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Experienced air crew members and university students estimated distances
on the basis of quantitatively defined visual cues included in computer-
generated displays. Estimates were obtained for eight different distances
depicted by variations in tk position and size of an object of specified
dimensions. The object was -:ctangular in shape, blue in color, and appeared
on a green background. The distances represented were 3,000; 5,000; 8,000;
12,000; 17,000; 23,000; 30,000; and 38,000 feet.

Two additional features of the computer-generated displays were
investigated as independent variables: (1) aerial perspective at four levels
of visibility, or fog, and (2) background texture. The background texture
was produced by stripes of different shades of green overlaid at right angles
to form a random pattern. Three levels of texture were generated by depicting
stripes 1000, 2000, and 4000 feet in width. .~ —

Decreases in visibility resulted in significant increases in distance
estimates for the three greatest distances. However, air crew members
effectively compensated for the visibility effect on their second trial;
students did not. Both groups of subjects tended to overestimate under
all conditions; students did so more than air crew members. Estimates by
students were significantly more accurate when background texture was added.
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SUMMARY

Students and air crew members were asked to estimate the distance
to one of several buildings within a computer gencrated pictorial
display as a function of the level of aerial perspective factor or
the size of a background texture gradient.

Aerial perspective factor was used as a cue to distance by student
observers, but not by air crew members. Increasing levels of APF
produced increasing distance estimates for the farthest three
buildings.

Addition of a textured background reduced the large over-estimation
of distances by students found in the first experiment. The no-
texture control condition produced the largest estimates by air crew
members, while the 1000 ft. condition produced the largest estimates
for the students. Again, the effects were most clearly seen on the
farthest three buildings.

In the second experiment subjects responded as though the buildings
were cqually spaced horizontally at distances of 1 to 3 miles. It
was not clear whether the display appeared this way, or whether this
was a response strategy.

Both groups of subjects over-estimated the distances to all bhuildings
in both studies. Possible recasons for this are the visual angle of
the display, the unusual altitude (students), incorrect assumed size
of the buildings, lack of sufficient cues.

The response variability was less among air crew members than students,
presumably due to a higher motivution for accuracy.

Areas for future study include the visual angle of the viewing screen
in relation to the size of visual angle of the display, the altitude
of the observation point, motion within the display or the addition
of other objects for more rclative size cues.
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INTRODUCTION

Recent advances in computer processing and cathode ray tube displays
have widened the field of information display considerably. The combina-
tion of computers and cathode ray tubes allows an almost limitless variety
of colors and shapes to be displayed in three dimensional space with accu-
rate position and perspective cues. With this broadening of display possi-
bilities and their inherent costs, it becomes necessary to investigate
which features are consistent with cost and the information requirements
of the users.

The two experiments reported here were designed to investigate percep-
tual variables involved in the design of complex computer gencrated displays.
Both experiments involve pictorial rather than symbolic displays; in par-
ticular, the perception of depth or distance within a pictorial display.
Although the picturc displayed by the computer depicts three dimensional
space, the cues available ‘> an observer are the pictorial or monocular
cues such as linear perspective, aerial perspective, relative size, texture
and height in the ficld.

In the first experiment we asked subjects to estimate the distance, in
miles, to one of several buildings within a landscape. The building was
presented on a plain green background. The only cues to the distance were
relative size, height in the field, and the level of Aerial Perspective
Factor (APF). Aerial perspective is wefined as a fog or haze which in-
creasingly desaturates colors and blurs the details of objects seen at
increasing distences. Without any Aerial Perspective Factor in a simulated
landscape there is a cartoon-like quality to the display and pilots observe
that the horizon looks ''too high."" We used three levels of Aerial Perspec-
tive Factor and one stimulus scries with no APF. The results suggest that
the naive student observers use the APF as a cue, but experienced air crew
members do not.

In the second experiment we again asked subjects to estimate the dis-
tance to a building within the display. The buildings werc presented on
one of four backgrounds, three of which were composed of different sizes
of "blocks" to create three different sized texture gradients. The fourth
background was the plain green used in the first experiment. Reports by
Cidson (1950a; 1950b) and Braunstein (1968) have described the importance
of the texture gradient to the perception of depth or slant of a surface.
Wohlwill (1962) has investigated the effect of different textured back-
grounds on relative distance estimations. In this experiment we determined
the effect of different sizes of textured backgrounds on the estimation



of absolute distances. The results :.owed a difference in distance
estimatés as a function of texture size which, although statistically
significent, was not obvious from the figures. In addition, the texture
sroduced a large improvement over the first experiment in the accuracy
of estimates by naive observers.

The results of the experiments are discussed in temms of the
relative importance of various perceptual cues to the astimation of
distance within the complex computer generated display.

ot
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EXPERIMENT T

Aerial Persnective lactor

Subjects

Subjects were 20 experimentally naive students in the Introductory
Psychology class at Wright State University. They were between the ages
of 18 and 25 and had no previous piloting or skyjuming experience. All
subjects had 20-20 vision and unimpaired color vision.

In addition, 10 air crew members (predominantly pilots) {rom Wright-
Patterson AFB volinteered to participate for purposes of comparison with
the students.

None of the students or air crew members were informed of the nurnose
of the experiment until the conclusion of the session, when all subjects
were thoroughly debriefed. Participation by both groups was voluntary.

Stimulus Display

Apparatus. The stimulus display consisted of a serics of computer
cencrated images recorded on videotane with a Sony video-cassctte
recorder and replayed through an Advent Projection System (Model 10004,
Advent Corporation, Cambridge, Mass.).

The Advent Projection System consists of a 4.5 x 5.5 ft. projection
screen and three projection tubes. The peak wavelengths of tl 2 three
phosphor tubes were 600 nm (red), 525 nm (green) and 435 nm (blue). The
focus and convergence of the three beams were checked before each experi-
mental scssion and corrected if necessary.

The Advent Projection System operatus from an external source with
525 scanning lines interlaced 2:1 with the 60 llz field rate and the 30 llz
frane rate. The resolution of the system is detemined by the NISC
video bandwidth and is not limited by the clectron ontics, projection
lens system, or by the segmentation of the raster into color dots or
stripes. The horizontal resolution of the Sony Video-Cassette Recorder
(Model V-1800), which was used for recording and playback of the cassettes,
is 230 lines.

The visual angle subtended by the viewing screen was 18°30' by
22°30'. Subjects were scated 14 feet from the screen, the minimun distance
suggested hy the Advent Corporation for good viewing.

(gle]
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The stimilus display tanes were produced by General Electric Company
of Davtona Beach, Florida. The generation of the display requires a
snecial purpose display generating computer and a second computer for
modeling or progranming the display. Mmbers are fed into the programming
computer that represent points in space and can be connected to form
lines, surfaces and three-dimensional objects. The objects so formed
can be located anywhere within a 200 mile cube with «n accuracy, for each
point, of one foot. The display is produced in full color using the tech-
nqiues of color television. Objects must be constructed of straight lines
and, due to the limited capacity of the display computer, the complexity
of the display is limited to that which can be produced with 500 lines
or edges.

The comuter's viewing point is also precisely specified, and all
objects arc shown in true linear perspective from that single point. The
display is recomputed 30 times per second, allowing for full motion capa-
bility. The viewpoint can also remain fixed, as was done in this experi-
ment.

Stimuli. The stimulus images consisted of landscapes generated by
the computer in the manner described above. The landscapnes were depicted
with the viewing point 1000 ft. above the ground. The visual angle dis-

played was 72 horizontally and 60° vertically.

Within ecach stimulus landscape were presented two "buildings' 100
ft. high, 300 ft. long, and 10 ft. deep. One huilding, the standard,
was always presented in the center foreground at a known distance of
0.4 mi. (2000 ft.). The sccond building, the comparison, was presented
directly behind the standard at one of cight distances as follows:

.56 mi. or 3,000 ft.
.94 mi. or 5,000 ft.
.60 mi. or 8,000 ft.
.20 mi. or 12,000 ft.
.20 mi. or 17,000 ft.
.30 mi. or 23,000 ft.
.60 mi. or 30,000 ft.
.10 mi. or 38,000 ft.

NS NN O O

for a total of eight pairs of buildings. The size and linear perspective
of the building- were as accurate as possible for the viewing distance
and altitude, given a finite width for the raster lines and elements.
Thus, the two farthest buildings both consisted of a single raster line
and differed only in width, or the number of horizontal elements.

The buildings were presented on a solid green background. The build-
ings were deep blue and the sky was light blue. The luminance of the
green background was approximately 3 foot-Lamberts, the sky, 7.7 foot-
Lamberts and the buildings, 2 foot-Lamberts. The addition of APF did
not have a significant cffect on the luminance of the screen.

10
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Each stimulus frame also contained one of four levels of Aerial
Perspective Factor The APF can be described as a fog or haze that
increasingly blurs the horizon, desaturates colors and obscures details
of objects presented at increasing distances within the display. The
color of all obhjects changes from their assigned tones towards the fog
tone as a function of distance throush. the fog between the observer and
the object. For nommal fog, the "function of distance" is a negative
exponential, F = e™“ where d is slunt range to the object, k is an atten-
uation coefficient, and F is the range factor. In computing Acrial DPer-
spective lactor, the density of the for decreises with increasing altitude.
The slant range 4 is specified as d = d- + 10h where h is the altitude of
the viewing point or 1000 ft. Thus, in this experiment d' was sperified
as 0, 8000, or 32,000 ft. + 10h. The slant ranges at which the buildings
were 50% assigned tomes and 50% fog color were, therefore, 10,000 ft.,
18,000 ft., 42,000 ft., and infinity (no APF). The color of the fog con-
sisted of equal amounts of red, green and blue. For a further explanation
of how the color of ohjects within a fog is determined see the Aprendix.

Each stimulus pair (the standard and one of eight comparison buildings)
was displayed with cach level of APF for a total of 32 stimulus conditions.
The stimuli were presented in randomized order fnr 20 seconds each with 10
seconds between stimulus frames. This sequence was reversed for the second
Tun.

Subjects were also shown a sample videotape of a simulated runway
landing, as a "warm-up" to acquaint them with computer generated imagery.
The background hues were similar to those used in the experimental tape.
lowever, there was some ground texture, the visibility factor was 16,000
ft., and the ''plane' was in motion.

The room lighting was extinguished and ambient 1iecht was minimized
in order to reduce uncven illumination of the viewing screen.

Procedure

The Advent Projection System was turned on at least one half hour
before the session to minimize hue or convergence shifts during the
cxperiment.

The focus and convergence of the Advent Projection System were checked
and corrected before the start of each experimental session. Brightness,
contrast, and tint were not adjusted, once an accentable image was obtained
during the initial adjustments of the system.

Each male subject (both students and air crew members) was tested
for normal color vision using the Dvorine nscudoisochromatic plates.

Subjects were seated behind the projection system with a forehead
and chinrest to maintain a steady head position.

Subjects were first informed that they were about to view a computer
simulated runway landing. They were told that the runway was about a
mile long, and that the purpose of the tape was to familiarize them with
a computei generated display. The warn-up tape was then shown.

11




Following the warm-up tape, subjects werce informed that the cxperi-
mental tape was pgenerated in a similar manner, however the distances of
the objects within the display might not be the same as in the previous
display. They were told that all buildings within the display would
be the same size - 300 ft. long and 10¢ {t. high - and that the first
building was always 0.4 miles away [rom them. They were also told that
they were 1000 ft. above the ground. Given this information they were
instructed to estimate the apparent distance to the second building in
miles or fractions of miles to the ncarest 1/4 mile.

Subjects were shown two different randomized sequences of the stimuli.

The second scquence was the reverse of the first.

The subjects' responses were recorded for subsequent analysis by the

experimenter who was scated in the experimental room.

The results of Experiment I, Acrial Perspective Factor, indicate that
increasing the amount of APF increascs the cstimated distance of objects
within a complex display for naive subjects, but not for cxperienced pilots.

Rcsulgi

Student Subjects

The means of the raw score distance estimates for the eight buildings

at ecach of the four APF levels are presented in Figures 1-3. Figure 1

shows the results for the first scquence.
subjects' first five responscs.

Several facts are clear from the figures.

1.
2.

Naive subjects significantly over-cstimate the distances to
all the buildings.

The over-cstimations in the sccond sequence are greater for
the shorter distances (a factor of 5.5 to 10) than for the
longer distances (a factor of 4.6 to 7). As can be seen in
Figure 4, except for the first, or closest, building (0.56 mi.)
there is no overlap between the distribution of the relative
over-estimation of distance to buildings 1-4 and that of build-
ings 5-8. In order for the rclative over-estimation to remain
constant, the actual error must be increasing with distance.
The Acrial Perspective Factor (APF) has a significant effect
on the estimates for the last threc buildings and little or

no effect on the estimates for the ncarer buildings.

The largest difference between APF levels is between the « or
no APl condition and the three lower visibility levels. Dif-
ferences between the threc lower visibility levels tend to be
smaller.

The effect of APF is to increase the estimated distance to the
more distant buildings.

A comparison of Figures 1 and 2 indicates that naive subjects

tend to increase their distance cstimates in the second sequence

over the first.

vz

The circled points indicate the
Figure 2 shows the results for the sccond,
reversed scquence, and Figure 3 represents the average of the two scquences.
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Figure 1. Raw score data for first rum. Student observers.
Circled points indica*te {ivst {ive estimates by the subject.
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Figure 2. Raw score data for second run; reversc order {rom Figure 1.
Student observers.
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Figure 3. Mean of raw score data from Figure 1 and Figure 2.
Student observers.



7. In the first sequence the rirst five estimates tended to be
shorter than subsequent estimates of distance to the same
buildings.

An analysis of variance was performed on the distance estimates of
the naive subjects. The source table is presented in Table 1. Alpha was
taken as 0.05. There is a significant difference between the building
distance estimates, which was expected, (p < 0.001). There is also a sig-
nificant difference between the visibility (APF) levels, (p < 0.001). As
there was no significant difference betwcen the results for the two sc-
quences (p = 0.72), the data were combined for further analysis. Table 2
nresents the means and standard deviations for both sequences.

The distances to the middle buildings (2-5) were over-estimated more
frequently and to a greater extent than any of the others. Subjects' re-
sponses indicated that they were sometimes confused as to which building
they were observing. This confusion was not apparent for the first and
the last two buildings. With the scarcity of position cues, subjects ap-
peared to be influenced to a large extent by their response to the previous
stimulus. Middle buildings that appeared after more distant buildings were
judged as being closer than those that appecared following the closer build-
ings. Thus, the buildings at 0.94, 1.6, 2.2, 3.2, and 4.3 miles tended to
be judged more on a relative scale where the standard became the previous
stimulus rather than the presented standard or the horizon.

Considering Fig. 4; one might ask if students were perfomming the same
task in estimating the distance to the first four and last four buildings.
The reason for this dichotomy is not apparent from the data, nor were sub-
jects' comments at all enlightening. There is a change in inter-building
distance at this point (from ~ 0.5 mi. to ~ 1.0 mi.). However, the average
perceived distance between each of the comparison buildings was:

4.5 mi. bztween buildings 1 and 2 (0.56 and 0.94 mi.),
5.6 mi. between buildings 2 and 3 (0.94 and 1.6 mi.),
6.3 mi. between buildings 3 and 4 (1.6 and 2.2 mi.),
2.0 mi, between buildings 4 and 5 (2.2 and 3.2 mi.),
3.5 mi. between buildings 5 and 6 (3.2 and 4.3 mi.),
9.3 mi. between buildings 6 and 7 (4.3 and 5.6 mi.),
and 5.0 mi. between buildings 7 and 8 (5.6 and 7.1 mi.)

Thus, there is no direct relation between the actual distances and the
perceived distances between comparison stimuli. There does not appear to
be an effort to maintain equal distances between buildings. The differences
are almost random.

Figure 5 presents the logarithmic transformation of the means of the
distance estimates. The logarithmic transform was performed in an effort
to reduce the non-homogeneity of variance (sce Table 1) (Winer, 1962, p.
219). By translating the position of the curve representing the logarithm
of the true distance upward, one can see that the estimated distance curves
differ from the true distance curve mainly at the middle distances. The
estimates for the first and last buildings in the 32,000 ft. condition can
be matched to the true curve, but the middle distances are relatively over-
estimated. An analysis of variance using the transfomed scores yielded
results similar to those in Table 1. The source table is presented in
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Table 3. The logarithms of the means and standard deviations are presented
in Table 4.

Figure 6 presents the relative transformation of the distance esti-
mates. Each of the estimated distances for each sequence is displayed as
a ratio of that estimate to the estimate of the distance to the farthest
building (7.1 mi.) with the lowest APF level (0) for that sequence. Again,
it can be seen that buildings 2-5 are consistently over-estimated, even on
a relative scale. The distances to the two farthest buildings were under-
estimated for the «» and 32,000 ft. conditions, relative to the farthest
building under the 0 condition.

It should be remembered that the 0 condition represents a 0.5 visibil-
ity at 10,000 ft. slant range according to the formula presented above and
in the Appendix.

An analysis of variance using the ratio scores yielded results similar
to those presented in Tables 1 and 3 and is presented in Table 5. The means

and standard deviations for the relative transformation are presented in
Table 6.

Air Crew Member Subjects

The means of the estimated distances for the eight buildings at the
four visibility levels are presented in Figures 7 and 8. The circled points
in Figure 7 are the first five estimates. The means for the two sequences
were not averaged for presentation due to the difference between the results
of the two sequences. An analysis of variance perforned on these data re-
vealed a significant effect of APF in the first sequence (p < 0.003) but not
the second (p = 0.6). There was not a significant difference between the
sequences (p > 0.5). The source tables are presented in Table 7. The means
and standard deviations for both sequences are presented in Table 8. A
comparison of Figure 7 and Figure 8 suggests that the difference between
the two sequences is due to the lower estimates for the first five stimulus
oresentations in the first sequence. Figures 7 and 8 reveal several
interesting facts.

1. Air crew members (AM), overall, are fairly accurate in their
estimates of distances to the buildings.

2. There is little or no effect of APF on the distance estimates of
the ACM, particularly in the second sequence.

3. ?CM tend to give longer estimates in the second sequence over the

irst.

4. ACM over-estimate the distances to the middle buildings more than
the others. Only two of the ACM were able to judge these distances
accurately. On a relative scale, the second building was the most
over-estimated (see Figure 9). ACM showed a fairly consistent
2 mile over-estimation of the distance to buildings 2-7.

5. ACM tend to under-estimate the distance to the first five build-
ings in the first sequence relative to their estimates of the
same distances presented later in the first sequence and in the
second.
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Figure 4. Relative over-cstimation of distances in the second sequence.
Student observers.
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Fig. 7, Raw score data for AQM observers. First run, Circled

points ave first five obscrvations.
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TABLE 8

MEAN AND STANDARD DEVIATION OF ESTIMATED DISTANCES BY AIR CREW MEMBERS

Buildings (mi.) ROW
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Figures 10 and 11 present the logarithmic transformation of the mean
estimated distances for the first and second sejuence. Again, the errors
are over-estimation, particularly for the middle buildings, and the second
sequence. An analysis of variance using the transformed scores revealed
no significant difference between APF levels in the second sequence. There
was an effect in the first sequence. The source tables are presented in
Table 9 and the means and standard deviations are presented in Table 10.

In Figures 12 and 13 are presented a relative transformation of the
distance estimates. Each estimation is displayed as a ratio of each
estimate to the estimate of the distance to the farthest building (7.1 mi.)
at the Towest visibility (0). Again, these figures indicate that the dis-
tances to buildings 2-5 are consistently over-estimated, even on a relative
scale. An analysis of variance using the transformed scores produced re-
sults similar to those presented in Tables 7 and 9, and is presentea in
Table 11. Means and standard deviations following the transfcrmation are
presented in Table 12.

Comparison of Student and Air Crew Member Observers

A comparison of Figures 1-6 (student data) with Figures 7-13 (ACM data)
reveals several points:

1. Unlike naive student subjects, ACM tended to ignore the differ-
ences in the APF levels whern making their distance estimates.
Results of the second sequence for students revealed clear dif-
ferences while the results for ACM revealed no differences in
the second sequence, as a function of APF.

2. ACM, overall, are more accurate in their distance estimates than
naive student observers.

3. ACM and students both tend to increase their distance estimates
in the second sequence over the first. ACM are more accurate
in the first sequence.

4. Students over-estimate the distance to the second, third and
fourth buildings more than the others. This is especially clear
in Figure 4.

5. On a relative scale ACM tend to over-estimate the distance to
the second building more than the others (see Figure 9). On
the actual scale, however, ACM over-estimate the second through
seventh buildings by a fairly consistent 2.0 miles.

6. Both ACM and students gave lower estimates of the distance to
the first five buildings in the first sequence relative to
their estimates of the distances to the same buildings presented
later in the first sequence and in the second sequence.

7. A closer examination of the acta for both students and ACM
revealed that stimulus sequence has some effect, particularly
on the estimates of the distance to the middle buildings. When
these middle buildings appear after a farther building, they
are judged as being closer than when they appear following a
closer building.
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Log of Perceived Distance in Miles
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Log of Perceived Distance in Miles
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EXPERIMENT I1I

Texture

Subjects

The subjects were 20 additional students from the Introductory
Psychology class at Wright State University. They were between the ages
of 18 and 25 and had no previous piloting or sky jumping experience.
Most had had some experience flying. A1l subjects had 20-20 vision
(2 wore corrective lenses) and normal color vision.

In addition, 10 air crew members (9 pilots, 1 navigator) from Wright
Patterson AFB personnel, the Ohio Air National Guard and Montgomery
County Airport personnel volunteered to participate for purposes of
comparison with the students. The number of flying hours varied widely
among the pilots (150-1600 hours).

None of the students or air crew members were informed of the pur-
pose of the experiment until the conclusion of the session, when all
subjects were thoroughly debriefed. Participation by both groups was
voluntavy.

Stimulus Display

Apparatus. The Advent Projection System and Sony Videocassette
Recorder were used. The same precautions for focus and convergence of
the beams were taken as in Experiment I.

Stimuli. The size, distance, and number of buildings were the same
as in Experiment I. The buildings were presented on four different back-
grounds. One consisted of a plain green field as was used in the first
experiment. The other three backgrounds consisted of a texture pattern
which was produced by overlaying stripes of two different shades of
green at right angles to each other. The widths of the stripes were
1000 ft., 2000 ft. and 4000 ft., thereby producing three different pat-
terns of "blocks." The patterns were not regular checkerboards, however,
due to the random selection of stripes to be displayed at any given point
of intersection of the stripes. While there were occasionally large
areas of the same color, the size of these areas was determined by the
wid*" of the stripes. Thus, the 1000 ft. condition produced the most
dense pattern and the 4000 ft. condition the least dense. An aerial per-
spective factor of 32,000 ft. + 10 (1000 ft. altitude) was used for all
stimulus conditions. This APF level was chosen as a result of Experiment
I which indicated that this level produced more accurate distance esti-
mates than the 0 or 8000 APF level conditions.
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Lach stimulus pair was presented on each of the four backgrounds
for a total of 32 stimulus conditions. Stimuli were presented in
blocks of eight buildings, randomly ordered, with each texture condition
represented twice in two randomized orders. The sequence of each block
was reversed for a second run. Stimuli were presented for 20 seconds
each with 10 seconds of blue ''sky' between stimulus frames. Subjects
were also shown the same warmm-up video-tape as used in Experiment 1.

Procedure

The procedure was “he same as in the first experiment with the
exception of the stimulus order. Each block of eight distances was
reversed in the second sequence instead of the entire sequence as in
the first experiment.

Results
The results of this experiment indicate that a texturc gradient is
used as a cue to distance by naive student observers and ACM observers.
The size of the texture pattern is a significant variable in determining
the responses of both groups.

Student Observers. The mean distance estimates for the eight build-
ings Tor all four texture conditions are presented in Figures 14-16.
Figure 14 presents the results for the first sequence; Figure 15, the
second sequence; and Figurc 16, the mean of the two sequences. The
circled points in Figure 14 indicate the firct 8 stimulus conditions.
The results can be summarized as follows:

1. Naive observers over-estimate the distances to all the build-
ings. However, comparison of Figures 14-16 with Figures 1-3
of Experiment 1 indicates that texture significantly reduced
the over-estimation.

2. Texture size has little effect upon the estimation of distance
to the first five buildings, and a significant effect upon that
of the last three buildings. The 2000 ft. condition produced
the most accurate estimates, while the 0 and 1000 ft. conditions

produced the greatest over-estimates (see Figure 16). An analysis

of variance revealed a significant difference among the texture
conditions (F = 4.99; p = .003) (see Table 13). The mean and
standard deviations for both sequences are presented in Table 14.

3. Comparison of Figures 14 and 15 indicates that there are some
order effe:ts within the first sequence, despite the careful
randomization procedure. Estimates tended to increase in the
second scquence over the first. [However, in analysis of vari-
ance indicated no significant difference between the sequences
(F < 1, see Table 13)].

4. Figure 17 presents the relative over-estimation of distances to
the eight buildings for each texture condition. The squares
indicate the results that would have been obtained if the sub-
jects had assumed (or perceived) the buildings to be equally
spaced at distances of 1, 2, 3, 4, 5, 6, 7, and 8 miles. The
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Mean Perceived Distance in Miles

10

.56

e--o = (0 texture /
[ x—x = 1000 ft.

o—o = 2000 ft.
- - -4 = 4000 ft.

a—-0 = Accuratc estimate

1

] - 1 1 1 1 1

1 2 3 4 5 6 7
Actual Distance in Miles

Figure 14. Mean rew score distance cstimates for the first sequence.
Student observers. Circled points indicate first responscs for cach of
the cight buildings.



Mean Perceived Distance in Miles

1071 )+
gf- 0— -0 = 0 texture
X—x = 1000 ft.
8 o—-0 = 2000 ft.
+-—— = 4000 ft.
B— = Accurate cstimate
7—-
(Y
5k
4 b
3-
2
l.—
+56
1 ] 1 1 1 1 1

1 2 3 4 5 6 7
Actual Distance in Miles

Fipure 15. Mean raw score distance estimates for the sccond sequence.
Student observers,
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Mcan raw score distance estimates for both scquences.

Fipure 16.
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TABLE 14

MEAN AND STANDARD DEVIATION OF ESTIMATED DISTANCES OF STUDENT OBSERVERS

Buildings (mi.)

ROW

: ‘.‘\'

5.6

4.3

L]

2.2

1.6

.94

.56

5.15

10.30
12.83

YAV

1.00 2.51 3.59 4.77 5.14
2.09 3.08 4.47

G.55

0

tn
4]

O (2] (@]
o ~ <D
. . .
wn L <t
[ o M)~
o O O 0 [ Y o)
. . . . » .
o~ o0~ ~O©
'
< O ~ O A
~ O <+ I~ wnC
. . » L] . L]
0 I~ \O O D~ O
W N cO NoNel
O~ (o2 e} L~
. . . [ [ .
NelVel ) <t o w
wn O [xa e
o~ Oy W (s N e
. . . L[] . L3
w v wmawn n <
M NoNe)) N
[ox [anR S o o0 I~
L] . . . ] .
<t < < < < <
M \O 00 oo
t~ =f NV oW
. . . . . L]
[L\a N 'o! MmN ala]
<t N ey o) \O
- S wn <t~
3 (o A ] (b W]
(220, 2] <t wr <\
— Ch N~ [oF W &
— o ~ O ~ =
o [ <
o o o
< (=} <
~ o3 <t

aduonboy 381

47

5.57 6.69 8.37 8.83 5.36
5.94 s 7.82

5.66

4.94

r4 ~
O ~
[Vp} 2}
O N (o]
~ O O

. . »
Oy 00 o0
o o
o0 O (e}
o O o~
[Vl | O
[ BNo} r~

. . L]
~ 1~ O
(9 V2] (o]
[Wal o (e}

M .
[ValRS o [¥p}
o (@3]
o O o
vl N wn
~uwn o]
(=N o) O

« e A
<t tN N
O N Vel
o wn O

« . o
Lala (oM ]
(o B o] [ ]
N o0 [le]

. . »
- [aa
o o
o o
o o
[ o] (o]

aoudnbag

2.26 3.40 4.63 5.52 5.67 8.72 8.09

0.87

pug

2.92 4.35 4.77 5.52 6.35 8.0C 9.92 5.39
4.00 4.06 4.69 4.86 752 9.94

1.32

4000




Perceived Distance in Miles/Actual Distance in Miles

o— -8 = 0 texture
x—x = 1000 {t.
o—o = 2000 ft.
+— — = 4000 ft.
3.5 r
3.0
2.5 I
2.0 r
1.5 p
1.0 e
5
i N | I ] L N
: 6

Actual Distance in Miles

Figure 17. Relative over-cstimation of distences in both scquences.
Squares indicate responses obtained if subject assumes (or perceives)
buildings to be cqually spaced at 1, 2, 3, 4, 5, 6, 7, and 8 miles.



similarity in the shapes of the curves <uggests that this is

the strategy being useu. Whether the display appears this

way to the subjects, or whether it is a conscious or unconscious
assumption on their part is unknown. Except for the distance
between buildings 4 and 5 (2.2 miles and 3.2 miles - perceived
as .59 miles apart) and the distance between buildings 7 and 8
(5.6 miles and 7.1 miles - perceived as 1.44 miles apart), the
perceived distance between buildings is almost constant (1.08

to 1.3 miles). This resuit is in contrast to the results of
Experiment I in which no relation could be demonstrated between
actual and perceived distances between buildings. Figure 17 in
the present study more closelv resembles Figure 9 (air crew
observers) than Figure 4 (student observers).

A logarithmic transformation was performed on the raw score data
to reduce the inhomogeneity of variance across distances (see
Table 14). The results of this transformation are presented in
Figure 18. As can be seen, the greatest amount of over-estimation
occurs on buildings 2-5 (.94 miles to 4.3 miles). These results
are in agreement with those obtained in the previous experiment
on Aerial Perspective. An analysis of variance using the trans-
formed scores indicated a significant effect of textur> size

(F =5.35; p = .002) (see Table 15). The logarithm of the means
and standard deviations are presented in Table 16.

A second, relative transformation was performed by taking each
datum and dividing it by the mean distance estimate (both
sequences) to the farthest Luilding under the no texture condi-
tion (9.02 miles). The results of this transfi: »aiien are
presented in Figure 19. Again, the distances “u the middle
buildings (2-5) show the greatest amount of over-estimation.
This is probably due to the tendency of subjects to respond as
if the buildings were equally spaced at one mile inter 3ls.
Thus, the shorter distances (which are .5 miles ar~~* v~ over-
estimated to a greater extent than the Tonger dis: (which
are 1.0 or 1.5 miles apart).

An analysis of variance was performed on t- elative transform
scores. The results are presented in Tab’ /. There is a
significant difference among the texture counditions (F = 3.5;

p = .02). The differences between sequences was not significant
(F < 1). The weans and standard deviations of the transformed
scores are presented in Table 18.

Close examination of individual subjects' responses incdicated

a greater tendency in this experiment over the previcus one for
subjects to under-estimate the total number of buildings. Several
subjects did not Jiscriminate well between the two most distant
buildings or between the three buildings at 2.2, 5.2 and 4.3 miles.
Comparison of the mean estimates for the no texture condition
with the mean estimates for all three texture conditions revealed
no significant difference. Apparently, the presence of the texture
conditions within the sequence is sufficient to produce more
accurate distance estimates than were obtained with t" - “blank"
green fields used in Experiment I.
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TABLE 16

10GARITHM OF MEAN AND STANDARD DEVIATION OF ESTIMATED DISTANCES OF STUDENT OBSERVERS
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Relative Perceived Distance

- -0 = 0 texture }gﬁf
X—x = 1000 ft. _f/
. ;/
81 oo = 2000 ft. P
. /’
+— — = 4000 ft. e
.71 #—f = Accurate estimate /ﬁ/;i

Actual Distance in Miles

Figure 19. Relative perceived distance (relative to mean for
both sequences of 7.1 mile building 0 texture background) for
both sequences.  Student observers.
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TABLE 18

MEAN AND STANDARD DEVIATION OF RELATIVE TRANSFORMATION OF ESTIMATED DISTANCES BY STUDENT CBSERVERS

Buildings (mi.)
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10.

Comparison of the means for the 0 and 1000 ft. conditions and
those for 2000 and 4000 ft. revealed no significant difference
between these conditions.

Air Crew Member Observers

The mean raw score estimates for the 10 air crew member observers (ACM)
are presented in Figures 20-22. Figures 20 and 21 present the data for the
first and second sequences, respectively. Figure 22 presents the means of
the two sequences. The results are summarized below:

1.

Air crew members over-estimate the distances to all of the build-
ings. The circled points in Figure 20 indicate the first 8
estimates in the first sequence. These initial responses are

the shortest and most accurate estimates for each of the buildings.
Although the mean for the 10 observers indicates a general
tendency to over-estimate the distances, 4 of the ACM observers
under-estimated the distances, particularly to the farther build-
ings.

A comparison of Figures 20 and 21 indicates that ACM's distance
judgments increase in the second sequence over the first and
become less variable. However, the analysis of variance revealed
no significant difference as a function of sequence (F < 1; sce
Table 19). (For the means and standard deviations of both
sequences, see Table 20.)

Although there is a significant effect of texture in both sequences
(F=17.64, p < .001; F=23.92, p<.02; see Table 19), there

are no obvious trends in the first sequence due to an inter-
action of texture and distance (F = 5.47, p < .001) which did

not occur in the second sequence, but did occur in the overall
ANOVA (F = 5.1, p < .001; see Table 19). In the second sequence
the no texture condition produced a greater over-estimation of
distance to the farthest three buildings (4.3, 5.6 and 7.1 mi.)
than the three texture conditions, which did not appear to differ
from one another. There was no observable effect of texture

on the responses to the first five buildings (see Figure 21).
Figure 23 indicates the relative over-estimation of distances

to the eight buildings for the four texture conditions taken

from the data presented in Figure 22. The greatest over-esti-
mation occurred at the shorter distances with the no texture

and 4000 ft. texture conditions. The mean perceived distance
between the first (.56 mi.) and second (.94 mi.) buildings for
the no texture and 4000 ft. texture conditions was apparently

1.5 mi. for both. (While subjects were not asked to estimate
distances between comparison buildings, the difference between the
estimates to the first and second buildings was 1.5 mi. for

the two conditions.) For the buildings at 4.3 and 5.6 mi. the

no texture condition produced the greatest over-estimation. The
squares indicate the results that would have been obtained if

the 4ir crew members assumed that the buildings were equally
spaced at one mile intervals from one to eight miles. This curve
lies virtually on top of the curves for the actual data, sug-
gesting that ACM's were assuming that the buildings were equally
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Mean Perceived Distance in Miles
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0 texture

1000 ft. /;/f‘
/[~

o-—0 = 2000 ft.
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it

X— —X

+— —+ = 4000 ft. /
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' } d (] " B 4

1 2 3 4 5 6 7
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Figure 20. Mcan raw score distance estimates for che first sequence.

Air crew member observers. Circled points indicate first eight
responses.

57



Mean Perceived Distance in Miles
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Figure 21.

AMT crew member observers.
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Mean raw score distance estimates for the second sequence.
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Mean Perceived Distance in Miles

e- o = () texture
X—x = 1000 ft.
g4
o—-0 = 2000 ft. .
4= 4 = 4000 ft. /
S L
83— = Accurate estimate
7.-
6.-
54
4&-
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24
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1 2 3 4 5 6
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Figure 22. Mean raw score distance estimates for both sequences.
Air crew member observers.
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TABLE 20

MEAN AND STANDARD DEVIATION OF ESTIMATED DISTANCES BY AIR CREW MEMBER OBSERVERS

Buildings (mi.)
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Perceived Distance in Miles/Actual Distance in Miles

3.0 ]

2.5 7

2.0 1

1.5

1.0

.57

o— —¢ = 0 texture
x—x = 1000 f{t.
o—-0 = 2000 f{t.
+- - = 4000 ft.

¥

-~

Actual Distance in Miles

Figure 23. Relative over-estimation of distances in both scaquences.
Squares indicate responses obtained if subject assumes (or perceives)
buildings to be equally spaced at 1, 2, 3, 4, 5, 0, 7, and 8 miles.
Air crew menber obscrvers.
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spaced; except for the distance between the first and second
building for the no texture and 4000 ft. texture conditions as
noted above.

A Togarithmic transformation was performed on the raw score
estimates in an effort to reduce the inhomcgeneity of variance
(note standard deviation in Table 8 increases with the mean,
Winer, 1962, p. 219). The results of this transformation are
presented in Figure 24. The greatest over-estimation of distance
occurred for the buildings at .94, 1.6 and 2.2 miles. There

is no obvious difference as a function of texture, although an
analysis of variance using the transformed scores indicated a
statistically significant effect (F = 11.5, p < .001; see Table Z1).
(For the logarithm of the means and standard deviations, see
Table 22.)

A relative transformation was also performed on the original
data. The distance estimate to each building under each texture
condition was divided by the mean distance estimate to the farth-
est building (7.1 mi.) with no texture, for both sequences (8.44
mi.). The results of this transformation are presented in

Figure 25. The slope of the relative data closely approximates
that of the actual distances with the same transformation applied
(actual distance/7.1 mi.). The no texture condition appears

to have produced the most accurate relative distance scores.

An analysis of variance using the relatively trarnsformed scores
indicated a significant effect of texture across both sequences
(F=11.1, p < .001; see Table 23). Thare was no significant
difference between the sequences (F < 1). The means and standard
deviations of the relatively transformed scores are presented

in Table 24.

Comparison of the present data with those obtained for ACM's in
Experiment I on Aerial Perspective indicates a greater tendency,
in the present experiment, to over-estimate the distances to

the farther buildings. The distances to the near buildings were
cver-estimated less in the present experiment. For ACM's the
addition of a textured background appears to have a shortening
effect on shorter distances and a lerigthening effect on the longer
distances. It is not clear whether this effect is a true result of
the addition of texture, or a result of intersubject variability
between the two groups of ACM's.

Comparison of Student and Air Crew Obscrvers

A comparison of Figures 14-19 (students) with Figures 20-25 (air crew
member observers) reveals several points.

1.

Air crew member observers' estimates were more accurate than ;
students' (compare Figures 14-16 with Figures 20-22). This is J
particularly true of the comparison between the first eight i
estimates in the first sequence for both groups (see circled |
points in Figures 14 and 20). These initial estimates were the

most accurate of the ACM's which imay indicate a change of criter-

ion over trials.

63 i



Log of Perceived Distance in Miles

0 texture :
|
x—x = 1000 {t. i
o——o0 = 2000 ft. ;
1
+— —+ = 4000 {t. 4-
s —a = Accurate cstimate
!
i = + +—+ 1'-_ —4 + ‘_" 1
1 2 3 4 5 6 ]

Figurc 24. Logarithm of mean perceived distances for both sequences.

Air crew member observers.

Actual Distance in Miles i
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Relative Perceived Distance

1.0F
9 -9 = ) texture
x-—x = 1000 ft.
9T
o——0 = 2000 ft.
+— — = 4090 ft.
81 w-—w = Accurate estimate
74
-6"
.51
A4
.3--
.24
14
0 t + —t -t 7 4 + # + t+

1 2 3 4 5 0 4
Actua’ Distance in Miles
Figure 25. Relative perceived distance (relative to mean for both

sequences of 7.1 mile building on U texture background) for both
sequences. Alr crew meuwber observers.
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A similar change in criterion may also occur in student observers
since students’ distance estimates were more accurate in the
first sequence than the second (see Figures 14 and 15). Air

crew members also tended to increase their distance estimates
from the first to the second sequence (see Figures 20 and 21).

A comparison of mean raw score estimates over both sequences

for students and ACM observers (Figures 15 and 22) indicates
students over-estimate the distance to the buildings at .94, 1.6,
2.2, 3.2 and 4.3 miles more than ACM observers.

A study of the relative over-estimation of distance in both
sequences for students and ACM observers (Figures 17 and 23)
reveals that students exhibited greater relative over-estimations
than ACM observers for the buildings at 0.56, 0.94, 1.6, 2.2,

3.2 and 4.3 miles. While the curve for expected results (if
subjects assumed that the buildings were equally spaced from

one to eight miles) completely overlaps the ACM data, it is
consistently lower than the student data. ACM observers showed

a greater over-estimation of the distance to the building at

0.94 mi. under the no texture and 4000 ft. texture conditions
than to any other building for any other texture condition (see
Figure 23).

Comparison of Figures 15 and 21, representing the mean raw score
distance estimates over the second sequence, indicates a simi-
larity in the shapes of the curves for the 2000 ft. texture condi-
tion for the students and ACM's. However, the curve for the

2000 ft. condition for the students exhibits greater over-esti-
mation than the same curve for the ACM's.

There is a similar correspondence between students' and ACM
observers' raw score distance estimates in the second sequence
fo; the buildings at 4.3, 5.6 and 7.1 miles (see Figures 15 and
21).

Examination of Tables 13 and 18 (mean and standard deviation

of original estimates) indicates that inter-subject variability
is lower among ACM observers than students. The wide variability,
seen in Figure 19, of responses of ACM observers over the first
sequence is seen in the significant interaction of distance and
texture in the first sequence (F = 5.47, p < .001). This inter-
action was not significant for the second sequence.

A comparison of the means for the two sequences (Figures 16 and
22) for the last 3 buildings reveals that the 0 texture condition
produced the greatest over-estimation among ACM's, whereas the
1000 ft. texture condition produced the greatest over-estimation
among students.

Examination of individual estimates indicates that nearly the
same proportion of students (11 over-estimate/9 under-estimate),
as air c'ew members (6 over-estimate/4 under-estimate) over-
estimate the distances.




DISCUSSION

\s the results of the two experiments are somewhat different, they
will be discussed scparately.

Aerial Perspective lactor

Student Observers. Aerial Perspective Factor was used as a cue
to distance by the student observers. The estimates of distance to the
farthest three buildings (4.3, 5.6 and 7.1 mi.) were more influenced by
the level of APF than the estimates of distance to the first five build-
ings (sce Fiyure 3). This result was expected. Due to the geometric
progression ot the distances, there was a greater relative blurrirg of
the last three buildinzs than the first five. The last two buildings are
only one raster line high and the density of the APF at that distance
was sufficient to affect the actual visibility of these buildings. In
addition, the first four buildings (.56 - 2.2 mi.) may have appecared even
closer with the higher APF levels because they were not in the haze. For
the 0 APT level, the slant range to the 0.5 fading point includes the
fourth building (3.2 mi.), but not the third (2.2 mi.).

For student observers, there is a somewhat greater difference
between the infinity condition (no APF) and the other threc APF levels
than between any of the other levels. 'This would indicate that the
presence of the APF per se is more important than the specific level.
This result was not surprising as the difference in levels of APF was
not obvious, except for the farthest buildings. The no APF level condi-
tion, however, was readily discriminable from any of the APF conditions.
The subjects' responses apparently reflected the discriminability of the
stimulus conditions.

Air Crew Member Observers. Air crew members used the Aerial
Perspective Factor as a cue to distance in the first sequence, but not
in the second. There are two possible explanations for this result.
The first involves the difference between perceived and estimated distances
which is discussed below. The second is related to distance estimation,
but involves the motivation and strategy used by the ACM. From comments
expressed by the subjects, it was concluded that, while ACM noticed
the change in APF _evel, they chose to ignore it and based their judgments
on the relative size of the buildings. The difference between the two
sequences is probably duc to the lack of reliable recognition of the
buildings during the first sequence. A building may have been confused
with one nearer or farther away, creating the impression that the APF
was a significant factor. The use of a between-subjects experimental
design could tend to increase the differences as a function of
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APF in experienced observers as a single observer would not be exposed

to more than one level and would, therefore, be less likely to ignore the
visibility cue. We also suspected that air crew members are more Tikely
than students to be concerned with being "right," despite our instructions
to tell the experimenter the apparent distance of the building within

the display. ACM appeared to be more conscious of being consistent in
their responses than students. The amount of experience of the ACM was
probably important in their tendency to discount the changes in APF level
in making their responses. Air crew members are more aware than the average
student that objects do not change their actual distance as a function of
visibility. Therefore, the APF may not have been ignored deliberately and
at a conscious level. Agair, the use of a between-subjects design would
have minimized this problen.

Texture

The results of the analysis of variance presented in Tables 13 and

19 indicate that different sizes of a textured background produce statis-
tically different estimates of distances to objects within a complex
display. This result was obtained for both student and air crew members.
However, examination of Figures 14-16 and 20-22 reveals only small observ-
able differences between the texture conditions for both groups. For ACM
in particular (see Figure 21) nnst oi the variance is probably accounted
for by the no texture-texture difference rather than the size of the tex-
ture itself. Texture size per se appears to be a more relevant variable
for student observers chan for ACM in the second sequence (see Figure 15).

A1l directly observable texture effects are on the three buildings
farthest from the standard (4.3, 5.6 and 7.1 mi.). The reason for this
is not clear. The texture patterns are different enough from one another
that it would be highly improbable that a subject could reliably identify
a particular location from one pattern to the next and associate a particular
building with that location. In addition, subjects were instructed to
indicate how far away the buildings appeared to be. This point was empha-
sized. While there was some aerial perspective factor (APF) in the dis-
play, the level was the same for all texture conditions. On the other
hand, the APF was the only cue to distance, other than relative size, for
the no texture condition. The APF way, therefore, account for the longer
estimates to the far buildings with no textured background by ACM. The
relative lack of discriminability of the last three buildings may also
play a role. Relative size and position in the field are more difficult
to discriminate with the farther targets, which are smaller and more closely
grouped than those in the foreground. Any cue is more 1ikely to be used
at these far distances. Attempted identification of individual buildings
by size or position may be used at shorter distances.

In this experiment on texture students and air crew observers gave
comparable results, in contrast to Experiment I - Aerial Perspective
wherein students grossly overestimated distances. The addition of a tex-
tured background significantly reduced the distance estimates of raive
observers. It is unlikely that this result is due entirely to intersubject
variability as no student in the present study gave a response greater
than 20 mi., whereas several students in the first experiment gave
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estimates of 20-50 mi. The addition of a textured backeround to 75% of
the stimuli also reduced estimates on the plain or no texture condition,

at least for the student observers. This is most probably due to the fact
that each subject saw all backgrounds. As explained above, had we used

a between groups design, larger differences as a function of texture would
probably have been obtainel. Ilowever, difficulty in obtaining large groups
of subjects made the within subjects design necessary in both experiments.

The results for air crew members did not show a significant change
with the addition of a textured background; but their responses werc more
accurate in Lxperiment 1 than the students' to begin with. The addition
of texture did reduce the large over-estimation of distance to the first
three buildings (.56, .94 and 1.6 mi.) by ACM found in the previous experi-
ment (compare Figure 9 and Figure 23). This result may be due to inter-
subject variability, but the larger over-estimation of distance to these
buildings in the present experiment for the no texture and 4000 ft. tex-
ture (which has large unpatterned areas in the foreground) suggests that
the texture itself has an effect at the closer distances for ACM.

Texture vs. Linear Perspective

Comparing the stimuli for the second experiment with those used
in Experiment 1 we can sece that the addition of the textured background
has also added linear perspective cues and that the number of added lines,
or perspective cues, is determined by the size of the texture pattern.
That is, therc are twice as many ''edges" in the 1000 ft. condition. Is it
possible that the improved performance of the student observers is due
to the addition of linear perspective cues rather than the texture? This
is a somewhat difficult question to answer. Braunstein (1968) conducted
a scries of experiments and concluded that a texture gradient composed
of random dots was not sufficient to produce accurate slant or depth per-
ception and that perspective was probably the principle source of informa-
tion about depth. Braunstein, however, was concerned with the veridical
perception of the slant of a plane under restricted viewing conditions
and the same processes may not be operating in the distance estimation
task used here.

Gibson (1959) performed an experiment involving the perception of
slant with a regular and irregular texture gradient. The regular texture
gradient was composed of rectangies arranged like a brick wall; the irregu-
lar pattern was "fibrous' with no consistent sizes or shapes. While all .
slant angles were under-estimated, the regular pattern produced greater 1
estimates of slant than the irregular pattern for cqual actual slants.

Gibson points out that the linear perspective cues in the regular pattern

may have been the important factor in the results, but again, perceived .
slant and distance estimation may not involve the same information :
processing. ‘

In a study of perceived distance, Wohlwill (1962) compared the effects
of random and non-random rectangular texturc of high and low density.
Although there were an equal number of "edges'" in the random and non-
random conditions, Wohlwill assumed that the non-random pattern had more
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linear perspective than the random condition due to the more linear
arrangement of the texture elements. The over-estimation of 'distance-
to-the-midpoint’* of the space between two targets was greater for the
non-random and high density texture conditions. In both Gibson's
(1950) and Wohlwill's (1962) experiments, the regular patterns with
more linear perspective cues produced greater denth or longer distance
estimates than low density random patterns.

These results would lead to the prediction of longer distance esti-
mates for the 1000 ft. texture condition in the present experiment. This
prediction was fairly accurate for the student observers (see Figure 15),
but not for the air crew members (see Figure 21). Air crew members tended
to consider all texture conditions as equal and different only from the
no texture condition. As mentioncd abuve, this grouping of texture responses
may be due to the within-subjects design of the experiment.

Lstimation of Distance

In both experiments the distances to all the buildings were over-
estimated by most observers. The distances to the buildings at .56, .94,
1.6 and 2.2 miles were over-estimated more than the others, on a relative
scale. Since this result ‘as found in both experiments it is probably
indenendent of aerial perspective or texture conditions, but is related
to the general problem of absolute distance estimation. Although there
has not been a great deal of research concerning absolute (rather than
relative) distance estimation, some of the important variables are rela-
tive size, assumed size, height in the field, texture and linear perspec-
tive. Stimulus sequence and scaling effects and the problem of perceived
as opposed to estimated distance may also be important.

Perceived vs. Estimated Distance. The distinction between perceived
and estimated distance was drawn by lering and was further elucidated by
Gilinsky (1951). Perceived distance is defined as a phenomenal or "what
does it look like" distance, while estimated distance includes a correction
factor derived from past experience or training that produces a better
julrment of true distance. In both experiments subjects were asked to
give a perceived distance. From the numerical results and the comments
of the subjects it was clear that in spite of the instructions, subjects
were attempting to 'figure out" the actual distances. In the first experi-
ment air crew members indicated that although they noticed the change in
visibility, they based their judgments on the relative size of the standard
ana comparison buildings, which did not vary. Air crew members in both
experiments seemed to be more concerned with estimating accurately and
ignoring changes in stimulus parameters, either for motivational reasons
or from greater experience. In both experiments ACM showed a wider vari-
ability of response in the first sequence, and greater dependence upon the
APF or texture conditions. In the second sequence, there was no effect of
APF in the first experiment, and there was no obvious effect of texture
size in the ~econd experiment. Comparing the results for the two sequences.
it is apparent that ACM are not giving perceived distances in the second
sequence, but are relying upon the identification of the buildings by size
or position.




The results of Gilinsky (1951) and others revealed that perceived
distances are foreshortened. That is, as true distance increases, per-
ceived distance also increases, but at a slower rate. Thus, an actual
distance of 100 yds. may be seen as 40 yds. A subject may, however, re-
port the object as being 100 yds. distant if he has learned that objects
that appear to be 40 yds. away are, in fact, 100 yds. away.

The results of our experiments do not support the results of Gilinsky
(1951). In our experiments most errors were over-estimates of the true
distances. Students, particularly in the first experiment, tended to
grossly over-estimate the distances. Several students mentioned that
they had no idea of how far one could see at the given altitude, and,
ther:fore, the entire scale for several subjects wa> much too large. AM
had 4 better idea of how far one can see, under given conditions, but
each apparently assumed different conditions, which biased their estimates.

In the second experiment over-estimates by ACM were about the same
as in the first exneriment (compare Figures 9 and 17): over-estimates by
the students were greatly reduced, presumably due to the addition of the
textured background. The reason for the consistent over-estimation of
distances is unclear. If the ACM are reporting estimated distances, it
may be that their correction factor is inaccurate. On the other hand,
the buildings may actually appear to be farther away than they are.
There are several variables that might be involved.

Height in the Field. It is possible that the altitude of the observ-
ation point played an important role. Gilinsky (1951) assumed that the
distance estimates in her experiment were based on reiative size cues
alone. In our experiment, the observation point was 1000 ft. above the
ground. Thus, the array of buildings was spread farther on a vertical
scale than they would have been had the observation point been at ground
level. In our case, position, or height of the stimulus in the field, may
have been an important and somewhat distorted cue for subjects unused to
the altitude. Only 22 of the 40 students had even been in an airplane.

The work of Lpstein (1966) suggests that, in the absence of relative
size cues, the effectiveness of height in the field as a cue to depth
depends upon the background upon which the stimulus is shown. With no
background, two spots presented at different heights in the frontoparallel
plane are not seen in depth. With a florescent outline drawn in linear
perspective, an illusion of depth is created and with a "textured" grid
pattern background even longer estimates ci depth are produced. for a given
vertical separation. Thus, height in the field can be used as a cue to
depth, but not, apparently, in the absence of linear perspective. Un-
fortunately, Epstein (1966) used vertical separation in the fronto-
parallel plane, and there is no way to assess whether or not the esti-
mated horizontal separations were "accurate." That is, whether two
discs of equal relative size, separated on the horizontai plane so
as to produce the vertical separations cqual to those used by Epstein,
would produce depth estimations similar to those given by Epstein's
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subjects. Without such a comparison it is not possible to determine
whether the height of the obscrvation point can distort perception of
distance.

Sequence and Scaling Effects. Stimulus sequence appears to have
been important in both experiments. In both experiments, the first few
estimates in the first sequence were shorter than all subsequent esti-
mates. Subjects appear to have some difficulty in "fitting in" all the
buildings, given their initial estimates. Thus, estimates became longer
during the first sequence. In the experiment on aerial perspective the
estimates to the middle buildings were considerably influenced by the
distance of the preceding building. For exampie, when a building at
4.3 mi. was preceded by onc at 7.1 miles it was estimated as being closer
than when it was precedcd by a building at 1.6 miles. These sequence
effects were less noticeable in the sccond experiment, due to the more
careful randomization procedures.

It is not clear why estimates during the second scquence tended to
be longer than those during the first sequence. As noted above, some
subjects seemed to have difficulty in "fitting in" all of the buildings
once a scale was established early in the first sequence. The rest
period and sccond sequence may have given an opportunity to change the
scale without a feeling of inconsistency. Subjects who asked if they
could change the scale werc reminded that the instructions were to tell
the experimenter how far away the buildings appeared to be.

With regard to the question of scaling, it is important to note
that all distances are over-estimated, indicating a problem of absolute
scale, rather than relative size or position in the field. Two vari-
ables are rclevant to this question: assumed size and the visual angle
of the display.

Relative or Assumed Size. In both experiments all subjects were told
the actual size and distance of the first or standard building. They were
also given a reference for the length of the building: 'about as long as
a football field."' From some air crew members' comments, however, we dis-
covered that many of them were relating the displayed building to a par-
ticular building in their experience. Just as the ACM's in the previous
experiment had used a particular air field as their reference for the aerial
perspective condition, ACM's ii the present experiment admitted that they
tried to remember at what distance a particular building (e.g. one haif of
the Air Force Museum) looked about the size of the comparison building.
Thus, assumed size played an important role in many ACM's judgments in
addition to relative size. It is not known whether student observers also
had particular buildings in mind in making their judgments.

There has been some controversy in the literature over the relative
importance of assumed and relative size of objects in estimating distance
(see Epstein, 1967 for a review). lowever, most of these experiments
involved setting two stimuli to equal distances or equal sizes under
restricted viewing conditions. Few experiments in the area of distance
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perception involved determinations of absolute distancc to a given object.
Those that investigated absolute distance estimation (e.g. Gilinsky, 1951:
Gibson, Bergman, § Purdy, 1955) found that subjects consistently under-
cstimated distances. These results have not been confirmed. It may be
that the computer generated display, as we have used it, is unusual enough
that "mormal" responses are precluded. Considering some of the strategies
used by the ACM, however. the visuai angle of the display is surely an
important factor.

Visual field size. The computer projects a ficld which is 60° ver-
tically and 72° horizontally. Due to constraints imposed by the Advent
Projection System, the observers sat 14 ft. from the prnjection screen,
thereby reducing the visual angle of tha display to 18°30' vertically
and 22°30' horizontally. This represents a magnification of 0.375 in
the horizontal dimension and 0.308 in the vertical. It is highly probable
that this reduction caused some distortion in the perception of distance
within the display. Roscoe (1975) performed several experiments involv-
ing magnification of image size, or a projection periscope, and discovered
that a magnification of 1.25 produces the most veridical distance percep-
tion. As the vertical magnification in this experiment was 0,308, the
magnification was different from the optimal by a factor of four.

Except for the students in the first experiment, the degree of over-
estimation did not reach a fictor of four (see Figures 4, 9, 17, and 23).
However, the reduction in visual angle of the buildings from what they
would be if actually located at .56 to 7.1 miles could cause the build-
ings to be perceived as being farther away, in spite of the presence of
the standard. In future exneriments it would seem advisable, given the
flexibility of the computer generated display, to have a closer correspond-
ence between the visual angle of the viewing screen and the visual angle
depicted by the computer.

Perception or response bias. In the second experiment on texture it
was noted that subjects responded as though the buildings wcire equally
spaced on the horizontal plane from 1 to 8 miles (sce Figures 17 and 23).
There are three possible reasons for this result: a) that is the way
subjects perceive it to be, b) that is what subjects assume it to be, or
c) despite instructions to use miles or fractions of miles, whole numbers
are "'easier''. All three reasons are probably involved to some extent.
First, the closer buildings are fairly evenly spaced on the screen. With-
out some quick geometry, naive observers may not realize that equal ver-
tical space does not mean equal horizontal space over ground. Second,
there is a certain tendency for all subjects to employ strategies to do
well. Given that the closer buildings may look equally spaced, the
subjects may simply assume that all the buildings are equally spaced and
respond on that basis. Third, the experimental session is long and not
exciting. Despite the emphasis to estimate the distance to the nearest
quarter mile, it is easier to use whole numbers. Perhaps telling subjects
that all the buildings are not equally spaced is the only reliable way
to avoid the last two problems. However, if the buildings do appear
equally spaced, we are then biasing the results. 1t should be noted that
the perceived or estimated spans between the buildings was much more
variable in the first experiment than the second. In the absence of the
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texture pattern it may have been more obvious that the buildings were
not equally spaced.

Part of the over-estimation problem is surely due to the fact that
those students or ACM who do over-estimate the distances do so by a
greater amount than those who under-estimate. This fact tends to increase
the mean es.imate substantially. If future experiments continue to
show this problem, it may be more appropriate to use the median than the
mean as a measure of central tendency, in spite of the statistical pro-

blems involved.

It is possible that the addition of other cues within the display
would reduce the over-estimation still further. Air crew members have
indicated that roads and additional buildings provide cues for them in
normal flying situations. Where such stimuli have been added for simu-
lation purposes the results have been favorable. The addition of other
cues also deperds unon the ultimate use of the display. If the display
is to be used to make landings in 0 visibility conditions, extremely
accurate perception is desirable. However, if the display is to be used
to give a pilot a feeling for what is out the window and is to be accom-
panied by a variety of instruments for precise altitude and attitude
data, then the results of the two experiments we have conducted indicate
that aerial perspective, a background texture that includes linear
perspective cues, and accurate relative size cues are sufficient to pro-
duce a perception of distance within the display. For experienced
pilots, relative size appears to be sufficient (see results of Experiment
I - Aerial Perspective Factor), but they prefer more cues for a more
realistic display. Many air crew members were not comfortable making
absolute distance estimates. They felt that such estimates were not
directly required in landirg an aircraft and they were unused to thinking
in terms of absolute distance to an object in numbers of miles. This
discomfort may partially account for the over-estimates. If the task
had been performance in a simulated runway landing, the pilots would
probably have performed better than their estimates would indicate.
Thus, the specific use of the display and the task of the user should
be carefully considered in determining the type of information to be
presented in a complex display of this type.
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APPENDIX

To obtain the color of an object in normal fog General Electric
uses the following formula:

where:

Co =FC+ (1-F) G

6 = actual color (see below)

F = range factor = o

where: k = attenuation coefficient
d = slant range to object in feet at which

object is 50% assigned color and 50%
fog color.

C = assigned color of object with no fog

G = fog color

C = NRR + NGG + NBB

R, G and B = maximum energy of 3 color systems
NR’ NG and NB = fraction of each color required to produce assigned color.

For aerial Perspective factor the density of fog decreases with
altitude. The specification of d includes the factor + 10h where h is
the altitude of the viewing point. One specifies the distance to

50% object color and 50% fog color at 0 altitude (d”) and the altitude
(h) and the computer determines d, the slant range to an object that is
50% assigned color and 50% foq color.
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