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(ABSTRACT)

Many systems today do not allow the operator to view the
environment directly. For example, operators of telerobotic or remote
manipulation systems may be far removed from the work site. In these
situations, images from cameras at the task site provide the only visual link
between the task and operator. Such imaging systems are unable to provide
exact representations of the task environment, resulting in a possible
degradation of important visual cues. If visual cues are degraded, task
performance may be less accurate, require increased completion time, and

subject the operator to hazardous conditions.

In this study, the field of view and contrast of imagery were
manipulated to determine their effects on observers' ability to estimate
distances of targets within natural settings. Images were video taped with
a rotating camera and the targets were placed between 9.14 m and 60.96 m
from the camera. The fields of view ranged from 20 deg to 74 deg. A lightly
wooded area and an open field were used to provide either high or low
visual contexts, respectively. Participants rated their confidence in the

distance estimates on a seven-point scale.



Field of view, contrast level, terrain type, and actual target distance
were found to significantly affect observers' distance judgments, as did
varioﬁs interactions among these factors. In general, target distances were
overestimated, but these overestimations were greater in conditions with
larger fields of view, lower contrast, and for targets presented in a wooded

terrain.

Also, the confidence that the observers had in their distance
estimates was affected by terrain type and actual target distance.
Participants were less confident in the distance estimates made for far

targets in the wooded terrain.
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INTRODUCTION

‘Many systems today do not allow the operator to view directly the
environment in which a task is performed. For example, operators of
telerobotic or remote manipulation systems may be far removed from the
work site. In these situations, images from cameras at the task site provide
the only visual link between the task and operator. Also, night time pilotage
requires pilots to navigate using various night vision imaging systems.
Such systems are unable to provide exact representations of daytime
imagery, resulting in the possible degradation of visual cues that are used
during daytime, flight conditions. If visual cues are degraded, task
performance will be affected and may result in less accurate performance,
increased task performance time, as well as danger to the operator and

equipment.

The type of task which is performed affects the type of visual cues that
the operator uses. For example, a study of six flight control maneuvers
revealed several necessary visual processes upon which pilots rely during a
typical pilotage maneuver (Miller, Helbing, and Beaton, 1991b). The study
shows that motion perception, depth perception, distance perception, and
spatial orientation are the visual cues used principally during the
maneuvers studied. Many of these cues also are critical in completing
remote manipulation and other visually oriented tasks. Distance
perception was selected as the cue of interest in this study as it is an
integral cue affecting not only the accuracy of task performance, but also

the safety of operators and equipment.



Under daytime, direct viewing conditions, operators rely upon
several distance cues to determine their orientation within the task
envifonment. Visual cues that affect distance perception include
convergence, accommodation, retinal disparity, color constancy, shading,
shadows, motion invariance, movement parallax, motion parallax, aerial
perspective, interposition, size constancy, form constancy, field and frame

relationship, linear perspective, texture gradients, and luminance contrast.

Due to limited capacities of contemporary imaging systems, however,
many of the distance cues which operators have learned to rely upon in the
daytime will be degraded significantly or no longer available. As many of
the current display technologies used in avionics and remote
manipulations do not provide three-dimensional imagery, binocular cues
such as convergence, accommodation, and retinal disparity are not present.
Image intensification, thermal, and monochrome imaging systems do not
provide reliable information on color constancy, shading, and shadows.
Depending upon the type of system used, motion and movement parallax
cues may not be available. The visual cues to distance perception of size
constancy, form constancy, field and frame relationship, linear perspective,
and texture gradients may be degraded due to the lower resolution in the

imaging system (Miller et al., 1991a).

In an attempt to determine the critical attributes of visual
information which are necessary to make the imagery in such systems
more usable, the types of visual cues used by the operators were examined.

This thesis begins with a review of the literature concerning distance



estimation, followed by a discussion of the factors which were selected for
the study. An experiment, then, is described in which several factors

affecting distance estimation were manipulated.



LITERATURE REVIEW

Distance Perception

A recent study on pilots’ ability to judge distances while using
various types of night-vision devices demonstrated that there are great
individual differences in the accuracy of participants' estimations (Foyle
and Kaiser, 1991). Some participants tended to overestimate distances,
while others underestimated distances to targets. The unusual finding in
this study, however, was that the over and underestimations were not
always consistent for a given participant. It was determined that larger
distance estimation errors occurred when participants were using night-
vision devices rather than daytime viewing, but these errors were not

necessarily greater than the estimations made with unaided night viewing.

When distance is estimated at less than about 7.62 m, size constancy,
form constancy, linear perspective, convergence, and accommodation are
general visual cues that will be used under direct viewing conditions
(Miller et al., 1991a). However, for the current study, distance estimations
were made for objects between about 9.14 m and 60.96 m from the observer.
At these distances, size constancy, form constancy, luminance contrast,
linear perspective, texture gradients, and motion parallax were the
principle cues (Miller et al., 1991a). Many of these cues, however, can be

degraded by imaging system. Such degradation are discussed below.

Size constancy. Size constancy holds that the observer perceives the
size of familiar objects as invariant over distance. Under these conditions,

objects of familiar size that are perceived as having different sizes may lead



the observer to attribute this difference in size to the distance of the object;
that is, closer objects appear larger than more distant objects. If size
consﬁancy does occur, the perceived distance 6f an object might be
calculated from Emmert's Law, which states that the perceived angular
size of an object is directly proportional to its perceived distance (Rock, 1984).

Size constancy also may influence the perceived relative sizes of
different objects. If two objects of unfamiliar size are placed at the same
distance in an environment lacking distance cues, the larger object will
appear closer. Relative size is a powerful monocular cue to depth and may
overpower lesser cues such as luminance contrast if these cues conflict

with each other (McBurney and Collings, 1984).

For size constancy to be employed, the operator must be able not only
to detect, but also to recognize the reference object so that its approximate
size may be determined and used to estimate the distance of the object. This
cue may be degraded in some imaging systems due to the lower resolution
of the system (Miller et al., 1991a), making the reference object

unrecognizable.

Form constancy. Shape or form constancy is a spatial constancy that
results when an observer correctly considers the slant of an object's surface
(Rock, 1984). For instance, if a rectangle is slanted away from the frontal
plane, its retinal image is trapezoidal. An observer may perceive the object
as a rectangle and compute the slant of the rectangle. For this cue to be of
value to the observer, the reference object first must be recognized correctly

so that its shape may be determined. If the resolution of the imaging



system is too low, the object may be unrecognizable, rendering the form

constancy cue useless.

Luminance contrast. The luminance contrast of an object affects its
apparent distance. If two objects are presénted simultaneously on the same
background, the brighter of the two objects will appear to be closer (Coren,
Porac, and Ward, 1984; Coules, 1955). Evideﬁce also indicates that a bright
object at a farther distance will appear to be at a distance equivalent to a
dimmer object at a closer distance (Coules, 1955). The luminance contrast
cue may be degraded in some imaging systems due to the limited number of
perceptually different luminance levels available in the imaging system

(Miller et al., 1991a).

Linear perspective. Linear perspective is an extension of the size
constancy cue to distance. As parallel lines become more distant, the
amount of spacing between them decreases -- the closer parts of the lines
are spread apart farther than the more distant parts of the lines (Coren et
al., 1984; Gibson, 1950) In other words, the visual angle of the lines
diminishes as they become more distant. The vanishing point is the
distance at which parallel lines converge and an object becomes too small to
be identified (Hubbard and Baird, 1988). Objects perceived as being closer to
the vanishing point will be perceived as being more distant. Once again, the
resolution of the system plays an integral part in the efficacy of this cue, as
the relative position of objects may have to be identified in order to

determine which is actually closest to the vanishing point.

Texture gradients. Texture gradients combine information from both



size constancy and linear perspective by considering the changes in size
and density of the collection of elements that make up the texture of a
surfabe (Coren et al., 1984; Gibson, 1950). As the texture becomes more
distant, it will appear to contain smaller, more densely packed elements
than a texture that is closer to the observer. A flat surface will have a
uniform texture, and a change in texture indicates a change in direction of
or distance to the surface. This cue may be degraded in some imaging
systems due to the lower resolution of the system (Miller et al., 1991a),

making the elements of the texture indiscernible.

Motion parallax. Motion parallax occurs when an observer moves
past a scene so that it appears to be moving horizontally past the observer's
line of sight. Objects that are in front of the observer's fixation point appear
to move in the opposite direction of motion while more distant objects seem
to move in the same direction as the direction of motion (Coren et al., 1984).
The angular rate of motion of the closer objects will be fast, while the

angular rate of motion of the more distant objects will be slow.

Movement parallax. This effect relates to motion parallax in that it
occurs when an observer is in a moving vehicle and the scene is moving
horizontally across the line of sight. If the observer moves his or her head
from side to side, objects that are near the observer appear to move at much
greater distances than objects which are farther away (Gogel and Tietz,
1973). This information is eliminated with the use of a thermal imaging
system with a pivoted sensor as the sensor is incapable of moving from side

to side (Miller et al., 1991) and would also be eliminated if the viewing



camera is fixed.

-'Motion tnvariance. Motion invariance is a constancy mechanism
that occurs when the perceived distance of a visual surround rotating
around the observer at a constant angular velocity increases. As this
distance increases, the perceived velocity of self-motion increases

proportionally to the shift in apparent distance (Dichgans and Brandt, 1978).

Interposition. Interposition refers to the visual depth cue that occurs
when a distant object is partially covered by a closer object. Interposition in
pictures shows that one object is behind another and therefore farther away
(Rock, 1984). Familiarity with shapes plays an important role. Unfamiliar
shapes may often make interposition cues ambiguous. If the resolution of
the system is too low, the object may be unrecognizable, possibly degrading

the interposition cue.

Field and frame relationship. Several visual illusions affect the way
in which distance is perceived. The presence of a border around a scene
will reduce the perceived depth of objects included within the frame (Hagen,
Jones, and Reed, 1978; McBurney and Collings, 1977). Kraft, Farrell, and
Boucek (1970, as cited by Walker et al., 1989), found that a pilot seated about 1
m from a windshield tends to perceive another airplane as farther away
and less threatening than does an observer seated behind the pilot at 2 m
from the windshield. From the observer's position behind the pilot, the
windshield frames the other airplane more closely, making it look larger

and nearer.



The vista paradox describes an illusion in which an object viewed
through a window or similar aperture appears to become smaller and more
distént as the observer moves closer to the window (Walker, Rupich, and
Powell, 1989). This effect conflicts with the distance cue in which more
distant objects have smaller visual angles and appear smaller than close
objects. Although the effect is partially attributed to framing effects, Walker
et al. (1989) believe that the process of actually moving towards the aperture
plays a significant part in the illusion in that the viewing angle of the
aperture will increase more rapidly than the viewing angle of the distant
object. This ratio between the sizes of the viewing angle of the aperture and
the object makes the object appear to shrink in comparison and become
more distant. Walker et al. (1989) also indicate that pilots conducting
terrain maneuvers may encounter this illusion if they pass through a
valley or over a ridge. If a pilot is moving at a high speed and low altitude,
the vista paradox may cause a pilot to misjudge the size and distance of
critical objects in the flight path. It is likely that factors such as field of
view, size of the image frame, contrast of the image frame, and/or distance
to the image frame will influence the perceived depth and distance of an

image viewed through a frame.

Factors of Interest

Most of the visual cues listed above are affected by the constraints of
an imaging system being used, and, therefore, may not be manipulated
easily. However, the constraints of luminance contrast and field of view can

be controlled easily. Therefore, luminance contrast and field of view were



chosen as variables in the present work. Although luminance contrast and
field of view may be manipulated easily and accurately, it is important to
recognize the perceptual effects any such changes in the image will have on

the observer.

Effects of contrast on distance perception. The studies cited above
state that luminance contrast influences the perceived distance of an object;
that is, an object with greater luminance will appear to be closer than an
object with less luminance. However, contradictions to the luminance
contrast theory have been found. Farne and Campione (1976), Farne
(1977a), and Farne (1977b) found that it is not the luminance of the object
alone that determines the perceived distance, rather it is the contrast of the
object against its background. In the first experiment, Farne and
Campione (1976) found that a light colored object on a very dark colored
background appears to be closer than a dark colored object on the same
background, as is consistent with the relative brightness cue. However, it
also was discovered that a dark object on a light background appears closer
than a light object on the same background. These results are attributed to

the relative difference in contrast, not the luminance of the objects per se.

Farne (1977a) conducted a similar experiment using only black and
white objects on gray backgrounds, rather than colored objects, and found
similar results. When all other factors are held equal, the object that has a
greater luminance contrast with the background appears closer. However,
the study also indicates that a dark object appearing on a light background
appears to be closer than a light object on the same background. An

10



explanation may be that the object whose luminance is more similar to the
background will be indiscernible from the background, and, therefore, will
be perceived as being farther away. Thus, perceived distance will depend

upon the contrast rather than on luminance level.

Luminance contrast can be such a strong cue that objects may
appear to move in depth as their background luminance changes. Farne
(1977b) found that, under monocular viewing conditions, a spinning target
appears to move forward and backward as the contrast with its background
changes. Subjective brightening of the target causes it to appear to move
toward the subjects, and subjective darkening causes it to appear to move
away from the subject. This effect was attributed partially to the fact that,
as the background is darkened, the object appears brighter in comparison,
resulting in the apparent expansion of the object. This study also indicates
that subjective brightness alone does not determine perceived distance, but
that the change in contrast between the object and the background is

important.

It is possible to control the overall amount of displayed contrast that
objects have with their backgrounds by changing the contrast of the display
system. As display contrast is decreased, the contrast between objects in the
imagery will be reduced. If distance perception is influenced significantly
by the amount of contrast between an object and its background, it can be
expected that the manipulation of the contrast of the display system will
affect the participant's distance perception.

1



Effects of field of view on distance perception. In photographic
disciplines, the term field of view refers to the total amount of a scene which
fits ohto the frame of a photograph (Baker, 1980). Field of view is related
inversely to the focal length of the camera lens, and a "normal” viewing
area is defined as a focal length that is equal to the diagonal of the film
image on which the scene appears (Adams, 1970, as cited by Kraft and
Green, 1989). When lenses of different focal lengths are used to obtain
photographs, the perceived distance along the depth plane in the picture is
affected, even when the camera position is not changed (Kraft, Patterson,
and Mitchell, 1986). When all conditions in the photographs except for the
focal lengths are held constant, the differences in distance perception are
attributed to a pictorial transformation resulting from the changes in focal
length. When a wide angle lens is used, the focal length decreases, the area
of view increases, and the perceived distance of objects in the scene
increases. The opposite is true when a telephoto lens is used in that the
focal length increases, the area of view decreases, and the perceived
distance of objects in the scene decreases (Kraft and Green, 1989). With -
short focal lengths and large areas of view, perceived distance judgments of
objects in a scene tend to be overestimated. On the other hand, with
telephoto focal lengths and narrow areas of view, perceived distance

judgments tend to be underestimated (Kraft and Green, 1989).

These findings can be explained in terms of the size of the objects and
the amount of visible foreground in the photograph. With a short focal
length and a wide area of view, there is more foreground and objects appear

smaller, causing the observers to compensate by placing themselves at a



greater distance within the scene, resulting in distance overestimation. In
the studies by Kraft and Green (1989) and Kraft et al. (1989), however, focal
Iengﬂh and field of view are confounded because both are changed
simultaneously. Neither study considers that field of view, rather than

focal length alone, may be affecting distance perception.

In an actual night vision imaging system, the field of view may be
increased by means of additional sensors. Since night vision sensors are
expensive and add significant weight to an aircraft, it is desirable to
determine the absolute minimum field of view, and, therefore, the number
of sensors which results in optimum user performance. With other
imaging systems, the focal length of the viewing camera may be changed,

which could result in image distortion.

In laboratory testing environments, field of view may be changed in
different ways. Participants may be brought outside to the actual task
environment and, then, positioned at predetermined locations. Their field
of view may be masked off by means of an adjustable aperture, such as with
peepholes or goggles. As the scene is viewed directly, depth and distance
cues which are not available from two-dimensional electronic sensors and
displays will be present, which may not accui'ately demonstrate how
images are perceived on actual displays. This method also may lead to
increased inter-subject differences, as outside conditions such as light
levels and shadows tend to vary greatly from day to day and at different

times of the day.

Another method is to adjust the focal length of the camera used to



record the images. However, this method can produce image distortions.
Imagery also may be recorded with a single field of view and the display
may be masked off directly, or at the lens of the projector. This last method

was selected for the current work, and it will be discussed later in detail.

When the world is viewed directly, vision is restricted only by facial
structure and the limitations of the eyes' entrance aperture and range of
movement. As such, an approximately 180 deg horizontal field of view is
available (Collins, 1922, as cited by Gibson, 1950, p.108). However, such
unrestricted viewing is not always possible. Any time a person looks
through an aperture such as a field scope or a window, field of view is
restricted. Field of view restrictions also are determined by the capabilities
of the imaging system, such as the field of view of the camera with which a
scene is recorded or the size of the monitor on which a scene is displayed.
Evidence exists that the size of the available field of view affects a person's
ability to judge distance (Hagen, Jones, and Reed, 1978; Kraft and Green,
1989; Kraft, Patterson, and Mitchell, 1986). However, in a different study in
which subjects judged distances while using head-up displays, it was
indicated that field of view did not have a significant effect on distance
judgments (Tsou, Rogers-Adams, and Beard, 1991).

When images are recorded as photographs, motion pictures, or video
images, an effective and simple method of changing the field of view is to
change the focal length of the camera lens. However, such manipulations
lead to distortions in the pictorial representation of the actual scene. First,

in such displays, two conflicting types of cues are present. The display will
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have a surface texture, binocular and monocular parallax, and other cues
that signify a flat surface. At the same time,'the displayed imagery may
contéin monocular distance cues such as size constancy, linear perspective,
and texture gradients which indicate depth (Hagen, Jones, and Reed, 1978).
Furthermore, the visual field usually is truncated in pictures and similar
displays (Hagen et al., 1978; Kraft and Green, 1989; Kraft et al., 1986).
Specifically, the foreground of the visual field is truncated, resulting in
perceived compression of size and distance similar to the effects found in
photographs taken with telephoto lenses. There is evidence that such
distortions occur in any situation where the foreground is truncated,

whether by image size, frame, or viewing aperture (Hagen et al., 1978).

Displayed images often are magnified so that distant objects may be
differentiated better. As an image is magnified, the actual amount of the
scene that can be displayed will be decreased so that the image may fit onto
the display screen. As a result, the visual field is decreased. Such optical
magnification leads to effects that are similar to effects found in visual field

truncation (Lumsden, 1983).

To separate the effects of field of view from focal length, the focal
length must be held constant. This may be achieved by recording an image
with a large field of view and masking off portions of the projector lens as
the image is projected onto a screen. In this way, any field of view size
smaller than the recorded field of view may be created without adjusting
the focal length of the image and without altering the magnification of the

image.



Effects of terrain type on distance perception. Two terrain types
which pilots may encounter during a typical flight may be either cluttered
with visual stimuli, as in a wooded area, or contain sparse visual
information, as in an open field. Significant effects of focal length on
distance judgments have been found between such terrain types (Kraft, et
al., 1986). Differences in distance estimates in the terrain types viewed with
different focal lengths, however, were attributed to the foreground
truncation effects. Insufficient textural cues existing in the open terrain
led to underestimation of distance. The lack of these distance cues in the
foreground led observers to believe that the foreground was truncated, and,

therefore, the distance to the objects was shorter (Hagen et al., 1978).

These terrain effects also may be generalized to include any condition
in which the number of visual cues varies within the task environment.
For example, the operator of a telerobotic system may have the task of
grasping a component that is situated among many other components, or
the operator may have to grasp a handle that is the only visible object on a

uniform surface.

Summary of Literature Review

From the research cited above, it is evident that image contrast and
field of view have significant effects on how individuals perceive the
distance of objects within the scene. Additionally, the type of terrain also
may affect observers' perception of distance. Manipulations of these three
factors may reduce or enhance the observers' ability to judge distances

accurately, resulting in over or under estimations depending upon how the
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factors are manipulated.

Research Goals

Since display contrast and field of view are not standardized in
imaging systems, it is crucial to understand their impact on operator
distance estimation, and, consequently, the overall performance of

operators in various task environments.

In the present thesis, the display contrast and field of view were
varied within two terrain types to determine their effects on participants'
ability to judge target distances. The scenes used were moving horizontally
across the display at a constant rate. The results were assessed through
statistical analyses of the distance judgments and their associated

confidence ratings.
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METHOD

- In this experiment, participants viewed imagery moving horizontally
across a CRT monitor and, then, were asked to judge the distance of targets
contained within the scenes. Also, participants were asked to rate how

confident they were in their distance judgments.

Participants

Participants were recruited through posted advertisements on the
Virginia Polytechnic Institute and State University campus and were paid
$5.00 per hour for participating. Ten college students (five females) were
selected to participate in the study. Prior to the screening process, the
participants were informed of the purpose of the experiment, the possible
risks involved, their right to withdraw from the study at any time, and the
benefits they would receive. Written consent was obtained from all
participants. Selection criterion was dependent upon successful completion
of a visual acuity test. Corrected or uncorrected Snellen visual acuity (near
and far) of 20/20 or better was required. Participants also were required to
have vertical and horizontal phoria within two standard deviations of
average human visual phoria. Both Snellen visual acuity and vertical and
horizontal phoria testing were conducted on a Bausch & Lomb Master
Ortho-Rater. The participants were required to have normal far and near

contrast sensitivity, as measured with Vistech contrast sensitivity charts.

Stimuli
For a target to be recognized on a display, it should subtend a

minimum of 12 min of visual angle (Steedman and Baker, 1960; Van Cott



and Kinkade, 1972). Targets used in this study consisted of squares with
sides measuring 71 cm, or about 40 arcmin at the maximum distance of
60.96 m, which is well above the minimum recognizable size. The squares
were white with large black crosses on them so that they could be more
easily distinguished from the scenery background. The crossbar for the
target was 17.78 cm wide, which corresponds to about 10 min of arc at 60.96
m. Targets were placed on the ground in a semi-circular area around the
camera and were spaced at 20 deg intervals. This interval allowed
participants to have about 5 s between targets during which time they made
their distance and confidence judgments. For the sake of simplicity, each
180 deg turn of the camera will be called an "image." A "trial" will consist

of the presentation of a single target.

Apparatus

The imagery used in this study was recorded using a professional
quality video camera (Ikegami, ITC-730A). The camera was equipped with
an 8 to 80 mm zoom lens, and a 0.5 wide angle adapter (Century Precision
Optics Superwide C4650) provided a maximum horizontal field of view of 74
deg. During the video recording sessions, the camera was placed on a
rotary stage and rotated clockwise at a constant velocity of about 3.45 deg per

second.

The video tapes were edited professionally and transferred to U-matic
video tape. During this process, the video clip for the practice session and
all clips used in the experiment were put onto one tape. Since the images

were played back randomly, the experimenter was required to rewind and



fast forward the playback tape throughout the experimental sessions. To
facilitate this process, five seconds of black space was inserted between

images on the tape.

To alert the participants to the presentation of each target, a tone
sounded whenever a target was centered of the monitor. The tones that
accompanied the presentation of each target also were recorded onto the

video tape during the editing session.

During the experiment, the imagery was displayed using the video
display system presented in Figure 1. In this figure, each component is
numbered and the different line styles used to connect the components of
the system indicate a classification of the type of information being

transmitted between components.

The video was supplied by a video recorder (U-matic, VO-5600;
component 1 in Figure 1). The counter on the video player allowed the
experimenter to determine the location of the appropriate segment of
imagery to be displayed for each experimental condition. This video, then,

was passed to the variable low pass filter and synchronization stripper.

The variable low pass filter (component 2 in Figure 1) allowed the
bandwidth of the video signal to be decreased. However, this component
was not adjusted during this study and was set so that there was no
decrease in bandwidth. The synchronization stripper (component 3 in
Figure 1) removed the synchronization information from the video signal

and passed it to the display system and a blanking generator.
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The blanking generator (component 4 in Figure 1) determined the
blanking level of the signal and the timing of the blanking interval. The
timing of the blanking interval was used to trigger the video switch
(component 6 in Figure 1). The blanking level was passed to the contrast
attenuator (component 10 in Figure 1) and to a passive mixer (component 7

in Figure 1).

The noise generator (component 5 in Figure 1) and its related

components were not used during this experiment.

The contrast attenuator (Tektronix 75-ohm step attenuator;
component 10 in Figure 1) accepted the blanking level output by the
blanking generator (component 4 in Figure 1) and allowed the blanking
level to be adjusted. Adjusting the blanking level and combining this
blanking level with the video passed through the video chain allowed the
ratio of the signal to the blanking level to be adjusted, thereby adjusting the
contrast in the displayed images. The contrast attenuator was used to
select from the predetermined contrast levels. The blanking level was
combined with the video signal using the passive mixer (component 11 in

Figure 1).

Once the signal had passed through the system, it was sent through
a video amplifier to adjust the power of the signal to the levels required for

NTSC format.

The resulting video signal and the original synchronization signal

then were passed to a preview monitor. This monitor was used by the



experimenter to insure that the video tape recorder was cued to the
appropriate segment of video tape before it was presented to the participant.
A vidéo switch (component 14 in Figure 1) allowed the experimenter to

present the video to the participant once the tape was cued correctly.

The video was displayed on a wide-screen projection display (Pioneer
SD-P453S; component 15 in Figure 1). This display was 91.44 cm wide by
68.58 cm high, giving the display a horizontal field of view of 74 deg when

viewed from a distance of about 61 cm.

Masks were placed over the display to adjust the displayed field of
view independent of display resolution. These masks were cut out of black
matting board and the openings were cut so that each field of view had the
same center point on the monitor. The masks were affixed to the front of
the display with pieces of hook-and-loop tape to allow for easy removal of the

masks during the experiment.

A curtain divided the laboratory into separate participant and
experimenter workstations. The curtain allowed the experimenter to
manipulate controls on the imaging devices without disturbing the
participant. The participant was seated in a stationary chair and a head
rest was used to stabilize the participant at a fixed viewing distance (61 cm).
The experimenter's workstation contained a microcomputer used to alert
the experimenter to the next experimental condition and to record the

participant's responses.



Procedure

‘Prospective participants were scheduled for a 20-min screening
sessibn. An informed consent form consisting of the purpose of the
experiment, a description of the task, possible risks, participant rights, and
pay was issued. After the prospective participant read and signed the
informed consent form, visual tests were administered. If the prospective
participant passed the screening tests, he or she was scheduled for the

experimental session.

Before beginning the experimental session, the participants
completed a short pre-test in which they estimated the distance of a soda
can placed in an empty hallway. Participants were allowed to make their
distance estimates in either feet, yards, or meters, and they were to use this
unit throughout the experiment. The soda can was placed randomly
between 9.14 and 30.48 m from the participant as the participant faced the
opposite direction. The participant, then, was asked to turn around and
give an estimate of the distance of the soda can in his or her chosen unit of
measure. No feedback was given as to the accuracy of the estimations. This
information was recorded and used to determine how proficient the

participant was at judging distance under natural, binocular conditions.

At the beginning of the experimental session, the participant read
instructions for the experiment and the confidence rating scale was
presented (copies of these forms are in Appendices A and B). Any questions
about the experimental procedure or confidence rating scale were

addressed.



As distance judgments generally are not very accurate without a
frame of reference, participants were coached on how distance estimations
may be made from the information available to them in the imagery. To aid
the participants in assessing the target distances, a brief training session
was devised. The participants were shown an actual target that was used
during video taping so that they could use this information to compare the
actual target size to the target sizes at various distances on the video tapes.
An example section of video tape was played for each participant and three
target distances were indicated - one at 9.14 m, one at 40.23 m, and one at
60.96 m. However, the participants were not informed that the 9.14 m
distance was the closest distance represented in the experiment or that the
60.96 m target was the farthest that any target would be. The video clip was
intended to give the participants a sense of how the targets appear at
various distances on the monitor and to give them practice in estimating

distances and giving confidence ratings.

Next, the participants completed one practice trial that simulated an
actual trial so that they would become familiar with the procedure.
Participants were allowed to view the training and practice clips as often as
they desired; however, they were not given any feedback as to the accuracy
of their distance estimates. The example trials were identical to the trials
in the actual experiment, except that the imagery was recorded for practice
purposes only and the data were not used in the analysis. Participants
were instructed to "be the camera” - that is, to put themselves into the
actual scene at the spot where the camera was positioned and make their

distance judgments from that point.



After a short break, the participant was seated in front of the display
and, then, positioned against the head rest. The experimenter sat on the
oppoéite side of the room divider and prepared the controls for the first set of
images. A tone indicated the appropriate positioning of the target in the
center of the screen, and the participant verbally gave the distance
judgment and confidence rating within three seconds after the tone. It was
imperative that the participant give the responses within the allotted time
so that none of the following targets were missed. The experimenter
recorded the participants' responses on a microcomputer and changed the

controls before each new set of images was presented.

Experimental Design

The experimental design used in the experiment was a within-
subjects, five factor design. Each participant responded to a total of 540
experimental trials (5 fields of view x 6 distance ranges x 2 terrain types x 3
contrast levels x 3 repetitions). The experiment took about 2.5 hours to
complete for each participant. Each participant completed the experiment

in a single session.

As the field of view required a brief amount of time to manipulate
during experimental sessions, the data collection sessions were blocked by
field of view. All other factors were ordered randomly. Field of view was

blocked with two Latin squares, as shown in Table 1.

Independent variables. Five different horizontal fields of view, 20
deg, 33.5 deg, 47 deg, 60.5 deg, and 74 deg, with an aspect ratio of 3:4 (V:H)

were used in this study. These fields of view were selected to include the



TABLE 1

Blocking Design for Field of View Presentation

Participant:
1

2

3

4

5

6

7

8

9

10

20.0°
33.5°
74.0°
47.0°
60.5°

33.6°
47.0°
20.0°
60.5°
74.0°

47.0°
60.5°
33.5°
74.0°
20°

60.5°
74.0°
47.0°
20.0°
33.5°

74.0°
20.0°
60.5°
33.5°
47.0°

60.5°
47.0°
74.0°
33.5°
20.0°

74.0°
60.5°
20.0°
47.0°
33.6°

20.0°
74.0°
33.5°
60.5°
47.0°

33.5°
20.0°
47.0°
74.0°
60.5°

47.0°
33.5°
60.5°
20.0°
74.0°



currently available 40 deg field of view in some night vision imaging

systems.

Each image was recorded while the camera turned through a one-
half revolution of the camera at a constant speed of 3.45 deg per second.
Since one stimulus was presented every 20 deg, it was possible to present
nine targets during each one-half revolution. Targets were presented three
times at each of the six distances during each full 360 deg revolution (each

pair of layouts).

Targets were located between 9.14 m and 60.96 m from the camera.
This area was divided into six equally spaced concentric circles (leaving
10.36 m between target distances) and targets were located on top of each
circle, leaving allowances for any obstacles that occurred in the
environment, such as trees or shrubbery. As it was not possible to record
an entire 360 deg circle without the low angle of the sun damaging the video
camera, the 360 deg target layouts for the circles were filmed in pairs of
semi-circles. For example, targets for one image were laid out in the semi-
circular pattern, filmed, and the targets then were moved to new locations
within the same semi-circular area to complete the other half of the circle
(Image two). The targets were spaced at 20 deg intervals allowing nine
targets to be presented during each semi-circular image, or 18 targets
during each circle. When the pair of semi-circles was considered as a
complete circle, a target appeared at each distance three times per 360 deg

rotation, as shown in Figure 2.
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Figure 2. Example of one of the possible pairs of target layouts.



The imagery was recorded in two different terrain types that
repreéented two different densities of scene information (i.e., clutter). One
terrain type was a lightly wooded area with abundant visual cues. There
were several large trees throughout the viewing area, and fallen leaves and
branches littered the ground. The other terrain was an open field with
short grass where visual cues were sparse. The imagery was recorded in
each of the two terrain types with six different target layouts (three pairs of

layouts) for a total of twelve images.

The imagery was displayed with three different luminance contrast
ratios of 49.091, 13.737, and 5.316. Contrast was measured with a luminance
meter (Minolta nt-1°). Luminance measurements were made of a white
patch and black patch which were recorded onto the same video tape as the
experimental images. The patches were recorded within both terrain types
solely for the purpose of obtaining luminance measures in the laboratory.
The patches were recorded within the wooded terrain in full sun and were
about the same as the luminance measures obtained for the patches within
the open terrain as recorded from the monitor after the
images passed through the video system. These patches were subjected to
the same editing process as the experimental images and were measured
from the display under the same conditions under which they were

presented to the participants.

A summary of the variables used in the experiment is given below.
Field of View: 20 deg, 33.5 deg, 47 deg, 60.5 deg, 74 deg
Target Distances: 9.14 m, 19.50 m, 29.86 m, 40.22 m, 50.58 m, 60.94 m



Terrain Types: Wooded, Open
‘Contrast Levels: High: 49.09; Medium: 13.74; Low: 5.32

Dependent variables. Using the information available on the
display, participants were required to report a distance judgment for each
target. Their responses were given in feet, yards, or meters as specified

individually by the participants before beginning the pre-test.

Participants also gave confidence ratings for each target distance
judgment. A seven-point scale was used, anchored with the number one
corresponding to "Very Confident" and seven corresponding to "Not At All

Confident." No intermediate levels were labeled.
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RESULTS

Analysis

" For the statistical analyses, the participants' average distance
estimates and confidence ratings, collapsed over replications within each
condition, were subjected to an Analysis of Variance (ANOVA). Separate
ANOVAs were performed on the participants' distance estimates and
confidence ratings (Abacus, SuperANOVA program v1.11, Macintosh). To
correct for sphericity, the Greenhouse-Geisser (Greenhouse and Geisser,
1959; Abacus, 1989) correction was applied to all within-subjects effects and

their associated post-hoc tests.

Due to the limited quality of the displayed images and various
features of the terrain types (such as the target blending in to the
background), not all targets were visible in all viewing conditions. A total of
382, or about 7%, out of 5,400 targets were missed. In order to perform the
ANOVAgs, it was necessary to assign mean values to these missing points.
The ANOVAs were performed on the mean of three replicates. Whenever a
point was missing, it was replaced with the average of the values for the

remaining replicates for that condition for that particular participant.

Pre-test results: Actual distance estimates

Results of the ANOVA for the distance estimation pre-test task are
given in Table 2. The results indicate that the main effect of distance is
statistically significant [F(7,63) = 118.299, p = 0.0001]. Thus, participants
reliably discriminated differences between distances to a familiar object in

the "real world."



TABLE 2
ANOVA Summary Table for Pre-Test Distance Estimate Ratios

Source df e* MS F p

Subjects (S) 9 537.755

Distance (D) 7 0473 4838812 118299 0.001
DxS 63 40.903

* ¢ denotes the epsilon value for the Greenhouse-Geisser adjustment
procedure. The probabilities in the table are derived from these corrected
values. :



A trend for the distance estimates is evident in Figure 3. That is,
actuai distances were underestimated by the observers. Additionally, a line
with unity slope is depicted in Figure 3. This line represents veridical
distance perception. As such, points falling above the line would represent
overestimations of target distance, and points below the line represent
target distance underestimations. It is apparent from these data that

participants underestimated actual distances.

Experiment: Video tape distance estimates

The distance estimate data obtained in the experiment were subjected
to a four-factor ANOVA (Field of View x Contrast x Terrain Type x Target
Distance). As shown in Table 3, all four main effects are statistically
significant: Field of View [F(4,36) = 5.851, p = 0.0104], Contrast [F(2,18) =
8.763, p = 0.0052], Terrain Type [F(1,9) = 100.796, p < 0.0001], and Target
Distance [F(5,45) = 132.762, p < 0.0001]. Two two-way interactions, Contrast x
Target Distance [F(10,90) =7.310, p = 0.0020], and Terrain Type x Target
Distance [F(5,45) = 4.263, p = 0.0505], were found to be statistically significant,
as were the three-way interactions of Field of View x Contrast x Terrain
Type [F(8,72) =2.460, p = 0.0663], Field of View x Terrain Type x Target
Distance [F(20,180) =2.441, p = 0.0509], Contrast x Terrain Type x Target
Distance [F(10,90) = 3.483, p = 0.0393].

Field of view. The main effect of field of view upon distance estimates
is shown in Figure 4. The actual average target distance is 35 m. As the
mean distances plotted in Figure 4 are always greater than 35 m, this
figure indicates that participants overestimated target distance.
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Figure 3. Mean distance estimates for pre-test. (N = 20)



TABLE 3

ANOVA Summary Table for Absolute Distance Estimates

Source df e* MS F p

Subjects (S) 9 192397.540

Field of View (FOV) 4 0512 24554.057 5851 0.0104
FOVxS 36 4196.688

Contrast (C) 2 0.783 5689.377 8.763 0.0052
CxS 18 649.242

Terrain (T) 1 1.000 499920.581 100.796 <0.0001
TxS 9 4959.733

Distance (D) 5 0.339 923421.128 132.762 <0.0001
DxS 45 6955.439

FOVxC 8 0424 1233.408 2395 0.0809
FOVxCxS 72 515.044

FOVx T 4 0.523 3024.440 2272 0.1289
FOVxTxS 36 1331.120

CxT 2 0.543 1080.748 2211 0.1686
CxTxS 18 488.862

FOVx D 20 0.236 1013.633 1842 0.1286
FOVxDxS 180 550.359

CxD 10 0.253 2970.016 7310 0.0020
CxDxS 90 406.292



TABLE 3
ANOVA Summary Table for Absolute Distance Estimates (Continued)

Source df e* MS F p
TxD 5 0.276 13103.479 4263 0.0505
TxDxS 45 3073.758
FOVxCxT 8 0476 1089.623 2460 0.0663
FOVxCxTxS 72 442 871
FOVxCxD 40 0.109 492.368 1.780 0.1472
FOVxCxDxS 360 276.543
FOVxTxD 20 0.242 783.488 2441 0.0509
FOVxTxDxS 180 321.006
CxTxD 10 0.250 1350.961 3483 0.0393
CxTxDxS 90 387.835
FOVxCxTxD 40 0.096 545.139 2021 0.1159
FOVxCxTxDxS 360 269.761

* £ denotes the epsilon value for the Greenhouse-Geisser adjustment
procedure. The probabilities in the table are derived from these corrected
values.
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The Student Newman-Keuls range test was performed and the
resulté of this analysis are shown in Table 4. Table 4 shows that, in general,
the mean distance estimate for the 74 deg field of view is significantly larger
than the mean distance estimates for 20 deg, 33.5 deg, 47 deg, and 60.5 deg
fields of view, the mean distance estimates for 60.5 deg and 74 deg fields of
view are significantly larger than the mean distance estimates for the 20
deg, 33.5 deg, and 47 deg fields of view, and the mean distance estimates for
the 33.5 deg, 47 deg, and 60.5 deg fields of view are significantly larger than

the mean distance estimates for the 20 deg field of view.

Contrast. Figure 5 shows the main effect of display contrast on target
distance estimation. This figure indicates that as the display contrast is
increased, the distance estimates decrease. Again, the target distances are
overestimated. The Student Newman-Keuls range test results are given in
Table 5. The results of the test indicate that the mean distance estimates
were significantly larger for the 13.74 and 5.32 contrast levels than for the
49.09 contrast level.

Terrain type. Absolute distance estimates were found to be
statistically different depending upon the type of terrain in which the
targets were presented. Participants tended to overestimate target
distances in both terrain types. However, participants overestimated target
distances in the open terrain by 10.9 m, while they overestimated target

distances by 21.1 m in the wooded terrain, as shown in Figure 6.



TABLE 4
Newman-Keuls Results for Field of View

Field of View Mean Distance (m) Group
20.0° 39.69 A
33.5° 40.40 A B
47.0° 40.35 A B
60.5° 4348 A B
74.0° 45.55

Groups with the same letter are not statistically different, p > .05.
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Figure 5. Effect of display contrast on estimated distance. Error bars
indicate *+ 1 standard error of the mean. (N = 600)
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TABLE 5

Newman-Keuls Results for Contrast Level

Contrast Mean Distance (m) Group
5.32 4281 A
13.74 4194 A
49.09 40.93 B

Groups with the same letter are not statistically different, p > .05.
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Figure 6. Effect of terrain type on estimated distance. Error bars indicate +
1 standard error of the mean. (N = 900).



Target distance. The significant main effect of target distance upon
perceived target distance is shown in Figure 7. The results of the Student
Newman-Keuls range test are shown in Table 6. This table indicates that
all target distances are statistically different from each other except for the
two farthest distances of 50.56 m and 60.96 m.

Contrast and target distance. The interaction of contrast and target
distance upon perceived target distance is plotted in Figure 8. This figure
indicates that target distances were overestimated at all six distances with
all three contrast levels with one exception, the farthest distance with the
highest contrast level, where the mean estimated distance is less than the
actual target distance. It is interesting that at the closest target distance of
9.14 m distance estimates are about the same, but the estimates at each

contrast level diverge as the targets are farther away.

A simple-effects F-test was performed on the interaction of contrast
and target distance. These results, shown in Table 7, indicate that contrast
has a significant effect at the two farthest target distances of 50.60 m and
60.96 m. Table 8 shows the results of Newman-Keuls test on the effect of
contrast at the distance of 50.60 m. At this distance, the 49.09 contrast level
is statistically different from both the 13.74 and 5.32 contrast levels, but the
13.74 and 5.32 contrast levels are not statistically different. At the distance
of 60.96 m, all three contrast levels are statistically different from each

other. These results are shown in Table 9.

These results are not surprising, however. Far targets are naturally
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TABLE 6
Newman-Keuls Results for Target Distance

Target Distance (m) Mean Distance Estimate (m) Group
9.14 15.88
1951 29.80 D
29.87 40.09 C
40.23 48.49 B
50.56 56.88 A
60.96 60.22 A

Groups with the same letter are not statistically different, p > .05.
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TABLE 7
Simple-Effects F-test Results for Contrast Level at Each Target Distance

Source df MS F p

9.14m 2 53474  0.132 0.540
1951 m 2 26034  0.064 0.616
29.87m 2 1005896 2476 0.132
2 1240.772  3.054 0.106
50.60 m 2 4044876  9.956 0.014
60.96 m 2 14168.183 34.872 <0.001

CxTxS 90 406.292

40.23 m

p values are calculated with df corrected with £ =0.253



TABLE 8

Newman-Keuls Results for Contrast at Target Distance of 50.60 m

Contrast Level Mean Distance Estimate (m) Group
5.32 58.61 A
13.74 57.23 A
40.09 54.79 B

Groups with the same letter are not statistically different, p > .05.



TABLE 9

Newman-Keuls Results for Contrast at Target Distance of 60.96 m

Contrast Level Mean Distance Estimate (m) Group
5.32 63.00 A
13.74 61.54 B
40.09 56.12 C

Groups with the same letter are not statistically different, p > .05.



more difficult to see as they appear smaller than close targets and, thus,

would be more affected by higher contrast than near targets.

Terrain type and target distance. Figure 9 shows the interaction of
terrain type and target distance. This figure shows that the perceived
distances for the wooded terrain were consistently overestimated. In the
open terrain, participants overestimated targets at distances up to about
40.23 m, but then underestimated the distance of targets at farther

distances.

The results of a simple-effects F test indicate that there are
significant differences between the two terrain types at each target distance,
as shown in Table 10. In general, the data trends observed in this
interaction for terrain type and target distance are consistent with their

corresponding main effects.

Contrast, terrain type, and target distance. The three-way interaction
among contrast, terrain type, and target distance is plotted in Figure 10.
Table 11 gives the results of the simple-eﬁ'ects F test that was performed for
contrast level and target distance within both terrain types. The results of
the test indicate that the interaction of contrast and distance is significant
within the wooded terrain [F(10,90) = 9.857, p < 0.001]. A simple-effects F test
on target distances within the wooded terrain shows that contrast has a
significant effect on perceived distance at the actual target distances of 29.87
m, 50.60 m, and 60.96 m, as indicated in Table 12.
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TABLE 10

Simple-Effects F-test Results for Terrain Type at Each Target Distance

Source df

9.14m
19.51m
29.87m
40.23 m
50.60 m

N

60.96 m
TxDxS 45

MS

25816.036
27852.858
96601.524
136663.498
205029.092
73472.055
3073.758

F

8.399
9.061
31.428
44461
66.703
23.903

p

0.013
0.013
<0.001
<0.001
<0.001
<0.001

p values are calculated with df corrected with £ =0.276
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TABLE 11

Simple-Effects F-test Results for Contrast and Target Distance at Each

Terrain Type

Source df MS F p
C x D x at Topen 10 497920 1.283 0.302
C x D x at Twooded 10 3823062 9.857 <0.001
CxTxDxS 0 387.835

p values are calculated with df corrected with en =0.250



TABLE 12

Simple-Effects F-test Results for Contrast at each Target Distance for the
Wooded Terrain

Source df MS F p

C at Dg.14 m in Twooded 2 102.240 0.264 0453
C at D19.51 m in Twooded 2 11314  0.029 0.681
C at D29.87m in Twooded 2 3202996  8.259 0.021
C at D49 23 m in TWooded 2 442111 1140 0243
C at D50.60 m in TWooded 2 3787395  9.765 0.015
C at Dg0.96 m in Twooded 2 15402.726  39.715 <0.001
CxTxDxS 0 387.835

p values are calculated with df corrected with £ =0.250



Newman-Keuls tests were performed on the contrast levels at each of the
signiﬁcant distances within the wooded terrain. For all three distances, the
49.09 contrast level was statistically different from the two other contrast
levels, but the 13.74 and5.32 contrast levels were not statistically different
from each other. Results of the Newman-Keuls tests for contrast at each of
these three target distances within the wooded terrain are given in Tables

13, 14, and 15.

Field of view, contrast, and terrain type. The interaction of field of
view, contrast, and terrain type is shown in Figure 11. A simple-effects F
test was performed on field of view and contrast ratio for both terrain types
and these results are given in Table 16. A simple-effects F test was
performed for field of view at each contrast ratio within the wooded terrain.
The results, shown in Table 17, indicate that contrast has a significant
effect at the 20 deg, 60.5 deg, and 74 deg fields of view within the wooded

terrain.

Results of the Newman-Keuls tests performed on contrast levels
within the significant fields of view in the wooded terrain are shown in
Tables 18, 19, and 20. For the 20 deg and 60.5 deg field of view, the 13.74 and
5.32 contrast ratios were not statistically different. In the 20 deg field of
view, the 5.32 and 13.74 contrast ratios were not statistically different, nor

were they in the 74 deg field of view.

Field of view, terrain type, and target distance. The interaction

among field of view, terrain type and target distance is shown in Figure 12.



Results of the simple-effects F-test performed for field of view and
target distance at each terrain type indicate that there is a significant

interaction within the wooded terrain, as shown in Table 21.



TABLE 13

Newman-Keuls Results for Contrast at Target Distance of 29.87 m within
Wooded Terrain

Contrast Level Mean Distance Estimate (m) Group
5.32 4449 A
13.74 43.84 A
49.09 48.35 B

Groups with the same letter are not statistically different, p > .05.



TABLE 14

Newman-Keuls Results for Contrast at Target Distance of 50.60 m within
Wooded Terrain

Contrast Level Mean Distance Estimate (m) Group
5.32 6649 A
13.74 66.26 A
49.09 61.79 B

Groups with the same letter are not statistically different, p > .05.



TABLE 15

Newman-Keuls Results for Contrast at Target Distance of 60.96 m within
Wooded Terrain

Contrast Level Mean Distance Estimate (m) Group
5.32 68.45 A
13.74 67.70 A
49.09 58.83 B

Groups with the same letter are not statistically different, p > .05.
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TABLE 16

Simple-Effects F-test Results for Field of View and Contrast at Each Terrain
Type

Source df MS F p
FOV x C at Topen 8 199539 0451 0.762
FOV x C at Twooded 8 2123491 4.795 0.004
FOVxCxTxS 72 442 871

p values are calculated with df corrected with £ =0.476



TABLE 17

Simple-Effects F-test Results for Contrast at Each Field of View for the
Wooded Terrain

Source df MS F p

C x at FOVage in TWooded 2070615  4.675 0.039

2
C x at FOV33 50 in Twooded 2 1248439 2819 0.104
C x at FOV470 in TWooded 2 1178211  2.660 0.113

2 3069.550 6931 0.014
C x at FOV740 in Twooded 2 4760476  10.749 0.003

FOVxCxTxS 72 442 871

C x at FOVgo.5° in Twooded

p values are calculated with df corrected with £ =0.476



TABLE 18

Newman-Keuls Results for Contrast at Field of View of 20 deg within
Wooded Terrain

Contrast Level Mean Distance Estimate (m) Group
5.32 47.608 B
13.74 46472 A B
49.09 44.100 A

Groups with the same letter are not statistically different, p > .05.



TABLE 19

Newman-Keuls Results for Contrast at Field of View of 60.5 deg within
Wooded Terrain

Contrast Level Mean Distance Estimate (m) Group
5.32 44893 B
13.74 48.700 A
49.09 48.030 A

Groups with the same letter are not statistically different, p > .05.



TABLE 20

Newman-Keuls Results for Contrast at Field of View of 74 deg within
Wooded Terrain

Contrast Level Mean Distance Estimate (m) Group
5.32 53.192 A
13.74 51430 A
49.09 47.863 . B

Groups with the same letter are not statistically different, p > .05.
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TABLE 21

Simple-Effects F-test Results for Field of View and Target Distance at Each
Terrain Type

Source df MS F p
FOV x D at Topen 20 191330 0.59 0.698
FOV x D at Twooded 20 1605.780  5.002 0.001
FOVxTxDxS 180 321.006

p values are calculated with df corrected with &£ =0.242



A simple-effects F-test was performed for target distance at each field
of view for the wooded terrain. The results, shown in Table 22, indicate that
field of view has a significant effect at all target distances except at the

distance of 40.23 m.

Results of the Newman-Keuls tests performed on field of view at these
target distances are given in Tables 23, 24, 25, 26, and 27. Although the
results are rather dispersed, there appear to be some trends. At closer
distances within the wooded terrain, field of view effects are quite similar to
each other. In general, smaller fields of view do not have a significant effect
on distance estimation at close distance. As target distances increase,
distance estimates are not different for medium sized (33.5 deg - 60 deg)
fields of view. At far distances, distance estimates do not seem to follow any

trend, and the results may be attributed to poor image quality.

Confidence Ratings

A four-factor ANOVA (Field of View x Contrast x Terrain Type x
Target Distance) was performed on the participants' confidence ratings,
and the results are shown in Table 28. The two main effects of Terrain Type
[F(1,9) =9.083, p =0.0146] and Target Distance [F(5,45) = 11.84, p = 0.0024]
were found to be statistically significant, as was the interaction among
Field of View, Terrain Type, and Target Distance [F(20,180) =2.37,p =
0.0567].

Terrain type. The main effect of terrain type has a significant effect

on participants' confidence ratings. Participants were more
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Table 22

Simple-Effects F-test Results for Field of View at Each Target Distance for

the Wooded Terrain

Source df MS F p

FOV for Dg 14 m in Twooded 4 4203544 13.095 <0.001
FOV for D19.51 m in Twooded 4 1859.676  5.793 0.021
FOV for D29 87 m in Twooded 4 1836.898  5.722 0.023
FOV for D4¢.23 m in Twooded 4 1148565  3.578 0.066
FOV for D50.60 m in Twooded 4 2449459  7.631 0.009
FOV for Dg0.96 m in Twooded 4 7014.517 21.852 <0.001
FOVxTxDxS 180 321.006

p values are calculated with df corrected with £ =0.242
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TABLE 23

Newman-Keuls Results for Field of View at Target Distance of 9.14 m
within Wooded Terrain

Field of View Mean Distance Estimate (m) Group
20 deg 14705 A
33.5 deg 15.256 A B
47 deg 18.048 A B
60.5 deg 22.260 C
74 deg 22615 C

Groups with the same letter are not statistically different, p > .05.



TABLE 24

Newman-Keuls Results for Field of View at Target Distance of 19.51 m

within Wooded Terrain

Field of View Mean Distance Estimate (m) Group
20 deg 30.010 A
33.5 deg 31.743 A B C
47 deg 31587 A B
60.5 deg 34.338 B CD
74 deg 36.012 D

Groups with the same letter are not statistically different, p > .05.
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TABLE 25

Newman-Keuls Results for Field of View at Target Distance of 29.87 m
within Wooded Terrain

Field of View Mean Distance Estimate (m) Group
20 deg 43.388 A
33.5 deg 43493 A B
47 deg 44.738 A B
60.5 deg 47.706 C
74 deg 48473 C

Groups with the same letter are not statistically different, p > .05.
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TABLE 26

Newman-Keuls Results for Field of View at Target Distance of 50.60 m
within Wooded Terrain

Field of View Mean Distance Estimate (m) Group
20 deg 66.090 C
33.5 deg 63.982 A B C
47 deg 62.620 A B
60.5 deg 62.496 A
74 deg 69.038

Groups with the same letter are not statistically different, p > .05.



TABLE 27

Newman-Keuls Results for Field of View at Target Distance of 60.96 m
within Wooded Terrain

Field of View Mean Distance Estimate (m) Group
20 deg 68.724 C
33.5deg 63.692 B
47 deg 59.871 A
60.5 deg 61987 A B
74 deg 70.844 C

Groups with the same letter are not statistically different, p > .05.
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TABLE 28

ANOVA Summary Table for Confidence Ratings

Source df ex MS F D
Subject (S) 9 106.234
Field of View (FOV) 4 0.691 2.406 734 05312
FOVx S 36 3.277
Contrast (C) 2 0.930 0.364 1461  0.2592
CxS 18 0.249
Terrain (A) 1 1.000 18.848 9083 0.0146
TxS 9 2.075
Target Distance (D) 5 0.285 25489  11.840 0.0024
DxS 45 2.153
FOVxC 8 0467 0.853 1751  0.1653
FOVxCxS 72 0.487
FOVxT 4 0.651 0.609 1524  0.2366
FOVxTxS 36 0.399
CxT 2 0.978 0.047 0135 0.8706
CxTxS 18 0.350
FOVxD 2 0215 0.363 1.090 0.3770
FOVxDxS 180 0.333
CxD 10 0.245 0.140 0501 0.6493
CxDxS R0 0.280
TxD 5 0.393 1.984 2093 01534
TxDxS 45 0.948



TABLE 28
ANOVA Summary Table for Confidence Ratings (Continued)

Source df e* MS F - p
FOVxCxT 8 0517 0.591 1.526 0.2131
FOVxCxTxS 2 0.387
FOVxCxD 40 0.145 0.213 1150 03471
FOVxCxDxS 360 0.185
FOVxTxD 20 0.242 0.493 2370  0.0567
FOVxTxDxS 180 . 0.208
CxTxD 10 0.386 0.169 0981 04284
CxTxDxS 90 0.172
FOVxCxTxD 40 0134 0259 1433 02266
FOVxCxTxDxS 360 0.181

* ¢ denotes the epsilon value for the Greenhouse-Geisser adjustment
procedure. The probabilities in the table are derived from these corrected
values.
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Figure 13. Effect of terrain type on confidence ratings. Error bars indicate

+ 1 standard error of the mean. (N = 900).
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confident in their distance estimates in the open terrain (mean = 3.495) than

in the wooded terrain (mean = 3.7), as shown in Figure 13.

Target distance. The significant main effect of target distance on
confidence ratings is shown in Figure 14. This figure indicates that as
targets move farther away, the participants' confidence in their judgments
decreases. Table 29 shows the results of the Newman-Keuls test. The
general trend of these results shows that, at each target distance,
confidence ratings are not statistically different for adjacent target

distances.

Field of view, terrain type, and target distance. The interaction
among field of view, terrain type, and target distance is shown in Figure 15.
Results of a simple-effects F-test on terrain type and target distance within
each terrain type did not show a statistically significant interaction, as in

Table 30.

Correlations Between Distance Estimate Errors and Confidence
Ratings

The plot for the confidence ratings and distance estimate errors is
shown in Figure 16. The distance errors is the difference between the
estimated target distance and the actual target distance. The correlations
were calculated on the participants' average distance estimates and
confidence ratings, collapsed over replications within each condition. The
correlation for these values is 0.314 and the R2 value is 0.099. Although the
correlation is statistically significant (t = 13.125; p < 0.05), it may be due to
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TABLE 29

Newman-Keuls Results for Confidence Ratings on Target Distance

Target Distance (m)  Mean Confidence Rating Group
9.14 3.11 A
19.51 346 A B
20.87 3.55 B C
40.23 3.73 B C D
50.56 3.87 C D E
60.96 3.87 D E

Groups with the same letter are not statistically different, p > .05.
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TABLE 30

Confidence Ratings Simple-Effects F-test Results for Field of View and
Target Distance at Each Terrain Type

Source af MS F - p
FOV x D at Topen 20 0.380 1.827 0.129
FOVxTxDxS 180 0.208

p values are calculated with df corrected with £ =0.242
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the large sample size (Steel and Torrie, 1980, p.280). There does not appear
to be a practically meaningful trend in these data.

The correlations between the conﬁdenée ratings and distance
estimate errors for both terrain types are shown in Figures 17 and 18. The
distance errors is the difference between the estimated target distance and
the actual target distance. The correlations were calculated on the
participants' average distance estimates and confidence ratings, collapsed
over replications within each condition for both terrain types. The
correlations and R2 values are shown in Table 31. Again, the correlations
are statistically significant (t = 7.91 for Open terrain; t = 10.27 for Wooded
terrain; p > 0.05), ). However, there does not appear to be any practical

significance to the correlations.
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TABLE 31

Correlation Between Distance Estimation Error and Confidence Ratings for
both Terrain Types

Terrain Type Correlation R2 p
Open 0.26 0.068 <0.05
Wooded 0.34 0.155 <0.05




DISCUSSION
Target Distance Estimation
| The results of this stud& indicate that distance judgments are
affected by display field of view, display contrast, terrain type, actual target

distance, and several interactions among these factors.

In this study, target distances on the video images were
overestimated consistently. This effect is not surprising and most likely
resulted from the method used to record the images. To obtain the large
field of view, a wide angle adapter was affixed to the video camera lens that
had a short focal length. Use of a wide angle lens is known to affect
perceived distance in the depth plane of photographs, even when camera
positions remain fixed (Kraft, Patterson, and Mitchell, 1986). Research
pertaining to the perception of distances in photographs taken with various
focal lengths indicates that wide angle lenses tend to cause observers to

overestimate object distances (Kraft and Green, 1989).

Other factors examined in laboratory studies also may account for
the overestimation of target distances in the present experiment. There is
evidence to support the notion that when a three-dimensional, real-world
image is viewed monocularly, objects within the image will be perceived as
being farther away than when the same image is viewed binocularly
(Holway and Boring, 1941; Roscoe, 1984). As the images viewed in this study
were on a two-dimensional monitor, no binocular cues were present. Thus,
for practical purposes, these images may be considered as having the same

characteristics as images viewed monocularly.



Holway and Boring (1941), in a study concerning size constancy,
compared the effects of viewing conditions on size estimates. Their
participants adjusted the size of a target to match that of a standard target
at various distances. Results indicate that targets viewed in the binocular
condition were adjusted to a larger size than the standard target, while
targets in the monocular condition were adjuéted to a smaller size than the
standard. As perceived object size is an indication of perceived object
distance, this finding implies that the distances of targets in the monocular
condition were overestimated while distances under binocular conditions
were underestimated. However, the authors attributed the size
underestimations under monocular conditions to a constant space error.
Nonetheless, targets under monocular conditions were judged as being
farther away than under binocular conditions, and this effect was
enhanced when participants made the size judgments under monocular

conditions with an artificial pupil that restricted the available field of view.

Roscoe (1984) conducted an experiment in which participants judged
a target viewed through an aperture with varying amounts of
magnification as appearing closer, farther, or at the same distance as the
target under natural viewing conditions. His results indicated that, for the
target viewed through the aperture to appear equidistant to the target under
natural conditions, some degree of magnification was required by all but
two of the 30 participants. There were significant differences between the

monocular and binocular conditions.

Holway and Boring (1941) noted that the results of their experiment
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may have been caused by a constant error, where observers consistently
misjudged object size, and therefore distance, by a constant amount. The
possibility exists that the images used in this thesis experiment led to some
amount of constant error. Participants in the present study were instructed
to place themselves within the image and make estimations from that
point; that is, they “were the camera.” If participants in this study
misrepresented the location of the camera within the scene, they would
naturally carry this error through to their distance judgments. For
example, if participants erroneously placed themselves 10 m behind the
location of the camera, all of their distances estimates should be
overestimated by 10 m. Since resolution of the displayed images used in the
experiment was low ( i.e., maximum spatial frequency of 4.3 cycles per
degree), participants were never given a clear view of the scene. Therefore,
participants may not have been sure of the exact location of the camera

within the scene.

Field of View and Distance Perception

A few studies indicate that as focal length is manipulated to change
the field of view, distance perception is affected (Hagen, Jones, and Reed,
1978; Kraft and Green, 1989; Kraft, Patterson, and Mitchell, 1986). However,
in this study, focal length remained constant during the recording of all
images. Only field of view, and thus display size, was manipulated during
the presentation of the images. Any distortions to distance perception
arising from focal length phenomena should have affected all image
equally in the experiment. Also, magnification effects described by

Lumsden (1983) were avoided by keeping the object-to-image magnification



at one.

The present set of results indicates that as the field of view is
enlarged, perceived distance of targets increased. The statistical results of
field of view support this observation, as the mean distance estimate for the
larger field of view is significantly greater than the mean distance

estimates for smaller fields of view.

The present results, however, do not support the finding of Tsou et al.
(1991) who indicated that field of view did not have a significant effect on
observers' distance estimation of targets at distances between 7.65 m and
60.81 m. In Tsou et al., the targets were viewed through a helmet-mounted
display (HMD). It is possible that this viewing condition may have had an
effect upon distance perception, although Tsou et al. (1991) felt that the
observers' natural accommodation was not altered by the presence of the

HMD.

Results of the present experiment also indicate that distance was
overestimated for all fields of view. However, as the display field of view
increased, perceived distance increased and became less accurate.
Conversely, as display field of view decreased, perceived distance decreased,
thereby becoming more accurate. This finding supports previous
observations by Hagen et al. (1978). Hagen et al. found that as the
foreground of the visual field is truncated there is a perceived compression
of size and distance. This effect became more pronounced as the field of
view was reduced from a slide image, to a truncated visual field, to a

peephole. However, the distances used in the Hagen et al. (1978) study were



small (up to 127 cm) compared to the distances used in the present study. It
is possible that the foreground truncation effect has a different affect at

greater distances.

Since smaller fields of view truncate the foreground of an image, it is
evident that the resulting image may be perceived with a compression of
size and distance, as depicted in Figure 16. Consequently, distance
estimates for targets will be shorter than those obtained with larger fields of

view.

In the top part of Figure 16, the observer views a target through a
large field of view, while in the bottom part of the figure the observer views a
target through a small field of view. Much less foreground is visible with a
small field of view as compared to a large field of view, assuming all other

viewing conditions remain fixed.

If large fields of view result in the perception of greater distance, it
would be expected that as field of view increased from small to large, there
would be a proportionate increase in perceived distance. The results of this
study, however, indicate that there is no significant difference in the
perceived distances for the fields of view ranging from 20 deg to 60.5 deg.
This finding indicates that there is some point where distance perception

changes as a function of field of view size.

Given the premise that an absence of foreground reduces distance
estimates, it would be expected that distance estimation would be most

accurate for large fields of view and that the perceived distance would be



Target Large field of view
Visible foreground
Target
Small field of view
Visible foreground

Observer

Observer

Figure 19. Foreground truncation effect.




underestimated in small field of view conditions. However, the results of
this study indicate that the distance estimates are most accurate for the
small fields of view and distance is overestimated for large fields of view.
This result may be explained by considering the distance overestimation
effects discussed previously. If one considers that distance is distorted
under monocular viewing conditions and by the use of a wide angle lens, it

is to be expected that distances were overestimated across all fields of view.

Restricted fields of view, however, tend to lead to underestimation of
distance, as described before. When the images are displayed with the
largest field of view, all of the factors leading to distance overestimation will
have an effect on perceived distance, but there will be little effect from
foreground truncation. Thus, target distances in images displayed with the
74 deg field of view were overestimated more than the target distances in
any other field of view. As the field of view decreases, however, foreground
truncation effects may counteract some of the effects causing distance
overestimation, leading to shorter distance estimates. As a result, target
distance estimates in images with small fields of view were more accurate

than target distance estimates in images with large fields of view.

Contrast and Distance Perception

Results of this study indicate that as contrast increases, perceived
target distance decreases. This decrease in perceived distance is only
significant for the high contrast level and has more of an effect at far target

distances than at close target distance, especially in the wooded terrain.



Previous laboratory studies have indicated that if two objects are
presented simultaneously on the same background, the brighter of the two
objecfs will appear to be closer (Coren, Porac, and Ward, 1984; Coules, 1955).
Evidence indicates that a bright object at a far distance will appear to be at a
distance equivalent to a dim object at a close distance (Coules, 1955). The
results of this study are consistent with these findings as targets in the
high contrast condition were brighter than targets in the lower contrast
conditions and, therefore, should have been perceived as being closer than

the dim targets.

Experiments conducted by Farne and Campione (1976) and Farne
(1977a) indicated that, when all other factors are held equal, an object which
has greater luminance contrast with the background will appear closer
than an object which has less luminance contrast with the background,
whether it is a light object on a dark background or a dark object on a light
background. Farne (1977a) stated that it was possible that the object whose
luminance is more similar to the background will be incorporated into the
background, and, therefore, will be perceived as being farther away. This
experimental evidence suggests that the effects presented by Coren, Porac,
and Ward (1984) and Coules (1955) result from the contrast of the targets
with their backgrounds.

In this study, the effect of contrast on distance perception became
more marked as target distance increased. However, this phenomenon is
in accordance with both the luminance contrast effect and Farne’s

hypothesis. Because objects at farther distances appear dimmer than



objects at close distance under natural viewing conditions, lowering the
amount of contrast in an image would compound this phenomenon. Thus,
far térgets would appear even dimmer and have even less contrast with the
background which, in conjunction with the poor quality of the images, could
make the far targets blend into the background much more than the near,
higher luminance targets. As a result, far targets may be perceived as
being proportionately farther away than the near targets as the display

contrast is reduced.

The results of this study support the hypothesis that the contrast
between objects and their background influences distance perception in
real-world images. According to Farne and Campione (1976) and Farne
(1977a), as objects appear on a background with low luminance contrast, the
objects are perceived as being farther away. The results regarding display
contrast and distance perception in this study support this hypothesis as
distance estimates in the medium and low contrast conditions are indeed

greater than in the high contrast condition.

While it has been shown that the contrast of simple objects on a
simple background affects observers' perception of target distance (Coules,
1955; Farne and Campione, 1976; Farne, 1977a), this effect had not been
tested in real-world scenes. The results of terrain type found in this study
indicate that placing targets against a non-uniform, complex background
and changing the contrast does affect perceived distance. Far targets
within the wooded terrain under the low contrast condition were perceived

as being significantly farther away than targets within the open terrain



under the same conditions. Also, low luminance contrast had a greater

effect on distance judgments in the wooded terrain than in the open terrain.

Terrain Type and Distance Perception

The results of this study indicate that the average estimated distance
was greater in the wooded terrain than in the open terrain. However, the
perception of distance was affected by the target distance within each
terrain type. In the wooded terrain, participants consistently overestimated
target distances, while in the open terrain participants overestimated target
distances up to about 40.23 m and underestimated distances beyond 40.23

m.

The trends associated with perceived distance across actual target
distance differ between the open and wooded terrains. Distance estimates
within the wooded terrain remain constant across actual target distance,
but the slope of that distance estimate trend decreases for the open terrain
condition. Thus, the differences in distance judgments between the two
terrain types do not seem to stem from an increase in perceived target
distance within the wooded terrain, but rather a decrease in the perceived

distance of targets within the open terrain.

In the open terrain, there were no size cues except for blades of grass.
Due to the low quality of the displayed images, these small textural cues
may not have been visible, especially at far target distances. If the size cues
were not visible, the participants had little information to rely upon besides

luminance, linear perspective, and target size to estimate distances.



In the wooded terrain, there were leaves,' trees, fallen branches, and
many other textural cues. Many of the large textural cues may not have
been affected by the poor quality of the imaging system and were therefore
still visible at far distances. Participants were able to compare the
perceived size of these objects to the perceived size of the targets in the
wooded terrain for both near and far objects. Thus, far targets may not have
been as affected by degraded textural cues as were far targets in the open
terrain. If far targets were not as affected by degraded textural cues in the
wooded terrain, distance estimates may have been more proportional at far

distances in the wooded terrain than in the open terrain.

If participants in this study misrepresented the location of the
camera resulting in a constant error as described previously, a slight
overestimation may actually be an underestimation if the error is taken into
account. For example, if an observer believes that he or she is 10 m behind
the camera within the scene, all distance estimates will be overestimated by
10 m. If the target is located 22 m away from the camera and the observer
states that the target is 32 m away, the estimate is correct when the
constant error is considered. Therefore, if the participant states that the
target is 21 m away, it is actually an underestimation of 11 m. With this
example in mind, it is then possible, as Hagen et al. (1978) stated, that the
lack of sufficient textural cues and visual comparisons led participants to
underestimate the perceive target distance within the open terrain as

compared to the wooded terrain.

Even if one does not assume a constant error on the part of the
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participants, perceived distance within the open terrain shorter than
perceived distance within the wooded terrain. This finding would support
the hypothesis that a lack of textural cues leads to the perception of shorter
distances within an open terrain than within a wooded terrain (Hagen et

al.,, 1978).

Another possible explanation for the more accurate perception of
target distance within the open terrain stems from the training that the
participants had prior to beginning the experimental session. The training
session consisted of one camera rotation within the open terrain. This clip
was filmed from the exact spot where the experimental video tapes were
filmed, but it was not used within the actual experiment. It is possible that
this training enabled participants to learn just enough about the
appearance of various target distances within the open terrain. Therefore,
they may have been able to judge the target distances more accurately in the

open terrain than in the wooded terrain.

Participants were more confident in the estimations they made in the
open terrain than in the wooded terrain. Again, this result may stem from
the fact that participants were able to see cloée targets more clearly than far
targets. Far targets, especially in the wooded terrain, tended to blend into
the background.

A second hypothesis concerning participants' confidence ratings in
the terrain types involves the actual terrain. The open terrain was flat with
few reference objects around the targets. Participants could see an expanse

of turf before the targets, which may have aided in the distance judgments.
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However, the wooded terrain was not flat. It was flat in some parts, hilly in
others, and the angle of the camera did not always enable the viewers to
detefmine the slope of the terrain. Therefore, some targets, especially more
distant ones, may have been “down hill” from the camera where the
expanse of turf was not visible. As a result, participants may have had less
confidence in their distance estimates as they were unable to see the actual

ground expanse across which they were estimating distances.

Target Distance and Distance Perception.

Participants’ subjective judgments across all target distances were
found to be different except for the two farthest target distances. However,
participants tended to overestimate the perceived distance at all target

distances except the farthest distance.

The fact that targets were estimated more accurately at these far
distances is not surprising, as evidence exists indicating that as objects are
moved farther away, their perceived distances tend to become
proportionately smaller (e.g., Foley, 1980). The participants’ pre-test data
also follow this trend, as distance estimations became proportionately

shorter as the soda can was moved farther away.

Under all circumstances, except a few in the open terrain,
participants perceived the targets as being farther away than they were in
actuality. Such distance overestimation cannbt be fully explained based
upon the data collected in this thesis, but some of the overestimation may be

attributed to low image quality, as noted before.
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Results of this study indicate that participants were more confident
in their distance judgments at close distances than at far distances. This
finding may be associated with the poor image quality of the imaging
system. As the resolution degraded, large objects located close to the
camera were still relatively easy to see. However, smaller objects and more
distant targets, were difficult to see. It may be expected that participants
felt less confident in a distance judgment related to a distant target than a
judgment related to a close target.

Under most experimental conditions in this study, participants
overestimated target distance. The implications of this finding are
especially critical to operators of piloted vehicles. Pilots are often required to
make accurate assessments of the distance of objects within their
environments. These estimations are vital during maneuvers conducted in
confined areas. During these maneuvers, pilots are required to move
among closely spaced obstacles. The operator must maintain a minimum
distance between the vehicle and the obstacles. A miscalculation of a few

feet may result in a collision or damage to the vehicle.
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CONCLUSIONS

| Results concerning field of view indicate that, although distances
were overestimated with all fields of view, observers tended to make more
accurate distance judgments with a smaller field of view than with a larger
field of view. However, as the field of view is decreased, operators receive
less information regarding the environment, possibly occluding potential
obstacles and resulting in dangerous task conditions. Thus, it is not
recommended that the operators' field of view be decreased in an attempt to

improve distance estimation.

This study also indicates that as the display contrast increases,
distance estimations are more accurate than with lower display contrast.
In some work environments, the maximum amount of contrast and the
resulting luminance must be considered so that, if necessary, the operator
may maintain a specific level of visual adaptation. Thus, future
investigations should consider the optimal display luminance with regard

to visual adaptation as well as distance perception.

Results of the present study indicate that participants were less
confident in the distance estimates for far target and that distance
estimates at the far distances became less accurate under certain
conditions. These problems may be remedied in some task situations. If
the task site is fixed and the camera is mobile, it may be moved as close to
the task site as possible without risking damage to any equipment. Some

cameras are equipped with zoom lenses which may achieve the same effect,
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but the focal length affects discussed previously must be considered.

- Targets in the present study move laterally across the observers'
visual field. However, such movement occurs only in specific applications.
It would be interesting to examine how field of view, contrast, and textural
cues affect distance estimation as the observer moves forward through the
environment, as target distance would be dynamic under these conditions.
Such data would provide practical information which may be applied to

universal task situations.
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PARTICIPANT INFORMED CONSENT

The study for which you are being screened is a research project.
The purpose of the study is to determine how various display parameters
affect performance on a task. You will be asked to complete a number of
trials in which you will view a monitor and respond to questions
concerning the scene. '

This research is being conducted by the Human Factors Laboratory of
the Department of Industrial and Systems Engineering. ISE research team
members on this project include:

Michael E. Miller, Doctoral Student (231-5499)
Katrin G. Helbing, Masters Student (231-5499)
Dr. Robert J. Beaton, Faculty Member (231-5936)

The study consists of two parts: screening tests and experimental sessions.

Screening Tests: You will be required to complete a screening procedure.
This screening procedure consists of several vision tests and will last
approximately 20 minutes. You will not be paid for completing the
screening procedure. The screening procedure should not be considered to
be a professional eye exam and thus the results should not be considered as
an accurate assessment of your vision.

We are looking for persons with specific visual characteristics,
therefore do not consider it an inadequacy if you are not asked to participate
in the experimental sessions.

Experimental Session: The experimental session will last approximately
two to three hours. Included in this time will be instructions concerning
the task and response format.

If you decide to participate, you will be paid $5.00 per hour for the time
spent you in the session.

Risks and Rights: There are no know risks associated with this research.
The only known discomfort to which you will be exposed is possible fatigue
resulting from the length of the experiment. However, you will be permitted
to take rest breaks when needed.

As a research participant, you have certain rights:
1. It is you right to withdraw form the study at any time for any reason.
2. Members of the research team will answer any questions you may have

concerning this research. You should not sign this consent form
until you are satisfied that you understand all the terms involved.
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3. You have a right to see your data and withdraw it from the study if you so
desire. If you desire to withdraw your data, please inform the
experimenter immediately. Otherwise, identification of your data
will not be possible since it is separated from the participant in order
to ensure anonymity.

4. If you wish to receive a summary of the results of this research, please
include your address (where you expect to be living three months
from now) with your signature below. Please do so only if you are
truly interested in seeing the results. If you desire more detailed
information after receiving the synopsis, please contact the Human
Factors Laboratory and a full report will be made available to you.

5. Should any further questions or problems arise, you may contact any of
the research team members. If you have any concerns about the way
the experiment is being conducted or the way you are being treated,
you may contact Dr. E.R. Stout, Chaurman of the Institutional Review
Board (231-5281).

Your participation is greatly appreciated and we hope that you will find the
study to be an interesting experience. Your signature below indicates
that you have read this document in its entirety, that your questions
have been answered, and that you consent to participate in the study
described. Further, your signature indicates that you will not discuss
participation in this study with anyone until March, 1992 when the
study is to be completed.

Participant's signature
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INSTRUCTIONS TO PARTICIPANT

The purpose of this study is to determine how various display
parameters affect performance on a task. This information will be used in
the design and evaluation of night vision goggles for use by military
helicopter pilots. You will be asked to view a series of video taped images
and make judgments regarding the distance of the targets in the scenes
and also assess your confidence in correctly assessing each judgment.

Distan n

In order to make your distance judgments, try to think about the size
or distance of every day objects which may help you to relate to the target in
the scene. For example, a football field is 300 ft (about 94 meters) long and a
standard Olympic size swimming pool is about 82 ft (25 meters) long. In
order to judge the distance of the target from the camera lens, try to "be the
camera” - that is, to put yourself into the actual scene at the spot where the
camera is positioned and make your distance judgments from that point.

Do you have any questions on how to make your target distance
judgments?

nfiden in 1
This scale will be used to indicate how confident you were in your
estimate of the distance to the target. The number one corresponds to "Very
Confident" and seven corresponds to "Not At All Confident", as shown |

below:
1 2 3 4 5 6 7
Very Not At All
Confident Confident

Do you have any questions concerning the confidence rating scale?

During this session, you will view a series of randomly ordered
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images. Approximately every five seconds a target consisting of a dark
cross on a light background will appear in the scene. You will have about
three seconds to view the target and make a judgment as to its distance
from the camera lens. After three seconds, the target will be approximately
centered on the screen and you will hear a tone. At that time, you are to
respond first with the distance of the target from the camera, in feet, yards,
or meters, followed by a confidence rating between one and seven. Before
beginning the session, you will be asked in which distance unit (feet, yards,
or meters) you prefer to make your distance judgments. Consider this
choice carefully, as you must continue to rate the distances in the chosen
unit.

As the targets will be presented quickly, it is important that you give
the responses within the allotted time so that none of the following targets is
missed.

The images will be presented in pairs of twos, with a short space in
between. Please continue to watch the monitor when the screen goes blank
after presentation of the first of the two images in the pair so that you will be
ready at the beginning of the second image.

The targets will be presented in two different types of scenery. One
will be an open field, as you will see in the practice session, and the other
scenery is a lightly wooded area. Due to various conditions in the scenery,
some targets may be difficult to distinguish from the background imagery.
Please do your best to locate each target within each image. If, however, you
are unable to locate a target, please tell the experimenter "I cannot see the
target” so that your response may be recorded as such.

If you make an unintended response, please inform the experimenter
immediately so that the correction may be made. Also, remember to
respond first with the distance of the target, in your selected distance unit of
feet, yards, or meters, followed by the confidence rating of one (very
confident) to seven (not at all confident).

The beginning of each trial will be signaled by the experimenter. At
that time, please place your forehead against the headrest. Please remain
in this position until the screen goes blank, signifying the end of the trial.

Do you have any questions?
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