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Comparative judgments of distal size:
A chronometric analysis
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Observers were required to make comparative judgments of the distal sizes of squares at var-
ious perceived distances in a pictorial array. It was predicted that observers would normalize
distance prior to judgment. Chronometric analyses indicated that the time to make ‘‘same”
judgments increased systematically with the relative distance of the two stimuli. The time re-
quired to make “‘different’”’ judgments depended on the nature of the difference. When the stim-
uli differed in proximal size, distal size, and distance, response time increased with distance
ratio. However, when the stimuli differed in distal size and distance but not proximal size, re-
sponse time decreased with distance ratio. In addition, when the stimuli differed in both distal
and proximal size but not distance, RT decreased with size ratio. These results are consistent
with a class of models that incorporate distance normalization into the comparative size-judging
process. These and alternative models are discussed.

Using pictorial perspective arrays, Uhlarik, Pringle,
Jordan, and Misceo (1980) had observers make mag-
nitude estimates of distal and proximal size under a
variety of instructional conditions. The time required
to scale distal size varied directly with the distal size
ratio of the comparison stimulus to the standard
stimulus, but was independent of both the perceived
distance of the comparison and the perceived dis-
tance separating the comparison from the standard.
In addition, the response time for distal size scaling
was unaffected by variation of proximal size. These
results, along with introspective reports, indicated
that distal size, as defined by pictorial cues, was scaled
by counting or subitizing the number of standard
units subtended by the comparison. This sort of size-
scaling process is similar to the linear measurement
process involved in the psychophysics of line length
(e.g., Hartley, 1977, 1981). In our case, however,
the ‘‘standard unit” was defined by linear perspective
and textural detail so that the scale unit remained a
constant distal size throughout the array. The results
for retinal instructional conditions indicated that
proximal size was also scaled by this sort of counting
strategy. However, the nature of the scale unit dif-
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fered from the one used for distal size scaling. Spe-
cifically, for proximal size scaling the observers at-
tempted to define the standard unit independently of
the perspective array.

The lack of an effect of distance between the stan-
dard and the comparison on the time required to
scale distal size suggests that repeated use of the same
standard allowed the observer to maintain a mental
representation of the standard unit throughout the
textured array. Hence, the observer could apprehend
the number of such units subtended by the compari-
son, regardless of position of the comparison in the
array. These results are consistent with the notion
that the perception of distal size in pictorial arrays is
based on properties of scale (see Gibson, 1950, 1966).
In other words, the textural and perspective detail
of the pictorial array provides a referent scale unit
of constant distal size that serves as the ruler for an
explicit size measurement process. There were no in-
dications that absolute distance and proximal size in-
formation entered into the size-scaling process.

The present study extends this analysis to compar-
ative judgments of distal size, as defined by pictorial
cues, by examining the manner in which variations
of size and distance affect the time required to make
“‘same-different’’ judgments of distal size. Two pos-
sibilities are suggested by the results of Uhlarik et al.
(1980). One possibility is that observers separately
scale the two sizes relative to a perceptual unit and
then simply compare outputs. This strategy predicts
no effect of distance on reaction time, but, instead,
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predicts that reaction time will depend primarily on
the distal sizes of the two stimuli. The other possi-
bility is that the observer compares the two stimuli
directly. According to this strategy, the ‘‘measuring
unit’’ would be the scale transection made by one of
the stimuli, and the process would terminate when
the second stimulus was assessed to have transected
an equal or unequal portion of the perspective array.
Because the referent stimulus would vary on each
trial, the observer would be unable to preselect a
standard distal unit to use throughout the array.
Hence, on each trial, prior to making the size com-
parison, the observer would have to project the scale
transection made by one stimulus into the same depth
as the other stimulus. This projection would take
time and should produce a reaction-time function
that increases with the relative distance of the two
stimuli. That is, distance would have to be normalized
before comparative judgments of distal size could be
made. This transformation is conceived here as being
similar to the analogue processes required to make
comparative shape judgments when the relative stim-
uli differ in orientation and/or size (cf. Bundesen
& Larsen, 1975; Cooper & Shepard, 1978; Dixon &
Just, 1978).

The principal characteristic of both the measure-
ment and the normalization strategies is that they rely
directly on the properties of the scale implicit in the
perspective array. We expect no evidence that ob-
servers somehow assess and integrate absolute prox-
imal size and absolute distance information in order
to compute distal sizes algorithmically and compare
them. The assessment of proximal size, relative to
that of distal size, takes considerable time and effort
(Uhlarik et al., 1980), and reliance on absolute prox-
imal size in the present study would produce sys-
tematic effects on reaction time,

METHOD

Subjects

Eight introductory psychology students served as subjects for
course credit. Normal visual acuity, or vision corrected to at worst
20/30, was a prerequisite for service in the experiment.

Stimuli

It has been demonstrated that relatively accurate distance per-
ception is maintained for both photographs and perspective draw-
ings of three-dimensional scenes (e.g., Hagen, 1978; Hagen &
Jones, 1978; Smith & Gruber, 1958; Smith, Smith, & Hubbard,
1958). Furthermore, Uhlarik et al. (1980; cf. Gibson, 1971) have
provided evidence suggesting that the same size-scaling processes
underlying constancy evoked by real three-dimensional scenes are
present in the perception of two-dimensional arrays. In an attempt
to eliminate systematic reaction-time effects due to accommoda-
tion and vergence eye movements necessary to fixate objects at
different distances, the viewing conditions in the present study in-
volved only pictorial cues for depth that could be displayed in a
single depth plane. Figure 1 shows an achromatic example of the
photographic stimulus array, which consisted of red cardboard
squares on a receding surface.

The stimulus array was photographed with a 35-mm single-lens
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reflex camera with a 50-mm/1.4 macrolens. The camera was
mounted with the lens .7 m above the textured array. Slides were
made from Kodak high-speed Ektachrome (E6) film with a lens
opening of /22, which allowed the stimulus blocks to be ade-
guately focused at all distances.

The three-dimensional array consisted of two .92 x 7.3 m
panels of textured cloth joined by a visible seam. Fach panel had
a slight crease down its middle. The cloth was dark blue with white
polka dots 6 mm in diameter and uniformly distributed at a den-
sity of .6/cm?. The array was placed on the floor of an evenly
illuminated room, Because the lighting came from directly above
and extended uniformly throughout the array, no shadows were
cast by the stimuli. The stimuli consisted of red cardboard squares
of various sizes photographed at various distances from the camera.

Two squares were presenied on any given trial, and the ob-
server’s task was to decide if the squares were of the same or
different distal sizes. For purposes of experimental design, the
square on the left side of the array was arbitrarily designated as
the standard. It had a distal width of either 10 or 15 cm and was
presented either 2 or 8 m from the camera (observer). The com-
parison square was always on the right side of the array but could
be at any of five photographic distances (2, 3, 4, 6, or 8 m). The
comparisons varied in size as described below.

There were 20 stimulus pairs in which the standard and the com-
parison had the same distal sizes, with the comparison occurring
at each of the five distances; the first comparison-size column of
Table 1 summarizes these ‘‘same’’ stimuli. There were 40 stimulus
pairs in which the standard and the comparison had different
distal sizes, with the comparison occurring at each of the five dis-
tances; the second comparison-size column of Table 1 summarizes
these ‘‘different”’ stimuli.

In addition there were two sets of control stimuli. There were
16 stimulus pairs in which the standard and the comparison had
different distal sizes but subtended the same visual angle, with the
comparison occurring at each of the four distances other than the
distance of the standard; the left side of Table 2 summarizes
these control “‘different’’ stimuli. There were 16 stimulus pairs in
which the standard and the comparison had different distal sizes,
with the comparison occurring at the same distance as the stan-
dard; these control ‘‘different’’ stimuli are summarized in the right
side of Table 2. Note that there are five stimuli listed in Table 1
that are also included among the control ““different’’ stimuli in
Table 2 because, for these stimuli, the standard and the compari-
son had equal proximal sizes or were presented at equal distances.

Some filler stimuli were also included, and these consisted of an
additional set of 20 ‘‘same’’ stimuli involving the distal sizes 5
and 20 cm. This additional set served two purposes. First, it al-
lowed for the approximate equalization of the number of ‘‘same”’
and “‘different”’ stimuli in each session. Second, without it, ob-
servers could conceivably have based their judgments on the fact
that all 5- and 20-cm distal size stimuli were *‘different’’; the fillers
served to decrease the utility of this extraneous cue. These stim-
uli were considered fillers, not experimental stimuli, because no
““different”’ stimuli having 5- or 20-cm standards were included.

Procedure

Stimuli were presented by a random-access slide projector in
conjunction with a rear-projection screen 1.9 m from the lens of
the projector and .76 m from the observer. The projected field
was .46 m high and .32 m wide. The visual angle subtended by the
blocks as projected on the screen duplicated those that would have
been subtended if an observer were substituted for the camera
in the three-dimensional photographic field. Furthermore, the
borizon line (as defined by the linear perspective) in the pictorial
array was set at the observer’s eye level. The projection screen
was viewed binocularly; the observer’s viewing position was re-
stricted with a head- and chinrest. These procedures were designed
to duplicate the three-dimensional scene as closely as possible.

Observers were instructed that each slide contained two red
cardboard squares standing perpendicularly to the floor, and that
their task was to decide if the two squares were of the same or
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Figure 1. An achromatic example of the pictorial array with a ‘‘same’’ stimulus combination. The stimuli
include the 15-cm square (standard) at 2 m and 15-cm square (comparison) at 4 m.

different sizes, regardless of position. They were told that, al-
though the projected image of any square gets smaller with in-
creasing distance, they should not be concerned with image size
but should base their judgments on the actual or objective sizes of
the squares placed on the receding three-dimensional surface.

Each observer was tested individually. The observer initiated a
trial by pressing a switch that both started a timer and opened a
shutter on the slide projector. Verbal ‘‘same’’ or ‘‘different’’ re-

sponses activated an electronic voice key that both stopped the
timer and closed the projection shutter. Feedback regarding
whether a judgment was correct or incorrect in terms of the ob-
jective instructional set was provided after every trial. Trials on
which errors occurred were repeated once, later in the same ses-
sion. Prior to the initiation of each trial, the observer fixated a
luminous 6-mm point on the projection screen. To control for any
possible systematic differences in visual search time involved in



Table 1

Standard and Comparison Combinations
for “Same” and “Different” Stimuli

COMPARATIVE JUDGMENTS OF DISTAL SIZE

Standard Comparison Size
Distance Size “Same” “Different”
2 10 10 5,15
2 15 15 10,20
8 10 10 5,15
-8 15 15 10, 20

Note—Distance is given in meters; size is given in centimeters.
Each comparison stimulus was presented at each of five photo-
graphic distances: 2, 3, 4, 6, and 8 m.

scanning the array, half the observers fixated the dot at the middle
of the top edge of the array, and the other half at the middle of
the bottom edge. Each observer was tested in four sessions on dif-
ferent days. Different random orders of the stimuli were used for
each session, which contained four replications of ‘‘same’’ stim-
uli, two replications of ‘‘different”’ stimuli, and two replications
of the “same’’ filler stimuli. In a single session there were 120
“same’’ stimuli and 134 ‘‘different”’ stimuli. The first session was
considered practice and was not used in the final data analysis.
At the beginning of each session, subjects were presented 24 warm-
up trials.

RESULTS

Separate analyses of variance were performed for
the ‘‘same”’ stimuli and the three types of ‘‘differ-
ent’’ stimuli. These analyses were performed on
“correct’’ RTs when available. That is, when the ob-
servers made an error, the trial was later repeated.
If the response was correct the second time, that RT
was used in the data analysis, However, when errors
occurred on both the initial and repeated presenta-
tions of a stimulus, the first ‘‘incorrect’’ response
time was included in the data anlysis. This occurred
only among the experimental ‘‘different’’ stimuli
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(i.e., Table 1) and accounted for 2.2% of the data
entries for that condition. Analyses based only on
correct responses revealed results essentially equiv-
alent to those discussed below,

Same Stimuli

The design for the ‘‘same’’ stimuli consisted of five
factors: position of the fixation point (top or bottom),
replications, size of the standard (10 or 15 cm), dis-
tance of the standard stimulus from the camera (2 or
8 m), and the distance ratio of the standard and the
comparison (see Table 1). The overall error rate was
4.3% and generally increased with distance ratio. An
analysis of variance of RT for the stimuli having dis-
tance ratios greater than 1.0 showed a significant
main effect of distance ratio [F(3,18)=19.21, p < .01],
shown in Figure 2. RT increased monotonically with
relative distance, and, excluding the first data points
(distance ratio=1.0), which represent the ‘‘same”’
stimuli having no distance disparity, the increasing
functions are approximately linear. In addition to
this main effect, the distal size of the standard inter-
acted with distance disparity [F(3,18)=6.88, p < .01].
This interaction, shown graphically in Figure 3, re-
flects a difference in slope associated with the 10-
and 15-cm standards. No other main effects or inter-
actions were statistically significant.

The ‘“‘same”’ stimuli having a distance ratio of 1.0
represent the special case of identical stimuli pre-
sented side by side; they were not included in the
analysis above but were analyzed separately. The
only statistically significant effect associated with
these stimuli was a main effect of position of the
fixation point [F(1,6)=20.36, p < .01]. The top fix-
ation led to overall faster response times than the
bottom fixation.

An analysis of variance that included both sets of

Table 2
Stimulus Combinations for the Control “Different” Stimuli
Standard Comparison
Distance Size Variation of Distance Variation of Proximal Size

Distance Ratio (Comparison/Standard) Proximal Size Ratio (Standard/Comparison)

1.5 2.0 3.0 4.0 1.5 2.0 3.0 4.0

3) “) (6) 8) 2) (2) (2) 2)

2 10 15 20 30 40 6.7 5.0 3.3 2.5
2 15 27.5 30 45 60 10 1.5 5.0 3.8
Distance Rgtio (Standard/Comparison) Proximal Size Ratio (Standard/Comparison)

1.3 2.0 2.7 4.0 13 2.0 2.7 4.0

©) 4) (3) (2) (8) (8) (8) (8)

8 10 7.5 5.0 33 2.5 13.3 20 26.7 40
8 15 11.2 7.5 56 3.7 20 30 40 60

Note-Distance is given in meters; size is given in centimeters. Entries represent the distal size of the comparison stimulus. The
distance of the comparison (from camera) is indicated in parentheses at the top of each column.
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Figure 2. Mean reaction time as a function of distance ratio for
‘“‘same’’ stimuli. Dotted lines connect points having zero distance
disparity (distance ratio =1.0).

1800

1600 r

-
s
o
(=]

10cm
{o,0)

REACTION TIME (msec)
]
[
[e]

DISTANCE OF
STANDARD:
1000 as2m
ao8m
800 . . N
1 2 3 4

DISTANCE RATIO

Figure 3. Mean reaction time as a function of distance ratio for
‘‘same’’ stimuli shown for both the 10-cm and 15-cm stimuli.

‘“‘same’’ stimuli revealed results identical to those re-
ported here for the ‘‘same’’ stimuli involving dis-
tance ratios greater than 1.0.

Different Stimuli

The statistical design for the ‘‘different’’ stimuli
(Table 1) was similar to the design for the ‘‘same”’
stimuli. However, there was one additional factor
because the comparison stimulus could be either
smaller or larger in distal size than the standard.
The effect of distance ratio on RT for the ‘‘differ-
ent’’ stimuli is shown in Figure 4 and is similar to
the data shown for ‘‘same’’ stimuli in Figure 2. Over-
all, these ‘‘different’’ stimuli led to a high error rate,
16.4%, and these errors were clustered among stimuli
with large distance disparities. For example, three
subjects consistently judged the 15-cm standard at
2 m to be equal to the 20-cm comparison at 8 m.
Apparently, for some subjects, some of the distal
size differences were not discriminable at the greater
distance disparities. However, the striking similar-
ities in the RT functions for the ‘‘same’’ and ‘‘dif-

ferent’ stimuli (compare Figures 2 and 4) suggest
that, in spite of some subjects’ difficulties in making
correct discriminations for the greater distance ratios,
they nevertheless utilized a consistent response-
decision strategy. Apparently, errors were, in gen-
eral, not aberrations in the information-processing
sequence but, rather, a failure of resolution. In sup-
port of this assertion, we note that the RT data for
the three subjects mentioned above were similar to
the functions shown in Figures 2, 3, and 4.

An analysis of variance on the ‘‘different’’-stimuli
RTs revealed that, overall, slower times were asso-
ciated with the 15-cm standard than with the 10-cm
standard (1,231 msec and 1,145 msec, respectively)
[F(1,6) =20.20, p < .01]. In addition, there was a sig-
nificant main effect of distance ratio [F(4,24)=18.82,
p < .01]. As shown in Figure 4, reaction time in-
creased with distance ratio. For these ‘‘different”
stimuli, proximal size varied simultaneously with
variations in distance. However, the variation of
proximal size was not exactly reciprocal to the vari-
ation in distance. Consequently, the F ratio for dis-
tance ratio does not accurately reflect an impact of
proximal size ratio. For the ‘‘same stimuli’’ (see Fig-
ure 2), proximal size and distance varied both con-
comitantly and reciprocally, and therefore it is not
possible to determine which of the two dimensions
is responsible for the increasing RT functions in Fig-
ures 2 and 3. For the ‘‘different’’ stimuli condition,
however, these stimulus dimensions were not perfectly
correlated. For example, a standard-comparison dis-
tance ratio of 2.0 could be associated with proximal
size ratios ranging from 1.0 to 4.0. When the data
summarized in Figure 4 are partitioned and replotted
as a function of proximal size ratio, different func-
tions result. The data are noisy and, in fact, do not
increase monotonically with proximal size ratio. A
regression analysis indicated that only 24% of the
variance could be accounted for by a linear relation-
ship between proximal size ratio and reaction time,
For the mean response times in Figure 4, on the other
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Figure 4. Mean reaction time as a function of distance ratio
for “‘different’’ stimuli.
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hand, linearity accounts for 85% of the variance.
This finding suggests that distance rather than prox-
imal size is the critical dimension and that proximal
size ratio has little systematic effect on reaction time.

Control Stimuli

When the standard and comparison differed in size
but not distance (Table 3, right side), there was an
overall error rate of 0.0%. An analysis of variance
of RTs showed a main effect of size ratio [F(3,18)
=23.25, p < .01]. As shown in Figure 5, RT decreased
systematically with size ratio. All other main effects
and interactions were not statistically significant.
There was no impact of replication on the effect of
size disparity. This result is important because, other-
wise, the decreasing function may have simply been
the result of observers’ learning that unusually large
or small sizes were invariably associated with the ‘‘dif-
ferent’’ response. That type of learned response
would have produced a replication by size disparity
interaction.

When the standard and the comparison differed in
distance but not in proximal size (Table 3, left side),
error rate was low (.3%). An analysis of variance of
RT indicated significant main effects of the size of
the standard (930 and 890 msec for the 10- and 15-cm
standards, respectively) [F(1,6) =14.10, p < .01], the
distance of the standard from the camera (854 and
966 msec for the 2- and 8-m distances, respectively)
[F(1,6)=32.32, p < .01], and distance ratio [F(3,18)
=26.06, p < .01]. All other effects were statistically
insignificant, and, again, there was no impact of repli-
cation on the effect of distance ratio. The effect of
distance ratio is shown in Figure 6. When the prox-
imal sizes of the standard and the comparison were
equal, an increase in distance ratio was associated
with a decrease in RT. However, pairwise compari-
sons indicated that the only RT decrement that was
statistically significant was between distance ratios
1.3(1.5)t0 2.0 [F(1,18)=36.73, p < .01].
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Figure 5. Mean reaction time as a function of proximal size
ratio for the control ‘‘different”’ stimuli varying in size but not
distance.
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Figure 6. Mean reaction time as a function of distance ratio for
the control ““different’’ stimuli varying in distal size and distance
but not proximal size.

In addition to these effects, there was a three-way
interaction involving these same factors: size of stan-
dard, distance of standard, and distance ratio [F(3,18)
=5.45, p < .01]. This interaction was due to slightly
different rates of decline in RT as a function of dis-
tance ratio for the various sizes and positions of the
standards. Finally, there was a main effect of fixa-
tion position [F(1,6)=13.87, p < .01]. Overall, the
top fixation position led to faster response times than
the bottom fixation did.

It should be noted that the results summarized in
Figures 2-6 are inconsistent with the results obtained
in similar experiments by Broota and Epstein (1973;
Epstein & Broota, 1975). In those studies, observers
made comparative distal size judgments under three-
dimensional viewing conditions, It was reported that
reaction time, regardless of stimulus class (e.g.,
‘‘same,”” ‘‘different,”’ ‘‘different’’ controls, etc.),
varied as a function of the mean distance from ob-
server to stimulus, and there were no systematic ef-
fects of the distance separating the stimuli. A differ-
ence between the studies that may be important is
that the present study used only pictorial cues to depth
in order to control for accommodation and vergence
eye-movement time. If an observer’s normal resting
vergence and accommodation were set for distances
closer than the stimulus array, then reaction time
would be expected to increase with observer-stimulus
separation simply as a result of the adjustments neces-
sary to fixate objects at different distances. This
peripheral effect on reaction time could have over-
shadowed an effect of relative distance, since Broota
and Epstein used only a small range of distance ratios.

Scanning times between the standard and compari-
son stimuli represent a similar type of confounding
in the present study. As the interstimulus distance
increases, so does the scanning time required to se-
quentially fixate the two stimuli. Hence, one might
expect RT to increase with distance disparity due to
this factor alone. Two different fixation positions
were included in an attempt to weigh the impact of



184 PRINGLE AND UHLARIK

scanning time. There were few effects of this factor
on response time. There were no effects of fixation
position on ‘‘same”’ stimuli or experimental ‘‘differ-
ent” stimuli. The effects that occurred for the ‘‘same’’
stimuli that had zero distance disparity (distance
ratio =1.0) and the control ‘‘different’’ stimuli were
interpretable in terms of eye-movement patterns.
However, the “‘scan times” involved were small (e.g.,
35-70 msec) and cannot, in and of themselves, ac-
count for the increments of 700 msec in Figures 2,
3, and 4. Also, one would not expect the functions
in Figures 2-4 to be linear if they reflected eye scan.
Indeed, an eye-scan interpretation would more likely
predict functions that are curvilinear with distance
ratio, because the vertical, projected separations
among the five successive photographic distances de-
crease with distance due to foreshortening. Further-
more, these functions should be different for ‘‘top-
down”’ vs. ‘“‘bottom-up’’ fixation points and differ-
ent for standards at 8 vs. 2 m. For example, 7 deg
of visual angle on the viewing screen separated the
stimuli presented at 2 and 4 m, whereas approximately
1 deg separated stimuli presented at 6 and 8 m. The
RT functions, particularly those in Figure 2, are
nearly linear, and fixation point did not interact with
position of standard and distance ratio. In addition,
this scan-time explanation would predict increasing
RT functions for the ‘‘different’’ stimulus control
condition in which distance but not proximal size
varied (Figure 6), but the experimental result did not
agree with the prediction. Furthermore, it would be
difficult to account for the interaction involving size
of standard and distance ratio (Figure 3) with a scan-
time explanation.

Data on saccadic eye movements also make a scan-
time explanation of our results unlikely. The latency
to make lateral saccadic eye movements is on the
order of 150-200 msec (Saslow, 1967a, 1967b), but
the difference in the rotal time required to make sac-
cades to displacements of 8 vs. 16 deg is only a few
milliseconds (Saslow, 1967b). Our observers were
required to make a saccade on every trial, because
a displacement of 15 deg separated the bottom fix-
ation point and the nearest stimulus (presented at
2 m), and 7 deg separated the top fixation point and
the nearest stimulus (presented at 8 m). On the other
hand, only 13 deg separated stimuli presented at the
closest (2 m) and farthest (8 m) distance. Insofar as
the latency to make the movement seems to be the
most time-consuming and, once initiated, saccades
are very fast (up to a peak velocity of 830 deg/sec;
Alpern, 1971), it seems unlikely that differences in
vertical displacement of the stimuli on the viewing
screen could account for the observed changes in RT
as a function of distance ratio.

DISCUSSION

For the ‘‘same’’ stimuli and the experimental *‘dif-

ferent’’ stimuli, RT increased as a function of the
relative distance from the observer to the standard
and the comparison squares. The absolute distance
of the stimuli from the observer (camera) had little
effect as indicated by the nearly overlapping func-
tions in Figures 2 and 4. That is, whether the stan-
dard was 2 or 8 m from the observer, RT increased
systematically with relative distance, and, further-
more, there was no slope difference between the two
functions. These results are consistent with a trans-
formation process that normalizes the stimuli with
respect to distance. The greater the distance ratio,
the more time is required to complete normalization.
Ignoring the special case in which the standard and
the comparison are identical (distance ratio=1.0),
the RT functions are approximately linear with the
relative depth implicit in the pictorial array, not with
the vertical distances actually separating the stimuli
on the projection screen. Thus, the ‘‘distance nor-
malization’> cannot be simply a translation on the
picture plane; more likely, it is a movement in per-
ceived depth. The discontinuity in the RT functions
that occurs between distance ratios of 1.0 and 1,3/
1.5 presumably reflects the time required to invoke
normalization processes. No normalization would be
required for distance ratios of 1.0. These interpreta-
tions of the data are consistent with introspective
reports: Subjects reported mentally projecting one
stimulus through depth until it was adjacent to the
other stimulus. Presumably, only at that point was
the distal size comparison made. In other words, in
order to make comparative judgments of distal size,
one stimulus or its size equivalent (e.g., a projected
scale transection) must be mentally moved through
depth until it is in the same depth plane as the other
stimulus.

Although distance would be the normalized dimen-
sion, proximal size would also have to be adjusted as
the stimulus is moved through depth. Otherwise, the
distal size of the stimulus would not be preserved.
However, this proximal size adjustment might be ac-
complished indirectly by ‘‘zooming’’ the stimulus ac-
cording to perspective cues in the array. Hence, we
do not suggest that the observer need actively coor-
dinate this proximal size transformation with move-
ment in depth. Rather, the perspective cues inherent
in the stimulus array provide the scale whereby the
proximal size-distance zooming might be accom-
plished. That is, the observer would move or follow
a scale transection from standard to comparison,
and that process would, ipso facto, result in the
proximal size zooming. One could argue that the
presence of the scale would obviate the need for the
normalization process; a more straightforward strategy
would involve measuring one stimulus with reference
to the scale, measuring the other stimulus in the same
manner, and then comparing outputs. Presumably,
such a process would lead to RT functions indepen-
dent of distance and proximal size. In that case, the
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critical variable for RT would be the number of units
subtended by the figures, that is, their distal sizes.
However, such measures take considerable time (e.g.,
1,500 to 2,500 msec; see Uhlarik et al., 1980), and
performing two such measures prior to comparison
would require response times much longer than those
obtained in this study. Thus, it seems more likely
that subjects directly compare scale transections
made by the two stimuli, that is, that they project
one stimulus or its transection into the same depth
plane as the other to make the match. The perspec-
tive elements of the array could serve to funnel one
stimulus through depth. The larger the stimulus, the
more elements involved in the definition of the fun-
nel, and that additional load could conceivably slow
the rate of normalization. A slower rate of normal-
ization for larger stimuli would be the basis of the
interaction between the size of the standard and the
distance disparity among the ‘‘same’’ stimuli shown
graphically in Figure 3. That stimulus parameters
sometimes affect normalization rate has been re-
ported in the context of mental rotation (see, e.g.,
Corballis & Roldan, 1975; Hochberg & Gellman,
1977; Pringle & Cowan, 1978). Presumably, such ef-
fects are due to an additional ‘‘load’’ arising from
certain types of stimulus complexity on the mental
transformational process. Variation of size in the
present context may exert a similar effect.

The normalization model is supported by the de-
creasing RT function obtained for the control ‘‘dif-
ferent’’ stimuli involving the standard and the com-
parison stimuli presented at equal distances. Since
there is no need to normalize distance when only
size varies, discrimination RT functions should result
(see Johnson, 1939; Snodgrass, 1975). That is, for
the larger size differences, the differences are more
apparent, and consequently more quickly detected.
This type of decreasing RT function was also found
for the ‘“different’’ control stimuli whose distal size
and distance were different from, but proximal size
equal to, those of the standard. As distance dis-
parity increases, thereby increasing the distal size dis-
parity, the discrimination becomes easier rather than
more difficult. In the normalization model presented
above, distance must be normalized whenever the
standard and comparison differ with respect to dis-
tance. The data shown in Figure 6 suggest that the
model fails in this case. This figure plots RT as a
function of distance ratio when the proximal sizes
of the standard and comparison are equivalent. If
distance always had to be normalized, Figure 6 should
show an increasing RT function similar to the func-
tions obtained in Figures 2, 3, and 4. Instead, RT
initially decreases and then levels off with distance
ratio. To hold proximal size constant in this condi-
tion, the distal size ratio had to increase in propor-
tion to distance ratio. Perhaps normalization is re-
quired to compare nearly equal distal sizes, but may
not be required when distal sizes are grossly differ-
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ent. Similar conditional normalization models have
been proposed to account for number comparison
processes (e.g., Dixon, 1978; Pringle, 1979, Note 1),
Another possible explanation is that normalization
is required for the stimuli in question, but, following
completion of normalization, the time to complete
size judgment generally decreases with size ratio.
Then each successive increment in the distal size ratio
would be associated with a normalization function
having a lower y-intercept. Overall, the RT function
in Figure 6 could result.

A third approach based upon a somewhat algorith-
mic account of distal size perception may be equally
capable of accounting for the data. Suppose the ob-
server used the following decision strategy to make
comparative distal size judgments: (1) If the prox-
imal sizes and the distances of the two squares are
both equal, then the distal sizes must be equal; (2) if
either proximal sizes or distances are equal, but not
both, then the distal sizes must be unequal; (3) if
proximal sizes and distances are unequal, then one
cannot determine whether the distal sizes are equal
without further processing. Normalization of dis-
tance would certainly be a candidate process in the
latter case. Once distance (or proximal size, for that
matter) was normalized, the task would reduce to
case 1 or case 2. Since cases 1 and 2 are based upon
discrimination alone, one would expect decreas-
ing RT functions similar to those obtained in Fig-
ures 5 and 6. When both the proximal sizes and the
distances differ, on the other hand, one would expect
increasing RT functions characteristic of normaliza-
tion, such as those found in Figures 2, 3, and 4.

Although there is insufficient evidence to allow a
choice among these models, each proposes normal-
ization of distance to account for the RT functions
in Figures 2, 3, and 4. A nonnormalization model
could be based on the observation that variability
of size and distance ratio judgments increases with
the magnitude of the relevant ratio (Baird, 1970).
Variability can be considered an index of uncertainty;
hence, RT to scale size or distance ratios ought to
increase with the stimulus ratio. Suppose the ob-
server scaled the proximal size ratio of the standard
and comparison, scaled the distance ratio, and then
compared the results. A ‘‘same’’ response would oc-
cur when the ratios were perceived equivalent (i.e.,
reciprocals). Regardless of whether the proximal size
and distance ratios were established in series or in
parallel, an RT function that increased with distance
ratio would result. This approach could, in principle,
account for case 3. It combined with the algorith-
mic approach to cases 1 and 2 described above, the
nonnormalizing model can account for the prin-
ciple qualitative aspects of the data.

This model has some difficulty in accounting fcr
the near linearity of the increasing RT functions and
accounting for the slope differences for the 10- and
15-cm standards in Figure 3. Why, assuming RT is
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a linear function of uncertainty, should uncertainty
increase faster with size and distance ratios of a 15-cm
standard than a 10-cm standard? A slightly different
approach is to assume that the increasing RT func-
tions are the direct result of the scaling processes
themselves rather than the result of increasing levels
of uncertainty. The ratio scaling of proximal size is
known to produce an increasing RT function, and
the data suggest the increment is due to ‘“laying-off’’
processes (see Uhlarik et al., 1980); perhaps the ratio
scaling of distance is based on a similar strategy. The
completion of both scaling processes in series or in
parallel would then produce the requisite RT func-
tion. This model could account for the near-linearity
of the RT functions. Furthermore, the interaction in
Figure 3 is very similar to an effect of the size of the
standard stimulus on the ‘‘laying-off’’ RT functions
in judgments of area and numerosity (Pringle & Nagel,
Note 2). One difficulty with both of these scaling
models is that several studies have shown distal and
proximal size scaling to be a rather slow process rel-
ative to the RT data obtained in the present study
(see Hartley, 1981; Uhlarik et al., 1980). Assuming
that distance ratio scaling has a similar time course,
and assuming that the two scaling processes occur
in series, then the resultant RT function would have
little resemblance to those shown in Figures 2, 3, and 4.
In any case, the present study has taken an infor-
mation-processing approach to comparative judg-
ment of distal size, and the results indicate that nor-
malization of distance may be an integral part of that
process. In whatever manner the distance normal-
ization model is refined to accommodate the results
in Figure 6, the properties of scale, as defined by the
perspective and textural details of the pictorial array,
are conceived here as the basis for the distance trans-
formation. Whether the stimulus itself or merely its
scale transection is funneled through depth, the prop-
erties of scale would provide the grammar to allow
preservation of the distal size of the stimulus through-
out the displacement process. Thus, the present study
proposes related models of how distal size scaling,
based solely on properties of scale, might be accom-
plished.
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