a�b�i�l�i�t�y� �w�a�s� �f�a�c�t�o�r�e�d� �o�u�t� �F�(�2�,� �4�8�)� 

�=� �3�.�0�4�1�,� �p� �=� �0�.�0�5�7�1�.� �F�i�g�u�r�e� �1�4� �s�h�o�w�s� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �V�M� �a�n�d� 

�F�O�V�.� �S�e�e� �T�a�b�l�e� �3� �i�n� �A�p�p�e�n�d�i�x� �F� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �a�l�l� �L�S�D� �p�a�i�r�w�i�s�e� 
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� � � 

� � � 

� � � � � � 

�1�0�0�0� 

�9�0�0� �A�c�t�u�a�l� �a�v�e�.� �a� 
�|� �s�q�u�a�r�e� �f�o�o�t�a�g�e� 

�f� �6�7�6�.�5� �S� �g�0�0� �4� �°� �r�o�o�m�s� �(� �)� �P� 

�o� �]� �V�M� 
�S� �7�0�0� �-� �\� �.� 

�c�m�e� �m�e� �w�w�e� �e�e�e� �e�l�e� �l�e�e�s�i�s�d� 

�©� �O� �L�o�w� 
�s� �6�0�0� �-� �r� �o�m� �H�i�g�h� 
�&� �1� 

�&� �5�0�0� �-� �-� 
�O�o� �,� �O�o� 
�«�4�0�0� �4� �5� 

�3�0�0� �-� �5� 

�2�0�0� �T� �T� �T� 
�3�0� �6�0� �9�0� 

�F�O�V� 

�F�i�g�u�r�e� �1�4�.� �I�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �V�M� �a�n�d� �F�O�V� �f�o�r� �r�o�o�m� �s�i�z�e�.� 

�c�o�m�p�a�r�i�s�o�n�s� �f�o�r� �r�o�o�m� �s�i�z�e� �e�s�t�i�m�a�t�e�s�.� �V�M� �h�a�d� �l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� �r�o�o�m� �s�i�z�e� 

�e�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e� �3�0�°� �F�O�V� �a�n�d� �6�0�°� �F�O�V� �c�o�n�d�i�t�i�o�n�s� �b�u�t� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� 

�o�n� �t�h�e� �9�0�°� �F�O�V� �c�o�n�d�i�t�i�o�n�s�.� �R�o�o�m� �s�i�z�e� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� 

�f�o�r� �t�h�e� �9�0�°� �F�O�V� �c�o�n�d�i�t�i�o�n� �w�h�e�n� �t�h�e�r�e� �w�a�s� �H�i�g�h� �V�M� �t�h�a�n� �w�h�e�n� �t�h�e�r�e� �w�a�s� 

�L�o�w� �V�M�.� �A�l�s�o�,� �t�h�e� �H�i�g�h� �V�M�,� �3�0�°� �F�O�V� �a�n�d� �H�i�g�h� �V�M�,� �6�0�°� �F�O�V� �g�r�o�u�p�s� 
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�e�s�t�i�m�a�t�e�d� �r�o�o�m� �s�i�z�e�s� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �s�m�a�l�l�e�r� �t�h�a�n� �t�h�e� �H�i�g�h� �V�M�,� �9�0�°� �F�O�V� 

�g�r�o�u�p�.� �L�a�s�t�l�y�,� �t�h�e� �L�o�w� �V�M�,� �6�0�°� �F�O�V� �g�r�o�u�p� �e�s�t�i�m�a�t�e�d� �r�o�o�m� �s�i�z�e�s� �t�o� �b�e� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� �t�h�a�n� �b�o�t�h� �t�h�e� �L�o�w� �V�M�,� �3�0�°� �F�O�V� �a�n�d� �L�o�w� �V�M�,� �9�0�°� 

�F�O�V� �g�r�o�u�p�s�.� 

�A�n�a�l�y�s�i�s� �o�f� �d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s�.� �D�i�s�t�a�n�c�e� �j�u�d�g�m�e�n�t�s� �w�e�r�e� �a�n�a�l�y�z�e�d� 

�w�i�t�h� �a� �t�h�r�e�e�-�f�a�c�t�o�r�,� �m�i�x�e�d�-�s�u�b�j�e�c�t�s� �d�e�s�i�g�n�.� �T�h�e� �w�i�t�h�i�n�-�f�a�c�t�o�r�,� �D�i�f�f�i�c�u�l�t�y�,� 

�c�o�n�t�a�i�n�s� �t�h�e� �t�w�o� �t�y�p�e�s� �o�f� �d�i�s�t�a�n�c�e� �j�u�d�g�m�e�n�t�s�.� �J�u�d�g�m�e�n�t�s� �i�n� �t�h�e� �E�a�s�y� 

�D�i�f�f�i�c�u�l�t�y� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �t�o� �o�b�j�e�c�t�s� �f�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s� �r�o�o�m� �v�i�s�i�t�e�d�,� �a�n�d� 

�j�u�d�g�m�e�n�t�s� �i�n� �t�h�e� �H�a�r�d� �D�i�f�f�i�c�u�l�t�y� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �a�l�w�a�y�s� �t�o� �t�h�e� �e�n�t�r�a�n�c�e� �o�f� 

�t�h�e� �b�u�i�l�d�i�n�g�.� �F�o�r� �p�u�r�p�o�s�e�s� �o�f� �c�o�m�p�a�r�i�s�o�n� �w�h�i�l�e� �e�x�a�m�i�n�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �f�o�r� 

�d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s�,� �t�h�e� �a�c�t�u�a�l� �o�v�e�r�a�l�l� �m�e�a�n� �d�i�s�t�a�n�c�e� �t�o� �o�b�j�e�c�t�s� �w�a�s� �3�5� �f�e�e�t� 

�a�n�d� �t�h�e� �m�e�a�n� �d�i�s�t�a�n�c�e� �t�o� �t�h�e� �e�n�t�r�a�n�c�e� �w�a�s� �5�1� �f�e�e�t�.� �T�a�b�l�e� �4� �s�h�o�w�s� �t�h�e� 

�A�N�O�V�A� �s�u�m�m�a�r�y� �t�a�b�l�e�.� 

�T�a�b�l�e� �4�.� �A�N�O�V�A� �s�u�m�m�a�r�y� �t�a�b�l�e� �f�o�r� �d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s�.� 
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�S�o�u�r�c�e� �d�f� �S�u�m� �o�f� �S�q�u�a�r�e�s� �M�e�a�n� �S�q�u�a�r�e� �F�-�V�a�l�u�e� �P�-�V�a�l�u�e� �G�-�G� �H�-�F� 

�V�M� �1�}� �2�1�2�7�7�3�.�4�0�8� �|� �2�1�2�7�7�3�.�4�0�8� �1�.�4�4�4� �|� �0�.�2�3�4�7� 

�F�O�V� �2�|� �7�5�9�1�0�6�.�6�1�7� �3�7�9�5�5�3�.�3�0�8� �2�.�5�7�7� �|� �0�.�0�8�5�3� 

�V�M� �*� �F�O�V� �2�|� �2�3�1�7�6�9�.�7�1�7� �1�1�5�8�8�4�.�8�5�8� �0�.�7�8�7� �|� �0�.�4�6�0�5� 

�S�u�b�j�e�c�t�(�G�r�o�u�p�)� �5�4�]� �7�9�5�4�2�2�5�.�3�5�0� �1�4�7�3�0�0�.�4�6�9� 

�D�i�f�f�i�c�u�l�t�y� �1�]� �1�3�3�1�2�0�2�.�6�7�5� �|� �1�3�3�1�2�0�2�.�6�7�5� �|� �3�3�.�4�0�1� �|� �0�.�0�0�0�1� �|� �0�.�0�0�0�1� �|� �0�.�0�0�0�1� 

�D�i�f�f�i�c�u�l�t�y� �*� �V�M� �1�]� �4�5�3�7�4�7�.�0�0�8� �4�5�3�7�4�7�.�0�0�8� �|� �1�1�.�3�8�5� �|�]� �0�.�0�0�1�4� �|� �0�.�0�0�1�4� �|� �0�.�0�0�1�4� 

�D�i�f�f�i�c�u�l�t�y� �*� �F�O�V� �2�}� �1�8�3�5�6�4�.�0�5�0� �9�1�7�8�2�.�0�2�5� �2�.�3�0�3� �|� �0�.�1�0�9�7� �|� �0�.�1�0�9�7� �|� �0�.�1�0�9�7� 

�D�i�f�f�i�c�u�l�t�y� �*� �V�M� �*� �F�O�V� �2�}� �1�0�9�2�6�0�.�8�1�7� �5�4�6�3�0�.�4�0�8� �1�.�3�7�1� �|� �0�.�2�6�2�6� �|� �0�.�2�6�2�6� �|� �0�.�2�6�2�6� 
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�D�e�p�e�n�d�e�n�t�:� �D�i�s�t�a�n�c�e� 

�E�p�s�i�l�o�n� �F�a�c�t�o�r�s� �f�o�r� �d�f� �A�d�j�u�s�t�m�e�n�t� 
�G�-�G� �E�p�s�i�.�.�.� � �H�-�F� �E�p�s�i�l�o�n� 
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�A� �s�i�g�n�i�f�i�c�a�n�t� �m�a�i�n� �e�f�f�e�c�t� �w�a�s� �f�o�u�n�d� �f�o�r� �t�h�e� �D�i�f�f�i�c�u�l�t�y� �f�a�c�t�o�r� �F�(�1�,� �5�4�)� 

�=� �3�3�.�4�0�1�,� �p� �=� �0�.�0�0�0�1� �a�n�d� �f�o�r� �t�h�e� �D�i�f�f�i�c�u�l�t�y� �b�y� �V�M� �i�n�t�e�r�a�c�t�i�o�n� �F�(�1�,� �5�4�)� �=� 

�1�1�.�3�8�5�,� �p� �=� �0�.�0�0�1�4�.� �H�o�w�e�v�e�r�,� �b�e�c�a�u�s�e� �t�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �c�o�r�r�e�l�a�t�i�o�n� 

�b�e�t�w�e�e�n� �t�h�e� �c�o�v�a�r�i�a�t�e� �a�n�d� �t�h�e� �d�i�s�t�a�n�c�e� �j�u�d�g�m�e�n�t�s� �t�o� �o�b�j�e�c�t�s� �(�R� �=� �-� �0�.�3�1�2�)� 

�a�n�d� �d�i�s�t�a�n�c�e� �j�u�d�g�m�e�n�t�s� �t�o� �t�h�e� �e�n�t�r�a�n�c�e� �(�R� �=� �-� �0�.�2�6�4�)�,� �t�h�e� �f�u�l�l� �a�n�a�l�y�s�i�s� �w�i�l�l� 

�o�n�l�y� �b�e� �r�e�p�o�r�t�e�d� �f�o�r� �t�h�e� �A�N�C�O�V�A� �p�e�r�f�o�r�m�e�d� �o�n� �d�i�s�t�a�n�c�e� �j�u�d�g�m�e�n�t�s�.� �T�a�b�l�e� 

�5� �i�n�c�l�u�d�e�s� �t�h�e� �A�N�C�O�V�A� �s�u�m�m�a�r�y� �t�a�b�l�e� �f�o�r� �d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s�.� �A�d�d�i�t�i�o�n�a�l� 

�T�a�b�l�e� �5�.� �A�N�C�O�V�A� �s�u�m�m�a�r�y� �t�a�b�l�e� �f�o�r� �d�i�s�t�a�n�c�e� �e�s�t�i�m�a�t�e�s�.� 
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�F�O�V� �2�}� �1�5�7�4�3�0�9�.�3�7�9�|� �7�8�7�1�5�4�.�6�9�0� �6�.�8�3�9� �|� �0�.�0�0�2�4� 

�S�p�a�t�i�a�l� �1� �9�8�5�1�3�8�.�2�2�1� �|� �9�8�5�1�3�8�.�2�2�1� �8�.�5�5�9� �|� �0�.�0�0�5�2� 

�V�M� �*� �F�O�V� �2� �4�7�7�1�3�2�.�0�6�4� �|� �2�3�8�5�6�6�.�0�3�2� �2�.�0�7�3� �|� �0�.�1�3�7�0� 

�V�M� �*� �S�p�a�t�i�a�l� �1� �9�3�5�9�1�.�5�1�1� �9�3�5�9�1�.�5�1�1� �0�.�8�1�3�}� �0�.�3�7�1�7� 
�F�O�V� �*� �S�p�a�t�i�a�l� �2�!� �1�1�0�0�7�7�7�.�5�0�3� �|� �5�5�0�3�8�8�.�7�5�1� �4�.�7�8�2� �|� �0�.�0�1�2�8� 

�V�M� �*� �F�O�V� �*� �S�p�a�t�i�a�l� �2� �3�7�1�7�5�8�.�7�1�6� �|� �1�8�5�8�7�9�.�3�5�8� �1�.�6�1�5�}� �0�.�2�0�9�5� 

�S�u�b�j�e�c�t�(�G�r�o�u�p�)� �4�8�]� �5�5�2�4�8�1�0�.�6�1�1�]� �1�1�5�1�0�0�.�2�2�1� 
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