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screens used in Roy Lichtenstein's cartoons 
of the 1960s, Seurat's pointillist A Sunday 

Close Encounters-An Artist 
on the Grande Jatte (1884-1886), and the 
ancient mosaics at Delos and Pompeii. 
However, none used coarse grids to render 
three-dimensional shape, so there is no du- Shows that Size " ?cts Sha pe ality. The mosaics and the pointillist grids 
are too fine to readily disintegrate into flat 

Denis C. Pelli marks, and the benday screens are uniform, 
so that they are always flat at all distances. 

w e easily recognize objects of all Nearly all of Close's paintings are of The only precedent for the duality of Close's 
shapes and sizes, yet no one has heads produced by photographing the sub- recent heads may be the long-lost 4th centu- 
any idea how we do it. It seems ject, drawing a grid onto the photo and a ry (B.C.E.) skiagraphia paintings by Apol- 

obvious that we must see shape in the same similar grid onto the canvas, and meticu- lodorus in which he achieved intermediate 
way regardless of size, otherwise we would lously copying one square at a time from colors by juxtaposing large patches of un- 
recognize our friend or the letter "a" differ- photo to canvas (see cover, this issue). mixed colors that blended when viewed 
ently at each size or viewing distance (I). Seen from a great distance, the portrait is a from a distance (8). 
Yet the block portraits by the artist Chuck visually accurate reproduction of the pho- The Chuck Close retrospective (2) ex- 

7 
Close vividly show the size to. In his earliest paintings, Close copied hibits scores of block portraits, half in color 
dependence of shape percep- details within each square so that the origi- (like Bill II) and half in black and white, 
tion. When viewing any of nal grid is not visible in the result, but with a wide range of marks across the face 
Close's 1987-1997 portraits since 1973 he has usually filled each (5 to 21), face size (2 to 200 cm), mark size 
at their actual size (2), one square of the grid on his (0.5 to 9 cm), and mark 
can move forward and back, canvas with content that is $$ type. This variety allowed 
again and again, and the independent of the original us to undertake a pararnet- 
face, solid from afar, always photo. Close refers to each ric investigation of the size 
collapses into flat marks filled square as a "mark." dependence of shape per- 

when seen from near. The duality (solid In 1973, the scientists 1 ception. We used a psy- 
from afar and flat from near) of these paint- Harmon and Julesz pub- chophysical "nose test" to 
ings shows that size affects the perception of lished block portraits of measure the transition from 
shape, disproving the popular assumption Abraham Lincoln that were a flat to solid in 33 Close 
that shape perception is size-independent. important in vision science portraits. While looking at 
We have reproduced a recent Close block (5). Their "critical-band" . the painting, the observer is 
portrait, Bill I1 (1991), at one-third of its ac- explanation of the block- : asked to move forward and 
tual size (see figure, opposite page) to allow portrait effect implicitly as- . backward to find the view- 
readers to experience the dramatic effect of sumes size invariance and ing distance at which the 
size on what they perceive. Psychophysical thus predicts that face nose emerges from the can- 
measurements of observers viewing Close's recognition requires a cer- vas. (The instructions em- 
block portraits reveal the importance of size, tain number of marks per phasize the bridge of the 
that the effect is visual (perception) not opti- face independent of face nose to minimize the effect 
cal (physics), and that it involves a competi- size (but they only tested The "OSe test- The face of the nostrils, which Close 
tion between the face and its constituent the effect at one small size). width Of portraits plotted usually renders with detail 
blocks to engage our perception of shape Close, too, showed his first again* the number Of marks across exceeding that of the grid.) 
from shading. block portrait (dot drawing) the face. The regression lines. one From afar, the nose (illurni- 

Aristotle (3) noted that shape perception in 1973 (6). Unlike Close's for each Of five (account- 
ing for half of the variance), are nated from the side) ap- 

could be independent of size only for sizes recent work, the early block plob of the resub for judging nose pears to stick out from the 
that q e  neither so huge as to exceed our vi- portraits by Close, and on each of the 33 gid- canvas. AS the viewer ap- 
sual field (-135" visual angle subtended at those by Harmon and ded from the ChudtClose proaches, the nose sudden- 
the eye) nor so tiny as to exceed our visual Julesz, had small ( 4  cm) retrospedive (except the Keith~x ly collapses, becoming a 
acuity (0.1"). As visual acuity (the fineness blocks that viewers never ~~~~i~~~ series) (2). x and 0 are flat patch of unevenly col- 
of vision) is largely determined by optics, approached closely enough raw data for two observers. Size in- ored skin. The transition is 
the assumption among vision scientists has to experience the full duali- dependence predia a vertical line. abrupt. The observer is 
been that observers identifl the shape of the ty (7). Instead, viewers ex- five Lines have log-log slopes asked to find the transition 
(blurry) retinal image independently of its perienced only a weak close to 1 (mean 1.0, SD 0.4, point, and the critical dis- 
size. This age-old assumption seems to be one-time effect, elegantly showing that the perceived shape tance is measured from the 
supported by both common experience and described by Harmon: does depend on size. observer's eye to the paint- 
priming experiments (in which the speed "Viewed from close up, ing. Clearly, size does mat- 
and accuracy of target identification are un- these 'block portraits' appear to be merely ter because the face is perceived differently 
affected by the size difference between target an assemblage of squares, . . . [but] once a at different sizes (viewing distances). 
and prime images) (4). face is perceived it becomes dzflcult not to When viewing all possible block por- 

see it, as ifsome kind ofperceptual hystere- traits there is a division into two domains: 
sis prevented the imagefim once again dis- The face is seen as flat in one domain and 
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ber of marks across the face is fixed. The 
critical face width in degrees is the angle 
subtended by the face at the critical viewing 
distance. We plotted critical face width 
against the number of marks across the face. 
The five solid lines represent the results 
from the viewing of 33 block portraits by 
five observers (see figure, opposite page). 
There are obvious differences between ob- 
servers, presumably because each must set 
his or her own internal criterion for nose 
emergence. If shape perception were size- 
independent, the plot would be a vertical 
line. Instead, the modest positive slopes in- 
dicate that people need more marks to see 
the nose stick out on larger faces. The five 
lines have slopes close to 1, demonstrating 
that critical face width is proportional to 
number of marks across the face. From the 
slope of the lines it is clear that the mark 
size (face width in degrees divided by num- 
ber of marks across the face) is constant. So, 
it is the critical mark size (roughly 0.3") that 
divides the flat from the solid domain. Por- 
traits are seen as flat when marks are lager 
than 0.3", and solid when marks are smaller 
than 0.3". for faces of all sizes. 

The &e of mark used may account for 
much of the residual scatter of the points 
about the lines in the graph. Close has tried 
many types of mark, and they affect the crit- 
ical distance at which the nose collapses. 
The Keith/Six Drawings Series (1979) of 
Close portraits are all the same size, based 
on the same photograph and grid, but use 
very different marks (watercolor dots, fin- 
gerprints, ink stick scribbles, and white 
ContC crayon) and have different critical 
mark sizes, ranging from 0.2" to 0.7". 

But can the size effects of Close's paint- 
ings be explained by simple optics? Vision 
scientists, taking size independence for 
granted, have supposed that increasing the 
viewing distance reveals the face simply be- 
cause it increases the blur, wiping out the 
grid. By taking off one's glasses (or putting 
on someone else's), one can blur the image 
(remove the grid) and the face is revealed, as 
viewers of Close's paintings often discover 
for themselves. ~ u t ,  whereas one could (at 
least in principle) walk far enough away 
from a block portrait to achieve the same 
blur as the wrong glasses provide at short 
distances, in fact, the size effects that are 
most salient in the Close exhibition occur 
over modest distances (<6 m) at which the 
eye's blur is only a fraction of a mark. Read- 
ers can try this for themselves by finding the 

$ points of nose emergence with and without 
their glasses, and comparing the appearance 

2 of Bill II and their visual acuity (size of 
smallest readable letter) between the two 

2 conditions. Defocus (blur) reveals the nose 
$ only when it completely smears out the grid, 
8 at an acuity of about one mark (see acuity 

Faces are but a gallery of pictures. Bill 11 (1991), a block portrait by Chuck Close, reduced to one-third 
of its actual size and cropped. Compare its appearance from near and far (>5 m) or compare it with the 
tiny copy of Bill I1 (see opposite page, top). Ignore the pupils, nostrils, and the line between the lips, 
which have much higher resolution than the 1.3-un grid that represents the rest of the face. Below each 
letter in the eye chart is a number indicating its size (the observer's acuity) as a fraction of a mark (a 
filled square of the painting's grid). (Oil on canvas, 92.4 x 76.2 cm. Photograph by Bill Jacobson.) 

scale on figure, this page). But when the ob- 
server simply increases viewing distance, 
without defocus, the grid is still apparent 
when the nose pops out, at an acuity of 
about a quarter mark. 

To unequivocally conclude that per- 
ceived shape depends on the size per se of 
the retinal image, we tested a condition in 
which the retinal image changes only in 
size. We compared critical distances while 
looking through either a 1- or 2-mm pin- 
hole; these artificial pupils are sufficiently 
small to make the eye diffraction-limited 
(the quality of the image depends only on 
pupil size) (9). The eye's blur with the 1-mm 
pupil is twice as big as, but otherwise identi- 

cal to, its blur with the 2-mm pupil. (The 
retinal illuminances are equated by adding a 
25% transmission neutral density filter to 
the 2-rnm pupil.) If we perceived the retinal 
image's shape independently of its size, then 
the critical image size should double when 
we double the blur. In fact, we find that the 
critical image sizes are identical, showing 
that retinal image size, not blur, determines 
the perceived shape. 

Observers must see marks both substan- 
tially larger and smaller than 0.3" to experi- 
ence duality. To collapse reliably, a portrait 
composed of 0.4-cm marks (like Harmon 
and Julesz's Lincoln) must be viewed from 
less than 40 cm, closer than most viewers 
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will come. For 2-cm inaks. or larger, as in 
Close's recent 1987-97 poi-traits (see colel; 
this issue) that distance is at least 2 111. 

which most viewers cross as they approach. 
Some forins of camouflage, like a tiger's 
sh-ipes, inay break up the animal's shape on- 
ly when seen froin lery near. Most percep- 
tion textbooks show a spotted Dalmatian, 
initially lost in a background of spotty shad- 
ows, but \vhicl~ usually appears quickly and 
never goes away (like Haimon's description 
of seeing Lincolil with sinall blocl<s) (10). I 
find that the Dalmatian, like a block portrait, 
does break up reliably into mere flat spots 
when enlarged (or approached) to make the 
spot spacing exceed 0.3". 

Testing a wide range of sizes revealed 
that the division between seeing a block por- 
trait as flat or solid occurs at a critical illark 
size of 0.3" (which is independent of the 
nu~nber of inarks per face). This refutes the 
size invaliance of shape perception and Har- 
mon and Julesz's critical-band theoiy of the 
block-portrait effect. It seeins that the blocl<s 
(or their edges) (11) compete with the face 
to capture the visual shape-from-shadii~g 
process. The size and type of the marl<s de- 
termine their power of attraction. This conl- 
petition is bottom-up, determined by the 
stin~ulus, not top-down, controlled by the 
obsewer. Close concedes that, painting at 
aim's length, even he cannot see the face un- 
less he backs away (2). 

One might suppose that Close was a 
nai've artist, obsessed by grids. who inno- 
cently produced the coarsely gridded paint- 
ings that we use here to reveal the size de- 
pendence of shape perception. In fact, Close 
has devoted his career to studying just that: 
"The se~portmitfioi72 1967-68 is the jifirst 

portwit head that I yairzted . . . The idea 
wa,r. to 17zake sonzething that Itus ,yo large 
that it co~lld not be ~eadilj) seen as n whole 
ilnd force flze \,ielver. to scar1 Ae inzcrge in u 
B~obr(l'ngrzagiaiz 15.a~; as ifthej. were Gc/lliv- 
erk Lilliyz/tiaizs cm~vli t~g over the sz/r$ice of 
the jilce, jtilling illto a nostril and tripyiug 
over u i~ic/~rache hair" (2). He was inore 
thorough than his scientific colleagues; the 
size of the marl<s in his block poi-traits in- 
creased by 15% per year from 1973 (0.4 
cm) to 1997 (9 cin). He made sure that exhi- 
bitions of his \vorl< \vould convey the idea, 
canceling a retrospective that could not pro- 
vide long viewing distailces. So credit 
Chuck Close with discovering this size-de- 
pendent breal<do\vn of our ability to extract 
shape froin shading, well within the bounds 
of our visual field and acuity. 
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Hawaiian Plume Dynamics 
John Lassiter 

T 
he Hawaiian Islailds have long shaped 
geologists' views about Earthh iilteri- 
or. The apparently fixed positioil of 

the Hawaiian "hot spot" led to the theory 
that deep-seated plumes of hot, buoyant 
inailtle were responsible for ocean island 
volcanism at Hawaii and many other ocean 
island chains (1). Cl~einical and isotopic dif- 
ferences between ocean island basalts and 
mid-ocean ridge basalts have long been used 
bv geocheinists to cons&ain models of man- , "  
tle coi~vection and the chemical evolution of 
Eai-th (2-4). In this issue, Blichert-Toft e f  cil. 
( 5 )  present evidence from hafnmm isotopes 
suggesting that ancient deep ocean (pelagic) 
sediinents are present in the source of soine 
Ha\vaiian lwas. Iinportant ill its own right; 
this result also suggests that coinbilled geo- 
chemical and seisinologic study of  the 
Hawaiian "plume" may help resolve one of 
the illost inlportailt and long-standing ques- 
tions in earth science: \vllether convection of 
Earth's inantle is lavered. 

Evidence for layered ~uantle coi~vection 
coines primarily from geochemistry. Mass 
balance appears to require that a substantial 
portion of Eai-th's mantle is less depleted in 
eleinents concentrated in the continental 
crust [such as large-ion litl~opl~ile (LIL) ele- 
ments] than the l~igl~ly depleted upper mail- 
tle sa~npled at mid-ocean ridges (2, 4). Rare 
gas isotope distributions, especially for Ar 
and He, also suggest that part of Earth's 
mantle retains a large fraction of its priinor- 
dial gas budget, as well as a large fraction of 
the '"Ar produced by the decay of -"'K (3, 

4). To have preserved this reservoir for the 
age of the Earth, the reservoir inust re- 
main convectively isolated from the upper 
mantle, \vl~ere the processes of crust forina- 
tion at mid-ocean ridges and island arcs 
have stripped a large fraction of the initial 
rare gas and LIL elements. A reasonable lo- 
cation for this gas- and LIL-rich reservoir is 
therefore the lower mantle. The change in 
mantle inineralogy that occurs at a depth of 
660 lun, indicated by a seismic discontinu- 
ity, was long believed to act as a barrier to 
convection; blocltiilg transfer of cold down- 
welling slabs or hot upwelling plumes. The 
660-1111 discontinuity was therefore thought 
to marl< the boundary between a depleted 
upper inantle and a inore primitive lower 
inantle (6, 7). 

This inode1 is not consistent with recent 
seismic tomographic images, which are 
widely interpreted as indicating that inally 
subducting slabs do not stop at the 660-lull 
discontinuity, but continue to descend deep 
into Earth's interior (8, 9). If a substailtial 
fraction of subducted slabs have penetrated 
into the lower inantle for much of Eai-th his- 
tory, significant long-lived cheinical layer- 
ing is difficult to preserve (10).  However; 
seisinic tomography can oilly provide a 
snapshot of the current thei-lnal structure of 
the mailtle. Earth has been slowly cooling 
for the past 4.5 billion years, and there is no 
a priori reason why mantle convection could 
not have been layered for most of the geo- 
logic past even if today such layering ap- 
pears to have broken down (4). 

The inouiltiil, evidence for ancient recv- 
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