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The military has invested in the development of low light level and night 

imaging technologies to gain tactical advantages on the battlefield. Moreover, 

certain military activities such as night aviation maneuvers demand the most 

sophisticated night imaging devices. Unfortunately, as the frequency of use of 

night imaging devices increases, so has the number of accidents (Boyd, 1991). 

Many of these accidents have been attributed to the novel usage as well as the 

intrinsic limitations of night imaging devices. 

The present research examined the effects of target size, luminance 

contrast, and illumination level on visual target detection and recognition while 

using AN/AVS-6 night vision goggles. Vehicle silhouette targets were rear- 

projected on random screen positions under various levels of illumination, 

contrast, and size. The observer's task was to detect and recognize each target 

while viewing through night vision goggles. 

The results indicate that visual detection and recognition performance 

degrade with decreasing levels of illumination, contrast, and target size. The



findings of this work can be used to optimize the usage of AN/AVS-6 devices.



ACKNOWLEDGMENTS 

This research was supported by ITT, Electro-Optics Division, Roanoke, 

VA. The author gratefully acknowledges ITT for their cooperation throughout 

this work, especially Mr. Bill Decker and Ms. Christine Hippili for technical and 

logistical assistance with the ITT equipment and facilities used in this work. The 

author also is grateful to Dr. Robert J. Beaton for his direction and advice in this 

thesis project. Mr. Bob Verona, U.S. Army, and Mr. Chuck Green, Virginia Tech, 

also provided the author with technical advice.



TABLE OF CONTENTS 

LIST OF FIGURES Vil 

LIST OF TABLES IX 

INTRODUCTION 1 

Background 2 

Purpose 3 

LITERATURE REVIEW 3 

General characteristics 7 

Luminance contrast 8 

Luminance adaptation 9 

Target size 10 

Objective of Work 12 

METHOD 13 

Participants 13 

Equipment 13 

Experimental design 19 

Procedure 21 

RESULTS 24 

Target Detection 25 
Illumination. 25 
Contrast. 26 
Size. 27 
Illumination x Size. 28 
Contrast x Size. 30 
Illumination x Contrast x Size. 31 

Target Recognition 35 
Illumination. 35 
Contrast. 36



Size. 

Ilumination x Size. 

Contrast x Size. 

DISCUSSION 

CONCLUSION 

REFERENCES 

APPENDIX A. INSTRUCTIONS TO PARTICIPANTS 

VITA 

vi 

37 

39 

41 

47 

49 

52 

56



LIST OF FIGURES 

FIGURE 1. NVG INTENSIFIER TUBE SCHEMATIC (BIBERMAN AND ALLUISI, 

1992). 5 

FIGURE 2. CHANNEL MULTIPLIER AND ELECTRON TRAJECTORIES 

(BIBERMAN AND ALLUSI,1992) 6 

FIGURE 3. ILLUSTRATION OF LAB LAYOUT. 14 

FIGURE 4. PHOTO OF CURTAINS AND SHIELD. 15 

FIGURE 5S. ILLUSTRATION OF REAR PROJECTION SCREEN DIMENSIONS. 17 

FIGURE 6. ILLUSTRATION OF SCREEN LUMINANCE MEASUREMENTS. 18 

FIGURE 7. MAIN EFFECT OF ILLUMINATION ON TARGET DETECTION 

PERFORMANCE. 26 

FIGURE 8. MAIN EFFECT OF LUMINANCE CONTRAST ON TARGET DETECTION 

PERFORMANCE. 2/ 

FIGURE 9. MAIN EFFECT OF TARGET SIZE ON TARGET DETECTION 

PERFORMANCE. 28 

FIGURE 10. INTERACTION OF ILLUMINATION AND TARGET SIZE ON 

DETECTION PERFORMANCE. 29 

FIGURE 11. INTERACTION OF LUMINANCE CONTRAST AND TARGET SIZE ON 

DETECTION PERFORMANCE. 30 

FIGURE 12. INTERACTION OF THE ILLUMINATION, CONTRAST, AND TARGET 

SIZE ON DETECTION PERFORMANCE. 31 

FIGURE 13. SIMPLE TWO-FACTOR INTERACTION OF ILLUMINATION AND 

CONTRAST ON DETECTION PERFORMANCE 

FOR 17.5 ARC MIN TARGETS. 32 

vii



FIGURE 14. SIMPLE TWO-FACTOR INTERACTION OF ILLUMINATION AND 

CONTRAST ON DETECTION PERFORMANCE 

FOR 35 ARC MIN TARGETS. 33 

FIGURE 15. SIMPLE TWO-FACTOR INTERACTION OF ILLUMINATION AND 

CONTRAST ON DETECTION PERFORMANCE 

FOR 70 ARC MIN TARGETS. 34 

FIGURE 16. MAIN EFFECT OF ILLUMINATION ON TARGET RECOGNITION 

PERFORMANCE. 36 

FIGURE 17. MAIN EFFECT OF LUMINANCE CONTRAST ON TARGET 

RECOGNITION PERFORMANCE. 37 

FIGURE 18. MAIN EFFECT OF TARGET SIZE ON RECOGNITION 

PERFORMANCE. 38 

FIGURE 19. THE EFFECT OF THE INTERACTION OF ILLUMINATION X SIZE ON 

RECOGNITION PERFORMANCE. 39 

FIGURE 20. INTERACTION OF LUMINANCE CONTRAST AND TARGET SIZE ON 

RECOGNITION PERFORMANCE. 40 

FIGURE 21. ILLUSTRATION OF TARGET TYPES 55 

viii



-LIST OF TABLES 

TABLE 1. ANOVA SUMMARY TABLE FOR TARGET DETECTION 

TABLE 2. ANOVA SUMMARY TABLE FOR TARGET RECOGNITION 

TABLE 3. PERFORMANCE SUMMARY TABLE 

25 

35 

46



INTRODUCTION 

People often have sought ways to improve their vision at night. 

Historically, natural illumination from the moon and stars was supplemented 

with artificial lights to allow tasks such as Surveillance to be performed at night. 

This was a relatively inexpensive and simple means of enhancing night vision. 

In the past two decades, however, technologists have worked at enhancing 

night vision for situations where artificial lights are not cost effective (e.g., 

lighting inland water ways) or viable (e.g., covert surveillance). For example, 

law enforcement and military agencies have begun to use night vision-aided 

systems extensively. In particular, ihe military is the main sponsor for 

development and use of night vision systems. In military applications, night flight 

operations pose severe visual requirements and mandate the use of 

sophisticated night vision-aided systems. 

Unfortunately, as the use of night vision systems increases, so has the 

number of accidents (Boyd, 1991). While some investigators argue that the 

increase in accidents is due solely to the increased usage of night vision 

systems, others argue that intrinsic limitations of systems have caused the 

accidents. Regardless of the night vision technology used, fidelity of the external 

scene is lost in the imaging process. Compared to unaided vision, modern night 

vision systems enhance some aspects of visual information, but degrade other



aspects. Users of night vision systems operate with fewer visual cues than are 

available during daylight viewing conditions, a disadvantage that is not obvious 

to all inexperienced users (Verona, 1991). 

Background 

In a study by Rash (1990), a matched sample evaluation was made of 

U.S. Army Class A-C accidents under daylight, night-unaided, and Night Vision 

Goggle (NVG) conditions. (Class A is most severe, involving over $1 million 

property loss and/or a fatality; Class C involves > $10K damage and/or loss of 

worktime.) All NVG accidents between 1971 and 1989 for which complete data 

were available were included in the study (n=102). An approximately equal 

number of cases, matched by year of accident, were drawn from the unaided 

night (n=564) and daylight (n=4153) samples. 

Rash's analysis focused on the comparisons of underlying accident 

“mechanisms” in the three conditions. Mechanisms were divided into 

perceptual: Sudden Loss of Outside Visual Cues (e.g., brown/white-outs), 

Faulty Flight Path Control (e.g., flew into water or ground, hard landing), and 

Faulty Object Detection (e.g., wire strike, midair accident) and non-perceptual: 

mechanical failures (other than NVGs), over-torques, sling load problems, and 

loss of tail-rotor effectiveness. 

Rash’s results indicated that perceptual mechanisms were responsible 

most often in NVG and unaided-night missions, while non-perceptual 

mechanisms caused most daylight accidents. Of the two night modes, NVG-



aided missions had a higher incidence of perceptually caused accidents than 

did unaided-night missions. 

Purpose 

The success of any night operation depends on a full understanding of 

limitations and requirements of the crew and equipment. As indicated above, 

possible perceptual limitations associated with NVG's could have contributed to 

performance problems and, in the severe instances, to aircraft accidents. 

The purpose of this experiment was to examine the perceptual limitations 

caused by AN/AVS-6 NVGs. Specifically, this study examined how well NVG 

users detected and recognized targets under various illumination, contrast, and 

target size conditions. The findings of this experiment help to define optimal 

conditions for NVG usage, thus assisting aviators in NVG operations. 

LITERATURE REVIEW 

Military aviation has fieldec two night vision systems based on image 

intensifier tubes. The earliest version is known as the AN/Pilot Vision System-5 

(PVS), and is based on second-generation image intensifier tubes. The other 

system uses third-generation tubes, and it is known as the AN/Aviator's Night 

Vision Imaging System-6 (ANVIS). The PVS and ANVIS systems amplify low 

level ambient light reflected from objects and present an image on a phosphor 

screen. Both systems use two image intensifier tubes to form a binocular device 

that is attached to an aviator's helmet. While both systems currently are in use, 

the PVS goggles are being replaced systematically in aviation by the newer



ANVIS goggles (Rash, 1990). 

| The light intensifying tubes used in the ANVIS goggles consist of six 

“primary components. The objective lens is an optical element that focuses 

incoming photons (inverting the image) on a photocathode. The 

photocathode converts incoming light energy (photons) into electrical energy 

(electrons). Next, a thin (1 mm) wafer with about 3 million hollow fiber optic 

tubes (Figure 1), the microchannel plate (MCP), serves to increase both the 

number and velocity of electrons. The inside passages of these tubes are 

coated with a material and tilted 8 degrees so as to cause a secondary 

electronic emission. Electrons bounce off the inside of the tilted tubes and 

collide with one another, causing the electrons to multiply (Figure 2).
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Figure 1. NVG intensifier tube schematic (Biberman and Alluisi, 

1992).
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Figure 2. Channel multiplier and electron trajectories (Biberman 

and Allusi,1992) 

For every electron entering the PVS MCP, about 10,000 exit; whereas, 

the more advanced ANVIS MCP is capable of producing about 25,000 

electrons. The electrons are converted back into light energy (photons) as they 

strike a thin layer of phosphor (the phosphor screen) applied to the output 

fiber optic system. These photons pass through the fiber optic inverter, 

which is a bundle of about three million optical fibers twisted 180 degrees. As 

the photons exit the fiber bundle, the image is presented right-side-up. The



image then is focused onto the user's eye by the eyepiece lens. 

General characteristics 

NVGs are passive light amplification/intensification systems. NVGs do not 

magnify images; rather they intensify light 750-1500 times (AN/AVS-5s) and 

2000-3500 times (ANVIS). They are considered passive devices since they 

intensify existing light rather than generate light, as in the case of a flashlight. 

An Automatic Brightness Control (ABC) adjusts MCP voltage to hold eyepiece 

brightness levels to a preset level by controlling the number of electrons that 

exit the MCP. The best visual acuity attainable with ANVIS (20/40) is less than 

daytime (20/10 or 20/20), but a great improvement over night unaided (20/200 

or less). 20/40 Snellen acuity is the best attainable under optimal viewing 

conditions with well functioning NVGs, properly fitted and focused to the user. 

Depth perception and distance estimation through NVGs are reduced 

from daytime capabilities. These perceptual capabilities are affected by ambient 

light, type and condition of NVGs, degree of contrast, and viewers experience 

utilizing monocular cues. The Field-of-View (FOV) of NVGs is 40 degrees as 

compared to about 200 degrees for unaided vision. This limitation can be 

improved by utilizing a proper scan technique. A 40 degree FOV is best case 

and can only be obtained when eye relief distance of the NVG eyepiece lenses 

is within 18mm (11/16"). The focal range of NVGs is from 10 inches 

(254mm/25cm) to infinity. Normally, tubes are focused to infinity. 

All objects viewed through the NVGs appear as green (AN/AVS-5's) or



bluish-green (ANVIS) and, thus, NVGs do not provide color discrimination. 

Blue-green was chosen since the dark adapted human vision system is most 

sensitive to light in this wavelength range. ANVIS radiance sensitivity range is 

390-1000 nm, minus blue filtered light at 525 nm. ANVIS sensitivity extends well 

into the near-IR range. The minus blue filter makes the ANVIS insensitive to the 

blue-green cockpit lights. 

Dark adaptation is recommended before use of NVGs. Initially, it requires 

30-45 minutes to dark adapt. This time period may increase if individuals are 

affected by poor diet, hypoxia, or exposure to bright light (NVG Operations, 

1991). 

Luminance contrast 

As mentioned above, luminance contrast has been demonstrated to 

affect goggle performance. in an experiment performed by Wiley (1989), the 

effects of contrast and luminance on visual acuity were measured under six 

viewing conditions. Luminance of the apparatus was set at 0.012 footlamberts 

for all aided viewing conditions. The target was a Snellen optotype “E" 

presented for 500 msec in one of four possible orientations. The observer was 

required to indicate the orientation of the “E" in each trial. The “E" varied in sizes 

corresponding to the Snellen notations of 20/10 to 20/400, and contrast of the 

target was set at 94, 35, or 5 percent. Wiley’s results showed an acuity of 

around 20/50 through binocular AN/PVS-5s,-7As, and -7Bs (ANVIS was not 

tested) under full moon, 94 percent contrast condition. As luminance and



contrast were reduced, visual acuity decreased. At the quarter moon, 5 percent 

contrast condition, observers were unable to resolve the largest target (20/400 

Snellen acuity). These results indicate that the luminance and contrast of the 

night scene have a significant impact on aided visual acuity. 

Luminance adaptation 

Prior research in psychophysics indicates that visual performance is 

affected by luminance adaptation levels. For example, target detection 

performance improves as average luminance increases. As luminance 

increases from very dark (i.e., scotopic) to bright (i.e., photopic) levels, the 

amount of luminance contrast required to detect a circular spot of light 

decreases (Barlow, 1958, Blackwell, 1946). In other words, as the level of 

luminance is increased, less luminance contrast is required to detect a target. 

Presumably this is with all other conditions being equal. The visual threshold 

levels have been found to vary rapidly with adaptation luminance in the 

scotopic (i.e., less than 0.01 cd/m?) and mesopic (i.e., 0.01 to 0.1 cd/m?) range. 

That is, a log unit increase in adaptation luminance from 0.01 to 0.1 cd/m? 

reduces the minimum detectable target size by 60% (20 to 8 arc min), whereas 

a log unit increase from 1.0 to 10.0 cd/m* reduces the detectable target size by 

only 30% from (20 to 14 arc min). 

Additionally, a study by Shliaer (1937) indicates that visual acuity 

measured in terms of minimum resolvable bar widths or minimum resolvable 

Landolt-C sizes improves with increasing luminance levels. Acuity approaches



an asymptote at luminance levels of 40-1000 cd/m”, depending on the type of 

target used. It also was indicated that at a given luminance level, acuity 

increases as target contrast or target exposure duration increases. 

These data indicate that visual detection and acuity capabilities improve 

with increasing light adaptation levels and, specifically, the visual performance 

peaks in the photopic range. This information has significant consequences for 

NVG designers and users, because it indicates that night scene light levels 

should be amplified to the photopic range. Typical NVG goggles provide an 

average luminance of about 14 cd/m’; a light level within the photopic range 

(Glick, 1974). 

Target size 

Target size is important for determining levels of visibility (i.e., how well 

someone sees something). In an experiment conducted by Hecht, Haig, and 

Wald (1935), it was demonstrated that after five min of dark adaptation, for a 

given number of minutes in the dark, the threshold for light decreases 

(sensitivity increases) as the size of the test target increases. 

Johnson (1958) indicated that the acuity with which an object is seen 

depends on range (the interaction of range and target size determine arc 

minutes of visual angle). Range, in this instance, indicates the threshold at 

which an object can barely be discerned with the needed acuity. The needed 

acuity depends upon the level of discrimination desired, whether mere 

detection of an object, its recognition, or its positive identification. The process is 

10



typically, as follows. At very long range a seen object appears first as a blob. 

Moving closer (as the arc minutes increase) it begins to take some shape such 

as a rectangle. Closer yet, the observer becomes able to classify the object as 

to type and finally to identify the object positively. Johnson divided these leveis 

of object discrimination into four categories two of which are the primary focus of 

the present experiment: detection (the point at which an object is perceived to 

be present) and recognition (the point at which the class of the object, such as 

truck, house, etc. may be discerned). To better quantify the degree of visual 

acuity needed to identify an object as opposed to just detecting it, Johnson 

performed a series of experiments correlating the detectability of a bar pattern of 

a given spatial frequency with the level of object discrimination. The procedure 

was to increase the object range until it was just barely detected (or recognized, 

etc.). Then a bar pattern was placed in the field of view and its spatial frequency 

was increased until it could barely be resolved at the same range. The spatial 

frequency of the pattern was specified in terms of the number of lines in the 

pattern subtended by the object’s minimum dimension. Johnson found that with 

higher acuity a bar pattern of higher spatial frequency could be discerned and 

the level of object discrimination increased. 

Blackwell (Blackwell, 1946, 1959, 1961, 1964, 1967; Blackwell & 

Blackwell 1968, 1971) sought to determine the threshold of visibility, which he 

defined as the point at which observers detect a target 50 percent of the time. 

The results of his research clearly indicate that as adaptation luminance 

increases from very dim to very bright levels, the amount of luminance contrast 

11
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�r�e�c�r�u�i�t�e�d� �f�r�o�m� �B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� �T�h�e� �5�0�/�5�0� 

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

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

�a�c�u�i�t�y� �(�i�.�e�.�,� �m�i�n�i�m�u�m� �2�0�/�2�0� �S�n�e�l�l�e�n� �a�c�u�i�t�y�;� �B�a�u�s�c�h� �&� �L�o�m�b� �M�a�s�t�e�r� �O�r�t�h�o�-�R�a�t�e�r�,� 

�M�o�d�e�l�:� �7�1�-�2�1�-�4�0�-�6�5�)� �a�n�d� �n�o�r�m�a�l� �c�o�n�t�r�a�s�t� �s�e�n�s�i�t�i�v�i�t�y� �(�V�I�S�T�E�C�H� �E�y�e� �C�h�a�r�t�,� 

�M�o�d�e�l�:� �N�e�a�r� �F�i�e�l�d� �V�i�s�i�o�n�)�.� �C�o�r�r�e�c�t�e�d� �v�i�s�i�o�n� �w�a�s� �a�c�c�e�p�t�a�b�l�e�.� 

�E�q�u�i�p�m�e�n�t� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �i�n� �a� �d�i�m�l�y� �l�i�t� �(�i�.�e�.�,� �<�1� �l�u�x�)� �r�o�o�m� �c�o�n�s�i�s�t�i�n�g� 

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

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

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

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

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

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

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

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

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

�o�b�s�e�r�v�a�t�i�o�n�s�.� �V�i�e�w�i�n�g� �h�e�i�g�h�t� �a�n�d� �d�i�s�t�a�n�c�e� �w�a�s� �h�e�l�d� �c�o�n�s�t�a�n�t�.� �O�b�s�e�r�v�a�t�i�o�n�s� 
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�w�e�r�e� �m�a�d�e� �u�s�i�n�g� �a� �s�e�t� �o�f� �A�N�V�I�S� �N�V�G�s� �h�a�r�d� �m�o�u�n�t�e�d� �s�i�x� �f�e�e�t� �f�r�o�m� �t�h�e� �r�e�a�r� 

�p�r�o�j�e�c�t�i�o�n� �d�i�s�p�l�a�y� �s�c�r�e�e�n�.� �T�h�e� �g�o�g�g�l�e�s� �w�e�r�e� �e�q�u�i�p�p�e�d� �w�i�t�h� �I�T�T�'�s� �F�-�4�9�2�1�A� 

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

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

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

�4�)�.� �T�h�e� �o�n�l�y� �v�i�s�u�a�l� �s�t�i�m�u�l�i� �c�a�m�e� �f�r�o�m� �t�h�e� �g�o�g�g�l�e� �i�m�a�g�e�.� 
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�L�_ � �� �t�d�i� �T�R�A�I�N�I�N�G� 
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�1�4�8�.�c�m� �D�I�S�T�A�N�C�E� �T�A�K�E�N� �F�R�O�M� �j�g� �e�m� 
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�1�3�7� �c�m� 
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�L�A�B� �F�L�O�O�R� 

�F�i�g�u�r�e� �3�.� �I�l�l�u�s�t�r�a�t�i�o�n� �o�f� �l�a�b� �l�a�y�o�u�t�.� 
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