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It is natural to think about visual perception in terms of the 
processing of individual elements, such as features, objects, 
and scenes. In real-world visual experience, however, it is also 
useful to summarize the distribution of information averaged 
across many such elements. For example, suppose you are 
picking apples at an orchard. In choosing a tree, it is not suffi-
cient to evaluate the size and ripeness of a single apple, and it 
may not be feasible to evaluate each apple on every tree. 
Instead, it is most useful to summarize each candidate tree—for 
example, in terms of the average size and ripeness of its apples. 
Such averaging can be done numerically (for a review, see Pol-
lard, 1984), but here we are interested in the possibility that 
these types of ensemble features, which we call statistical sum-
mary representations (SSRs), can be extracted efficiently in the 
course of visual processing. In fact, the visual system seems 
able to extract SSRs—with surprising speed and accuracy—
over many different dimensions of visual scenes, including size 
(e.g., Ariely, 2001), length (e.g., Weiss & Anderson, 1969), 
inclination (e.g., Miller & Sheldon, 1969), motion direction 
(e.g., Dakin & Watt, 1997), speed (e.g., Watamaniuk & Duchon, 
1992), orientation (e.g., Parkes, Lund, Angelucci, Solomon, & 
Morgan, 2001), and spatial position (e.g., Alvarez & Oliva, 

2008). The visual system can even extract higher-level proper-
ties, such as the average emotion of a group of faces (e.g., 
Haberman & Whitney, 2007, 2009). For the purposes of this 
article, we focus on perception of average size.1

An Example: Perception of Average Size
The phenomenon of size averaging has spurred a considerable 
amount of recent research. For example, when faced with a 
display of discs of varying sizes, observers are able to accu-
rately report their average size, even while unable to judge 
whether particular individual sizes were present (Ariely, 
2001). This phenomenon also works as a striking demonstra-
tion: This task can sound daunting, but it is surprisingly easy 
to simply see the average. This ability is even more fascinating 
given that it persists when the display is presented very briefly 
(down to 50 ms), and with considerable variation in the 
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Abstract

Beyond processing individual features and objects, the visual system can also efficiently summarize scenes—for example, allowing 
observers to perceive the average size of a group of objects. Extraction of such statistical summary representations (SSRs) is fast 
and accurate, but researchers do not yet have a clear picture of the circumstances in which they operate. Previous studies have 
always used discrete input—either spatial arrays of shapes or temporal sequences of shapes presented one at a time. Real-
world environments, in contrast, are intrinsically continuous and dynamic. We investigated the ability to compute average size in 
displays of objects (or sometimes a single object) that changed continuously, expanding and contracting over time. The results 
indicated that perceptual averaging can operate continuously in dynamic displays—sampling multiple times during a single 
continuous transformation with no discrete boundaries. Moreover, some dynamic changes (expansion) influence the resulting 
perceptual averages more than others (contraction), perhaps because of attentional capture. These results collectively illustrate 
how SSRs may be well adapted to dynamically changing real-world environments.
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number and density of discs, and the types of distributions 
from which their sizes are drawn (Chong & Treisman, 2003, 
2005b). This ability is present even in patients who cannot 
consciously perceive more than one or two objects at a time 
(Demeyere, Rzeskiewicz, Humphreys, & Humphreys, 2008).

Additional research has shown that this ability can operate 
selectively, averaging over only subsets of objects (e.g., those of 
a particular color; Chong & Treisman, 2005b), but cannot oper-
ate as efficiently over multiple dimensions simultaneously 
(Emmanouil & Treisman, 2008). Size averaging is also influ-
enced both by size illusions (which bias the input to the process; 
Im & Chong, 2009) and by attention (being facilitated by global 
but not focused attention, and being biased toward individual 
attended items; Chong & Treisman, 2005a; de Fockert & 
Marchant, 2008). The algorithm by which averaging occurs 
remains uncertain, however, as does the number of individual 
objects that are actually sampled (Ariely, 2008; Chong, Joo, 
Emmanouil, & Treisman, 2008; Myczek & Simons, 2008).

Some authors have suggested that the averaging process in 
some experiments may involve sampling only a few items in 
the display (Myczek & Simons, 2008). Others have countered 
that this possibility would require different post hoc heuristics 
for different experiments, that it fails to account for the inac-
curate individual membership judgments, and that participants 
are actually quite poor at implementing such heuristics when 
asked directly to do so (Chong et al., 2008). We also note that 
such heuristics would have to operate unconsciously under 
some circumstances, as it seems possible to average without 
consciously employing them. In any case, it seems critical to 
carefully consider the possible operation of such heuristics in 
averaging experiments—but, as noted later, such heuristics do 
not apply in any direct fashion to the present study, in which 
there was often only a single size present in the display at any 
one time. Of course, sampling is still an important (and even 
necessary) part of averaging over time, but such stimuli pre-
clude the operation of many “shortcut” strategies, such as sim-
ply sampling the largest and smallest items and averaging only 
those.

The Current Study: Averaging in 
Continuous Environments
To date, research on size averaging has always employed dis-
crete objects, presented either in static spatial arrays or in tem-
poral sequences, one at a time. The real world, in contrast, is 
intrinsically continuous and dynamic. Imagine, for example, 
that you see a herd of animals nearby on the savannah. Are 
they heading toward you? To answer this question, it would be 
more helpful to perceive the average direction of motion of the 
herd than that of a single animal (which could be misleading). 
In fact, SSRs are computed over dynamic information, such as 
motion direction, and speed (Dakin & Watt, 1997; Watama-
niuk & Duchon, 1992; Williams & Sekuler, 1984). Beyond 
this, though, it is also crucial in many natural situations for 
such processes to operate continuously over time, for at least 

two reasons. First, the averages being computed may often be 
moving targets (literally, in the case of the herd of animals, 
which may suddenly turn your way!), and an average that is 
only seconds old may already be obsolete. Second, even with 
static features, such as size, observers often will not encounter 
the relevant population in a single glance. As a result, averages 
may have to pool across time as well as space, and over indi-
vidual elements that are in flux.

Whereas some previous studies have explored perceptual 
averaging over time (Chong & Treisman, 2005a; Im & Chong, 
2009; Morgan, Watamaniuk, & McKee, 2000; Oriet & Corbett, 
2008; Weiss & Anderson, 1969), they have always used 
unchanging discrete elements presented one at a time. In con-
trast, the present study explored the ability to compute average 
sizes of continuously changing populations, such as a single 
object that is continuously expanding and contracting. Such 
computation could be especially challenging because averaging 
requires some discrete samples, yet there is no reason to expect 
that such discrete representations would be extracted from a 
continuously changing stimulus of this sort during the course of 
visual processing. In particular, note that within a given expan-
sion or contraction of a continuously changing object, there is 
no discrete feature or transient available to trigger the creation 
of a discrete visual representation. The only discrete moments in 
such stimuli (beyond the initial and final frames) are those sizes 
that serve as inflections in the size profile of the object over time 
(i.e., the final size of an expansion that is followed by a contrac-
tion, or the final size of a contraction that is followed by an 
expansion). We call these local minima and maxima in our 
study the “anchor points” of the display, and one possibility is 
that perceptual averaging of continuously changing stimuli is 
mediated by sampling only the discrete anchor points. True con-
tinuous averaging, in contrast, would require sampling the size 
of the object even during individual transformations.

In Experiment 1, we tested whether perceptual averages 
could be constructed from “moving targets”: Observers viewed 
a single disc that changed size continuously over time. In Exper-
iment 2, we explored whether observers were sampling continu-
ously from a single disc as it changed size. Finally, in Experiment 
3, we investigated whether the averaging process is biased to 
sample selectively from certain types of dynamic transforma-
tions more than others. Inspired by studies of attentional capture 
due to looming stimuli, we tested whether averages were biased 
toward the sizes of expanding objects, compared with those of 
contracting objects. (Note that this is an example of a question 
that could not be investigated with the previous experiments 
using discrete objects.) Collectively, these studies tested how 
well adapted this type of SSR is to dynamically changing real-
world environments.

Experiment 1: Averaging Values That Are 
Moving Targets
In an initial test of whether continuous transformations impair 
the computation of average size, observers were presented with 
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a single disc that continuously oscillated among different anchor 
sizes, and were asked to judge its average size over time.2

Method
Participants. Ten naive observers with normal or corrected-
to-normal visual acuity participated in a 1-hr session in 
exchange for course credit. Observers were offered an extra $5 
“prize” if their average accuracy exceeded 90% (a challenging 
criterion achieved by a single observer).

Apparatus. The stimuli were presented on a uniform gray 
background using custom software written using the Psycho-
physics Toolbox (Brainard, 1997; Pelli, 1997). Observers sat 
without head restraint approximately 50 cm from a 17-in. 
monitor in a dark room.

Stimuli. Each trial contained three types of discs: (a) a white 
test disc that changed size over time and served as the target of 
observers’ averaging, (b) a blue judgment disc that observers 
adjusted to make their response (always presented at the center 
of the display, with an initial diameter that varied randomly 
from 0.88° to 7°), and (c) a red feedback disc that subsequently 
appeared to indicate the correct average size. The test disc 
expanded and contracted continuously over time, moving 
through nine anchor points, each of which specified a different 
absolute diameter. On every trial, the smallest possible anchor 
point was chosen randomly from between 0.7° and 4.56°, and 
the largest from between 4.56° and 8.8°. The nine actual 
anchor points were then randomly chosen from 24 linearly 
spaced disc sizes within this overall range. On half of the tri-
als, the test disc was always presented in a single central loca-
tion. On the other half, the spatial position of this disc varied 
randomly over time, such that the disc moved linearly and 
continuously to a new random position inside an imaginary 
bounding box (4.23° × 1.88°) as its size passed through each 
anchor point.

Procedure. The test disc was presented at the beginning of 
each trial for 250 ms, after which it expanded and contracted 
a total of eight times, moving through nine anchor points. 
Each transformation took 750 ms, regardless of the magni-
tude of the difference between the starting and ending anchor 
points, and the size always changed at a linear rate. When the 
test disc reached its final anchor point, it disappeared and was 
replaced by a uniform gray screen for 1 s, and then the judg-
ment disc appeared in the center of the display.

Observers were instructed to adjust the judgment disc until 
it matched the average size of the test disc over time. They 
adjusted the size of the judgment disc via key presses corre-
sponding to either large (0.7°) or small (0.14°) adjustments, 
and then pressed another key to record their response. As a 
means of ensuring that observers made careful adjustments, a 
response on a given trial was not accepted until the observer 

had made at least one large and one small adjustment. After a 
response was recorded, two types of feedback were immedi-
ately provided: The feedback disc appeared in the display 
(either atop or behind the judgment disc, so that both were vis-
ible), indicating the correct continuous average, and two per-
centages appeared near the top of the display, indicating the 
observer’s accuracy for that trial and overall accuracy for the 
experiment up to that point. The feedback remained visible 
until a key was pressed, and then a uniform gray screen was 
presented for 1 s before the next trial began.3

Observers completed 200 trials (preceded by 4 practice tri-
als, the results of which were not recorded) and were encour-
aged to take a break every 50 trials, as indicated by periodic 
alert screens.

Results and discussion
Averaged across trials, accuracy was roughly equivalent to 
that reported in previous studies: The absolute value of the 
deviation between the reported and correct average sizes was 
12% (SD = 2%). These deviations did not differ depending on 
whether the test disc remained stationary or moved randomly, 
t(9) = 0.005, p > .99. They were composed of both underesti-
mates and overestimates, such that the average deviation tak-
ing the direction of the errors into account was an overestimate 
of only 0.8% (SD = 4%).

The observers’ task was to average continuously, and thus 
the correct response on each trial was determined by averaging 
the size of the test disc across each frame of the dynamic dis-
play. However, given the nature of these displays, this continu-
ous average (5.05°) did not differ from the average of the nine 
anchor points alone (5.05°). As a result, this initial experiment 
was not meant to demonstrate any sort of continuous averag-
ing per se: Observers’ responses were accurate, but could have 
been based on only the nine anchor points. What this initial 
experiment does show, though, is that the averaging process 
(whatever its input in this experiment) continues to operate in 
the presence of continuous dynamic transformations, and does 
not require discrete stimuli as input.4 This demonstration 
allowed us to explore, in Experiment 2, whether observers are 
able to average continuously, taking into account more infor-
mation than the nine anchor points.

Experiment 2: Continuous Averaging
In Experiment 1, observers had to report the average size of a 
single changing disc. Over what population did this averaging 
process operate? It is impossible to tell whether observers aver-
aged continuously, or only over the nine anchor points, because 
the resulting correct averages were necessarily so similar. In 
Experiment 2, we unconfounded these possibilities by manipu-
lating the speed at which the test disc transformed.

We divided each transformation—either an expansion or a 
contraction from one anchor point to the next—into two 
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halves, and varied how much time each half took. In particu-
lar, one half of each transformation always took five times as 
long as the other half. In the larger-continuous-average condi-
tion, the longer half of each transformation was always the 
half that had the larger continuous mean (i.e., the first half for 
contractions and the second half for expansions). In the 
smaller-continuous-average condition, these values were 
reversed: The longer half of each transformation was the sec-
ond half for contractions and the first half for expansions. 
These two conditions, depicted in Figure 1, were realized via 
matched pairs of trials (encountered at different random times 
during the experiment), with both trials in a pair using the 
same nine anchor points.

As in Experiment 1, observers were asked to report the 
continuous average—that is, the size of the test disc averaged 
across each frame of the display. If, despite these instructions, 
observers’ averages were computed only over the anchor 
points, then the speed manipulations would not alter their 
responses (because the anchor points were identical in the 
two conditions). However, if observers’ averages were com-
puted by sampling more continuously—over more than the 
anchor points—then their responses would be larger for the 
larger-continuous-average condition and smaller for the 
smaller-continuous-average condition.

Method

This experiment was identical to Experiment 1 except as noted 
here. Twelve new observers participated in exchange for either 
course credit or monetary compensation. Observers completed 
160 experimental trials (preceded by 4 practice trials, the 
results of which were not recorded)—80 larger-continuous-
average trials and 80 smaller-continuous-average trials (using 
identical anchor points), all randomly ordered. Each transfor-
mation lasted 1,200 ms, with one half lasting 1 s, and the other 
half lasting 200 ms. In the larger-continuous-average condi-
tion, the longer half was always the second half for expansions 
and the first half for contractions. In the smaller-continuous-
average condition, the longer half was always the first half for 
expansions and the second half for contractions.

Results and discussion
One observer was excluded from the analyses for having an 
overall error magnitude more than 2.5 standard deviations 
from the mean. Because each set of anchor points was used 
twice—once for each condition—the overall correct average 
size of the nine anchor points was identical for the two condi-
tions (5.08°). As a result of the speed manipulation, however, 

Larger-Continuous-Average
Condition

Smaller-Continuous-Average
Condition

E
xp

an
di

ng
C

on
tra

ct
in

g

200 ms 1 s 1 s 200 ms

1 s 200 ms 200 ms 1 s

Time

Fig. 1. Depictions of the dynamic manipulations used to test continuous averaging in Experiment 2. 
Each trial contained a single disc that changed continuously over time. Each transformation (either 
an expansion or a contraction) was divided into two halves—one of which took much longer than 
the other, so that the disc spent relatively more time being larger (in the larger-continuous-average 
condition) or smaller (in the smaller-continuous-average condition). See the text for details. Each trial 
involved eight such transformations, and the stimulus (shown here in black) was a white changing disc 
displayed on a uniform gray background.
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the overall correct continuous averages differed between the 
larger-continuous-average condition (5.35°) and the smaller-
continuous-average condition (4.79°). The key question in this 
experiment was whether observers’ reported continuous aver-
ages would differ between the two conditions, and in fact this 
difference was robust, t(10) = 16.06, p < .01. As Figure 2 
shows, this difference was also in the predicted direction: 
Reported averages were larger in the larger-continuous- 
average condition and smaller in the smaller-continuous- 
average condition. Moreover, the reported averages were 
extreme enough that the average in each condition differed 
significantly from the correct average of the nine anchor points 
alone. The reported continuous mean was 4.53% larger than 
the correct average in the larger-continuous-average condi-
tion, t(10) = 4.27, p < .01, and 2.22% smaller than the correct 
average in the smaller-continuous-average condition, t(10) = 
2.63, p = .03.

These results indicate, for the first time, that the computa-
tion of SSRs can operate effectively over continuous visual 
input. In particular, these results show that the averaging pro-
cess samples multiple times during a single continuous trans-
formation with no discrete boundaries. Future quantitative 
research may be able to investigate just how often observers 
sample in such situations.

Experiment 3: Selective Averaging of 
Behaviorally Urgent Objects

A central fact about visual perception is that the retinal 
input contains far too much information to process efficiently, 
and so the visual system must be intrinsically selective— 
prioritizing some parts of the input over others. Observers some-
times deliberately attend to certain objects, and previous work 
has shown that such endogenous selection can be used to con-
strain SSRs. For example, observers can choose to compute 
the average size of only discs of a certain color in a multicol-
ored display (Chong & Treisman, 2005b), and explicitly 
directing observers’ attention to a particular disc will bias the 
resulting average in the direction of that disc’s size (de Fockert 
& Marchant, 2008). Selection can also be exogenous, how-
ever, as when attention is automatically captured (see Egeth & 
Yantis, 1997; Most, Scholl, Clifford, & Simmons, 2005). 
Beyond simple physical transients, such as the sudden onset of 
an object (Yantis & Jonides, 1984), higher-level properties 
that reflect behavioral urgency can also be the basis for atten-
tional capture. In particular, looming stimuli (but not receding 
stimuli) have been shown to automatically capture attention, 
even when looming and receding are implemented via two-
dimensional expansion and contraction (Franconeri & Simons, 
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Fig. 4. Results of Experiment 3: response (average reported average disc 
diameter) and correct continuous average disc diameter as a function of 
condition.

2003; see also Franconeri & Simons, 2005; von Mühlenen & 
Lleras, 2007). Are SSRs also influenced by attentional capture—
perhaps automatically prioritizing behaviorally urgent objects?

In Experiment 3, we tested whether looming (expanding) 
and receding (contracting) objects differentially influence per-
ceptual averaging when both types of transformations are 
present in a multiobject display (see Fig. 3). We hypothesized 
that sampling occurs selectively, and that expanding discs will 
be sampled with a higher likelihood or more frequently than 
contracting discs, as a result of looming-induced capture. To 
test the automaticity of this effect, we employed a situation in 
which such a bias would impair performance.

Method
This experiment was identical to Experiment 1 except as noted 
here. Eleven new observers participated in exchange for mon-
etary compensation. No feedback was given. Each display 
involved the simultaneous presentation of eight discs. In order 
to determine the discs’ locations, we divided the display into 
an imaginary 4 × 3 grid, creating 12 possible locations. Each 
disc was randomly assigned a location without replacement, 
and then its position was randomly jittered (by up to slightly 
less than the radius of the disc). Over the course of 1.2 s, each 
disc either expanded or contracted gradually. We divided the 
eight discs in each display into two groups—a larger group 
(containing the four largest discs) and a smaller group (con-
taining the four smallest discs). In the larger-looming condi-
tion, discs in the larger group expanded while discs in the 
smaller group contracted. In the larger-receding condition, 
discs in the larger group contracted while discs in the smaller 
group expanded. These trials came in pairs, such that each 

larger-receding animation was identical to a larger-looming 
animation played in reverse. Consequently, the continuous 
average size was identical in the two conditions. In the larger-
looming condition, each disc in the larger group had an initial 
size randomly chosen from between 3.25° and 4.63° (and sub-
sequently expanded to a random size between 4.63° and 
6.00°), and each disc in the smaller group had an initial size 
randomly chosen from between 1.86° and 3.25° (and subse-
quently contracted to a random size between 0.50° and 1.86°). 
(In the larger-receding animations, these values were swapped—
as these trials were identical to larger-looming animations 
played in reverse.)

If perceptual averaging is biased toward behaviorally 
urgent objects, then observers would provide a larger average 
size in larger-looming trials than in larger-receding trials, even 
though these conditions had identical correct continuous aver-
ages (and also identical minimum and maximum disc sizes, 
etc.). Observers were instructed to judge the average size of all 
the discs over time during each trial. Observers completed 130 
larger-looming trials and 130 matched larger-receding trials, 
all randomly ordered (preceded by 10 practice trials, the 
results of which were not recorded).

Results and discussion
Overall accuracy was lower in both conditions than in the pre-
vious experiments (though still roughly equivalent to that in 
previous studies that used 75% thresholds): Averaged across 
trials, the absolute value of the deviation between the reported 
and correct average sizes was 18.55% (SD = 7.31%) in the 
larger-looming condition and 16.52% (SD = 4.59%) in the 
larger-receding condition, and these values differed, t(10) = 
3.27, p < .01. Critically, as depicted in Figure 4, observers’ 
reported averages were significantly larger on larger-looming 
trials than on larger-receding trials, t(10) = 2.80, p < .05. 
In this demonstration that attentional capture influences the 

Fig. 3. Depiction of the looming manipulation used in Experiment 3. During 
each trial, half of the items loomed (expanded), and the other half receded 
(contracted). The solid black discs represent example starting sizes, and the 
dashed circles represent example end sizes. The arrows indicate whether 
each disc is looming or receding. This figure depicts a display from the larger-
looming condition, in which the larger items are looming, and the smaller 
items are receding. (In the larger-receding condition, the transformations 
were reversed.) In the experiment, the discs were white, presented on a 
uniform gray background, and no dashed circles or arrows were visible in 
the displays.
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computation of SSRs, size averaging was biased toward loom-
ing (expanding) over receding (contracting) objects. (This 
attentional capture might also have interfered with the averag-
ing, resulting in lower accuracy than in the previous experi-
ments.) This phenomenon is an example of how a perceptual 
bias may lead to a type of subsampling in the averaging pro-
cess (see Myczek & Simons, 2008)—reflecting not an overt 
shortcut strategy, but rather an automatic visual routine.

General Discussion
The central finding of this study is that perceptual size averag-
ing is not isolated to discrete static displays, but rather can 
operate in some sense continuously—sampling the sizes of 
objects multiple times during ongoing transformations with no 
discrete boundaries. This process operates over arrays of mul-
tiple dynamically transforming objects, as well as over single 
objects changing over time—and the accuracy of the resulting 
averages appears to be in the same range as that with discrete 
static displays.

The discovery that SSRs can operate continuously allowed 
us to ask about other types of dynamic transformations, and to 
show that perceptual averaging automatically prioritizes some 
objects—in particular, looming objects, which have been 
shown to capture attention in other contexts. Though this type 
of prioritization was erroneous given our task demands (as 
observers were instructed to average the entire display), such 
biases may be adaptive in a more general sense. A purpose of 
SSRs may be to summarize a population when one cannot pre-
dict the individual members with which one will be interact-
ing. The behavioral urgency of looming objects in the real 
world, however, can effectively bias this probability—increas-
ing the likelihood that one will interact with the looming 
objects, and thus making a summary of those objects espe-
cially useful.

Previous research on SSRs has been limited to discrete dis-
plays of unchanging properties. The present demonstration of 
continuous averaging illustrates a way in which such process-
ing may also be well adapted to real-world visual experiences, 
which are intrinsically continuous and dynamic as a result of 
ongoing changes in both the observer and the environment.
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Notes

1. The existing work on SSRs in perception (including this article) 
has focused on statistical mean representations—for example, the 
computation of mean size, as explored here. It is an interesting open 

question whether other such summary representations, such as mea-
sures of the range or variance of set properties, can also be directly 
perceived. Measures of variance are particularly interesting given that 
some types of variance do seem to be available to visual processing— for 
example, the average cluster of a texture distribution, which is essen-
tially a measure of the variance of its density (e.g., Durgin, 1995).
2. Such displays cannot be readily depicted in a static figure, but 
dynamic animations of the stimuli for the three experiments in this 
article can be viewed on-line at http://www.yale.edu/perception/
SSRs/.
3. We provided feedback to reduce variance. Bauer (2009) made 
the important point that feedback can influence the nature of the 
results—for example, leading observers toward one measure of cen-
tral tendency over another. This is a concern for studies exploring 
the algorithm by which the averaging process operates (a focus of 
much of the work in the 1960s and 1970s), but there is no evidence 
that feedback can have dramatic effects on averaging abilities per se. 
In the present study, we based feedback on the arithmetic mean of 
the diameters as a case study of observers’ competence at intentional 
perceptual averaging of this type, without assuming that this is neces-
sarily the type of “average” that observers would choose to use on 
their own. We chose the arithmetic mean of the diameters in particu-
lar because (a) this has been the most commonly used metric in the 
literature on spatial size averaging, and (b) it does seem to approxi-
mate what observers use when averaging without feedback, when 
averaging both spatial arrays (Bauer, 2009) and temporal sequences 
(Weiss & Anderson, 1969). Note that the resulting absolute error rates 
underestimate the accuracy of the averaging process itself, though, 
because individual disc sizes are also estimated with some degree 
of error (typically being compressed in subsequent reports; e.g.,  
da Silva, Marques, & Ruiz, 1987; Teghtsoonian, 1965).
4. An additional experiment, not reported here, examined the abil-
ity to explicitly average the sizes of nine discs when they were pre-
sented in a single static array versus when they were used as the nine 
anchor points of a single continuously expanding and contracting 
disc (which froze for 250 ms at each anchor point so that it could be 
identified). Observers were instructed to report the average of only 
those nine sizes in both cases, and their accuracy was marginally  
better in the temporal case, t(13) = 1.88, p = .08. This result further 
suggests that sequential averaging of size in the presence of continu-
ous transformations is no less accurate than the more familiar case of 
spatial size averaging.
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