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This experiment studied the effects of direction of
bracket , height of bracket, and attachment or interspace
on the apparent length of a line with bracket
attachments. Results showed that outward brackets
produced longer lines than inward brackets, interspacing
produced longer lines, and increasing height of the
brackets produced convergence of inward and outward
functions . These results were considered partial support
for the application of Day's general constancy
explanation to the brackets illusion.

Recently there has been much interest in constancy
scaling accounts of geometrical illusions. Perhaps the
best known and most controversial work is that of
Gregory (1963 . 1965). who proposed to account for
these size illusions in terms of misapplied constancy
scaling produced by perspective cues for depth in the
presence of constant-size retinal images. Subsequently, a
number of experimental reports have shown that this
theory is limited in scope (Day, 1965: Fisher, 1968).
Much of Gregory's evidence for his theory was based on
the Mueller-Lyer illusion, but Massaro & Anderson
(1970) have shown that the theory implies incorrect
predictions about the three-dimensional version of this
illusion.

More recently Day (1972) has proposed a general
account of visual spatial illusions that does not rely on
the perspective cue to depth. Day drew attention to the
fact that there are many sources of information for
depth. and proposed that all that is required for an
illusion to occur is that there be a variation in one of
these cues for depth in the presence of a fixed retinal
image size.

While Day's (1972) paper did not specifically refer to
the brackets illusion depicted in Fig. 1, he noted that a
wide range of terminal attachments produce an illusion
similar in form to the traditional arrows of the
Mueller-Lyer illusion. He further pointed out that the
outward-directed attachments generally produce an
illusion three to four times that of the inner-directed
elements. suggesting that the outward and inner
attachment effects are probably separate illusions. On
his theorv , the outward effect is due to the size of the
attachments. the inward effect being determined by the
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inner space defined by the inner attachments. Both the
size of the att achments in the outward version and the
inner space in the inward version are assumed to be
distance stimuli which normally act to preserve size
constancy.

As little previous work has been reported with the
brackets illusion. the parameters of inward and outward
attachment. height of attachment. direct attachment or
interspace between line and attachment. and line length
were varied in a factorial design. The following
predictions were made on the basis of Day's account :
(1) There should be a significant inward-outward effect.
the outward brackest producing longer mean estimates
than the inner brackets . (1) As the inner space defined
by the brackets is assumed to be the basis for the
judgment with inward attachments. the presence of an
interspace between the bracket and line should produce
a longer line for these attachments. However. as size of
the attachments is assumed to be the critical cue for the
outward brackets . there should be no effect of
interspace for the outward figure. In analysis of variance
terms. this prediction implies a significant Interspace by
Direction of Bracket interaction. (3) As larger size is a
cue to nearer distance. the constancy-scaling mechanisms
should produce judgments of smaller lines with taller
brackets for the outward brackets . However. as inner
space between the ends is the cue for the inner-directed
attachments, varying size should have no effect for
them , as the length of the inner space is constant . only
its height being varied. Again. this prediction assumes a
significant interact ion. Height by Direction of Bracket.

METHOD
Sugjects

The Ss were 72 males and 48 females enrolled in an

Fig. 1. The brackets illusion. The line with outward-directed
brackets appears longer than the line with the inward-directed
brackets.
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Fig. 2. Mean apparent length of center line plotted as a
fun ction of he ight of bracket. Solid lines represent
outward-directed and broken lines represent inward-directed
brackets. Open circles represent connected lines. closed circles
represent interspaced lines .

in trod uc to ry course at the Univers ity of Califo rnia. San Diego.
While most Ss had some knowledg e of geome tric illu sions, the y
were not aware of th e speci fic pred ict ions of th e ex peri me n t.

Stimuli
The st imu li wer e cons tructed with the ap propriate values for

the fac tori al design, Lines . 74 . 92. l ID. and 128 mm lon g. wer e
posit ion ed cen tra lly on a wh it e shee t . 279 x 2 16 mm in size . on e
line per shee t. T he brackets had a widt h of 26 rnrn and vari ed in
heigh t, being 37. 74. II I . or 148 mm in height. For those car ds
on which th ere was an in te rspace bet ween th e line and th e
br acket s. th e in te rspace was 13 mm. On hal f of th e cards . th e
br ack et s faced inw ard s. on th e o the r half. a u twards,

Procedure
Sm all groups of Ss wer e presented with the stimuli on e at a

time. in random order. Thev wer e instru cted to mak e magnitude
esti ma tes of th e cen te r hori~on ta l straigh t line, -

Data Analysis
Raw sco res for each stim ulus were transform ed bv dividing

eac h per son's es tima te of th at stim ulus by the same person's
estima te fo r the 128-mm-long line with in terspace and
148-mm-high ou tward brack et s. As th is trans for ma tio n resu lt s in
zero variance on estimates for the latter lint' , thelt'l el o f
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14 ~' 1ll 1ll -h i L' h brack ets lias no t used in subseq uen t ana lysis , T he
remaining duta wer e subje cted to ana lysis of variance accord ing
to a 2 bv 2 b v 3 b v 4 w ithin-S design, with direct ion of brack ets,
in te rspace. bi acke i height . and line-length as fac to rs.

RESULTS
The mean length . averaged over all conditions, for the

inward bracket lines was 0 .767 . and that for outward
bracket tines was 0 .78 1. the direction of brackets factor
being significant [F(l ,119) = 35 .251 , P < .0 1] . The
overall effect in interspacing appeared to be relatively
const ant for both inward and outward brackets; the
mean difference between the mean inward brackets
(averaged over all other conditions) for the connected
and interspaced lines was 0 .23 , and that for outward
brackets was 0.25 . The Interspace by Direct ion of
Br a cket inter a ct ion was not sign ificant
[F(1.11 9) = 0.199 , p> .05] . However , there was a
significant Height by Direction of Bracket interaction
[F(2 ,238) = 3.851 , P < .05], and the third-order
Interspace by Direct ion of Bracket by Height interaction
was also significant [F(2 ,238) = 6.145 , p < .0 1] . Plots
of the mean line lengths for each height of bracket , for
direct ion of bracket , and for the connected -interspace
factor are shown in Fig. 2. Contrary to pred iction from
Day's account, the interspace had an effect on outward
bracket lines as well as on inward bracket lines . In his
account , it was predi cted that the effect of bracket
height would be on the outward bracket lines, such lines
being judged smaller with increasing height. As can be
seen in Fig. 2, this predic tion was confirmed. It should
be noted that the effect was greater on the connected
lines than on the lines with the interspace.

With the inward brackets, increasing height initially
works in opposite direct ions for the connected and
interspaced lines. For the connected line, it results in a
small increase in length , whereas for the interspaced line,
it produces a marked dec rease in length. However, both
the inward functions converge tow ard their respect ive
outward functions with the largest height. It would
appear that increasing height affects the judgment of line
length over only a restricted range, and that for larger
changes in size the discrepancy in length estimates
between lines with inward and out ward brackets
dec reases.

DISCUSSION
The present results part ially suppor t th e applica ti on of Da y' s

general consta ncy ex plana tio n to th e brackets illusion. It co uld
be argue d that th e convergen ce of th e inward and outward
func tions for th e largest height b racket helps define the lim it s
over which such cons ta ncy scaling applies. T he long er appar ent
lengths for the line s with in terspaces shown in rig, 2 wo uld be
accounted for on a constan cv seali ng th eorv bv assurnins that
th e inte rspace resu lts in a iud !!ment "tha t su'ch iine s are f~rther
away and hence longer.'Thi s im plicat ion could be test ed
em pirica lly by view ing luminous vers ions of th e illusion in the
dark.
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A comparison of presentation rates
using a missing item probe test of immediate memory"

NANCY S. ANDERSONt and V. DAVID BURNS
Lniversity ofMaryland, College Park. Md. 20742

Two experiments are reported in which presentation
rates were compared using a "missing-item " probe
technique for digit lists of 12 or 16 items. The results
replicate previous studies (e.g ., Waugh & Norman, 1965)
in that probability of recall was found to be a
monotonically decreasing function of the number of
intervening items and no significant differences were
found between presentation rates. The results are
interpreted as further evidence against a time decay
hypothesis in immediate probed recall.

Several hypotheses have been proposed to explain the
result that. when memory is tested at brief delays

'This research was supported in part by a grant from the
Biomedical Sciences Support Center of the University of
Maryland to the Center for Language and Cognition, and the
computer t ime was supported through the facilities of the
Computer Science Center.

'tRequests for reprints should be sent to Nancy S . Anderson.
Department of Psychology. Universitv of Maryland. College
Park. Md . 20742 .
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following presentation , more recent list items are
recalled with a higher probability than earlier items
(recency effect). Brown (1958) argued that an item's
trace strength decays over time. whereas other
investigators (e.g., Waugh & Norman. 1965) have
concluded that interference resulting from the
presentation of subsequent items is the primary cause of
the effect. Of course, both factors could contribute to
forgetting, as has been shown by Wicklegren (1970) .

One method of distinguishing among the hypotheses
is to compare performance across presentat ion rates.
Unfortunately this comparison is complicated by the
presence of differential time for rehearsal or encoding
across presentation rates and by the possibility that
order of recall interacts with presentation rate
differences (posner, 1964). The latter difficulty can be
avoided by requiring the recall of only a single item
within each list, e.g., by presenting a single-item probe
and instructing Ss to recall the item which followed it in
the original list (Waugh & Norman. 1965). Waugh and
Norman also instructed their Ss not to rehearse previous
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