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Jacobs and Michaels (2001) have argued that increased
precision in judgments of the viewing distance to a per-
cetved event should be attributed in part to perceptual
learning. They found that observers used feedback to at-
tune to the appropriate information variables gradually.
McConnell, Muchisky, and Bingham (1998) had found
that observers used feedback to calibrate event-specific
scaling coefficients, that the calibration of one type of
event generalized to other types, and that calibration oc-
curred suddenly. We argue that Jacobs and Michaels must
be partially correctand that, in our experiments, both cal-
ibration and perceptual attunement were required for ac-
curate and precise judgments.

McConnell, Muchisky, and Bingham (1998) investi-
gated whether gravitationally governed forms of motion
and timing in events could be used to perceive absolute
scale (either size or distance) in events. This had been ex-
amined in previous studies that had provided evidence in
support of the hypothesis. However, only one type of event
had been investigated in each study. This allowed the
possibility that subjects simply detected a temporal prop-
erty (e.g., an event duration, a peak velocity, or a mean
velocity) that covaried with the spatial scale. To control
for this, we asked observers to judge absolute spatial scale
(either size or distance) in a variety of different gravita-
tionally governed events (i.e., free fall, ballsrolling down
inclines at different angles, and pendula of different
lengths). An event-specific scaling coefficient was re-
quired to map temporal properties to scaled spatial prop-
erties. The point was that a different scaling coefficient
would be required for each different type of event, so that
a simple covariation between spatial scale and temporal
properties was broken. The idea was that the form of the
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motion in the event would specify to an observer the ap-
propriate scaling relation that would then map the avail-
able temporal property to the requisite spatial property.

Given the design of our study, there were a number of
different temporal properties that could be used in this
way. We performed analyses by assuming the use of event
durations. For each event, we computed a physically cor-
rect coefficient that transformed times to either object
sizes (Experiment 1) or viewing distances (Experiment 2).
We derived physical coefficients by measuring times in
the displays and regressing them on the corresponding
sizes or distances. We did the same by using judged sizes
or distances to derive the coefficient values represented
by the observers’ performance. We then compared the
physical and the perceptual coefficients. It is possible
that some or all of the observers used a different tempo-
ral property than event duration. They might equally well
have used peak velocity or average velocity.! If observers
used mean velocity instead of event duration, a different
set of coefficients would be entailed, but those coefficients
would covary perfectly with those for event duration, and
the analysis would otherwise be the same. We made no
attempt to discriminate among temporal properties that
could be used by observers in this way. However, our
multievent design did explicitly allow us to discriminate
between the use of properties that specified absolute spa-
tial scale and those that did not. For instance, if observers
had simply assigned numbers to detected durations or to
detected velocities, this would have been revealed by the
resulting poor performance. That is, judgments would not
have covaried with the actual spatial scale.

In our first experiment, observers judged the size of
the ball in the various events. We obtained results that were
comparable with those in previous studies. On average,
judgments covaried with actual sizes, but performance
was highly variable, owing to a large amount of between-
subjects variability. In a second experiment, we tested the
effect of feedback in calibrating the judgments and re-
ducing between-subjects variability. We found one-trial
learning in which the variability collapsed to yield rela-
tively accurate and precise performance. Also, feedback
provided for only one type of event was found to gener-
alize across all of the other types of events. We computed
both physical and perceptual event coefficients and found
that they correlated very well. However, we also found
that the ratios of the physical coefficients correlated with
the ratios of perceptual coefficients with a slope (.96)
closer to 1. Even with calibration, relative scale was per-
ceived more accurately than absolute scale.

We had suggested that observers’ judgments correctly
reflected the relations among events (as reflected in rel-
ative scaling and in the ratios of the coefficients) but that
feedback was required to calibrate the absolute values of
the coefficients. Akin to the strategy used by Raibert
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(1986) in the organization and design of stable and ef-
fective robots, we suggested that perceptionis attuned to
approximate linear regularities without sensitivity to the
effects of variations in friction or mass. Feedback can be
used to achieve rapid, one-trial calibration that then takes
into account these other factors. (See also Pizlo and Rosen-
feld, 1992, and Pizlo, Rosenfeld, and Weiss, 1997, for an
engineering approach to the derivation of “approximate
invariants” that is similar in spirit.)

Jacobs and Michaels (2001) noted that we had failed
to perform an analysis of the perceptual event-specific
coefficients obtained from judgments made before feed-
back was provided. In this case, we would predict that
the ratios among the coefficients would be the same as
that found after feedback had been provided, because
calibrationis not required for relative scaling. In our sec-
ond experiment, observers had judged displays of only
one type of event before they received feedback, so this
data would not be appropriate for the analysis. However,
observers had judged multievent displays without feed-
back in Experiment 1. They had judged object size rather
than viewing distance, so the values of the physical co-
efficients would be different from those in Experiment 2.
Also, there were more events than in Experiment 2. Table 1
contains the physical and perceptual coefficients derived
from the datain Experiment 1. These were derived in the
same way as those shown in Table 5 of McConnell et al.
(1998). The regression of physical coefficients on coef-
ficients derived from judgments yielded an 72 (.99) that
was quite high, although the slope (.77) was low. The lat-
ter reflects the inaccuracy of the coefficients, whereas
the former reflects the accuracy of the relations among
them. The respective ratios are shown in Table 2. We in-
clude only ratios for events used in both Experiments 1
and 2, to keep Table 2 comparable to Table 6 in McCon-
nell et al. The regression of physical ratios on ratios de-
rived from judgments yielded a high 2 (.99) once again
as shown in Figure 1, but this time the slope (.91) was
close to 1, as was predicted. Using the ratios in Table 6
of McConnell et al., we computed the mean absolute dif-
ference between the corresponding ratios (physical vs.
those derived from judgments) in proportion to the mean
physical value. We did the same using the data in Table 2.
The results were 9% and 8.7%, respectively. So, the ratios
among the coefficients were equally accurate in the two
cases, before and after feedback.

Table 1
Event-Specific Scaling Constants

Event Physical From Judgments
FF 76.93 60.54
StS 28.64 23.77
MS 25.21 20.31
ShS 18.05 17.40
SP 16.01 12.18
MP 11.45 9.87
LP 9.24 8.28

Note—FeE free fall; StS, steep slope; MS, medium slope; ShS, shallow
slope; SP, short pendulum; MP, medium pendulum; LP, long pendulum.
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Table 2
Ratios Between Events for the Scaling Constants
Shown in Table 1

Event Physical From Judgments
StS-MS 1.14 1.17
StS-ShS 1.59 1.37
StS-FF 0.37 0.39
StS-MP 2.50 2.41
MS-ShS 1.40 1.17
MS-FF 0.33 0.34
MS-MP 2.20 2.06
ShS-FF 0.24 0.29
ShS-MP 1.58 1.76
FF-MP 6.72 6.13

Note—FeE free fall; StS, steep slope; MS, medium slope; ShS, shallow
slope; MP, medium pendulum.

Jacobs and Michaels (2001) argued that the improve-
ment in precision that occurs when observers are given
feedback cannot be attributed only to the calibration of
scaling coefficients. Overall, precision is a function of
both between-observers variations and within-observers
variations in judgments. We attributed the reduction in
between-observers variation to calibration of scaling co-
efficients. Jacobs and Michaels showed that reduction in
within-observers variation (and presumably, also some
reduction in between-observers variability) must be at-
tributed to perceptual learning or attunement. Observers
were shown to use feedback to discover which optical
variables yield specification of the event properties of
interest. A difference in the two cases (i.e., calibration vs.
perceptual attunement) is that calibration appears in our
study to have occurred very rapidly (within a single trial),
whereas perceptual attunement was more gradual, oc-
curring over a significant number of trials, in Jacobs and
Michaels’ study. Although a significant proportion of the
improvement in performance in our study should accord-
ingly be attributed to calibration (because it occurred
within a single trial), some should probably be attributed
to perceptual attunement as well.2 In fact, we suggest
that perceptual attunement should be expected to occur
in most perceptual studies. The reason is as follows.

The standard paradigm in perceptual studies is to iso-
late in displays the information variables to be tested.
Isolating hypothetized information variables entails the
removal of the structure that the perceptual system may
normally rely on. Investigators have effectively assumed
that the information variables under study are detected
and used independently in normal environments, but this
is unlikely to be the case. When the observeris confronted
with isolated variables, it is likely that he or she has to
learn to use the information in its isolated state. Either
observers have to learn to use it for the first time (because
they do not normally use it), or they have to learn to use
it out of context. A third possibility combines these first
two. The structure in context is actually a different (but
closely related) variable, and so when taken out of con-
text, the variable is effectively new and must be learned
as such. Think of techniques for isolating optic flow from
texture gradients. This must be perturbing (and ontolog-
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Figure 1. Ratios of mean observer constants regressed against
the ratios of physical constants.

ically problematic) because, by definition, optic flow
carries optical texture into texture gradients. The two,
flow and gradients, are not separate. Similarly, looking at
a distant object necessarily entails a number of relational
states (accommodation, convergence, parallax, perspec-
tive on a ground surface) that did not obtain in our ex-
periments or in Jacobs and Michaels’s (2001). Bingham
and Shull (1999) found that the presence of a visible
ground plane was required to allow calibration of reaches
from haptic feedback to generalize to all locations across
reach space. So, the isolation of information variables
(e.g., removing ground texture to isolate parallax, or
event-specific variables) is likely to be highly perturb-
ing and nonrepresentative. The presence of gradual per-
ceptual attunement would provide a good indication that
this is so.
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NOTES

1. We assumed that observers were not using acceleration. As was
discussed by Jacobs and Michaels (2001), Hecht, Kaiser, and Banks
(1996) found evidence leading them to suggest that observers use mean
velocity, rather than acceleration, to judge spatial scale. This was con-
sistent with other evidence showing that human observers are not very
sensitive to accelerations at low to moderate velocities.

2. Some subjects in the experiments of McConnell et al. (1988) were
found to be using image size to make their judgments. The displays
were designed explicitly to control image size by holding it constant.
Accordingly, those subjects were treated as having misunderstood the
task and were removed from subsequent analysis. (Their judgments
never varied.) Of course, it is precisely this type of performance and
subject that Jacobs and Michaels (2001) featured in their study. Because
McConnell et al. removed them, the results were bound to be different.
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