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o Introduction

ZOLVKE— ML, HROBEHMBHEDOFTF L 27V VERDEREICH
HEL7Z2LDZ, WS OPBNAT B72DITERI NG, £EDOHERIE, =20
BPLR D> TW5A. 5—EFE T, Stephen Palmer &k DO 1EZ DT FE
%, BB B TIIE. LeeuwenbergiZ £ » T8 5 7>coding theory &, F DG
Bi5i%, 2 LTS B TldAnne Treismank WH DG HEROFE W T
W3, | . '
WD, Z2EDHHLE L ZHRNTEBI I .Palmerld 7Y 2 7 )V N EERDGE
NZHRY, 7AVADTSNEWEEZETH 5. HOELE, KAIL T2l
BEINBZTHAD. =23, 'Y 28 )V MNERIZIEFE Dpattern goodness &
WIBERICET 20D TH D, L 5 —DIL,HHRMZ T 3 PV MRRIZIZ
A 5N\, Gestalt-like-effect TR XN 3 , referencé frame selection(Z g
THLDTH B. Reference framek i3, 70 L LI, E=ABZAB L &I, £
NP ZDODTMELBMENI BN, EDMEEZHVWT WA LI IZRZ 2,5
HWERTRESNAIDTH AP, TDRIC, EREINEZHFHEEL L >0
HMANDZ ETH B EZABHE, — DI DAL HFOHFICHELE, T
HARFEETHD, Z00TELMSOVFhITb AL LLIL, 82
g Zrcontext® 52 5 &, RHMADFEIRICIRD BEF 5D TH 5 .Palmerid
context@reference frame selection{>& 2 % globalZz ( 5 W\ Zholistic7y )85 48
EFANRTDTH 5. |

B2 X7z, Palmerd O DBLCIEE L TW 2 DI, AFREAND 272
bHThHD . "L, pattern goodnessDHRHTIIZERH D L THOFZM
EWVS I SI D ARSI, reference frame selectionDH &R Tl ,context
&> THIET 5 72—V BR(reflectional symmetry) & W\ 5 [ 7P
LIWH A6 TWaA. (LrL, Palmers, FEDMAFKE T, 7’2 — 1\ )2t
FRME72 1T T ldreference frame selectionZ Ei8H L I 7 W l:' LTWa A%
B LTEB I D, pp.18-20 Z:H) |

WAL, BRECLAIMIZBWTLERICEEL WS, 0l L
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o LTH, FRESNSY —VEACBWIE D ERENDEENRZH#HLE
HZEMWTEAL. L L, PalmerDreference frame selectionlZ B iF 5 A Fifk
DEFAPLTLLRI LTS LERFWIAL WL 3 i, AR
BsEld, FREEEBICHNW T LD 2D TH S, 20 & 13AIZ, Palmer
MTL a2 PHIRE & L Treference frame selectioniZEH L TW5AH
LIZEETH L. THMICIE, ESABRLLL2HNTNAYD, ZEL
W3 2L, GLABERINGNERALHFHRTRZLNWTHL 302D
KR EERY, ABMOHRBIZBWTRERHZLFERD—D2%DTH 5.

Coding theory (& % W\ {3 structural information | theory)lXLeeuwenberg(1967)
2k » TIRIBE I N/ Coding theoryDERIL, HBEZERDEI L LTE
LZ, 36ICZDEHEZVYRIVTEEMWIALET, ZOREBZ Y Y FIV
DF, T b beode, TRIT S & ZAHIZH 5. Coding theory|ZiL”syntactic
rules”th B - TV 4. Syntactic rulest, EICHRAFETIE SN zcode
(primitive code)%, ZN A > TW\W5B X F &F #rredundancy (7 & 213 55k
HMZFMALT, EfETsZ LIt Y, ELoNEBOEEEAL S NLizcode
(end code)®{EBH Z L ICHWSLNS. £ LT, ZDOfEEE{L S 7zend code?)
FoTWB L Y RIVDE Esyntactice BROFON %2, HBOEHES, H 5
hlj'l‘%#ﬁﬁ(inforfnation load), £ 5D TH 5. Coding theoryld, 52 5 |
RRBDBERP ZOLEH D 5 545G, EICHBRLLILFETERL D
FROEMIZHEL, LY RMLERIEERICE > TERSINLTH
A3 EFHITAH. ZDL S IZ,Coding theory DI, L 2 FZ IV FEED
2R L 7o B S R DA %, code & syntaxF FIWCIE B AL L, B
BLLEIch s, ZOHEBLE WS RIZHFEESTRIT, Carner (1974)
DEHND—HHHR &R subset size) L AL TNB L LWL . Lo L, cod-
ing theory I LRIIL TV B DL, EIzekNXz X 5 LB ICHBITZIEH
L DY, Restle(1979)DEEHIENDIGH TH 5 5 (pp.28-35ZH).

Coding theorylX MR AL, BENL L WO AT, HrEEOUEAEL R
S>TWa., L L, EE|Cprimitive codeZ {E- 721, syntactic rules%
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Tend codez fE->72 D HEICIE, HIRBOFHP LU D ANRLDOTH
. L7ehio T, coding theory THM G S N2 213, 2 MM
DERE LKA L SINRE L6 WTHAS .

Palmer®D 3. & coding theory DML, TN FNELK B2 F TIEH
AP, FaZ IV NRERDEEBEDOEIZAL > TWA, iz LT, Treisman
DYBET P 2 Z IV NFERDGHRENIILTWS. 7L 20 MERD,
TBEED HIBIT St (holistic)?F & 2 DIz xt LT, Treismanid, WEOHE
WIEREL, ZOWMH OB TIZ o iT# (analytic)TH 5, LT E5DTH 5.
Treisman®feature integration theoryld, HIEIMEMEIEDFIEE M (preatten-
tive) B Tid, MRDFOI F I FLFEAPF TN ENMILITIAT L T
SR, 20, HBOME Cattention® L T L2k > T, ZHS DEBHH
MESINBELFRTE. COHERIL, HEV T L2723 LT 4
LxFHWEEERIC X - Teonverging evidence I/ I NTWADT, »i
N DFSTTEFD.

FNEDING F A4 ADHT, FiiTreismanZS i L FHEICFHWT W B D7,
WD B search paradigmT @ 5. Search paradigmTlL, #HERE P ER Dis-
tractorOHFIZ[EN T\ Atargetx TE ARV BLLHEL , 2o RIEERE 25 5
NDTHA. Search paradigm?* FI\V\7>feature integration theory?®DEKERTIZ,
targetHidistractor& H—DFHICBWTEL B L &(/o L 21F, targetH = H
O, distractorBH V\T), targetiddistractordDITIT & A EHBEI N TR
U Hi L(pop out)’ T B DI, target _DDFHOFEE L LT LPERS
NEZTWE (2 21T, targetBFHRWVO T, distractorS 7R WTRF WVO)IL,
searchBiserial|{Z 7 - C, R G EE H¥distractor DD 1Z iF linearZe 27 A
DT H - 72. Search paradigm% V72 FIT DI FE(Treisman & Souther,1985;
Treisman & Gormican, 1988){Z, search asymmetryk WO SFRE LB 2 FHE

LCTWA. Search asymmetry & 1Z, " DDEL AX B3, target: distractor
DEENZRINT B &, searchdBEINEEDLLEWI T L TH 5. Treismank
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Gormican(1988)i%,3 Z & & Z¢ 3 DXFE Tsearch | asymmetryB32E L B Z L &
m~LTW5. |

Search asymmetry (I, TER R SII—RHEHRHORp LT E2HLL LI
7V, Targetk distractorP & % T B 7515 C, searchd B EHEDL B LD
RTHEMR S8, FLELERE 2 MORALLOLELLNET
HHH.LHL, TreismankGormican(1988)li, pooled response model¥ VX3
&b THHZLE TV E Weberd BRI £ W5 ABOME I & - T Ayl
FZHIZ A E b7, JEFICH M2 BHER Tsearch asymmetry Z B L TW 5
DTH 5 (pp.46-47; 51-52). —EH AR L2 B 2 Bsearch asymmetry & VYD Al
HEREVPEMLERTHAINESL LW Z &I, NP — Y EADHFIC
Bbr TEHIZLERLTRESF Z5DTIEELWTHS 32
- TreismanDMIFICEAL TEBEITNE LKL, HLPB 75280V PFRDE
eI LTWa EiZW2, HHENEETE 2817 5 holistic processing
ZREEHFEELTVWBDTIZLWVWEWI ZETHB. 72k 21T, texture seg-
regationCfigure & ground N —20DBEMUTHDARL > TWB L &(/2 Lk 2iE,
figure 7R T, ground3#k & 72, figureSOT, groundBPT), F Dsegregationid
holisticT®H % &, TreismanlIiZH B THAI. LI L, TD LI %2XXIRT
holistick VWD EEZ VYA &, “holistic” D E kDS, “holistic” 3 ”analytic” & X b
SNLLZDERETNTETCLEIDNDTHA. FZ TTreismanid, LD
&£ 3 % 3E T bholistick W 3 EOEAIZ % 5 X #iT (£ Db Y (Zparal-
lel processing& WI RIF[E AW 3B), HAH DU HlTanalytic’Z &L FRTHDT
H5.

HADRAMOLEZDORFEO—2I, HEBOBRBHERI 1D EHWN
EVNS ZETIXZWES I . PalmerB 5 ¥ 2 ¥V N ERDOBEE T T
WBDIXBRGIZHHD B L, coding theory 73 2 F IV M FEREFBBELT
05%%&@?@0:%%? NTWAEDLEFATH S. F LT, Treisman?feature
integration theoryd, HHFEZ RIZIREETH 5 L BT, 5aWVVEBHILE
NDRPTHBERBILIITELZWTHA I . EDFIFEICLBENTR
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EHBTHSS. £L I, REORERBOWHICHNT, ZiU3EEC 5
Hbihvs. LHL, mﬁllbffﬂ%(f’iob\f,m,mﬁ#ﬁﬁ:b‘&@bi, PRALES
7, Hif’%@%eAﬁ\Hbu—Zf')é YWD ZERFTEL, FhS LR T
HreWn), ZOREFEDERBICLILIADTIZLWTHA S .

MBI, SOLVFR—-MCHETIEEFHERRTEI ). THOLFE~-K
DAILDREE, BERXPLEHFENLNICLDTHSE. 2L, LR —
FOHEBID, FNLDRIXETERIZITEREIZHBIELBEIAICH S
PETHD. (72721, coding theorY@FgT:C"gf’%)iBﬁ\i NrHELT AL
DICEBPARBIZFEMZ ) RBIZERXZHROECT OB D—T, #
DRIXDHNBDOREBEZODPOIEMNTELTHAI. LI L, FH X ZEH
L7z Th oo b, BEOMBTHBELZEZALEW. LeA-T, b L
HBEIICHEWELEZ L% LI, FRXEZEREFICE>THENLDON
JWEES. oz &g, ﬁb:ﬁ?ﬁb:%ﬁbf:éﬁi,Treisman & Gormican
(1988), {Z2oWT W2 B, ZOWIXIZIEFIZHBEICEIPNTWT, HZELD
BEHELHRTEALTWAS, ZOLFR—-MIZhsDEROPTRLE
KWL LDEWS DRI EIFRETTH B,

AL F DX (Figure)DBFFIL, HIDETICFEETHRILCLDIZEELT
W5, R(Table)DFES L, ROELICRIZIDFEETEHEINTWA.

F1. 2L, gravitational frame & retinal frame% ESMHEITHIFE WS Z & T
H5b.



I. Palmer and his associates
Measures of figural goodness

Palmer, S. E. (1983). On goodness, Gestalt, groups, and Garner. Paper
- presented at annual meeting of Psychonomic Socnety Sandiego,
California.

Gestalt psychologists claimed that figural goodness is the determinant
of perceptual segregation. They suggested that qualitative aspects of a
figure such as good continuation and symmetry are the factors of figural
goodness. However, they did not provide the precise measure of figural
goodness.

Garner(1974) suggested such a preCIse measure of figural goodness
which is called the R & R subset size. He proposed that figural goodness is
the decreasing function of the R & R subset size (i.e., the number of
different patterns produced by rotating and reflecting a given pattern about
the vertical, horizontal, and two diagonal axes).

Palmer (1983) proposed another measure of figural goodness based on
the mathematical concept of symmetry subgroups. In mathematics, the
transformations over which an object is invariant is called its symmetry
subgroup(Weyl, 1952), Palmer focused on the group of transformations over
which the figure is invariant rather than focussing on the figures generated
by the group of transformations (the latter is the case of R & R subset).

The size of symmetry subgroups is isomorphic to the size of the R & R
subset. However, there is an advantage of symmetry subgroup over R & R
subset; that is, it is possible to compare symmetry subgroups across
figures for the identity of their elements in addition to the number of their
elements. So, the question is, Does it help to know the identities of the
transformations to predict subjective figural goodness? Palmer found that
it does. There were many significant differences between classes of
figures whose subset sizes are the same , but whose symmetry subgroups
contain different transformations. For example, figures with vertical
symmetry were rated "better" than ones with horizontal symmetry, and
both of these were rated "better" than figures with diagonal symmetry or
figures with 180° rotational symmetry (Figure 1).

Palmer mentions another problem with the R & R subset analysis: All
figures with no symmetries are predicted to be equally "bad", even though
some seem to contain a great deal more structure than others. The problem
here is that only global symmetries were considered in the R & R subset
analysis. Palmer argues that local symmetries within the figure should be
taken into account also. In an experiment he probed different positions
within figures for the goodness of their relationship to the figure to see
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whether local symmetry structure would emerge from the subjects’ ratings.
For example, a rectangle has two axes of global symmetry plus four
prominent axes of local symmetry along the bisectors of its angles (Figure
2). 35 stimuli, each containing a single small circle representing for a
position within the rectangle were prepared. Subjects rated each one for
the "goodness"” of the relation between the circle and the rectangle; that is
to rate how well the circle "fit" into the context provided by the outer
figure. The results (Figure 3) showed that the highest rating was given to
the center where the two global symmetries coincide. The next highest
was the vertical axis followed by the horizontal axis. Of particular

interest was that the ratings were also elevated along the local
symmetries on the angle bisecters. Similar. results were found for other -
figures like trapezoid. A further study showed that the Ss were not
mistaking the figures diagonal with the angle's bisectors. '

Global vs. Local Processing of Ambiguous Triangles

Palmer, S, E. (1980). What makes triangles point: Local and global effects in
configurations of ambiguous triangles. Cognitive Psychology, 12,
285-305.

Palmer(1980) examined how global and local aspects of different
configurations affect the perceived pointing of equilateral triangles.

A basic tenet of Gestalt theories of perception is that the perception
of a whole is different from the sum of its perceptual parts(Koffka,1935;
Wertheimer,1923). A natural corollary is that a given stimulus may be
perceived differently when it is seen as part of some larger configuration
than when it is seen as a whole figure and that it may be perceived
differently in different configurations.

Two hypotheses can explain such configural effects One hypothesis is
the global-to-local hypothesis which says that the whole form is analyzed
first and that its holistic perceptual characteristics then affect the later
- analysis of its parts. This hypothesis is closest in spirit to the Gestalt

view. The other is the local-to-global hypothesis which claims that
“elements are perceived first and are used to construct larger wholes. Of
~ course, if the perception of parts were completely determined locally, such
theories could not account for configural effects at all. However, if the

parts are locally ambiguous, then the relationship between parts might lead
to interactions that "feed back" to local levels, thus causing different
perceptions that depend on aspects of the configuration. This view is
consistent with many current views (e.g., Selfridge & Neisser, 1960;
Rumelhart & Siple, 1974). These two hypotheses are not mutually exclusive
in that both local-to-global and global-to-local effects might occur

2



simultaneously. :

The "ambiguous triangles" phenomenon was discovered by
Attneave(1968). Equilateral triangles are "multistable” with respect to
perceived orientation. There are three possible orientations, but only one
of them is perceived at a time (Figure 4A). When many such triangles are
placed in a randomly constructed group, people tend to see them as a
homogeneous field of identical triangles all pointing in the same direction
("consistency effect,” Figure 4B). When several triangles are arranged so
that their axes of symmetry are colinear, the component triangles seem to
point in the direction that coincides with their aligned axes, and when
several friangles are arranged so that their sides are colinear, they seem to
point in the direction perpendicular to their aligned sides ("bias effects,"
Figure 4C & Figure 4D). ‘ ‘

Three experiments were performed, which examined the perceived
pointing of triangles under various conditions that manipulated the local
and global characteristics of stimulus configurations '

In Experiment 1 the axis- and base-aligned configurations are
contrasted with single ambiguous triangles. Directional biases are
investigated by combining the configural conditions orthogonally with 12,
equally spaced directions (Figure 5, columns). To contrast the
local-to-global and global-to-local hypotheses a third configural condition,
the "combined” condition, where both axis-aligned and base-aligned
triangles flank the central triangle (Figure 5, row 4), was added. In the
"combined" condition, configurations have a more circular form, instead of
a strongly oriented global line. Thus, the global-to-local hypothesis
predicts a substantially reduced bias effect for the combined condition
relative to the axis-aligned and base-aligned condition alone. The
local-to-global hypothesis makes the opposite prediction. The combined
effect should provide more configural facilitation for the biased direction
than either axis or base alignment alone, since there are more local
elements for biasing in the combined condition than in the axis- and
base-aligned conditions

Results were presented in the form of the overall probabilities of
choosing the biased directions (Figure 6). Clearly there were systematic
nonconfigurational biases due to directional preferences(upward,
rightward, downward, leftward directions). Vertical directions showed
stronger biases than horizontal directions. Upward directions were chosen
more often than downward directions. Configural biases are reflected in
Figure 6 by the fact that all three configural curves lie above that for the
single triangle condition. Note that the combined configuration curve lie
consistently below both the axis- and base-aligned curves, the latter two
being at essentially the same level, providing support for the
global-to-local hypothesis in that the "combined"configuration produces a
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smaller bias than either of axis- or base-aligned configuration.

Experiment 2 provides a-different test of the global-to-local and
local-to-global hypotheses. If the configurational effects found in
Experiment 1 are purely the result of global orientation characteristics,
then it should not matter what the elements of that configuration are.
However, if the configural effects are due, at least in part, to local
orientational characteristics of local parts, then changing the shape of the
contextual elements should influence perceived direction of pointing.
contextual elements used were triangles, circles, and squares (Figure 7).
Circles are inherently orientationless: from the local-to-global viewpoint,
they should not exert much biases. Triangles and squares have definite
intrinsic orientational characteristics, and should affect more strongly.
Squares should have the strongest influence because their intrinsic,
reference frames (when seen as squares) are compatible with only one of
the three possible orientations of the triangle. -

Results: Probabilities of making the biased responses are shown in
Figure 8 for the three types of global configurations and the three shapes of
contextual elements. The directional biases are consistent with those
found in Experiment1.: The fact that element shape produce significant
differences in the magnitude of bias supports the local-to-global
prediction. The ordering of element conditions is as expected , circles
being least effective and squares being most effective.

Global orientational characteristics are also important; The
superiority of axis alignment and base alignment over their combination
was replicated. The fact that significant biases were found for axis and
base alignment using circles as contextual elements is particularly
convincing. If circles are properly considered locally orientationless such
effects are more easily reconciled with global than local mechanisms.

There are indications that local factors may be more important in the
~ "combined" condition than in the axis- and base-aligned conditions. First,
~ the only condition that did not produce a significant bias effect was the
circle-combined configuration. Second, the square elements produced a
significantly larger bias than the triangular elements only in the combined
condition.

In Experiment 3 stimuli were constructed such that their global
orientational characteristics are independent of their local orientational
characteristics (Figure 9). For the conditions in which the local and global
biases were consistent (the diagonal stimuli in Figure 9), responses were
scored as either consistent with the expected bias or inconsistent with it.
For the conditions in which local and global biases conflicted ( the
off-diagonal stimuli in Figure 9), responses were classified as consistent
.with the global bias, consistent with the local bias, or neither (the
unbiased response).



Results: Generally a much stronger bias was observed when global and
local biases are consistent than when they conflict. It is also true that
only globally or locally biased responses (to off- diagonal stimuli) are
generally more probable than the unbiased response. The results indicate
both local and global biases operate in the linear arrays of the axis- and
base-aligned conditions. Inthe "combined"” condition there is a very strong
local bias but no global bias relative to the alternative, unbiased condition
(Figure 10).

General discussion and conclusion. All the results of the three
experiments are consistent with the hypothesis that perceived pointing
depends on perceptual reference frame at a number of different levels of
globality: the entire perceptual field, the whole configuration, and the
elements of the configuration. -

Palmer's conclusion was two-fold. First, global levels affect more
local levels. This accounts for the effects of orientation per se and
configural conditions. Second, different processes within a given level
interact with each other locally. This accounts for the effects of elements.
Whether local levels are capable of affectmg more global levels is an open
question at this point.

Configural effects

Palmer, S, E. & Bucher, N, M. (1981). Configural effects in perceived
pointing of ambiguous triangles. Journal of Experimental Psychology:
Human Perception and Performance, 7, 88-114.

Palmer & Bucher (1981) replicates and extends the earlier results on
the perceived pointing of ambiguous triangles (Attneave,1968; Palmer,
1980) using a different methodology. The previous studies used a
self-report procedure in a free response paradigm to measure biases in
perceived pointing. Such data are open to the objection that they do not
necessarily reflect obligatory perceptual processing. Thatis, subjects see
the figures for long enough that certain mechanisms that might not
otherwise come into play could influence the final response. It can be
argued that the biasing effects found in such a situation might disappear if
processing were terminated as soon as the minimum amount of information
required for the response were available and if configural ( global-to-
local) processing were optional rather than obligatory.

In this article Palmer & Bucher report results from a different
paradigm based on perceptual interference. The underlying idea is that if
configural effects result from obligatory mechanisms, then biasing
directions that conflict with a required directional response will interfere
with that response, thereby slowing down response latencies, and biasing
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directions that are consistent with it will facilitate the response, relative
to a neutral control condition. However, if configural effects arise from
optional processes, responses will not be affected by such configural
biasing conditions.

In Experiment 1 each triangle was "correctly” seen as pointing up,
down, right, or left. Both axis- and base-aligned conditions were used
(Figure 11). Both conditions included stimuli in which the relative bias
was 0° (configural bias being consistent with the response), -120° (
configural bias being 120° counterclockwise from the required response)
and 120° (configural bias being 120° clockwise from the required response).

Results: There are systematic variations in response time as a
function of direction of the required response: Up and down produce
substantially faster responses than right and left averaged over all - .
configural conditions (Figure 12).

When the configural bias conflicts with the required response (the
-120-and +120 conditions), latencies are much slower than in the single
triangle control condition. This is true for both axis alignment and base
alignment. Thus, the present results are qualitatively consistent with the
results of previous experiments using the free response procedure. From
this Palmer & Bucher (1981) conclude that the configural effects found
previously by Palmer(1980), as well as those in the present experiment are
not the result of optional processing strategies. They reflect an obligatory
mode of perceptual processing that cannot be bypassed, even if such global,
configural information is known to be irrelevant to the task at hand.

Experiment 2 examined the effects of varying the number of colinear
triangles in the configuration:1, 2, 3, 5, and 7 triangles were aligned so
that their axes or bases were colinear (Figure 13).

Results: For the inconsistent conditions, each successive increase in
~ the number of triangles produced a significant increase in reaction time
except the increase from 5 to 7 triangles. In contrast, there were no
corresponding effects (either interfering or facilitating ) for the
consistent relative bias conditions(Figure 14).

In Experiment 3 spacing effects were studied by varying the distance
between homologous points of the triangles while keeping the number of
triangles constant at three(Figure 15).

Results: As the distance between the triangles increases, the amount
of interference in inconsistent conditions decreases dramatically. Still,
there is good evidence of interference effects until the triangles are
displaced by more than three times the length of their sides(Figure 16).
This is about the same point at which additional triangles had negligible
effects in Experiment 2. Thus, it provides converging evidence that
configural interactions take place within fairly restricted spatial regions.

Experiment 4 examines whether absolute or relative spatial extent is
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the important variable by simultaneously varying the size of and spacing
between triangles in a configural line (Figure 17). Intertriangle
displacement was varied from 0.5 to 2.0 times the length of a triangle side
in increments of 0.5 (i.e., the spacing variable was defined relative to the
size of the triangle). The two sizes of triangles were chosen so that the
larger ones were twice the scalar size of the smaller ones. This ensures
that the absolute displacements of large triangles in the 0.5 and 1.0
spacing conditions are the same as those of small triangles in the 1.0 and
2.0 spacing conditions.
The major question of interest concerns whether the results are more
simply explained by relative or absolute spacing. The answer should be
found in the interaction between spacing and size. If the function that
relates reaction time to spacing is well described in terms of relative
distance, then the curves for large and small triangles should be parallel
when plotted as a function of relative spacing. They should not be parallel
as function of absolute spacing, however, because the scale of the curve for
the larger triangles will be twice that for the small triangles. The reverse
- should be true if the function is based on absolute distances: The curves
will be parallel as a function of absolute spacing, but not as a function of
relative spacing. Since a significant interaction indicates the presence of
reliable nonparallelism, the interaction between spacing and size is the

“most appropriate test for deciding between the relative and absolute
spacing hypotheses.

Results: The predictions of the relat|ve spacing hypothesis are
confirmed except for the existence of one anomalous data point(Figure 18).

Experiment 5 was undertaken to examine both spacing and number of
aligned triangles simultaneously. The main issues are whether these two
factors are independent or not and whether they interact with the same
other factors. Spacing and number of triangles were combined orthogonally
by placing three or five triangles in a linear configuration at a
displacement of either 1 or 2 times the length of a side.

In addition to axis and base alignment, the present experiment
investigates the "combined" configuration: the pattern formed by
superimposing the axis- and base-aligned patterns at their central
triangles (Figure 19). As more triangles are added to the combined
condition, it becomes distinctly "pluslike" with strong orientational

. properties. We were interested in the possibility that this extended
version of the combined pattern would show greater bias effects than
either axis or base alignment, even though the smaller version does not.
' Results (Figure 20): Response time shows reliable increases due to
more triangles and less space between them. Both of these factors
interacted with bias. Despite the fact that number and spacing each
interacted with bias, they did not interact with each other. Thus, the
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additional interference accrued by five triangles rather than three was
about the same regardless of-the spacing of those triangles (and vice
versa). o

The interference effect with three triangles was greater for axis and
base alignment than for the combined condition. This result replicates
Palmer's(1980) previous findings using the current experimental methods.
With five triangles, however, there was substantially more interference for
the combined condition than for axis and base alignment. This latter
finding confirms the intuitive hypothesis that additional triangles
strengthen the orientational properties of the combined configuration far
more than they do the orientational properties of a linear configuration.

General discussion: Palmer & Bucher(1981) present a speculative
theory accounting for the results following the tradition of Hebb's (1949)
work in attempting to explain perceptual organization in terms of neural
networks (cell assemblies). The theory is rather similar conceptually to
the recent PDP approach to perception.

Textural effects

Palmer, S, E. & Bucher, N, M. (1982). Textural effects in perceived pointing
of ambiguous triangles. Journal of Experimental Psychology: Human
Perception and Performance, 8, 693-708.

A useful strategy for studying the Gestalt effects of perceived pointing
of ambiguous triangles is to examine factors other than configural
alignment that produce the same sort of bias effects; for example, the
orientation of contextual figures surrounding a triangle (see Figures 21D
and 21E)

Palmer & Bucher (1982) reports the biasing effects of another factor:
textural striping which is quite different from other factors known to '
induce biases in that it is a more local factor, at least in the sense that it
is spatially restricted to the inside of a single triangle. "Textural
striping” refers to a regularly spaced, alternating pattern of black and
 white bars of equal width within a well-defined region of the visual field.

In all of these experiments, we employ the interference method
(Palmer & Bucher,1981). Subjects are asked to perceive just one of the
three possible pointings for each triangle. For example, they would be
required to see the triangles in Figure 21 point directly left(9 o'clock)
rather than obliquely (1 or 5 o'clock). We measure the time they take to
achieve this designated percept by requiring subjects to make a directional
response as soon as they can determine whether the triangle is a
"left-pointing” or "right-pointing"” one. The rationale for this measure is
that if the biasing factor (in this case, textural stripes) affects perceived
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pointing, then subjects should take more time to see the triangles point in
the designated direction when they are biased away from that direction
than when they are biased toward it. ’

Experiment 1: There were four orientations of triangles for which the
correct responses were "up," "down," "left," and "right." This factor was
orthogonally combined with the type of bias (stripes parallel to a symmetry
axis or stripes parallel to a base) and the interference condition
(consistent or inconsistent with the required response). Also present in
the stimulus set were neutral, plain triangles in each orientation.

Each triangle subtended about 0.9° of visual angle. The frequency of the
stripes was 5.0 cycles per triangle side (Figure 22). '

The results (Figure 23) showed significant effects due to bias
condition, direction and the interaction of these two factors. Responses
were much slower to inconsistent trials than to either consistent or plain
trials. No difference was found between the consistent and plain trials.
Thus, the effect of the textural stripes was almost exclusively to interfere
with responses when they biased pointing away from the correct direction;
there was no corresponding facilitation when the stripes biased pointing
toward the correct direction. Responses to vertical directions are faster
than those to horizontal directions. The fact that longer RTs are associated
with higher error rates rules out the possibility that speed- accuracy
trade-offs are responsible for the obtained RT results.

Experiment 2: It seems likely that bias strength will increases as
stripe width increases (i.e., as the fundamental spatial frequency of the
square-wave texture decreases). Palmer & Bucher suggest this on the
grounds that the perceptual system responds more quickly to lower than
higher spatial frequencies (Breitmeyer, 1975).

Four frequencies in octave steps(f, 2f, 4f, and 8f)were used. This
results in 2.5, 5.0, 10.0, and20.0 cycles of stripe per triangle (Figure 24).

The only other major change in the design from that in Experiment1
was that the up and down response alternatives were eliminated, leaving
just the left- and right-pointing triangles.

Results: (Figure 25) Reliable effects in RTs due to frequency, bias, and
the interaction of these two factors: Inconsistent biases produced longer
RTs than consistent biases for the two lower spatial frequencies, but not
for the two higher frequencies. Reaction times to the inconsistent
conditions decreased significantly from 2.5 to 5.0 cycles per side, and -
again from 5.0 to 10.0, but not from 10.0 to 20.0 cycles per side. The fact
that lower frequencies tend to be processed before higher ones
(Breitmeyer, 1975) may explain why the textural bias effect diminishes
with frequency.

There were significantly more errors in the lowest frequency condition
compared to the next higher frequency, whereas the higher frequencies did

9



not differ from each other

Experiment 3: The results of the previous experiment show that
interference decreases as textural frequency increases. ls this effect due
to the absolute spatial frequency of the stripes (in cycles per degree of
visual angle) or to the frequency of the stripes relative to the size of the
stimulus pattern?

If relative frequency is the critical variable, there should be a main
effect of the size and a main effect of relative frequency, but no
interaction between them. If absolute frequency is the critical variable,
then triangle size and relative frequency should interact.

The smaller triangle subtended about 0.5°, whereas the larger triangle
subtended about 0.9°. The stripe frequencies used in the smaller triangle
were 5.0, 10.1, and 20.2 cycles per degree ( 2.5, 5.0, and 10.0 cycles per
side, respectively), whereas in the larger triangle they were 2.7, 5.5,
and10.9 cycles per degree (also 2.5, 5.0, and 10.0 cycles per side,
respectively).

Results: Reaction times are slightly, but reliably slower to the small
triangles than to the larger ones. However, the size effect does not
interact with frequency, bias, or their interaction. Size simply reduces
overall RTs by about 10 ms (Figure 26). Therefore, Palmer and Bucher
conclude that the frequency effect is a relative one, depending on how the
textural frequency relates to the size of the pattern containing it.

Experiment 4: (figure versus ground) What would happen if the stripes
were outside the triangle on the perceptual ground? This questionis
theoretically interesting because it concerns the temporal relationship
- between figure/ground segregation processes and the textural biasing
process. If figure/ground segregation is complete before the bias effect
occurs, then one would expect the orientation of the ground texture not to
produce any bias. However, if figure/ground segregation is not yet begun or
is only partially complete when the textural bias process operates, one
would expect the orientation of the ground texture to influence figural
interpretation and to produce the same pattern of results found for figural
texture.

An example of the ground texture condition is shown in the upper left
portion of Figure 27. :

Results: The only main effect is due to bias Texture within a figure
seems to be slightly more potent in affecting perceived pointing than the
same texture outside it. This suggests that figure/ground segregation is
either not complete by the time that the textural effect occurs or not
totally effective in filtering out the ground. If it were both complete and
effective, there should have been no textural effect for the ground
condition at all.

Experiment 5: Do the strlpes in the ground in close proximity to the
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triangle have a disproportionately large influence on perceived pointing of
the figural triangle? If so, the textural effect in the ground should largely
or completely disappear when a relatively small region around the triangle
is cleared of stripes. Therefore, Palmer & Bucher replaced the ground
stripes with a homogeneous gray background within circular regions of
different radii to see whether and at what point the effect would disappear
(Figure 27). -

'Results: (Figure 28) When the texture touches the edge of the triangle,
there is a large interference effect. When the textural stripes are cleared
to a distance just beyond its vertices, significant interference is still
present. However, beyond this point there is only weak evidence of textural
interference. Clearly the magnitude of the effect diminishes as the
distance increases from the edge of the figure to the edge of the textural
stripes. These results are consistent with the hypothesis that the biasing
processes are fairly local and centered on the region containing the
attended figure.

General discussion: Many aspects of the biasing effects due to stripes
are nearly identical to those found previously with linear configurations of
triangles (Palmer, 1980; Palmer & Bubher, 1981). First and foremost, in
both cases the directions of bias are paralle! and perpendicular to the
orientation of the inducing factor. Second, in both cases the parallel and
perpendicular effects are about equal in magnitude. Third, both biases
seem to appear almost exclusively as interference effects. There is only
weak evidence for facilitation from consistent configural conditions
(Palmer & Bucher,1981, Experiment 1) and no evidence for facilitation from
consistent textural stripes in the present series. Fourth, both stripes and
configural lines produce the same interaction with direction: Interference
is greater for horizontal(left and right) than vertical (up and down)
directions. Finally, interference is greatest when the biasing elements are
closest to the triangle and decreases rapidly with increasing distance.

These parallels in the results suggest that the same mechanisms
underlie configural and textural effects.

The symmetry properties of both textural and configural displays can
explain the direction of bias without appealing to any mediating structure
or process. [f perceived pointing of ambiguous triangles is somehow biases
toward directions that coincide with a global axis of symmetry, then
symmetry can account equally well for both axis- and base-aligned textural
biases(the parallel and perpendicular biases). Moreover, one would expect
them to be about equal in magnitude.

Another reason to prefer the symmetry hypothesis is that it suggests
an explanation for why facilitation effects are conspicuously absent:
Consistent stimuli are no more symmetrical about the required direction
than control stimuli. That is, the unbiased control stimulus, a single
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unstriped triangle, has an axis of global bilateral symmetry aligned with
the required direction of pointing just as the "consistent" stimuli do. Only
the "inconsistent" stimuli lack global symmetry along the relevant
directions. :

The pattern structure that influences perceived pointing of ambiguous
triangles is most effective for low resolution features of spatial structure
relative to the individual triangle. This suggests a general bias toward
global processing, at least for the sizes of patterns used in these
experiments. This result is generally consistent with several recent
suggestions that low resolution information is processed before higher
resolution information(e.g., Broadbent, 1977; Navon,1977), at least up to a
limiting size of more than 6° of visual angle.

The possibility that global axes of symmetry for a whole pattern are
affecting the perception of a triangle embedded within it suggests that the
law of Pragnanz is operating: The percept is as "good" as the prevailing
conditions allow (Wertheimer, 1923/1958). In the present case, this means
that the perceptual system is biased toward choosing a local axis of

~symmetry for the triangle that is consistent with the global axis of
symmetry.

Reference frame selection: The role of symmetry

Palmer, S. E. (1985). The role of symmetry in shape perception. Acta
Psychologica, 59, 67-90.

Palmer (1985) studied the role of symmetry in reference frame

selection.

~ The stimulus shown in Figure 29A can be seen as either an upright |
diamond or a tilted square (Mach,1914/1959; Rock, 1973). Similarly, the
stimulus shown in Figure 29B can be seen as either an upright square or a
tilted diamond. Upright diamonds tend to be perceived as tilted squares
when several of them are configured into a diagonal line, as shown Figure
29C (Mach, 1914/1959), or when one is surrounded by a tilted rectangular
frame, as shown in Figure 29D (Kopferman, 1930).

The hypothesis most frequently advanced to account for these shape
ambiguity phenomena is that perceived shape depends on a description of
the stimulus within a perceptual reference frame (Attneave, 1968; Hinton,

1981; Leyton, 1982; Marr, 1982; Palmer, 1975, 1982, 1983; Rock, 1973).

But why is the perceptual reference frame established at certain
orientations rather than others? The theory to be explored by Palmer
(1985) is that the visual system tends to orient perceptual frames along
axes of local and global symmetries (Palmer, 1982,1983).

Palmer (1985) proposed four assumptions of the symmetry theory: (1)
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People perceive at least some aspects of a figure's shape within a
perceptual reference frame and its orientation in terms of that frame's
orientation relative to some larger environmental frame(see also, Palmer,
1975; Rock, 1973). (2) The human visual system includes a unitary
attentional mechanism which establishes a single reference frame at any
one time by selecting one frame from among many competing alternatives.
(3) There.is a strong bias toward selecting a frame oriented along an axis
of reflectional symmetry, if one exists, and global symmetries bias frame
selection more strongly than merely local one. (See Palmer 1982, for a
discussion of local symmetry). (4) There is also a general bias toward
selecting environmentally vertical and horizontal frames rather than
oblique ones. ‘ .

The principle justification of the symmetry theory is parsimony. It
provides a unified theoretical framework for several qualitatively
different phenomena: the ambiguity in perceived pointing of equilateral
triangles, the ambiguity in perceived shape of the square/diamond, and the
ways in which context biases both of these ambiguities. - :

Experiment 1 used the interference paradigm. Subjects are required to
discriminate squares (defined by gravitationally vertical and horizontal
sides) from diamonds (defined by gravitationally diagonal sides) as quickly
and accurately as possible under various contextual conditions. When the
display contains a gravitationally horizontal or vertical line of squares or
diamonds (see Figure30), the symmetry theory predicts that the
configuration will be consistent with the required shape discrimination.
When it contains a left or right diagonal line of figures (see Figure 30),
however, the theory predicts that the configuration will be inconsistent,
because its diagonal symmetries bias the system toward adopting a
perceptual frame that competes with the required gravitational frame. The
theory predicts substantially slower response times (RTs) in the
inconsistent conditions than in the control condition and faster RTs in the
consistent conditions than in the control condition.

Two complex configurations were also included in the present
experiment: a '+ condition formed by superimposing the vertical and
horizontal lines and as '’ condition formed by superimposing the two
diagonal configurations (see Figure 30). The theory predicts that the two
diagonal lines in the x configuration will produce less bias than either
diagonal line alone. In fact, if central global symmetry is the only factor at
work, the + and x configurations should be equivalent to each other and to
the control condition because the global symmeiries are identical
(four-fold) in all three of these cases.

Configural lines of one, three, or five figures were used.

Results : (Figure 31) As predicted by the symmetry theory, subjects
took much longer to discriminate squares from diamonds in the
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inconsistent conditions (left and right diagonal configurations) than in

either the consistent conditions (vertical and horizontal configurations) or
the control conditions. No difference was found between the consistent and
control conditions. These results are consistent with previous findings
using the interference paradigm in that Palmer and Bucher (1981, 1982)
have always found large and systematic interference effects in the
inconsistent conditions, yet have seldom found any facilitation in the
consistent conditions. ,

The results for the more complex + and x (combined) configurations
only partly confirmed the predictions of the symmetry theory: Combining
the left and right diagonal lines into the x configuration did indeed result in
less interference than for the left and right diagonal conditions alone.
However, the x configuration was also significantly slower than either the
control or the + configuration. o

Increasing the number of figures in each configural line increased RTs
in the inconsistent conditions (left and right) and the x condition, but not in
the consistent condition (vertical and horizontal) or the + condition as has
been found previously in the percep’uon of amblguous trlangles (Palmer and
Bucher, 1981).

Experiment 2 : (spacing between configural elements)

Palmer and Bucher(1981) found that the amount of configural bias
diminished rapidly as the distance between adjacent triangles increased.
They suggested that this reflected the local nature of whatever
mechanisms were responsible for the configural bias. If the same local
mechanisms produce the present biases in perceiving the shape of the
square/diamond, as the symmetry theory suggests, the amount of bias
should also decrease with increased spacing. _ |

Results : Mean RTs for squares and diamonds are plotted in Figure 32 as
a function of spacing between adjacent elements, with the single element
stimuli shown as a limiting case of very wide spacing.

Increasing the spacing between elements reduced RTs in the
inconsistent conditions for squares, but did not reliably reduce them for
diamonds. Thus, the effect of spacing for the present shape discrimination
task is partly similar to that found previously with perceived pointing of
ambiguous triangles.

Experiment 3 : (ambiguity and bias in perceiving the '+/x')

The stimuli were analogous to those in experiment 1 except that '+'s
and 'x's were used in place of squares of diamonds (Figure 33).

Results : Mean RTs for discriminating '+'s and 'x's in different
configural conditions are plotted in Figure 34. The same general pattern of
results was obtained for the +/x as for the square/diamond.

Experiment 4 . (other contextual effects)

The present experiment uses contexts consisting of either a
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rectangular frame around a square/diamond, several parallel stripes inside
it, or a single line bisecting it (Figure 35).

Results . Rectangular frames produced large differences between the
consistent and inconsistent conditions for both squares and diamonds
(Figure 36). The same was true of the bisecting-line context for squares
and diamonds. The textural striping inside of the target figures, however,
produced no measurable bias effect for either shape in both cases.

Experiment 5 . (effects of stripe width)

It is'quite possible that the present 'rectangular-wave' textures were
simply not wide enough to produce the effect. Thus, the present experiment
includes wide (low frequency) square-wave textures in an attempt to
produce significant bias effects, which should become weaker as stripe
width decreases (as the spatial frequencies of the stripes increase). The
fundamental spatial frequencies of the 'square-wave' textures were either
3.5, 6.5, or 12.5 cycles per side of the target figure (Figure 37).

Results : (Figure 38) The unstriped control condition is plotted as a
limiting case of extremely narrow stripes. The RT differences between
consistent and inconsistent stripe orientations are quite small (less than
30 ms), but they are reliable for the two widest striping conditions.
However, the same difference is not reliable for the narrowest stripes.

General discussion . The results of the foregoing experiments
generally support the symmetry theory of reference frames. It is important
to realize, however, that these predictions were not made to discriminate
between the specific formulation of the theory presented here and explicit
alternative theories. ' ‘ x

There are two deficiencies of the symmetry theory as presently -
formulated. First, it is a purely qualitative theory that, by itself, is only
capable of predicting the presence vs. absence of contextual effects, not
their magnitude. Second, it does not explicitly mention boundary conditions -
for these contextual effects other than lack of strict reflectional
symmetry. For instance, if a rectangular frame were presented at
sufficiently lower contrast than the target figure, it would almost
certainly fail to produce a measurable context effect, even when it was
still visible. The same is apparently true of the width of stripes in
textures. Thus, the symmetry theory does not take into account a number of
factors that will, in reality, determine how strongly the symmetry
structure of the context will affect the shape processing of the target
figure. To do so, a more quantitative formulation is needed, one that
includes such factors as the relative contrast and spatial frequencies in
the target figure and context.
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Theories of reference frame selection

Palmer, S. E. (To be published). Reference frames in the perception of shape
and orientation. Chapter to appear .in Shepp, B., & Ballesteros, S (Eds.)
Object perception: Structure and Process. Erlbaum: Hillsdale, N.J.

In this article Palmer examines the role of reference frames in
perceiving the shape and orientation of object.

Palmer asks, How do people know that two different objects have the
same shape? He says that there are two classes of theories about how
shape equivalence might be detected. The following is the Palmer's
accounts of the two classes of theories. '

The invariant feature hypothesis assumes that shape perception is
mediated by detecting those geometrical properties of figures that do not
change (are invariant) when the figure is transformed in particular ways
(The transformations of the Euclidean similarity group which consists of
‘translations, rotations, dilations, reflections and their composites). Any
given set of transformation partitions the total set of figural properties
into two subsets: those that change when the figure is transformed in these
ways and those that do not. Historically, the hypothesis has dominated
psychological theories of shape perception for a long time. Explicitly or
implicitly, its assumptions underlie the Gestalt theory of shape perception,
J.J. Gibson's theory of shape constancy, and the classical "feature set
theories" of pattern recognition proposed by Selfridge and Neisser (1963).
The hypothesis is attractive for its structural simplicity: Shape is
represented as a simple set (or list) of attributes.

Evidence that invariant features hypothesis is wrong comes from the
observation that when a square is rotated 45° it is generally perceived as
an upright diamond rather than a tilted square (Mach,1897).

The second hypothesis, the reference frame hypothesis, makes use of
the same underlying transformations -- the Euclidean similarity group -- in
a some what different way. Rather than ignoring properties that vary over
the transformations of the similarity group, it assumes that the effects of
transformations are removed by imposing an "intrinsic frame of reference"
that effectively eliminates the transformation, thereby achieving shape
equivalence; here, "intrinsic" simply means that the frame is chosen to
correspond to the figure's structure rather than being imposed arbitrarily
by the environment's structure (e.qg., gravity) or the observer's structure
(e.g., head orientation).

If the same intrinsic frame is always used, shape equivalence will be
perfect. But the visual system does not always choose the same frame each
time. Palmer proposes three assumptions that account for anomalies in
perceived shape equivalence. (1) Shape is perceived relative to a
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reference-frame-like structure in which the orientation of the axes is
taken as the descriptive standard (e.g., Rock, 1973). (2) The perceptual
system has some heuristics for assigning an intrinsic reference frame to
an object such that the orientation of the frame relative to the object will
be constant over different orientations. (Because heuristics are imperfect
rules of thumb, the first two assumptions together imply that there will be
certain circumstances in which the wrong orientational assignment will be
made causing anomalies in perceived shape equivalence.) (3) There are
biases toward picking other salient orientations as the reference
orientation, especially gravitational vertical or the top-bottom axis of
retina. (The shape of a figure is perceived relative to its own intrinsic
frame of reference when it has the type of structure that clearly defines
one, and relative to an extrinsic frame when it does not.) A

Palmer conducted experiments on frame selection to examine how
intrinsic reference frames are selected. The "interference paradigm"”
(Palmer & Bucher, 1981, 1982) was used in the following experiments.

The first theory Palmer examined was the elongation theory of frame
selection which says that the elongation of the stimuli as the spatial
structure produces the Gestalt-like biases in frame selection.

' Experiment 1 tested the elongation theory using rectangular frames: It
examines the bias effects by changing the aspect ratio (length-to-width
ratio) of rectangular frames (Figure 39). The theory's predictions are
(1)that there will be no bias effects for square frames, and (2) that the -
magnitude of the bias effect should increase monotonically as the aspect
ratio increases. The subjects’ task was to discriminate triangles pointing
either directly left or directly right. RTs were measured.

Results : (Figure 40) Contrary to the prediction of no bias effect for
square frames, these non-elongated frames produced a highly reliable bias
effect. There seem to be a slight trend toward higher RTs for the longer
frames, but even the difference between the most extreme aspect-ratio
conditions fails to reach statistical significance. Global elongation is
unlikely to be a viable theory of these kinds of contextual effects.

A second theory Palmer examined was the symmetry theory of frame
selection, which says that the visual system uses symmetry rather than
elongation as the principal type of spatial structure for selecting the
orientation of its reference frame; the reference orientation established .
for the whole display will coincide with its global axis of symmetry, if one
exists.

Experiment 2 (testing the symmetry theory) examines the bias effect
on perceived pointing of ambiguous triangles as the orientation of a
surrounding rectangular frame that is changed in 15° steps (Figure 41).

The theory's prediction is that RTs would be short for the "consistent”
conditions (the axis of global symmetry coincides with the correct
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response), long for the "inconsistent” conditions (the axis of global
symmetry coincides with one of the other two symmetry axes of the
triangle), and intermediate when global symmetry is broken.

Results showed a large and systematic effect of orientation, quite
similar to the predictions of the symmetry theory (Figure 41).

Experiment 3 (testing the symmetry theory) investigated the effects
of bending a rectangular frame along its axis, which causes the effect of
breaking the axis-aligned symmetry (the one along the long axis) while
preserving the base-aligned symmetry (the one along the short axis) (Figure
42). - '

- The symmetry theory predicts that "straight" frames should have
approximately equal biasing effects on an interior triangle in their
axis-aligned and base-aligned orientations, but "curved" base-aligned
frames should have a much bigger biasing effect than "curved" axis-aligned
frame. The reason is that the base-aligned symmetry axis is intact after
bending the frame, whereas the axis-aligned symmetry axis is broken.

Results confirmed the predictions (Figure 43). '

Experiment 4 (testing the symmetry theory): A single line is used as
the contextual element. When the line is axis-aligned, displacing it
sideways (perpendicular to its length) breaks the global symmetry of the
configuration, whereas when the line is base-aligned, displacing it
sideways preserves global symmetry (Figure 44).

The theory predicts that the bias effect for axis-aligned lines will be
close to zero for all positions except the central one (in which global
symmetry is observed) -- which will be large -- whereas that for
base-aligned lines will be uniformly strong across a broad range of
positions.

- The main results conform rather well to the predictions of the
symmetry hypothesis (Figure 45). ' ‘

Experiment 5 (testing the symmetry theory) examined the

-compositionality of the frame effect by measuring the bias effects

produced by square's individual sides and all po‘ssibl'e combinations of them:
pairs, triples, and the complete square frame. The stimuli included
configurations with consistent and inconsistent orientations for both left-

and right-pointing triangles (Figure 46).

The symmetry hypothesis predicts that the symmetrical cases will
produce reliable bias effects whereas the asymmetrical cases will not.

Results : (Figure 46) Six of the seven symmetrical stimuli produced the
six highest bias scores. This result is consistent with the hypothesis.
However, there were results that were inconsistent with the hypothesis:
All except one of the asymmetrical configurations produced statistically
reliable amounts of bias, and most problematic, the configuration that
produced the least bias of all was a symmetrical one.
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Hereafter Palmer examines the low spatial frequency theory of frame
selection as an alternative to the symmetry theory.

Gestalt phenomena such as the contextual effect can be explained in
terms of the content of images at low spatial frequencies (Ginsberg,
1971,1986). Janez(1983) developed a precise mathematical formulation of
Ginsberg's low spatial frequency hypothesis. He hypothesized that the
Gestalt effects arose through differential activation in orientation
channels at low spatial frequencies, and proposed that reference frames
are selected by a process that depends on the dominance of low frequency
power at certain orientations relative to others. He formalizes this
concept in terms of a dominance ratio, D, whose denominator represents the
activity in low spatial frequency channels at orientations paraliel or
perpendicular to the required response, and whose numerator represents the
activity in corresponding channels at orientations parallel or perpendicular
to other possible directions of pointing. Thus, the higher the value of the
ratio, the more activity there is in the irrelevant orientational channels,
and the higher RT is expected to be.

Janez applied his model to results of several of the early pubhshed
experiments on perceived pointing of ambiguous triangles (Palmer &
Bucher, 1981, 1982) and perceived shape of the ambiguous square/diamond
(Palmer, 1985), and he had notable success. However, further explorations
revealed some puzzling discrepancies between data and Janez's theory:
Dominance ratio predicts the results of some experiments well only in the
low spatial frequency channels, others well only in the high frequency
channels, and still others well only with a comblnatlon of channels(Figure
47).

Experiment 6 : (testing the Iow spatial frequency model using
ambiguous triangles with various contexts) (Figure 48) -

Results :The bias effect data were fitted to the dominance ratio
predictions (in Figure 47 as the curve labeled "multiple"). The fit of the
model is quite poor in all channels. The maximal linear combination
produces a correlation of only 0.49, which is barely above the value needed
to achieve significance at the 0.05 level.

Experiment 7 . (Symmetry versus spectral power)

One way in which spatial frequency theories can be tested
experimentally against the symmetry hypothesis is by examining the
contextual effects of single versus double sine wave gratings. Both
theories agree that if a single triangle is placed on a single sinusoidal
grating oriented as in Figure 49 A, its perceived pointing will be biased
perpendicular to the orientation of the stripes, as shown by the arrow.
Given that the observers' task is to see the triangle point directly right
(versus directly left), this stimulus is inconsistent with the required
response, and should lead to long reaction times and/or relatively many
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errors. However, when the two inconsistent gratings are superimposed to
form a double grating (Figure 49 C) the predictions of the two theories
diverge. Spatial frequency theories predict that the double grating will

lead to performance at least as poor as for either inconsistent single

grating alone, because the double grating's power is still concentrated at
orientations inconsistent with the required percept. The symmetry theory
predicts that the double grating will lead to much better performance than
either single grating alone, because the combination produces an emergent
axis of symmetry which is consistent with the required response.

Results : As predicted by both theories, response to the single C
(consistent) gratings were much faster than those to the two single |
(inconsistent) gratings which did not differ from each other. The results
for double gratings conform well to the predictions of symmetry theory and
are incompatible with the spatial frequency account: the 11 + 12
combination produced faster responses than C + 11 and C+I2 combinations
(Figure 50)

Experiment 8 : low pass filtered stimuli.

If the low spatial frequency channels are indeed responsible for
Gestalt effects, then it should be possible to eliminate or greatly reduce
the configural orientation effect simply by high-pass filtering the stimuli
to take out the power in specified low frequency bands. Palmer is planning
to use a series of different cut-offs for the high-pass filtering operation: 0
(no filtering), 1/4, 1/2, 1, 2, and 4 cycles per side (Figure 51). It seems
intuitively clear that some configural bias effect is still present in those
stimuli even with 4 cycles/side as the cut-off frequency. Experimental
test is needed to confirm this prediction. However, it is not yet conducted.

. If the bias effects are not measurably affected by filtering, it would
constitute strong evidence that dominance in the low spatial frequency
channels is not necessary for this Gestalt effect to occur, although it still
might be sufficient.

Future theoretical directions

Spatial frequency models are not strong candidates for explaining the
kind of Gestalt contextual effects that have been examined. While
symmetry theory seems to do better than spatial frequency models on
several scores, it alone does not seem to be adequate to the job either.

The most promising direction for new theoretical developments is
"connectionism" or "PDP" models. The dynamic properties of networks
during the process of settling into a state of minimum energy are very
suggestive of some crucial phenomena -- e.g., the fact that ambiguous
triangles are multistable to begin with, and the ways in which contextual
structure seems to influence this multistability. The properties of the
densely connected parallel neural networks are hauntingly similar to the
ideas advanced many years ago by Gestalt theorists in their "field theories"
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of perceptual phenomena, and they are of considerable interest on these
grounds alone.

Reference frame effects in depth

Palmer, S., Simone, E., & Kube, P. (In press). Reference frame effects on
shape perception in two versus three dimensions.

The question addressed in this article is whether reference frames
used in shape processing operate in a two-dimensional (2-D) or
three-dimensional (3-D) representation of space. Nearly all modern
theories of perception assume that visual processing makes use of at least
two fundamentally different kinds of spatial representations. The first is
a logically prior representation of 2-D properties of the proximal stimulus.
The second is a representation of thei3-D properties of the distal stimulus.

The principle question we wish to answer is whether the processes
that select a perceptual reference frame are based on information about the
structure of the 2-D image, the 3-D environment, or some combination of
the two. .

When the sides of the figure are perceived as parallel and perpendicular
to the axes of the 2-D frame, the description of the figure corresponds to a
"square" shape. When they are perceived as diagonal to the axes of the
frame, the description of the figure corresponds to a "diamond" shape.
(Figures 52C and 52D) However, they can also be seen three dimensionally
as lying in several parallel depth planes, as indicated in Figures 52E and
52F. The interesting phenomenological impression is that when the
diagonal configurations are perceived in depth, the tendency to see their
shapes relative to the tilted 2-D reference frame of the retinal
configuration seems to disappear.

The task in the following experiments forced observers to see a
particular one of the two alternative shape descriptions for each stimulus:
namely, the one aligned with the gravitational reference frame rather than
the one aligned with the configural reference frame.

How much is the size of the configural orientation effect reduced when
the figures in the configuration are perceived to lie in different depth
planes? The 2-D hypothesis implies that it will not be reduced at all, and
the 3-D hypothesis implies that it will be completely eliminated.

Experiment 1 : The stimuli include the depth cues of relative size by
making the upper figures smaller, interposition by occluding a ground plane
behind the figures, height in the picture plane by placing farther figures
higher in the image, and linear perspective by converging the parallel lines
of the bowling-aliay-like ground plane'toward a vanishing point at the
~ horizon (Figure 53). -
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The subjects were instructed to discriminate between gravitationally
defined squares and diamonds as quickly and accurately as possible. RTs
were measured.

Results :(Figure 54) The amount of interference in the 3-D conditions
is only about 1/5 as large as that in the corresponding 2-D conditions. Even
so, there is still a difference in 3-D conditions between the single-figure
control condition and the inconsistent diagonal conditions of about 25 ms
and one of 35 ms between the consistent vertical and inconsistent diagonal
conditions. These latter two effects clearly show that some interference
is still present in the 3-D stimuli, despite the large decrease in the size of
the effect. The pattern of results is consistent with the hypothesis that
the interference effect occurs pr/mar/ly at a 3-D level of perceptual
organization.

Experiment 2 is designed to rule out at least some of the most obvious
factors that might compromise the depth interpretation. The comparison is
made between the configural orientation effect for the standard 2-D
stimuli.and that for control stimuli which included some factors (not all of
them) that produced the 3-D effect in Experiment 1, yet-would result in 2-D
perception (Figure 55). The control stimuli included the depth cues of
relative size, height in the picture plane, and occlusion of a background.

Results : The pattern of results for the 2-D stimuli replicates that of
the first experiment. The same pattern of results were found for the
control stimuli. (Figure 56) Thus, the data are clearly incompatible with
the "superficial features" hypothesis that mere differences in size or
presence of an occluded background surface are sufficient to produce the
decrease in interference observed in Experiment 1.

Experiment 3 : Experiment 2 did not control for the presence of linear
perspective, and this might be the critical factor. Furthermore, it might be
argued that simply seeing depth per se in the stimulus somehow produces
the observed drop in interference, rather than seeing the target figures in
different depth planes.

Conditions were created in which the diagonal figures could appear to
lie either in the same depth plane or in different depth planes just by
changing the orientation of the ground plane relative to the configural line
(see Figure 57). To do this, the depth information from relative size had to
be eliminated. R '

The resulls are consistent with those in Experiment 1. There are large
interference effects due to configural orientation for the 2-D condition.
There are smaller, but still reliable, interference effects for the 3-D
condition. Still, the amount of interference was clearly less in the 3-D
conditions than in the 2-D conditions for both squares and diamonds.(Figure
58)

The pattern of results across all three experiments is quite clear: when
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people perceive the target figures in different depth planes, the configural
interference effect is much smaller than when they perceive them in the
same depth plane. :

- Kruschke and Palmer (in press) found that the configural orientation
effect is sensitive to depth information in the form of binocular disparity,
provided that stereopsis is required for the task. The results require
modification of the theory of reference frame selection to include
stereoscopic depth information. The results of Palmer, Simone, & Kube (in
press) suggest that pictorial depth information should also be taken into
account. Together, these results strongly suggest that theoretical accounts
of reference frame effects should be based in 3-D processing.
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Il. Coding theory

Coding theory developed by Leeuwenberg and his associates provides a
set of rules for describing visual patterns (line drawings) as a string of
symbols. A visual pattern such as a square is initially transformed into a
"primitive code," which consists of a string of symbols corresponding to
lines and angles. The primitive code is then shortened into an end code by
using syntactic rules which make use of redundancies in the primitive code.
The number of elementary components in the end code is called information
load, and is considered as an index of pattern complexity (or simplicity).

For example, a primitive code of Figure 59 is
Aavoiov

and of Figure 60 is R
uBvovBupvav.
The same figure can receive a different primitive code if one starts
differently. For instance, if one started at the lower right-hand corner of
Figure 59, again with a starting direction to the right, the first element of
the code would be an angle, and the primitive code would be’

’ CVOAQLVOA. _

A primitive code is reduced to a shorter, end code by syntactic rules.
Syntactic rules are concerned with redundancies in primitive codes, which
involves iteration, continuation, reversal, symmetry, distribution,
symbolization, and subcodes (or "chunks").

Iteration is repetitions of a subsequence. |f a code contains a
subsequence that is repeated n times without interruption, then the block
of repetitions can be replaced by n*[ ], where the code of the subsequence is
placed between the brackets as in the two following examples:

abbbc=a 3*[b] ¢
aaabbb=3*[a] 3*[b].

Continuation is a special case of iteration, in which the same
subsequence is repeated to a natural ending. For example, if a right angle
and side, o), are repeated four times, the result is a square, and the figure
returns to its starting point. This type of repetition to a natural ending is
symbolized by << >> (van Tuijl, 1980) (or by @*()), so the square would be
coded <<oA>> (or @* (o).

Continuation may also be used when a uniform curve continues until it
intersects a line that has already been drawn. In such a case the uniform
curve is represented as <<f>> (or @*(B)). Or, even when a straight line is
continued to an intersection or an end point of an already existing line, the
straight line is represented by <<0>> (or by @*(&) where & means a grain of
length).

Reversal and symmetry are coded in the following way. Any string of
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elementary symbols in a primitive code can be rewritten in backward order
by the reversal (r) operation,
rloBy] =

When the original figure displays spatial symmetry, this is often reflected
in symmetry in the code, that is, a string of symbols followed immediately
by the same string of symbols in reverse order. Two varieties are possible:

ofyyBo = ofy riapyl = Z[oBy] (= SYM[epy])

ofyBo =afyrfafl = XTeBm] (= SYMM[aBm]).

Distribution is used when two alternating strings (factors) are
separately written in angle brackets as follows (consider that A, B, C, etc
are any substrings):

<A><BCD> = ABACAD

<ABA><LMN> = ALBMAN

<ABA><MN> = AMBNAMANBMAN

<AB><LMNM> = ALBMANBM. :
The substrings in the factors (e.g., ABA and MN) are used over and over until
the entire distributed sequence starts over.

Symbolization allows to replace a substring with a new symbol when
the substring appears more than once in a string. The first appearance of
the original substring should be kept intact. However, its subsequent
appearances can be replaced by the new symbol. For example in the string

| ofyvaByvuafy,
one may define y = offy and get a string
- ofyvyuvpy
with a side notation that y = ofy.

Subcodes or "chunks." Parentheses around a segment of a code signify a

subcode or "chunk" that is to be treated as a unit. For example, in iteration
3*[(AB)] = ABABAB
3*[(A)(B)] = AAABBB.

The information load of a code is the number of parameters in the
code--the number of angles, line lengths, numbers, and symbol appearances.
One apparent exception is <<0>>, which has no information load. This is
because <<0>> provides no extra information about a given visual pattern.
The symmetry symbol carries a unit of information load.

Depending on the initial primitive code, the same pattern may receive
two or more final codes. In such cases it is assumed that the visual system
selects the code with the least information load in accordance with the -
minimum principle.
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Visual Pattern completion

Buffart, H., Leeuwenberg, E., & Restle, F. (1981). Coding theory of visual
- pattern completion. Journal of Experimental Psychology: Human
Perception and Performance, 7, 241-274.

Buffart et al.(1981) applied the coding theory to visual pattern
completion. An example of visual pattern completion is given in Figure 61.
When people look at this figure, most of them perceive a circle partly
occluded by a square. Visual pattern configurations that may lead to a
pattern completion are abundant. However, pattern completion is not
always the most preferred interpretation of such a configuration; in some
cases mosaic interpretations (two figures side by side) are preferred to
completions (Figure 62C). Furthermore, even when pattern completion
occurs, the way it occurs is not determined in a singular way (Figures 62A
and 62B). Buffart at al. assert that whether or not visual pattern
completion occurs, and if it occurs, what interpretation is preferred, can be
predicted by applying coding model to a given pattern. More specifically,
they predict that the interpretation with the least information load will be
most preferred. That is, when the information load of the final code of a
pattern completion is smaller than that of a mosaic interpretation, the
completion will be preferred, and vice versa; if the information loads for
the completion and the mosaic interpretation are the same, people's
response will be ambiguous. For example, in Figure 63 two possible
interpretations of a simple display with coding paths are shown. Most
people select interpretation A (completion), and as Buffart et al. predict,
the information load for A is smaller than that for B.

Experiments 1 & 2 tested their predictions. Subjects (psychologlsts
and graduate students in Experiment 1 and secondary school children in
Experiment 2) were presented with 25 visual patterns (Figure 64), and were
asked to trace for each pattern the contour of the subpattern which they
thought to be the best interpretation of the whole configuration.

Results confirmed the predictions (Figure 65). Of the 25 patterns, 16
had completions with lower information loads than the mosaic
interpretation, 7 had equal information loads, and the other 2 had more
economical mosaic interpretations. When completions had lower
information loads than mosaics, 96% of the subjects produced completions.
When the two types of interpretations were equally economical, 45% chose
completions. When the mosaic interpretations had lower information loads,
only 10% chose completions.
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Interpretation of complex line patterns

van Tuijl, H. F. J. M. (1980). Perceptual interpretation of complex line
patterns. Journal of Experimental Psychology: Human Perception and
Performance. 6, 197-221.

van Tuijl (1980) applied the coding theory to the perceptual
interpretation of complex line patterns which included intersections. A
complex pattern can be interpreted as consisting of subpatterns, but the
way such a pattern is decomposed ( or subdivised) into subpatterns can not
be determined singularly. van Tuijl predicts that the subpatterns that is
described by the least information load will be the preferred
mterpretatlon

- Experiment 1 tested this prediction. The subjects were presented with
20 complex patterns (Figures 66, 67, 68, and 69). After presentation of
each pattern, two possible subdivisions are shown, and each subject
selected the subdivision which he or she thought that they would make for
themselves.

Results (Table 1) were consistent with the prediction in most cases.
However, there were several unpredicted responses, too; the result for
pattern 14 was the reverse of the prediction; those for patterns 17-20
showed the clear-cut preference of one interpretation to the other, desplte

the fact that the coding theory predicted ambiguities.
' To account for these anomalies in the results, van Tuijl proposed two
supplemental principles, namely, the object principle and the efficiency
principle. The object principle says that each subpattern must be seen as
an object rather than simply a line drawing. For example, a part in the
subdivision b of pattern 18 (Figure 69) should be seen as a hook so that the
width of the line would be incorporated into its code (Figure 70). As a
result of this modification, subdivision a of pattern 18 becomes more
preferable than subdivision b. The object principle also applies to patterns
14 and 17. In both of these patterns, the subdivisions into triangles are
rejected by the principle, since if these triangles are seen as objects with
surface, it is unnatural that all the contours of these triangles are seenin
the original complex patterns. This analysis explains the results for
patterns 14 and 17.

The efficiency principle is based on the quantification of the Gestalt
law of good continuation. If the information load of the primitive code of
subpatterns is lower, there are more continuation and more efficiency in
the subpatterns. More specifically the relative efficiency of subdivision a
compared with subdivision b is defined by the equation,

ep(a/b)={l(b)-ly (@) (maxl,(a), I (b))
where lp(a), for example, represents the information load of subpattern a at
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the level of primitive code. Similarly, the relative efficiency of
subdivision a compared with subdivision b at the level of final code is
defined by the equation,

-efa/b)={l¢(b)-le(a)y/{max[l(a), l(b)]} |
where I¢(a), for example, represents the information load of subpattern a at

the level of final code. And, the ultimate efficiency (E) of subdivision a

compared with subdivision b is defined as the sum of ep(a/b) and e(a/b):

E(a/b)= ep(aib) + erfa/b).

This efficiency analysis is consistent not only with the results for
patterns 19 and 20, but also with all the rest of the results of Experiment
1 (Table 2). ' _ |
Experiment 2 tested the validity of the efficiency principle using a
different experimental paradigm. Patterns were presented '
tachistoscopically. First, a subpattern was presented. Then, a complete
pattern was presented. The subject pressed the right button if the
subpattern was part of the complete pattern, and pressed the left button if
the subpattern was not detected in the complete pattern. RTs were
measured. The subpatterns that were true parts of the complete patterns
were divided into two classes: more efficient subpatterns (easy) and less
efficient subpatterns (difficult). It was predicted that the RTs for the easy
subpatterns would be shorter than those for the difficult ones.
Results were consistent with the prediction (Table 3). The results for
‘patterns 5 and 6 did not reach significance. However, inspection of these
two patterns revealed that in these patterns the more efficient subpatterns
were classified in an erroneous way.

Coding theory of motion

Restle, F. (1979). Coding theory of the perception of motion configurations.
Psychological Review, 86, 1-24. '

Restle (1979) analyzed the Johansson's (1950) experiments on motion
perception by using a coding model. Johansson in his experiments displayed
a small number of dots in relatively slow, oscillating real motions, with a
cycle time of 1-4 sec. Each motion either was in a circular path at uniform
velocity or was a parallel projection of such motion. That is, straight-line
motions were sinusoidal in velocity, and motions in an elliptical path
moved fastest at the minor axis and slowest at the major axis, in both
cases being a projection of uniform circular motion.

Restle invented a coding model for representing such motions. A basic
circular motion is specified by three parameters: amplitude (ct), phase (9),
and wavelength (L) (Wavelength is expressed in cycles per second). An
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elliptical motion is taken to be a projection of a circular motion and
therefore requires two more items of information, namely, the axis of
rotation of the plane on which the circular motion occurs relative to the
picture plane on which the motion is displayed to the observer (B) and the
angle of tilt or rotation (t). An elliptical motion of a system S is therefore
symbolized as MOLCI)?LB‘C(S)' }Oscil!ation on a straight line is treated merely as

a very thin ellipse in which the plane of the circle is orthogonal to the
picture plane {t=90°). Uniform motion in a circle is taken to be an ellipse
with 1=0°. These two parameters are illustrated in Figure 71.

If ©=0° and the motion is circular, then it is not possible to specify the -
axis of the tilt (B). However, a normal circular motion starts at 0°, the
right-hand edge of the circle. Suppose that such a circular motion is
rotated 90° to the left, that is, B=90°. Then the motion will start at the top
of the circle. This change is exactly the same as would be produced by a -
phase shift of 90° in the motion, with B=0°. In this way, orientation and
phase are interchangeable in the case of circular motions.

Motions are coded in the following way. If the motions of two dots a
and b are seen as independent from each other, they are coded as

Moy 91248174 (a)+Moy by Byt (b)
with ten parameters. Sometimes motions are perceived in a hierarchical
way. Suppose that the whole system (S) of points a and b has a motion M,

and the point b on that system moves, with respect to S, with a motion M.

The code is ,
It may happen that some of the parameters are the same in the system
motion, M1, and in the motion, M2, of the subpart. If the two motions have

the same wavelength, phase, and tilt, the code can be written
Moy 6218171 (S)[Maydd Byt (b)].

To simplify notation, replace a repeated parameter by a dot and suppress
subscripts of parameters. Using these notational simplifications, the
above expression is written

Muq)wt(S)[Ma “B .(b)] ,
which has seven parameters in all. The number of independent parameters
in the description of motions contributes to the information load in the
present coding model.

Application of the Coding Model to Johansson's Early Experiments. In
Johansson's (1950) experiments, dark spots were seen to move on a lighted
screen. Experienced observers reported the motion configurations they
saw, and in many instances large groups of subjects concurred. Restle
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repeated most of Johansson's experimental conditions, along with some
variations. The display consisted of bright dots on a dark screen, observed
in dim light at approximately the same visual angle as used by Johansson.

Grouping by common or related motions: Experiments 1, 2, and 3.

In the first condition of Experiment 1, Johansson presented a subject
with four unmoving points (Figure 72A) and asked if they appeared to be
organized. Four independent points have I(information load)=4, since each
point has a location(L), and each location must be coded by a parameter.
Four points seen as an organized set of points which lie equally spaced on a
straight line have |=3, because it requires three parameters to describe
them, namely, a starting location(L) for one point, a distance to the next
~ point(d), and the number of times that distance must be repeated.
According to the coding theory, subjects should have said that the points
were organized. However, the prominence was P=f(4/3)=f1.33), which is
not very high. (The function, f, is not defined by Restle.)

The result: Reports of some perceptual organization were elicited.

A second condition of Experiment 1 presented the points moving up and
down in unison (Figure 72B). If the points are interpreted as independent,
each has a location L and a motion, the motion having all five parameters.
Four such points, each consuming six parameters, have an information load
of 24. On the other hand, if the points are organized together, there is only
one motion of the system (I=5), and the location of the points on that
moving system requires only 3 parameters, L, d, and 3, to yield a total I=8.
The interpretation of unrelated motions is much more expensive than
organized motion (24 vs. 8), and the prominence of the organizations is
P=1(24/8)=£3.0), which is much higher than in the case of stationary
points.

The result: As the model predicts, observers report that the points are
much more strongly grouped when they move together than when they are
still. ‘

In Experiment 2 (Figure 72C), the points move with unequal amplitudes.
If grouping depends on common motion, they should not be perceived as
grouped. If the observer were to consider the four points as unrelated, the
locations would have I=4, and three of the points would move in an
unrelated way, yielding a total I=19. Alternatively, the observer could see
four points on a rotating rod, spaced by a code with |=3 and with a single
motion [=5, for a total information load of 8. Thus, the prominence of the
unified grouping-is {19/8)=f2.375).

The result: Obsevers report that there is a rod which oscillates about a°
fixed axle.. Thus, Wertheimer's (1923) common fate hypothesis must be
modified to admit that the visual system may extract not only a common
motion but also motions with some properties in common but that vary in
amplitude. -
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Experiment 3: (Figure 72D) As six unrelated points, the configuration
has six locations and four motions (I=6+20=26). Seen as a swinging jump
rope, the configuration requires one motion (I=5) and the location of six
equally spaced points, Ld® (I=3). The total information load of the
jumping-rope mterpretatlon is therefore [=5+3=8, and the prominence is
P=f(26/8)=1(3.25).

The result was completely in accord with the prediction based on the
coding model. |

Formation of subgroups: Experiments 5, 6, 7.

In his Experiment 5 (Figure 73), Johansson (1950) asked whether
subgroups of dots become grouped together when they have a common
motion and separated if they have contrasting motions. The points aand b
move together along the vertical paths, and points ¢ and d move together
but in the opposite direction. The code of four independent motions is very
inefficient (I=20). The code of two independent motions of pairs of points
is much better (1=10). The third coding, that the two pairs of points follow
related motions, has an information load of only 7.

Results: 13 of 14 observers definitely saw the figure in two subgroups,
and 11 of the 13 subjects saw the subgroups as related.

Experiments 6 and 7: The motions of points are described i in Figure 74.

Results: No observer sees the four points as all unrelated, all see the
points grouped so that dots in common phase form subsets irrespective of
positions, and most observers see all four points as related. Since all four |
points are seen as interrelated, the simple common fate theory is
incomplete. Furthermore, the result does not depend on proximity of the
dots. The phenomena arise from the motions themselves.

Vector analysis of motions:Experiments 17, 18, 19, 20, and a Gogel's
(1974) Experiment.

Experiments 17 and 18: In Experiment 17, two points were in vertical
motion, and two other points followed a path 15° from the vertical (Figure
75). In Experiment 18, one pair of pomts moved vertically, the other pair in
a circle (Figure 76). : l

Results: In both experiments, observers saw two related subgroups; in
Experiment 17 the sloping motion was perceptually analyzed into horizontal
and vertical components, so that the observer saw the four points on a line
that was moving up and down and saw two points sliding back and forth on
that line; in Experiment 18 the circular motion was analyzed into
horizontal and vertical components, equal in magnitude and 90° out of
phase.

The results are predlcted by coding analysis. In both experiments three
interpretations are possible: four unrelated motions, two unrelated motions
each carrying two points, and two motions in a hierarchical structure. The
second interpretation has a lower information load than the first, and the
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third the lowest of all in each cases. In Experiment 17 two types of
hierarchical structures are possible as shown in Figure 75C; both types
were seen by observers. .

Experiments 17 and 18 go far beyond Wertheimer's common fate: Not
only are points grouped by common motion but a motion itself can be
divided into two component motions by what Johansson called a perceptual
vector analysis. :

In Experiment 19 Johansson used only two points. The motion pattern
and the three main interpretations, B, C1, and C2, are shown in Figure 77.
These three interpretations are the cases of vector analysis again. The
coding model says that these interpretations are equally stable. '

~ Results: The prediction of the coding model was confirmed. The three
interpretations are ambiguous, and all can be seen by an observer.

Gogel's (1974) experiment (Figure 78) used three points, one test dot in
horizontal motion and two inducing dots in vertical motion that were out of
phase with one another and at opposite ends of the test dot's path, so that
the test dot joined first one inducing dot and then the other alternately.
Several interpretations are possible. One is of three unrelated motions
(Figure 78A) with 1=15. A second interpretation (Figure 78B) is to have the
system follow one of the inducing points and then to split up t'h'e residual
motion of the other two points (1=9). In the third interpretation (Figure
78C) the system follows the motion of the test point, and the residual
motions are Moc..B.(b) and Ma“B.(C); with five information units for the

system motion, the total is I=9. The fourth interpretation is that the

system describes a rocking motion like a seesaw, with the two inducing
points b and ¢ lying on this system (Figure 78D). ltis difficult to code this
interpretation since it involves a curved path and a rocking motion.

However, Restle (1979) suggests that | of 9 would be appropriate for this
interpretation (pp. 11-12). This analysis suggests that the second, third,

and fourth interpretations (Figures 78A, 78B, and 78C) would be ambiguous.

Results: Restle reports that Interpretations B and C were vividly
apparent, and Interpretation D could also be seen.

Experiment 20: The paths of two motions crossed (Figure 79).
Interpretations A, B, C, and D are all more efficient than are separate
motions, which would yield I=10. The coding model gives =8 to
Interpretation A, I=7 or 8 to Interpretation B (I is not definite since B
involves collision), and I=7 to Interpretations C and D.

Results: All the four interpretations can be observed.

In the above series of experiments, it is shown that the coding model
can give a detailed account of motion analysis, in which a single physical
motion of a dot is analyzed into two or more components. Furthermore, the
model can predict ambiguities in interpretation.

Motion synthesis: Experiments 21, 24, and a Restle's experiment.
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In Experiment 21 Johansson used the same crossing motion paths as in
Experiment 20, but he changed the phase relations so that point b lagged
90° behind point a. Recall that in Experiment 18 (Figure 76) the circular
motion of points a and d was vector analyzed into two rectilinear motions,
90° out of phase. In Experiment 21, the reverse occurs, that is, two linear
motions out of phase are synthesized into a circular apparent motion.

The motion pattern is shown in Figure 80. Interpretation A, as two
independent motions, has | of 10 and is uneconomical. Interpretations B and
C have the system follow one point; relative to the system, the other point
then describes a circular motion, and 1=8. In Interpretation D, the two
points appear to rotate around a common center in one direction, and then
the center itself seems to rotate in the other direction: lts information
load is also 8. - ‘

Results: The model predicts Interpretations B, C, and D. All three are in
fact seen. '

Experiment 24 is similar to Experiment 21 except that a third point is
introduced that follows a path at 45° in orientation between the other
points and with a 45° phase lag between the other two points. Figure 81
shows the motion unfolding in eight successive positions. Interpretation A,
of three unrelated motions, is very uneconomical (I=15) and cannot be seen.
Interpretation B is that either point a (0°) or point ¢ (90°) is seen to move
in a straight line, with the other two points rotating around it in two
different orbits; the code (I=11) is uneconomical. In Interpretation C, point
b is seen to move in a straight line diagonally, and points a and ¢ are seen
to rotate around it in a single orbit (I=8). Interpretation D is of the three
points rotating around in a single orbit, this orbit itself rotating in the
opposite directions (1=8).

Results: Both Interpretations C and D are easily seen. In addition,
Restle was able to fixate point a, see it moving up and down, and see points
b and c rotating around it: In such a display, a, b, and ¢ become the points of
a rigid right-angle triangle that rotates around one of its acute angles, and
as a rigid body, this interpretation also has an information load of 8.

Restle's experiment: Restle added to the display in Experiment 21 a
fourth point at 135°. Figure 82 shows that the circle-within-a-ring
interpretation (B) still has 1=8. Interpretation A is that one point moves in
a straight line, and the other three points occupy at least two orbits; this
interpretation is less economical than Interpretation B.

Results: The circular motion of Interpretation B clearly dominates.
However, if one fixates a single point, it can be seen moving in a straight
line with a rigid square rotating around it.

The three experiments described above show that the coding model of
motion can predict not only vector analysis but also vector synthesis in
visual motion perception.
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Residuals of motion analysis: Experiments 27, 28, 28A(or a second
experiment by Restle), and 29.

Experiment 27 repeats Experiment 18 but uses only two points instead
of four. One point follows a vertical path, the other point, off to the right,
follows a circular path, and both start at the top.

Results: Most subjects see the system moving up and down, with the
point on the right also making a horizontal linear motion. This is a typical
motion analysis of a circle into two straight-line motions.

In Experiment 28, Johansson asked what would happen if the motion
analysis did not work out so simply because the two dots had unequal
vertical components of motion. To answer this question, Johansson used
the same long vertical path of point a, but he changed the motion of b into
an ellipse only half as high as it was wide, as shown in Figure 83. Three
interpretations are possible; to consider the motions.of the two dots as
unrelated (Interpretation A, I=10); to analyze the common vertical
component of motion, the height of the ellipse, which then leaves both of
the dots in motion with respect to the system and therefore requires the
subject to see three motions when there are physically only two
(Interpretation B, 1=9); or to take the full vertical motion of point a as the
system motion, which requires that point b be seen to follow an elliptical
path with a rotation opposite to its physical rotation (Interpretation C,

[=9).

Note that the code for Interpretation B with three motions has less
information load than the code for Interpretation A with two motions. This
is because when the motion of a is divided into two parallel vectors, the
vectors share the same phase, wavelength, orientation, and tilt.

Result: Observers see Interpretation B. The coding model has trouble
with this result. The model predicts that Interpretation C can be seen also,
but that is not the case. The next experiment is planed to test if observers
can see Interpretation C in a slightly different context.

Experiment 28A (Restle's second experiment): This experiment is a
modification of Experiment 28 with a third point, ¢, moving vertically in
unison with point a (Figure 84).

Results: Restle could perceive two interpretations that correspond to
Interpretations B and C in Figure 83.

There seem to be two possible interpretations of the preference for
Interpretation B over C in Johansson's Experiment 28. One, proposed by
Johansson(1950), is that the system prefers to use the shortest common
component, that is, to make the motion of the system as small in amplitude
as possible. A second possibility is that the visual system prefers straight
lines and circles over ellipses.

These two interpretations are pitted against one another in Johansson's
Experiment 29, in which the straight path of point a is shortened and b
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retains its large circular path, as shown in Figure 85. Interpretation A
(two unrelated motions) has I=10. Interpretation B analyzes all the
motions into horizontal and vertical straight lines, but produces motions in
three different directions and has I1=10. Interpretation C analyzes out the
short vertical component of point a, and what is left is an elliptical motion
of point b. Since the elliptical motion has the same wavelength (1) as the
system, the information load of Interpretation C is 9. The analysis of the
coding model agrees with Johansson's idea that the shortest common
component will be factored out in motion analysis.

Result: Observers see the motion in Interpretation C. In this situation
the perceptual system seems to have no prejudice against ellipses.

Discussion: The application of the coding model to motion perception is
quite successful in predicting the hierarchical structure of the
interpretations of motions; common motions are coded and interpreted as
the reference frames. And in relation to these reference frames, residual
motions are analyses or synthesized. |

Coding ‘thevory of human walking motion

Cutting, J. E. (1981). Coding theory adapte‘d to gait perception. Journal of
” Experimental Psychology: Human Perception and Performance, 7,
71-87. ‘ -

Johansson (1973) demonstrated that the actions of human beings could
be identified from the movements of lights mounted on the major joints of
the body. That is, with the surround darkened, the flow pattern of these
lights is sufficient to determine the presence of an individual painting a
wall, bicycling, walking, running, or doing push-ups.

Cutting (1981) adapted Restle's (1979) coding theory for motion
perception to the perception of human walking motion (or gait). The
adaptation required some modifications of Restle's model, since Restle's
coding model! is designed for projections of simple circular motions of a
few points and not for complex motion patterns like human locomotion.
Before describing the modification of coding model (which requires two
steps), Cutting first presents a demonstration that shows how well people
can identify a human walker from a moving configuration of lights that
simulate a human walker.

Demonstration 1: Previous studies (Johansson, 1973; Cutting,1978a;
Cutting & Kozlowski,1977; Cutting, Proffitt, & Kozlowski, 1978) have
shown that the lights mounted on the joints of human body were sufficient
for perceiving walking. This demonstration explores the perception of
human walking from the lights mounted off the joints of a human body. A
computer program was used to display lights as if they were mounted
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halfway between the major joints (Figure 86). The total number of lights
were seven representing only.the right side of the body. (One of the lights
was mounted on the head to make the display look natural.)

Results: All 10 viewers reported seeing a person walking although they
were not quite sure of the locations of the light on the body.

Experiment 1: Cutting suggests that although lights off joints are
sufficient for the perception of walking, lights on joints might be better
stimuli than lights off joints for the task. This experiment is designed to
compare these two types of stimuli. However, Cutting says that he was
afraid that demand characteristics and other extraneous variables might
intercede, if he were to ask viewers simply to compare on- and off- joint
displays. Thus he chose a indirect method: He asked viewers to
discriminate male walkers from female walkers with on- and off-joint
stimuli.

Results: The judgments of gender were generally more accurate for
on-joint stimuli than for off-joint stimuli.

A first coding model: This model was proposed to account for the result
of Experiment 1. The notational system takes the following form: L=M(x),
where L stands for the particular light under consideration and M(x)
represents the motion of a particular point. M(x) can be any complex vector
and is used as a primitive within this system. With this system on-joints
stimuli are coded in the following way if they are considered as
independent. (See the upper left panel of Table 4). First, the center of the
motion of the body is described as M(C ). The motion of the light on the

head with respect to the center of motion can be considered null. So, the
coding of the motion of head is 1= M(C_)+M(He) = M(C_). The light on the

shoulder is coded as 2=M(C_)+M(S) and the light on the wrist as 3= M(C_)+

M(S)+M(E)+M(W), where M(E) stands for the elbow. The movements of the
lights mounted on the hip and ankle are determined in a similar manner.
The coding of the lights mounted off joints is as follows (See the upper
right panel of Table 4). In this coding the lights are considered as
independent. As for the head the code is the same as in the on-joint
version. The movement of the light on the upper arm, mounted exactly
halfway between the shoulder and the elbow, is described as 2'= M(Cm)+

M(S)+M(E)/2, where M(E)/2 means that the length of the pendulum is halved
but that the angular excursion as measured at the pivot remains the same.
The movement of the light on the lower arm is composed of four complex
vectors: those of the highest order center of moment, shoulder, elbow, and
half of the wrist. Thus, 3'=M(C__)+M(S)+M(E)+M(W)/2. In an analogous

manner, the composite vectors are determined for the movements of the
lights mounted on the upper leg (4') and lower leg (5').
In the coding representations described above (for both the on- and
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off-joint stimuli) the vectors are considered as independent, and the
information load for each stimulus is the total number of vectors. When
the stimuli are considered as coherent systems, the codes for the lights are
reduced by substitution of common vectors and the information loads
become less. (See the lower panel of Table 4.) It is apparent from the table
that the reduction of codes is more efficient for the on-joint walker than

for the off-joint walker. This resultis reflected in the prominence value

(P). Thus the coding analysis suggests that the on-joint representation is
better than the off-joint representation. The same point can be seen in the
tree structure representations of the codings shown in Figure 87: The
on-joint walker is represented by a two branch system while the off-joint
walker requires a four branch system. |

‘Demonstration 2: Insufficiency of the first coding model is
demonstrated. An anomalous walker was displayed to viewers, which was
created by displacing various parts of body but holding their absolute
motion constant. For example, the head was placed below the ankle on the
screen. Likewise, the right shoulder was placed below the ankle but
considerably behind the location of the head. The right elbow was placed
marginally above the ankle, and so forth. Thus a bizarre arrangements were
generated (Figure 88).

Results: None reported seeing the presence of a human walker. All
reported coherence. But, to some viewers the canonical stimuli (normal
walking patterns) are far better as coherent and impressive stimulus
events than is the anomalous display. ,

A second coding model: The problem of the first coding model is that it
can not distinguish a normal, canonical walker from the abnormal motion
pattern in Demonstration 2. Thus Cutting proposes a new notational form:
L=M(x,y), where L is movement of the particular light under consideration
as a function of the movement M of point x with respect to pointy. The
comparative analysis of the canonical walker and the spatially anomalous
walker is described in Table 5. It shows that the prominence of the
canonical walker is larger than the prominence of the anomalous walker.
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lll. Treismam and her associates
Feature integration theory

Treisman, A. (1985). Preattentive processing in vision. Computer Vision,
Graphics, and Image Processing, 31, 156-177.

Treisman and Gelade (1980; Treisman and Schmidt, 1982) proposed a
feature integration theory of attention. Their hypothesis was that at a
preattentive stage, sensory inputs from the visual field are decomposed
into features on separable perceptual dimensions, and under an
unpredictable context the features of an object are integrated into the
coherent percept of the object only by focusing attention to the location of
that object. This hypothesis was supported by converging evidence
reported in the two articles mentioned above. Treisman (1985) reviews
some of the main findings of these earlier studies, and along with these,
presents some new lines of evidence. ‘

Feature integration theory predicts that texture segregation is easy
when areas differ in simple properties like shape and color and difficult
when a boundary is defined solely by a conjunction of properties (e.g., green
triangles and red circles on the left and red triangles and green circles on
the right). The former case is demonstrated in Figures 89a and 89b
(Treisman and Gelade, 1980) and the latter in Figure 89c. Similarly
segregation is easy when the boundary divides Ps and Os from Rs and Qs
(Figure 89d); the letters on one side have a diagonal slash whereas those on
the other side do not. If the areas mix Ps with Qs and Rs with Os (Figure
89e), there is no single distinguishing element, and texture segregation
becomes much harder. ,

Feature integration theory is also supported by experiments using the
visual search paradigm. If a single blue letter is embedded in a display of
brown and green letter of other colors, it "pops out." Detection appears to
be spatially parallel. There is no need to check each of the brown and green
letters before the blue one can be found. Similarly, if a single curved letter
(e.g., "S") is presented in a display of straight or angular letters (e.g.,"X" and
"T"), it is also immediately salient. But if the task is to find a target
which conjoins two properties (e.g., green and T), each of which is present
in other distractors (e.g., green "X"s and brown "T"s), the search is much
more difficult. Latencies increase linearly with the number of distractors,
as if attention had to be focused on each item in turn (Treisman and Gelade,
1980). The slope relating search time to display size (number of
distractors) is twice as steep on trials where the target is absent as on
trials where it is present, which suggests a serial self-terminating search.

The role of attention can be tested more directly by giving subjects a
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cue in advance, which tells them where the target will occur if it is
present at all. if attention is needed to detect conjunction targets, the
precue should eliminate the serial checking phase. On the other hand, with
targets defined by a single feature, the cue should have very little effect;
separate features are registered in parallel anyway. Displays like those in
Figure 90a were used; shapes varied in shape, size, color, and whether they
were outlined or filled. The target was defined either by a conjunction of
properties, for example, a large brown outline triangle, or by a single
property like red or large or outline. The location of the target was precued
by flashing a pointer. The precue was valid on 75% of the trials on which
the target occured. It was invalid on 25% of trials; in these cases the
target occurred somewhere other than cued location. On invalid trials
attention would be directed to the wrong location rather than distributed
across the whole display. An invalid cue should therefore give rise to costs
rather than benefits relative to the condition with no cue. The accuracy of
performance for feature targets and that for conjunction targets were
matched by presenting the display for a longer duration for the conjunction
targets. The question was whether the effect of the cue would be greater
for conjunction than for feature targets. Figure 90b shows the results; for
conjunction targets, there was a substantial benefit from a valid cue, while
for feature targets the cue had very little effect. B
If attention is necessary for conjoining features, errors of conjunction
can be predicted when attention is overloaded. Displays were briefly
presented which contained a row of three colored letters in the middle and
two black digits at each end of the array (Figure 81a; Treisman & Schmidt,
1982). In order to ensure that attention would not be focused on any single
letter, subjects were asked to report first the digits, and then any colored
letters that they were reasonably sure they had seen. Subjects reported
almost as many "illusory conjunctions" in which the color of one letter was
recombined with the shape of another as they did correct conjunctions.
Some of these conjunction errors were made with high confidence and
appeared to be genuine perceptual illusions. Does the occurrence of illusory
conjunctions of shape and color depend on how similar the stimuli are on
other dimensions? It seems that it does not (see Figure 91b). Subjects are
as likely to attribute the color of the large filled triangle to the small
outline circle as to attribute to it the color of the small outline triangle.
Interdependencies between the accuracy of target identification and
the accuracy of target localization provide another evidence for feature
integration theory. If we do conjoin only by attending to an object, we
should be forced to locate a conjunction target in order to identify it
correctly, whereas this would not be necessary for a feature target.
Subjects were shown displays like those in Figure 92 and were asked both
to identify the target and to say where it was (Treisman and Gelade 1980).
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In the feature task, they had to decide on each trial whether there was an
orange letter or an H. In the conjunction task they had to decide whether
there was a blue O or ared X. Treisman and Gelade analyzed the conditional
probability that the identity was correct given that the location was wrong.
They expected this probability to be above chance for feature targets, and
it was. Thus subjects could sometimes tell correctly that there was an
orange letter in the display while mislocating it by two or more squares.
For conjunction targets, on the other hand, correct identification was
completely dependent on correct localization, as it should be if attention
must be focused on a location in order correctly to combine the features it
contains. ‘

It seems, then, that information about features can be "free-floating”
or indeterminate in location, but information about conjunctions is
available only through accurate localization. If attention is over-loaded,
free-floating features may recombine at random when their associations
were originally arbitrary. In a natural scene, however, many conjunctions
are ruled out by our prior knowledge.

Search asymmetry

Treisman, A., & Souther, J. (1985). Search asymmetry: A diagnostic for
preattentive processing of separable features. Journal of Experimental
Psychology: General, 114, 285-310.

When a target in a visual search task is detected with little change in
latency as the number of distractor items is varied, it is inferred that its
critical property (or properties) is processed spatially in parallel. The
increase in latency (or reaction time) in such a result is less than 5- or
6-ms per item. This pattern of result is called the pop-out effect.

Parallel search and pop-out are contrasted with the pattern of
latencies characterizing serial processing. The main diagnostic for serial
search is a linear increase in search latency as distractors are added to the
display. When the slope on negative (target absent) trials is twice as steep
as the slope on positive (target present) trials, it is inferred that the |
serial search is also self-terminating (Sternberg, 1966). In other words,
subjects respond on positive trials as soon as they find the target, but
check the complete display before deciding that it is absent. These
inferences from search times have been questioned (e.g., Townsend, 1972),
and it is certainly true that some parallel models can mimic the linear
increasing functions generated by serial processing. However, in choosing
to interpret linear increasing functions with a 2:1 slope ratio as evidence
for serial self-terminating search, Treisman and her associates rely on
additional evidence, such as the relation between the variances of search
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latencies and display size, and the dependence of correct identification on
accurate localization for targets that appear to be detected serially
(Treisman & Gelade, 1980).

When search is serial, it is inferred that the search requires focused
attention. A further prediction from feature-integration theory is that if
serial attention is needed to conjoin features, it should also be needed to
localize the absence of a feature from a particular item, whenever the
same feature is present in other items. Thus a target characterized by a
unique feature should be detectable by parallel processing. On the other
hand, if the feature is presentin all items except the target, each will have
to be checked serially in order to localize the one item which is not
conjoined with the relevant feature. Experiment 1 tested the presence of
the predicted asymmetry between search latencies for the target with a
unique feature and for the target without it.

Experiment 1: A pair of items were used as stimuli: a circle either with
or without a vertical line which intersected the base (see Figure 93). In
one condition (presence), the target had the line and the distractors did not,
so subjects could look for the presence of the line; in the other condition
(absence), each distractor had the line but the target did not, so subjects
were to look for the absence of the line.

Results: The mean search times are shown in Figure 94. For the target
with the line (feature present), positive responses gave a slope of 4.0 ms
per item; negatives gave a slope of 2.9 ms. On the other hand, for the target
without a line (feature absent), positives gave a slope of 19.7 ms per item
and negatives a slope of 38.9 ms per item. The prediction of asymmetry
was confirmed. . ‘

The results suggest that the circle with an intersecting line possesses
one or more features which are absent from an intact circle. But the
results does not specify what those features are; possible candidates are
straightness, vertical orientation, intersection, angles, and line ends
(terminators). Further experiments would be needed to determine which
are critical.

Experiment 2: This experiment had two aims. The first was to
replicate the line search task (in Experiment 1) comparing homogeneous and
heterogeneous shapes as distractors, to see whether the flat pop-out
function for the presence of the line target depended on the distractors all
being identical circles. This aim was set up because several earlier
studies have shown a large distractor heterogeneity effect in search and
suggested that identical stimuli may be processed in a special way. In
order to see if distractor heterogeneity interacts with search for feature
presence or absence, Treisman and Souther used displays consisting of
randomly mixed circles and isosceles triangles, again with or without
vertical lines intersecting the base.
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The second aim was to compare search for presence and for absence
with another simple feature, the color green. The color green differs from
the line feature in a critical respect: it is a substitutive feature in that its
absence implies the presence of another color, which may be equally salient
and preattentively detectable. Subjects were told either to look for the
presence of a green target among red and black distractors, or to look for a
target that was not green (and was therefore red or black) among
distractors that were all green. Search asymmetry was not expected in
this color experiment.

Results: The calculated best-fitting slopes and intercepts for the
functions relating search times to display size are given for each condition
in Table 6. The mean search times for the heterogeneous condition are
shown in Figure 95. As in Experiment 1, there is a striking asymmetry
between the search latencies for the line target and for the absence-of-
line target. '

A new finding is that heterogeneity has a different effect on search for
feature presence and search for feature absence. There is no effect of
distractor heterogeneity on search for the presence of a line. Thus feature
pop-out, when it occurs, does not depend on all the distractors being
identical.

In search for a shape which lacked an intersecting line, heterogeneity
of the carrier shapes significantly slowed performance. Heterogeneity
seems to have made subjects more cautious in deciding that each shape did
have an intersecting line and was therefore not the target.

The color conditions differ strikingly from the line conditions: No
asymmetry is present here. Both the green target and the nongreen target
seem to be detected fast and with minimal effects of the number of
distractors and no effect of irrelevant variations in shape.

Experiment 3: This experiment tested a more hypothetical pair of
features-closure and free ends (or terminators)-in the same search
paradigm. More specifically, search for a triangle among angles and lines
was compared with search for an angle among triangles. The angles and
diagonal lines were identical to those which formed the triangle (see
Figure 96). The question was whether the pattern of performance would
closely resemble the shape and line condition or the color condition (in
Experiment 2). If closure functions as a perceptual feature which
characterizes triangles but not their component angles and lines, the task
with the triangle target could become a search for the presence of the
closure feature (analogous to search for the presence of an extra line
intersecting a shape). Conversely, search for an angle in triangles could
either be mediated by search for the absence of closure (analogous to
search for the single shape with no intersecting line, or, if terminators
also function as preattentive features, by search for the presence of
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terminators. In the latter case, there might be no asymmetry; the pattern
of performance should resemble that obtained with the colors.

Results: (Figure 97) When the target was a triangle in angle and line
distractors, it was detected almost as fast as the shape with line, and with
little effect of display size. The result implies that the triangle has a
primitive feature which is preattentlvely detected and which is not present
in the angles and lines.

The results with the nontrlangle target (right angle) were less clear.
Display size had a significant effect. However, the slope was much less
than the feature-absent slope with the shape and line displays of
Experiments 1 and 2, averaging only 6.1 and 9.5 ms per item for positive
and negative displays, respectively. It seems that the removal of a triangle
line, at least for some subjects, leaves a stimulus with a positive feature
which can be detected preattentively. The implication may be that both a
triangle and an angle have different and complementary primitive features,
perhaps closure for the trlangle and free ends or terminators for the right
angle. |

Experiment 4: This time the displays contained circles with and
without gaps. In one condition, the target was a circle with free ends (a
gap) in.a display of circles without gaps: in the other condition, the target
was a complete circle with no gap in a display of circles with gaps (Figure
98). The tasks could be defined in two ways: as search for the presence or
for the absence of line ends, or as search for the presence or absence of
closure (a closed circle). In this experiment, the effect of feature -
discriminability on search for presence and absence was also tested by
varying the size of the gap. Line ends are, in a sense, a categorical or
discrete feature; if the size of the gap is above threshold, they are either
present or not. lf the presence of a gap is coded by the detection of line
ends their spatial separation should have little effect on search. Closure,
on the other hand, can be defined perceptually in two different ways. By
one definition, it is synonymous with connectedness, which is the inverse
of free ends and categorical in the same way. By another definition,
however, it should be a graded feature, dependmg on the degree to which an
area is enclosed by a convex contour.

Results: (Figure 99, Table 7) The results show a striking asymmetry in
the difficulty and the strategy of search. When the target was a circle
with a gap, search was fast, independent of gap size and little affected by
display size. The data suggest that the presence of the gap is detected
categorically, perhaps because the line end or terminator feature pops out
of the display.

On the other hand, when the target was a closed or connected circle,
search appeared to be serial, its rate strongly affected by the size of the
gap in the distractors. The implication is that the closed circle lacks any
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unique distinctive feature which can be preattentively detected by the
perceptual system. 4

How can these fmdmgs be related with the finding in Experiment 3 that
triangle targets pop out of displays containing angles and lines? First, the
new resulis confirm that the triangle was not detected by the absence of
free ends, because the complete circle target also differed from the circles
with gaps in having zero instead of two line ends or terminators. Second,
they show that the relevant target feature in the triangle displays was not
the connectedness of the outer contour. In this categorical sense of the
word, closure does not seem to be preattentively available.

Another distinctive characteristic of the triangles in the displays of
Experiment 3 was their acute angles.

Experiment 5 investigates search for acute angle targets among right
angles and lines, to see whether this produces the same flat functions that
was obtained with triangle targets in Experiment 3.

Results: (Figure 100) With the acute angle targets, there is clearly a
substantial and significant effect of display size, whereas with the
triangle targets there was almost none. The data give no evidence that
acute angles are coded preattentively and in parallel, and appear to rule out
the possibility that the parallel preattentive detection of triangle targets
is mediated by feature detectors for acute angles.

Treisman and Souther return to closure as the most likely property
mediating early parallel detection of triangles. However, in order to retain
this hypothesis, they redefine the term , clearly distinguishing it from
connectedness. It is suggested that the relevant sense of closure may be
the second sense that was defined earlier (in the section of Experiment 4).
In this sense the feature is a graded one, which should mediate categorical
pop-out only if the distractors totally lack it, and not if they possess it to
some degree but quantitatively less than the target. In Experiment 4, the
complete circle begins to emerge preattentively when the gap size is large
enough to reduce the distractors to semicircles. The right angle
distractors in triangle target displays, may be below the threshold to
activate closure detectors at all, so that the triangle differs categorically
from the angle and line distractors.

General Discussion: The hypothesis that Treisman and Souther suggest
to account for parallel search and presence-absence asymmetries is that
perceptual features are separately registered in different maps. Figure
101 shows a crude representation of two separate modules which analyze
colors and orientations, respectively, into ordered stacks of feature maps.
A possible implementation of spatial attention could be through
connections to a master map of locations, in which the positions of any
discontinuities in stimulation are coded without specific information on
the nature of the discontinuity. Because attention can also be guided by
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preattentively detected features, it must be assumed that any given feature
map can also selectively index locations containing the relevant feature in
the master (location) map. Any feature concurrently accessed by the
attentional spotlight would be conjoined. Serial search for feature absence
is explained by the same assumptions previously used in
feature-integration theory to account for serial search in conjunction tasks
(Treisman & Gelade, 1980). |

Two different strategies are available: (a) to inspect a feature map and
to detect categorically the presence or absence of activity anywhere in
that map, or.perhaps to discriminate between two clearly different overall
levels of pooled activity. This strategy can be used when the target has a
distinctive, preattentively detected feature which the distractors do not
share, or which the distractors possess to a lesser degree. The search in
this case is parallel or global, over the display as a whole, and the target
will pop out. (b) When target features must be localized (i.e., when the
target is defined by the absence of a feature or when the target and the
distractors differ only quantitatively on the relevant dimension), focused
attention and serial scanning would be required. Latencies show a linear
relation to display size, with a 2:1 ratio of slopes on negative and positive
displays.. :

There was another finding that needs an explanation. Treisman &
Souther found large differences in slopes across different conditions (or
experiments), in all of which search appeared to be serial and self-
terminating. For example in Experiment 4, the rate of scanning for closed
circle targets varied dramatically with the gap size of the distractors.
Treisman & Souther suggest two possible explanations. So far they have
attributed the differences in slope to the idea that the more discriminable
each distractor is from the target, the quicker it can be rejected in the
course of serial scanning. However, the scanning rate in some conditions
would be very high if these were assumed to be the only variable (as little
as 13 ms per item for closed circles among distractors with the largest
gap size). '

An alternative account can be proposed if one considers the effects of
target-distractor discriminability on the level of pooled activity among
feature detectors. Suppose that the relevant feature distinguishing.the
target from the distractors is shared by both, but they possess it to
differing degrees. For example, the target might be more "closed" than the
distractors. The pooled response to displays containing one target will
differ from the pooled response to displays containing only distractors by
the same fixed increment or decrement, regardless of the number of
distractors. According to Weber's Law, however, this fixed difference
should have a larger impact at low levels of background activity (few
distractors) than at high levels (many distractors). Thus, with large
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displays (many distractors), subjects may serially scan small groups of
items rather than individual items.

By the same reasoning, search for absence using the pooled activity
measure should suffer bigger decrements in discriminability with
increases in the number of items than should search for presence. Thus the
pooled response hypothesis and Weber's law provide an account of search
asymmetry.

Treismavn, A., & Gormican, S. (1988). Feature analysis in early vision:
Evidence from search asymmetries. Psychological Review, 95, 15-48.

Two kinds of decomposition into more primitive elements are possible:
analysis into properties and analysis into parts. These two forms of
analysis are orthogonal, because each local part must have at least a
minimal set of properties. In this article the authors are concerned with
dimensional analysis, with properties rather than parts. They define a
dimension as a set of mutually exclusive values for any single stimulus
(Garner, 1974; Treisman, 1986). In this article the authors are concerned
primarily with evidence for separability of features within a dimension
rather than with separability of one dimension from another. Separability
is a relation between features rather than an absolute property of an
individual feature.

The pop-up effect in search may offer one of the most direct tests for
separable features, detected through early, spatially paraliel and automatic
coding. The target is identified preattentively, and its presence tends to
"call" attention.

Treisman suggested elsewhere that subjects check a pooled response
from the relevant feature map for the presence of activity anywhere in that
map (Treisman, 1985; Treisman & Souther,1985). The idea of a pooled
response to a particular feature, independent of spatial locations, has also
been proposed in computational vision by Ballard (1984) as a tool for
segmenting the visual field. !

The pooled response model makes an interesting prediction: A target
should be preattentively invisible if and when it is defined only by the
absence of a feature that is present in all the distractors. If we measure
only a pooled response to the relevant feature, we expect the difference
between displays containing n-1 instances of the relevant feature and
displays containing n instances to decrease rapidly as n is increased. Once
the difference becomes unreliable relative to "noise" in the system,
subjects should be forced to search serially.

For discriminations on one shared dimension, subjects should be able to
pool the relevant feature activity over groups of items when the difference
between target and distractors is large without running the risk of
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increased misses or false alarms. In fact, Weber's law should determine
the discriminability of groups of a given size when they do and do not
include a target. This law states that the size of the just noticeable
difference is a constant ratio of the background level. According to Weber's
law, in deciding whether a target is present within an attended group,
subjects will compare the activity in the pooled response of a group
containing a target and a group of the same size containing only
distractors. When the distractors produce a low level of activity, subjects
must discriminate a group with more activity (because the target replaces
one distractor) from groups with a uniformly low level. On the other hand,
when the distractors produce a high level of activity in the relevant
detectors, subjects must discriminate a group with less activity from
groups with a level that is uniformly high. The application of Weber's law
to different levels of pooled distractor activity predicts an asymmetry of
search for targets with more of the relevant property against a low
background level and for targets with less of the relevant feature against a
high background level.

In the following section the authors report a series of findings
regarding the determinants of pop-out and search asymmetry in a number of
apparently simple discriminations. The experiments using simple stimuli
can be divided into five groups: those testing quantitative dimensions-line
length, darkness of grey, and number of lines; those testing spatial
properties of a single line-orientation and curvature; those exploring the
coding of prototypical values and deviations; those exploring possible
emergent features created by the arrangement of two straight
lines-intersection, juncture, and convergence; and those testing examples
of relational or topological properties-connectedness and containment
(inside vs. outside). '

Quantitative Dimensions

In the search paradigm (Treisman & Souther, 1985) the presence-
absence difference (e.g., between circles with and without an added line)
may represent only the ends of a continuum of neural response. Between
some and none there could be more and /ess activity. To test the claim that
pop-out is mediated by a positive signal from the target rather than by
faster detection of homogeneity for the simpler distractors, the authors
predict that there should also be a search asymmetry favoring the target
that has more of a shared property when target and distractors differ only
in degree on a quantitative dimension.

In Experiment 1 Treisman & Gormican varied the line length of target
and distractors; in Experiment 2, their contrast (darkness vs. lightness of
grey on a white background); and in Experiment 3, the number of lines (pairs
vs. single lines). According to the pooled response model, the longer line,
the darker grey dot, and the pair of lines among singles are expected to be
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the positively signaled targets against the background of less distractor
activity; and the shorter line, the lighter grey dot, and the single line to be
signaled only by a reduction of activity from a higher background level
produced by the more extreme distractors.

Experiment 1 and 2 included two levels of discriminability to test
whether search would become parallel when discriminability was high, and
if so, whether an asymmetry would remain.

Experiment 1. (Line Length) In both the easy and difficult condition,
the longer line was 8 mm (subtending 1.1° at a distance of 42 cm). In the
difficult condition the shorter line was 6.5 mm and in the easy condition it
was 5 mm. (Figure 102a)

The results, shown in Figure 102b and Table 8, confirmed the
hypothesis that a search asymmetry would be present and that it would
favor the more extreme value as target.

Experiment 1a. (Line Length: Search With Matched Distractors) The
account of Experiment 1, in terms of Weber's law and a pooled response,
attributes the search asymmetry to the different distractor backgrounds
rather than to the direction in which the target contrasts with the
distractors. The smaller target is harder to find, not because it is smaller,
but because the distractors are larger in this condition than in the other.
The same absolute difference in length is judged as less prominent when
distractors are larger than when they are smaller.. To test this claim
Treisman and Gormican conducted Experiment 1a, which used both a larger
and a smaller target with the same medium-length distractors so that the
ratios of the lengths in two conditions would be equal to each other. They
predicted no asymmetry of search latencies in this experiment because the
Weber fraction was the same in the two conditions. (The distractors were
7.5 mm long. The targets were either 10 mm long or 5 mm long.)

Results: The asymmetry found in Experiment 1 was no longer present.

Experiment 2: (Contrast) Two sets of displays were used to test two
different levels of discriminability.

Experiment 3: (Number or Proximity of Lines) (See Figure 103a)

Results of Experiments 2 & 3 are shown in Figure 103b and 104, and in
Table 8. Again, all showed a search asymmetry favoring the more extreme
value as target. This time, however, with the easier discriminations the
search functions were almost flat.

Line Curvature and Line Orientation

In the next experiments two attributes of a single line were tested-
the contrast between straight and curved and between vertical and tilted.
Treisman and Gormican's aim was to see whether any asymmetry would be
present between performance with a curved (or tilted) target among
straight (or vertical) distractors and with a straight (or vertical) target
among curved (or tilted) distractors. With both curvature and orientation,
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one value (straight or vertical) can be taken as standard and unique for that
dimension. Other stimuli can take a range of values that depart to various
degrees from the standard value. Treisman and Gormican were interested
in the possibility that a unique coding exists for the standard value, with
deviations represented as reduced activity relative to the standard value.
Alternatively, it may be the case that deviations from the standard are
positively coded, leaving the standard to be detected only by default.

Experiment 4: (Curvature) Treisman and Gormican tested the three
levels of discriminability. Figure 105a shows the displays used to test
straight and curved targets.

Results: (Figure 105b) Search asymmetry was found. When subjects
were looking for a single straight line in a background of curves, they
appear to have checked items or groups of items serially. The slope of
response latencies against display size increased sharply as the
discrimination became more difficult. Curvature appears to be sensed
directly.

Experiment 5: (Orientation) See Flgure 106a.

Results: (Figure 106a and Table 8) A striking asymmetry was found and
again it favored the non-standard value. A tilted target was detected
equally fast for all display sizes tested, whereas a vertical target among
tilted lines was found more slowly the more distractors were present.

The results do not distinguish two possible ways of coding straight and
vertical: They could be represented simply by the absence of activity in the
detectors for curved and for tilted (i.e., as the null or default values on
those two dimensions). Another possibility is that straight and vertical
are coded as the presence of activity in a population of detectors for these
standard or reference values and that the same detectors are also activated
(almost as much) by the curved or tilted lines. Following the analogy to the
standard circles and circles plus lines in the Treisman and Souther (1985)
experiment, the curved or tilted lines could have been coded as straight or
vertical lines with an additional feature marking the nature of the.
deviation, just as the circle with the added line is coded as the standard
circle with an additional feature (the intersecting line). This
interpretation may be preferable in light of results from other
experimental paradigms showing more accurate coding and easier labeling
of standard values when the stimuli are presented one at a time (e.g.,
Attneave & Olson, 1967; Rosch-Heider, 1972).

To control for the possibility that the asymmetry of search
performance in Experiments 4 and 5 are generated by the visual frame
effects of a rectangular aperture of the tachistoscope, Experiments 4a, 5a,
and 5b are conducted.

Experiment 4a: (Curved and straight line displays/Control with g/_rgl_e

aperture). (See Table 8).
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Experiment 5a: (Line orientation/Control with circle aperture). (See
Table 8). - '

Experiment 5b: (Line orientation/Control with tilted frame & with
vertical frame) (See Table 8).

Resulls of Experiments 4a, 5a, and 5b: (See Table 8) From the results of
these experiments Treisman and Gormican conclude the following: (a) the
effect of display size in search for straight and for vertical targets was
not due solely to competing activity produced by the frame (because it was
still present, at least to some degree, with circular frames; and (b) the
null, or standard, value for line orientation is at least partly defined by
alignment with the edge of a visible or inferred framework rather than
simply the one that is vertical on the retina or with respect to gravity.

Experiment (not numbered/Control with both target and distractor
tilted): (See Table 8).The aim of this experiment is to rule out the
possibility that search asymmetries reflect, not so much a more difficult
task when the target has the standard value (vertical, in Experiment 5), but
an easier task when the distractors have the standard value.

Results: (Table 8)The search latencies were unaffected by the number
of distractors. ‘ -

The only condition in which search latencies were affected by the
number of distractors, suggesting serial search with focused attention,
was the condition with a vertical (or frame-aligned) target among tilted
distractors. It seems, then, that there is a special difficulty in detecting a
standard target rather than a special case in coding standard distractors.

Treisman and Gormican's original conclusion, that standard values of
orientation and straightness are represented only as the absence of a
distinctive feature (because they share the reference value with the tilted
or curved lines), seems to fit the data from this enlarged set of
experiments. -

Pr nd Deviations of Sh: n lor

Experiment 6: (Circles and Ellipses; Search for a circle among ellipses
as distractors and for an ellipse among circles as distractors). One might
expect the visual code for circles (prototype) to be simpler or more
economical, which might make them easier to detect in a search task.
However, the results with curved versus straight lines and tilted versus
vertical lines suggest that the reverse might be true. If a general property
of perceptual coding is that it gives least response to standard values and
represents stimuli as departures from a standard or norm, the asymmetry
might be in the opposite direction.

There were two conditions: In one condition the orientation was fixed
(the ellipses were always vertical); in the other condition, the ellipses
were haphazardly oriented. (Figure 107a).

Results: (Figure 107b) Neither target popped out, but there was a large
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asymmetry favoring search for the target ellipse rather than the target
circle. Search for the ellipse was fast, suggesting that groups of circles
could be checked in parallel for the presence of a target ellipse, whereas
this was impossible for a target circle among distractor ellipses. There
was no effect of fixed versus varied orientation on search for ellipse
targets, but varied distractor orientations did slow search for the target
circle.

Experiment 7 (Color) explored the possibility that a search asymmetry
would favor detection of a deviating color among distractors that are
prototypes, relative to detection of prototypical color targets among
distractor colors that deviate from them.

Results: (Figure 108, Table 8) Response latencies were significantly
longer when the prototypical values definded the targets, and there was a
significant interaction with display size. The effects were in the predicted
direction. That is to say, the prototypical colors were found more slowly
and with more effect of distractors than the deviating colors. However, the
~ effects were much smaller than with other dimensions. It seems unlikely -
that the effects were so small simply because the discriminations were
very easy. The intercepts were no lower than average, and the error rates
were higher than for any other experiment giving equally fast and flat
search functions. There is a hint in these results that parallel processing
is more natural for color than for properties of lines or shapes, even when
the discriminations are difficult and accuracy is not guaranteed.

Implications for Pooled response model. It may be worth trying to link
the prototype-deviation asymmetry to neural channels for color and to use
the analogy to throw light on other dimensions, like curvature and tilt, that
also give search asymmetries. Coarse coding is certainly used on the color
dimension: Each stimulus value activates more than one channel, and each
channel is activated by many different values. However, the prototypical
red, green, and blue dots that were used in Experiment 7 probably have
produced more activity within their own primary channel and less on either
neighboring channel than the magenta, lime, and turquoise. A magenta dot
would primarily affect the red channel, but it would also produce some
activity in the blue channel. Again, Treisman and Gormican draw an analogy
with the circle-plus-line experiment. Detection of a magenta target might
be mediated by the added presence of activity on the blue channel as well
as by the shared activity on the red channel. A red target, on the other
hand, would produce more activity than magenta on the shared red channel,
but against a background level that was already high through the effects of
the multiple magenta distractor dots. Figure 109a shows the model.

This interpretation of the color asymmetry matches the hypothesis
proposed for the curvature and orientation dimensions. It retains the idea
that standard values are coded as the absence of activity on the deviating

51



dimensions; but it assumes that they are positively coded on their own
channels, with the proviso that the deviating stimuli also produce
substantial activity in the prototype channel. When the targetis a -
prototype, it activates its own channel more than any individual distractor
does, but the increase must be detected against a high background level
produced by pooled distractors. When the target is the deviating stimulus,
it activates the prototype channel less than the prototype, but in addition it
produces activity on another channel on which the prototype distractors
produce little or no effect. The asymmetry then follows from Weber's law:
Detecting some against a background of none should be easier than
detecting more against a background of some.

There are alternative models, shown in Figure 109b and 109c, that
would also give rise to the asymmetry in cases where the detectors are not
grouped into widely spaced channels and where the deviating stimuli
maximally activate their own separate detectors. In each case the
hypothesis is that detectors that are maximally sensitive to standard or
reference values are more strongly activated by off-standard values than
~ detectors for nonstandard values are by standard values. (Note that the
functional detectors are not necessarily assumed to be single neural units.)

Line Arrangements | | |

The next three experiments tested some possible emergent features
created by the spatial arrangement of two straight lines. The features
were intersection, juncture, and convergence (vs. parallelism).

Experiment 8: (Intersection; Search for an intersection target among
line and angle distractors and for a line target among intersection
distractors) See the left panel of Figure 110a. :

Experiment 9: (Juncture, search for a right angle among right angles
with a gap and for a right angle with a gap among right angles without a
gap) See the central panel of Figure 110a.

Experiment 10: (Convergence/ Parallelism; Search for a pair of parallel
lines among distractor pairs of converging lines and for a pair of
converging lines among distractor pairs of parallel lines) See the
right-hand panel of Figure 110a.

Results of Experiments 8, 9, and 10: The search latencies are shown in
Figure 110b, each below its relevant display type. None of the tasks
appears to allow parallel search. Each showed a significant increase in
latency as the number of distractors increased. The rate of serial search
was very slow both for the joined lines and for the parallel lines. Search
for the separate lines and for the converging lines was considerably faster
than search for the joined or parallel lines. Neither, however, appears to be
detected in parallel by the pop-out criterion. The results for intersection
conflict with those of Julesz and Bergen (1983), who found easy texture
segregation between pluses and Ls and parallel search for plus among Ls:
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Their displays may have allowed the use of other, primitive features
besides the presence of intersection. The results of Experiments 8, 9, and
10 provide no evidence that any of these three pairs of line arrangements
generates an emergent feature that is preattentively coded (Pomerantz,
Sager, & Stoever, 1977; Treisman & Paterson, 1984).

Topological Pr ies: n n ntainmen

The last two experiments tested two topological properties-line
connectedness and containment (dot inside a boundary)-together with their.
opposites-line ends (terminators) and exclusion (dot outside a boundary).

Experiment 11: (Connectedness and Terminators) This experiment was
reported by Treisman and Souther (1985). The stimuli were closed circles
(subtending 1.5°) and circles with radomly located gaps. They tested three
different gap sizes (one eighth, one fourth, and one halif the circumfer-
ence). ' e '

| Results: (Figure 111 and Table 8) The circles with gaps popped out of
displays of closed circles, but the closed circles were found only through
apparently serial, self-terminating search, the rate of which varied with

the size of the gap. The results suggest that the different search rates for
closed circles reflect search through groups of different sizes, with items
within groups checked in parallel to see if their pooled response on the
dimension of closure exceeds the criterion for target presence.

Experiment 12: (Containment-Inside vs. outside) The stimuli were
mixed displays of two different convex container shapes with a 2.5-mm
black dot either inside or outside each shape and mixed displays of two
different concave container shapes, again with 2.5-mm dots either inside
or outside. (Figure 112a) :

_ Results: (Figure 112b and Table 8) Serial search appeared to be
necessary in both cases. Concave shapes gave slower search rates than did

convex shapes. In both experiments, there was a significant search

asymmetry giving steeper slopes for the inside dot target than for the

outside dot. This is consistent with the idea that the relevant feature is

the noncontained dot.

Evidence for Serial Search ,

In the series of experiments described above, Treisman and Gormican
have interpreted any search function that increased substantially with
display size as implying a serial scan, either of single items or of groups of
items. They say that this assumption needs to be checked. Although one
can devise parallel models that mimic serial processing (Townsend, 1972),
they take reaction time functions that increase linearly with display size
as prima facie evidence of serial search. They consider that ratios of
positive to negative slopes that approximate 0.5 suggest that the search is
self-terminating. They accept, however, that converging evidence from a
number of other tasks is necessary to support these inferences (Treisman &

- 53



Gelade, 1980). :

The grand means for the 37 conditions with slopes greater than 10 ms
per item are shown in Figure 113a; the remaining 17 conditions (which gave
apparently parallel search) are shown in Figure 113b. The proportion of the
variance with display size that was due to linearity was .987 for the
positives and .9998 for the negatives. The ratio of positive to negative
slopes averaged 0.53 across the 37 experiments. This is very close to the
ratio of 1:2 predicted by serial self-terminating models.

Role of Eye Movements '

A final possibility to consider is that the apparently serlal scan
reflects successive eye movements and fixations rather than serial
focusing of attention. A critical test is to compare search rates when eye
movements are ruled out by brief presentations. Treisman and Gormican
compared search for a shorter line among longer lines in displays of one to
six items when exposure durations were limited to 180 ms and when they
continued until the response was selected (as in all their previous
experiments).

Figure 114a shows the results. There was a highly significant effect
of display size on search latencies with the brief exposure. However, the
slopes were significantly lower than with the uniimited exposure. A
number of explanations for the difference are possible: The latencies with
unlimited exposure might include some eye-movement time or some
rechecking time, or the search times with limited exposure might have been
curtailed because the display disappeared before all items could be
checked. To test this last possibility, Treisman and Gormican made the
assumption that subjects who missed 23% of targets with displays of six
items were able to check on average only 77% of the display-that is, 4.62
items. Similarly, the fact that 17% of the targets were missed with
displays of four items suggests that on average only 83% of the items were
checked-3.32 items. Figure 114b shows the graphs replotted against
display sizes corrected in this way for the mean proportions of targets
missed in each condition. The difference in slopes has almost disappeared
with this correction, suggesting that curtailed processing contributes more
to the reduced slopes than the elimination of eye movements.

General Discussion

A basic assumption, with which Treisman and Gormican's data are
consistent, is that early vision is analytic; it decomposes stimuli along a
number of dimensions and into a number of separable components. In visual
search task, we suggest that pop-out occurs when the target has a unique
feature, which is coded early in visual processing and which is not shared
by the distractors. The features may either be discrete and categorical
elements (e.g., terminators) that can be only present or absent, or they may
be values on a continuous dimension that activate nonoverlapping
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populations of functional detectors and that therefore also mediate

categorical discriminations.

Treisman and Gormican reported a series of search experiments whose
results may help to diagnose some of the functional features coded early in
visual processing. They emphasize, however, that no search task allows
direct inference to the complete code for a particular stimulus in any
absolute sense.
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Table |

Structural Infarmatian (I) of Aliernative
Subdivisions. of Paiterns Used tn Experiment I
(see Figure 2) and Frequency (f) of Responses

to Each Subdivision >
Subdivision
a b . a b
Pattern I f I f Pattern [ f I f
1 215 4 1 11 3 15 5 1
2 3 14 4 2 12 2 14 4 2
3 4 10 56 13 1 14 4 2
4 3 11 6 5 14 3 2 4 14
5 2 13 6 3 15 3 10 3 6
6 2 12 4 4 16 6 10 6 6
7 2 13 5 3 17 3 16 3 0
8 4 14 6 2. 18 3 13 3 3
9 4 14 5 2 19 5 16 50
10 2 14 3 2 20 2 16 2 0

Table 2

Structural Information and Relative E_ﬁiczem:y af Revised Codes of Subdivisions Used in
Experiment 1 (see Figure 2)

Subdivision
a b a b ‘

Pattern 1,(a) I, (b) ep(a/b) It(a) Ie(b) er(a/b) E(a/b)
1 20 32 +.38 3 6 +.50 +-.88
2 36 36 .00 4 S +.20 +.20
3 44 48 +.08 S 7 +.28 +.36
4 20 20 .00 3 7 +.57 - +.57
3 15 20 +.25 3 7 +.57 +.82°
6 24 32 +.25 4 - S +.20 +.45
7 8 32 +.75 4 6 +.33 +1.08
8 13 20 +.35 S 7 -+.29 +.64
9 12 29 +.58 S 7 +.29 +.87

10 16 20 +.20 2 3 +.33 . +.53
11 12 45 +.73 6 7 +.14 +.87
12 8 32 +.75 4 S +.20 +.95
13 8 40 +.80 4 5 +.20 +1.00
14 29 16 — .45 11 8 -.27 —.72
15 28 28 00 4 4 .00 .00
16 36 44 +.18 8 7 —-.13 +.05
17 16 26 +.38 5 10 +.50 +.88
18 20 20 00 3 4 +.25 +.25
19 36 64 +.43 6 5 -7 +.26
20 .20 48 +.58 3 3 .00 +.58

Note. It should be noticed that the E(a/b) values are only relevant to the alternative subdivisions of the
patterns to which they belong. They convey no information about the relative efficiency of the 20 a sub-
divisions with respect to one another. I,{(a) = structural information of the primitive code of Subdivision a.
I, (b) = structural information of the primitive code of Subdivision b. e,(a/b) = relative efficiency of
Subdivision a compared with b at primitive code level. It(a) = structural information of the final code of
Subdivision a. [{{b) = structural information of the final code of Subdivision b. ef(a/b) = relative efficiency
of Subdivision a compared with b at final code level. E(a/b) = ultimate efficiency of Subdivision a compared
with b. '
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Table 3

JWEEL;;S and Standard Deviations of Reaction Tz'me:b (in sec) to Easy and Difficult Subpatterns
(see Figure 12) and Values of t For Dependent Qbservations

Subpattern
Easy Difficult
M M
Pattern reaction time SD reaction time SD tq

1 1.301 .383 2.099 1.144 ~3.22*

2 1.350 997 2.676 1.048 . —3.58**

3 1.023 .516 2.12¢4 1.072 —4.27**

4 1.762 .695 2.817 1.541 , —3.60**
-5 1.680 907 2.394 2.240 —~1.48

6 2.031 1.931 2.674 1.227 —-1.62

7 964 451 1.566 133 o —3.19**

8 1.432 617 2.118 .761 —3.63**

9 : 1412 . 331 2.161 - 744 —5.01*
10 .886 .252 1.998 1.186 . —4.38*
11 1.021 399 2.350 1.347 —4.77**
12 944 332 1.909 1.335 —3.05**
13 1.650 .609 3.279 1.869 —~2.86"*
14 1.893 922 2.630 1.320 —2.68**
15 1.245 514 : 1.522 .567 —2.46*
16 1.260 625 2.042 1.673 —~1.84*
17 1.206 .519 2.534 1,227 —-5.27**
18 1.221 531 1.696 151 —3.22**
19 1.345 691 2.288 970 —3.88"+
20 1.221 .536 1.627 .625 —2.66*"*

Note. Easy and difficult subpatterns correspond to Target a and Target b in Figures 12-14.

d = dependent.
*p <05 *™p <.0L

Table 4 _ ) .
Vector Analyses for Computer-Generated Walkers
On-joint walker: [; = 13 ) Off-joint walker: I, = 15
I = M(C,) + M(He) = M(C,,) 1" = M(C,) + M(He) = M(C.)
2 = M(C,) + M(S) 2’ = M(C,) + M(S) + M(E)/2
3= M(C,,.) + M(S) + M(E) + M(W) 3" = M(C,) + M(S) + M(E) + M_(W)/Z
4 = M(C,) + M(HD) 4" = M(C,) + M(HI) + M(X)/2
5 = M(C,) + M(Hi) + M(X) + M(A) 5" = M(C,) + M(Hi) + M(K) + M(A)/2
Reduced code by vector Reduced code by vector
substitution: I, =7, substitution: I, =11,
P =1/ P = £yl
= f{1.86) = f{1.36)
1 = M(C,) 1' = M(C.) .
2 =1+ M(S) 2 = 1" + M(S) + M(E)/2
3 =24 M(E) + M(W) 3= 1"+ M(S) + M(E) + M(W)/2
4 =1+ M(Hi) 4 = 1" + M(Hi) + M(K)/2
5 =4 + M(K) + M(A) 5= 1"+ M(Hi) + M(K) + M(A)/2

Note. M = movement of the point that follows it; C,, = highest order center of moment; He = head, S= shoulder;
E = elbow; W = wrist; [{i = hip; K = knee; A = ankle. Numbers refer to the movements of lights shown in Figure
2. I; = total number of vectors needed to specify the lights independently; I, = total number of vectors needed to
specify the lights as a coherent system. P is the prominence of the perceived configuration as a function (f) of
I; divided .by /.. See also Footnote |.
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Table 5

Vector/Center Analyses for Computer-Generated Stimuli

Canonical walker: /, = 19

Spatially anomalous “walker™: J; = 19

1= M(Cng) + M(He.C.)) = M(C..g)

2 = M(C,..g) + M(S.C,)

3 = M(C..g) + M(S.C.,) + M(E,S)

4 = M(C...g) + M(S,C.) + M(E.S) + M(W,E)
5 = M(C..g) + M(Hi,C.) .

6 = M(Cag) + M(Hi.C,) + M(K,Hi)

7 = M(C..g) + M(Hi,C.) + M(K,Hi) + M(A,K)

= M(x.g) + M(He,i) = M(x,g)

M(x,g) + M(S.ii)

M(x.g) + M(S",iif) + M(E.S")

= M(x.g) + M(S".iv) + M(E'S™) + M(W.E')

= M(x,g) + M(Hi,v)

= M(x.g) + M(H".vi) + M(K.HI")

= M(x,g) + M(Hi", vii) + M(K" Hi") + M(A.,K")

Reduced code by vector/center Reduced code by vector/center

substitution: [, = 7, substitution: [, =13,
P=A1/1) P=//1)
= fl2.71) = f{1.46)

1 = M(C...g) . 1" = M(x.g)
2 =1+ M(S,C.) : _ 2 = |’ + M(S.ii)
3 =2+ M(E.S) 3= 1" + M(S",iii) + M(ES")
4=13+MWE) : 4 = 1" + M(S",iv) + M(E".S") + M(W,E")
5 =1+ M(Hi,C.,) 5= 1"+ M(Hip)
6 =5+ M(K,Hi) ' 6 = 1"+ M(H{vi) + M(K.Hi") )
7 =6+ M(AK) ) 7' = 1" + M(Hi"vii) + M(K" Hi") + M(A,K")

Note. M = movement of point following it; C,, = highest order center of moment; He = head; § = shoulder; E
= elbow; W = wrist; H{ = hip; K = knee; A = ankle, g is an arbitrary ground point. Arabic numbers refer to
movements of lights shown in Figure 3; lowercase italicized Roman numerals refer to arbitrary, unrelated points
.in space, as shown in the upper right panel of Figure 3, Primed values of joints indicate that the locations are
different for cach occurrence of a particular joint. [n the general form of the notation, M(x,y), | am considering
the movement of point x with respect to point y, a mechanically determinable point based on the vector structure
. of x. I, = total number of vector/center doubles needed to specifly the lights independently; 7, = total number of
vector/center doubles needed to specify the lights as a coherent system. P is the prominence of the perceived
configuration, as a function (/) of I, divided by 7,.
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Table 6

Functions Relating Search Times 1o Display Sc ze
(4, 8 12 Items} in Each Condition
of Experiment 2

% Variance
Slope due 10
Condition Slope ratio Intercept linearity .
. Presence: Homogeneous
Shape and
line
Positive L, 33 503 69
Negative 35 7 480 100
Color
Positive 0.l 549 438 2
Negative 20 77 454 66
Presence: Heterogeneous
Shape and
line _ :
Positive . 1.8 0.89 510 80
Negative 1.6 : 481 53
Color : )
Positive 2.5 0.96 470 82
Negative 2.4 : 469 60
Absence: Homogeneous
Shape and
line
Positive  ~ 18.3 1.86 559 98
Negative 34.0 : 598 100
Color
Positive © 3.0 0.47 529 - 98
Negative 1.4 : 526 30 .
Absence: Heterogeneous
Shape and
line
Positive 22.6 256 616 97
Negative 57.8 . 586 99
Color :
Positive 1.0 . 536 37
Negative -1.8 . 548 97

Note. In search for presence. the target was a shape with
an added intersecting line or a green shape. In search for
absence. the target was a shape without an intersecting line
or a nongreen shape, The data are those from the two
groups of 6 subjects who were run in both the homogeneous
and the heterogeneous conditions. *No meaningful siope
ratio can be given here because of the negative slope. Es-
sentially both functions are flat against display size.
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Tab le 7

Measures Relating Search Time 10 Display Size

in Experiment 4

% Variance
Performance Slope due to
measure Slope ratio Intercept linearity
Target: Gap
Large gap (1/2) :
Positive 1.6 5.00 503 54
Negative 8.0 " 504 95
Medium gap (1/4)
Positive - 3.1 2.03: 495 100
Negative 63 -~ 506 93
Small gap (1/8)
Positive 4.7 1, 508 96
Negative 6.0 7 503 89
Target: No Gap
Large gap (1/2)
Positive 6.2 211 526 89
Negative 3.0 =" 544 9t
Medium gap (1/4) -
Positive 14.8 2.6 505 100
Negative 335 & 524 99
Small gap (1/8) ' )
Positive 33.6 1.82 488 100
Negative 613 ™ 516 100




Table 8

Summary of Search Experiments

Intercept
i (mean of % errors
No. of cards Subjects Search Rates positive (display size)
X trials per and -_—
Feature 1ested card Response  Female Male Target Positive =~ Negative - negative) ] 6 12

Line length -

Easy 12X3 Key press 8 0 Short 14.3 28.3 504 1.7 4.4 3.2
i Long 7.6 155 499 0.4 38 3.6

Difficult 12X3 Key press 4 4 Short 40.0 811 565 23 32 53
Long 29.7 64.7 570 20 38 5.5

Matched distractors 12X3 Key press 7 ! Short 20.6 53.3 587 0.8 20 4.7
Long 20.4 53.0 564 0.6 33 5.4

Grey :

Easy 8X3 Key press 3 5 Light grey 29 -2.4 503 25 22 1.9
Dark grey 4.8 -1.7 465 0.8 09 1.0
Difficult 12X3 Key press 3 5 Light grey 13.7 28,6 - 613 44 1.7 4.4
- , Dark grey - 5.8 19.2 597 2.1 49 4.7
Number (1 vs.2) g§x4 Key press 8 0 One 10.5 32.5 498 1.8 2.0 23
: Two 1.7 7.3 480 20 L3 09
Curved/straight . BX2 Vocal 7 1 Straight 42 9.8 605 04 1.6 00
Easy ) Curved 3.1 7.0 577 1.5 04 04
Medium 8X2 Vocal 7 1 Straight 12.4 22,2 598 04 23 1.6
Curved 3.0 11.6 577 00 08 1.6
Difficult g§x2 Voeal 7 1 Straight 29.0° 547 598 00 6.6 74
Curved 6.1 12.9 598 15 03 24
Control with circle 8x3 Key press 5 3 Straight 83.5 124.4 533 05 25 8.2
aperiure Curved 18.3 31.2 588 05 03 24
Line orientation 8x3 Key press 4 4 Vertical 28.3 29.6 537 24 5.0 6.8
: Tilted 4.6 2.5 491 1.5 1.0 2.4
Control with circle 8X3 Key press 3 5 Vertical 17.1 17.9 564 50 3.7 42
aperture Tilted 2.0 43 515 35 1.7 20
Control with tilted 8X3 Key-press 6 2 Tilted 9.6 15.7 682 63 30 15
framne, head fixed Vertical 3.1 7.0 552 28 08 1.5
Conrrol with vertical 8X3 Key press 6 2 Vertical 31.9 44.0 601 29 7.0 5.7
frame, head fixed Tilted 5.1 7.0 495 L5 13 1.0
Control with both 8X3 Key press 4 4 Less -2.3 2.4 658 26 29 1.5
target and Tilted . :
distractor tilted More -6.1 -2.2 609 44 13 16
Tilted : -

Color 24 (8 per Key press 2 6 Prototype 4.7 49 524 42 38 4.0
: color) X 2 Deviauon 2.5 1.1 523 4.1 3.0 3.2
~ Circles vs. ellipses ‘

Fixed orienwation §X3 Key press . 6 2 Circle 36.4 55.6 559 1.8 6.5 6.0
. Eliipse 10.5 18.7 510 1.5 3.6 28
Varied orientation 8X3 Key press 6 2 Circle 44.1 80.3 548 0.7 53 9.0
: Ellipse 10.9 19.6 482 1.9 0.8 4.1
Intersection 8§X3 Voceal 8 0 Plus 16.4 23.5 494 32 1.0 85
Line 14.1 21.8 524 1.7 10 54
Juncture 8x4 Key press 6 - 2 Angle 34,4 74.4 501 1.4 6.1 6.7
Lines 19.4 239 509 1.9 24 29
Convergence 8X4 Key press 3 5 Parallel 322 61.3 493 1.5 35 55
Converging 14.6 29.5 491 20 1.0 3.5
Closure and terminators : .
8§%x4 Vocal 5 3 Closed 6.2 13.1 535 08 12 0.8
Gap 1.6 8.0 504 1.0 14 10
Medium 8§X4 Voeal 5 3 Closed 14.8 33.5 515 1.5 1.6 1.9
Gap 3.1 6.3 501 04 1.0 0.8
Difficult §X4 Vocal 5 3 Closed 35.6 61.3 597 1.7 25 6.4
. Gap 4.7 6.0 506 1.7 W7 14
Contzinment
Convex 8§X4 Key press 3 5 Inside 24.0 41.3 457 0.9 22 6.7
Qutside 8.9 15.3 492 4.1 28 6.2
Concave §x4 Key press 3 5 Inside 30.0 65.9 496 3.1 45 9.0
Outside 12, 53.1 522 3.0 64 4.1
Control convex
No dot §X4 Key press 6 2 Outside 15.6 39.7 480 1.7 23 2.7
Dot §X4 Key press 6 2 Qutside 7.1 [7.3 518 27 08 29
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FiG. 1. Perceived pointing of ambiguous triangles. A single triangle (A) can be seen to
point in one of three directions (toward the 1, 5, or 9 in this exgmph'e). Ina rand‘om arra.y gB)
all triangles are perceived to point in the same direction. The dm?ctlon of percew‘ed pointing
can be biased by axis-aligned configurations (C) and by base-aligned configurations (D).
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Fic. 2. Stimulus set for Experiment 1. Single triangles, axis-aligned, base-aligned3 and
combined configurations are combined orthogonally with twelve equally spaced directions.

(RESPONSE}

PROBABILITY CHOSEN

330 (O

F:gé BIASED DIRECTION (degrees clockwise)

F1G. 3. Results of Experiment 1. Probability of seeing stimuli point in the biased direction
is plotted as a function of direction and configural conditions.
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Fi1G. 4. Examples from the stimulus set of Experiment 2: Configuration conditions are
combined orthogonally with the shape of the contextual elements for triangles biased toward
pointing 30° clockwise from vertical (1 o’clock).
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FiG. 5. Results of Experiment 2. Probability of seeing triangles point in the biased direc-
tion is plotted as a function of configural conditions and the shape of the contextual ele-

ments.
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Fic. 6. Examples from the stimulus set of Experiment 3. Global and local bizses are
combined orthogonally for the axis-aligned and combined configurations including a triangle
that can be seen pointing toward 3, 7, or 11 o’'clock.

Fi? .9
7

o



W 10
2 st
& st
w " G G
w b
5 o, \. Both
: sr - Locai
= .5} ///
= JO—
5 .4} ===
3 .afF ~—Globs!
2
g 2[ b " Neither
N
0 bt " ;
Axis Bose Combined

Fl.g . / 0 ' CONFIGURATION

FiG. 7. Results of Experiment 3: Probability of seeing triangles point in the biased direc-
tion is plotied as a function of configural condition and the type of bias: both local and
global, local only, global only, or neither global nor local,
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Figure 1. The complete stimulus set for Expcrimcnt 1. (Triangles pointing up, down, right, or left were shown
singly or in conﬁgurauons aligned along their axes or bases. The configural line was onenlcd S0 I.hat ll was cither
consistent or inconsistent with the required directional rcsponse)
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Figure 2. Results of Experiment 1. (Mean reaction time as a function of direction for smglc triangles {dashed

1
s;\;]l;o]csc;n;xstcnl configurations [solid lines, open symbols], and inconsistent configurations [solid llncs, filled
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Figure 3. Examples of the stimulus set of Experiment 2. (Configurations composed of 1, 2, 3, 5, or 7 triangles were
aligned along their axes or bases in consistent or inconsistent biases.)
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T_—-,' / lf Figure 4. Results of Experiment 2. (Mean reaction time
? ) in milliseconds is plotted as a function of number of
aligned triangles for axis and base alignment in consis-
tent and inconsistent biases.) ’
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Figure 6. Examples [rom the stimulus set of Experiment 3. (Configurations of three triangles at displacements of
1,.2, 3, or 4 times the length of a side were aligned along their axes or bases in consistent or inconsistent biases.)
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Figure 7. Results of Experiment 3. (Mean reaction time in milliseconds is plotted as a funcv:ion of intertriangle
distance [in units of side length] for axis and base alignment in consistent and inconsistent biases.)

RELATIVE [NTER-TRIANGLE DISTANCE

N
o .

0.5 1.0 1.5
w .
(L] N
3 ,
3 >
BASE g >
>
AXIS
] : »
3 |
=
[74}

Figure 9. Examples from the stimulus set of Experiment 4. (Configurations of small or large triangles were aligned

along their axes or bases at displacements of .5, 1.0, 1.5, or 2.0 times the length of a side in consistent or inconsistent
biases.) . :
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Figure 10. Results of Experiment 4. (Mean reaction time as a function of relative intertriangle distance {in units
of side length] for axis and base alignment in consistent and inconsistent biases.)
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Figure 1. Perceived pointing of ambiguous triangles. (A
single triangle [A] can be seen as pointing in any one
of three directions. Perceived pointing can be system-
atically influenced by the introduction of several faclors:
conlfigural alignment of a number of triangles along one
of their axes of symmetry {B] or along one of their bases
[C), contextual figures that surround a triangle and are
oriented parallel to an axis of symmetry in the triangle
[D] or paraliel to a base of a triangle [E], and textural
striping oriented along one of the triangle’s axes of sym-
metry [F] or paraliel to a base [G].)
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Figure 2. The complete stimulus set for Experiment 1.
(Triangles shown pointing up, down, right, or left were
" either plain or had textural striping aligned along their
axes or bases. The stripes were oriented so that they were
either consistent or inconsistent with the required di-
rectional response.) '
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Figure 4. Examples of the stimulus set of ‘Experiment
2. (Triangles contained textural frequencies of 2.5, 5.0,
10.0, and 20.0 cycles per triangle side aligned along their
axes or bases in consistent or inconsistent biases.)
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Figure 3. Results of Experiment 1. (Mean reaction time

- and error rates are presented as a function of direction

for plain triangles [open triangles], consistent textural
striping [open circles, squares, and bars], and inconsis-

. tent textural striping [filled circles, squares, and bars].)
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Figure 5. Results of Experiment 2. (Mean reaction time
and error rates are presented as a function of textural
frequency for axis and base alignment in consistent
biases [open circles, squares, and bars], inconsistent
biases [filled circles, squares, and bars], and plain triangle
control [open triangle]. The width of a triangle’s border
is shown by the arrow.)
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TEXTURAL PROXIMITY (RADIAL UNITS)
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X

Fia 27 Figure 7. Examples of the stimulus set of Experiments
?' 4 and 5. (Textural striping at varying distances from the

triangle is measured in radial units, using the distax}ce

from the center of the triangle to the midpoint of a side

as the unit.)
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7:; .28 Figure 8. Results of Experiment 5. (Mean reaction time
ﬁ * is measured as a function of radial distance of textural
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biases. Also included is mean reaction time to plain field

control.)
A B

.
& @

F-,'g . 2 q Fig. 1. The ambiguous square/diamond in different orientations and contexts that change its
perceived shape.
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F,‘ 3 Fig 3. Stimuli for experiment 1: Squares (left column) and diamonds (right column) in seven
9 configural conditions.
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Fig. 4. Results of experiment 1: Mean RT to discriminate squares from diamonds as 2 function of
number of figures in the configural lines for consistent (C). inconsistent (I). plus (+). and X
configurations.
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Fig. 5. Results of experiment 2: Mean RT 1o discriminate squares from diamonds as a- function of
spacing between adjacent elements for consistent (C), inconsistent (1), plus (+), and X configura-
lions.
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F'ig. 6. Stimuli for experiment 3: Pluses (left column) and X’s (right column) in five configural

conditions.
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Fig. 7. Results of experiment 3: Mean RT for consistent (C) and inconsistent (I) configural
conditions as a function of the number of figures per configural line.
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Fig. 8 Stimuli for experiment 4: Squares are shown in consistent and inconsistent contexts
consisting of rectangular frames. bisecting lines. and textural stripes.
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Fig. 9. Results of experiment 4: Mean RT 1o discriminate squares from diamonds for consistent
and inconsistent contexts consisting of rectangular frames, bisecting lines, and textural stripes.
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Fig. 10. Sumuli for experiment 5: Squares are shown with textural siripes at vertical (V). horizontal
(H). left diagonal (L), and right diagonal (R) orientations for three stripe widths.
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Fig. 11. Results of experiment 5: Mean RT for consistent and inconsistent conditions as a function
of textural frequency.
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Figure 8. Results of Experiment 1 (Frame Elongation). Mean RTs are plotted
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Figure 11. Results of Experiment 2 (Frame Orientation). Mecan RT is shown as a
function of frame orientation (AC = axis-consistent; BC = base-consistent;

Al = axis-inconsistent; BI = base-inconsistent).
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Figure 12. Example stimuli from Experiment 3 (Curved Frames). Bending the
frame along its long axis preserves the symmetry of base-aligned conditions but

breaks the symmetry of axis-aligned conditions.
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Figure 13. Results of Experiment 3 (Curved Frames). Bending the axis-aligned
frames climinates the bias effect, whereas bending the base-aligned frames

does not, as predicted by symmetry theory.
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Figure 14. Example stimuli from Experiment 4 (Line Position), Lateral
displacment of a line segment preserves symmetry in the base-aligned

conditions, but breaks symmetry in axis-aligned conditions.
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Figure 15, Results of Experiment 4 (Line Position). Displacing the line

bias effect for base-aligned conditions.
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segment even slightly from a central position reduces the bias effect for

axis-aligned conditions, whereas comparable displacements scarcely change the
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Figure 16. Examples stimuli and results of Experiment 5 (Parts of a Frame).
All possible combinations of sides of a square frame were measured {or the
amount of intereference they produced. Numbers below cach stimulus show the

results: inconsistent RT - consistent RT = interference (in msec.).
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Figure 18, Fits of Janez's dominence ratio model to the results of four
experiments, Correlations between measured interference scores and the
dominance ratio are plotted for individual spatial frequency
channels (filled circles), Janez's original formulation, including just
the .25 and .50 cycles/side channels (open triangles), and the optimal linear

combination of dominance ratios over all channels.
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Figure 19. Example stimuli and results of Experiment 6 (Multiple Contexts).
Sixteen patterns were measured for the amount of interference they produced.
Numbers below cach stimulus indicate interference (in msec.) =

inconsistent RT - consistent RT.
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Figure 20. Examples of the experimental stimuli from Experiment 7.
Two inconsistent single gratings are shown on the left and the
double grating that results {rom adding them together is shown at right.
Below cach image is shown an enlarged image of the low-frequency region of

its amplitude spectrum.
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Figure 21. Results of Experiment 7 (Symmetry vs Spectral Power). Mcan. RTs
for single and double gratings indicate that double gratings produce the
pattern of results predicted by the symmetry analysis and not by the spatial

frequency analysis.
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FILTERED TRIANGLES

{cutoff frequency)
Figure 22. Examples of low-pass fiftered configurations of triangles.
All spatial frequencies below the speeified cutoff frequency (in cycles/side)

have been removed from the spectrum before resynthesizing these images.

Figure I. The ambiguous square/diamond in different orientations and contexts.
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" Figure 2. Stimuli lor Experiment i: Conligurations of squares/diamonds in the 2-D and 3-D
conditions,
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Figure 3. Results of Experiment 1: Mean RTs as a {unction of configural condition for squares

and diamonds in 2-D and 3-D depth conditions.
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Figure 4. Stimuli for Experiment 2: Confligurations of squarcs/dxamo:_mds in the cc.mtrol
condition for depth information [rom relative size, occlusion, and height in the picture plane.
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Figure 5. Results of Experiment 2: Mean RTs as a function of configural condition for squares
and diamonds in the 2-D and control conditions.
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Fisul_'C. 6. Stimuli for Experiment 3: Configurations of squares/diamonds in the 2-D and 3-D
conditions.

| Fi9.57

SQUARES DIAMONDS
600 - —_ 600 P
~ o
g g
- £
< w
b =
z =
Fosso - Fosso-
o 7
w z
Z ]
e <
e 0
wu =
= 500 |- - 500 |—
1 1 1 |
Single Vertical Diagonal Single Vertical Diagonal
CONFIGURAL CONDITION CONFIGURAL CONDITION

Figure 7. Results of Experiment 3: Mcan RTs as a function of configural condition for squares
and diamonds in the 2-D and 3-D conditions.
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Figure 9. A rcctangle and possible code elements. Figure 10. A lozenge with angles and line lengths.
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Figure |. An example of figural complction—most ob- F l? . é 2»'
servers “see” the circle completed behind the square.
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Figure 5. Two possible interpretations of a simplie fig-
ure completion display, with coding paths indicated.
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Figure 3. The experimental patterns used in Experiment 1 (continued).
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Figure 5. The experimental patterns used in Experiment | (continued).

a b c

Figure 6. (a) The elements of the hook (i.e., two
legs and one angle) are each represented by a code
element. (b) Every contour element of the hook is
represented by a code element. (¢) The contour
elements of the hook are coded indirectly by coding
the surface of the hook.
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Figure 1, Parameters of motions analyzed in the coding
model, (A: standard circular motion, in counterclock-
wise direction; B: linear motion represented as a circle
tilted 90° relative to the presentation plane, orientation
(8) = 135°; C: elliptical motion, a tilt of 60° with
respect to the plane of project yields an ellipse with
minor axis half as long as the major axis, and 8 = 45°.)
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o000

A B

Figure 2. Motion patierns in Johansson's (1950) Ex-
periments 1 (Displays A and B), 2 (Display C), and 3
(Display D). (The degree to which dots are scen as
forming a unified whole increases from A to D.)
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B

C

Figure 3. Motion pattern and three interpretations of
Johansson's (1950) Experiment 5. {Interpretation A
has code Mg, (a) + M(b) & M{c) + M(d), ] = 20.
Interpretation B has code Masa,(ab) + Magige(cd),
I = 10. Interpretation C has code M.4s. (system)
[M...s.(cd)] or M(M...s.), I = 7. Most subjects
report subunits of (ab) and (cd) and see the two sub-
units as related.}
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tion patterns for Johansson's (1950) Ex-

nd 7. (In both experiments, points moving
ouped together, and the

Figure 4. Mo
periments 6 a
in the same direction are gr
groups are scen as related.)
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Figure 6. Motion pattern and two interpretations of
Johansson’s (1950) Experiment 18, in which the drcular
motion is analyzed into two out-of-pbase linear com-
ponents. {The figure shows that there is no general
preference for circular motions, since observers’ re-
ports agree with Interpretation B. Codes are A: M (ad)
<4 M(bc), I-= 10 and B: M(system)[May . s.(ad)],
I=8)

91

Fsgure 5. Motion pattern and interpretations of
Jobansson’s (1950) Experiment 17, showing grouping
and also analysis of a sloping motion into vertical and
lateral components. {Codes are A: M(a) + M(b)
-+ M(c) + M(d), 7 = 20; B: M (ad) + M(bc), 7 = 10;
and i C: M (system)[M...,.(ad)], 7 = 7. The two
versions of Interpretation C are seen by observers.)
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Figure 7. Analysis of horizontal and vertical components
inlo sloping componcnts—~either two sloping components
(Interpretation B) or one sloping and one vertical or
horizontal component (Interpretation C). {Codesare A:
M(a) 4+ M(b), [ = 10; B: M(system){M... s.(dis-
tance a, b)], 7 = 7; Ci: M(system)(M. .. s.(1)]; and
Cs: M(system){M. .. s.(a)], / = 7. This result shows
that subjects do not have a general preference for
horizontal or vertical orientations.}

ng. 71

D

0]

Figure 8, Gogel's (1974) display with four interpreta-
tions. {Codesarc A: M (a) + M(b) + M(c),/ = 15;B:
M(system)[M...s.(c)], I =9; and C: M(system:
X [Mae.s.(b) +Ma..p.(c)], ] = 9.D:Since Inter-
pretation D involves a curved path and a rocking
motion, it has no code in this system.}

Fig. 18
¢ 75

Figure 9. Johansson's (1950) Experiment 20, in which
paths intersect; notice the variety of interpretations, all
of which can be seen. {Codes are A: M(ab){M... s.(a)
+ M..4..(b)], 1 = 8; B: M(ab)[M...,. (distance
a to b)] 4 collision, J = 7 or 8; C: M(system)
[M...s.(a)), ] = 7;and D: M (system)[Ma..,.(ab)].
in third dimension, J = 7.)
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Figure 10. Motion paths in Johansson's (1950) Experi-
ment 21. {The points are 90° out of phase, and as a
result remain always the same distance apart. In this
case, two straight-line motions are synthesized into one
(Interpretations B and C) or two (Interpretation D)
circular apparent motions. This result shows. that
straight line motions are not preferred over circles,
Codes are A: M(a) + M(b), I = 10; B: M(system)
X [Ma..s.(a)], I =8;C: M(system)[M. .. 4,(b)],
I = 8; and D: M(system)[M... sr(ab)].)
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73

Figure 11. Johansson’s (1930) Experiment 24 with three
points in linear paths, out of phase. {The relative

= positions of the threc points are constant, and the
points could be lights on the rim of a wheel that rotates
within a hoop. Codes are A: M(a) + M(b) + M(c),
/ =15; B: M(system)[May.. (D) + Mas.. ()],
!/ =11; C: M(system)[M.,..,(a,¢)],/ = 8;and D:
M(system)[ Mo, .. ,(wheel)], / = 8.}
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Figure 12. New experiment by the author, using four
points at angles and phases of 0°, 45°, 90°, and 135%
{Interpretation B, the wheel within a hoop, is domi-
pant; it bas code M (system)[Ma . . s¢(wheel)], though
it is possible to sec something like Interpretation A
with code M (system)[Ma... (s, )+ Meo.. o(d)]
by fixating one dot. However, on¢ does not see the or-
bits of nonfixated points as independent, but instead
one sees a square rotating around the fixated corner.}
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94

Figure 13. Motion analysis when there is no common
vector that exhausts a given direction. {Thecodeof A s
M(a) + M(b),/ = 10. Interpretation B, with three mo-
tions, has code M(system){Ma.. (a) + Moo 4. (B)],
/=9 and is reported by Johansson (1950). Inter-
pretation C, which should be equally apparent, is not
seen; the code of C is M (system)[Mas . p(0)], 1 =9}



Figure 14. Variant of Johansson’s (1950) Experiment
28 devised by the author, which generates a clockwise
(retrograde) elliptical path for point b. (This corre-
sponds to the “missing” Interpretation Cin Figure 13.)

Fl'g. 84

95

Figure 15, Johansson's (1950) Experiment 29, which
again demonstrates motion analysis without common
vectors. {This also results in an elliptical motion
(Interpretation C) being seen, as a product of a linear
and a circular motion. In combination with Figures 6,
7, and 9, this figurc establishes that circulaf, linear,
and elliptical paths are equally seen, and orientation
as well as shape of path is unimportant. Wha.t is con-
sistent is that subjects prefer to see the molion con-
figuration with the minimum information load. The

code of A is M(a) + M(b), = 10 the code of B is
M(system)[M.. . 5.(a) + Mas. g0 [ = 10; and
the code of C is M (system)[Mos « gr(0)], 1 =9.)
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on-joint
- representation

off-joint
representation

. Figure |. Schematic representations of a male walker.

(In the upper panel, lights are mounted on the head, on
the right shoulder and hip, and on the right and left
wrists and ankles. In the dynamic displays only the lights
are seen. This is called an on-joint representation of a
walker. In the lower panel, lights are mounted on the
head, on the upper right arm and leg, and on the lower
right and left arms and legs. These lights are halfway
between major joints, and the configuration is called an
off-joint representation of a walker. Notice that the two

types of stimuli have the same number of lights.)
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ON-JOINT OFF-JOINT
REPRESENTATION REPRESENTATION

- 2
— —
PHYSICAL c
DESCTRIPTION 4 \]

CONCEPTUAL v T
TREE c
STRUCTURE §

Figure 2. In the upper panels are the physical, vectorlike
descriptions of the on- and off-joint walkers, considering
only the right side of the body; below these are concep-
tual tree structures representing the nesting of move-
ments. (Notice that both figures have centers of mo-
ment.)

96

CANONICAL SPATIALLY AHOMALOUS
WALKER WALKER

PHYSICAL
DESCRIPTION

CONCIPTUAL
TREE
STRUCTURE

Figure 3. In the upper panels are the physical, vectorlike
descriptions of a canonical walker and a spatially anom-
alous walker, one whose particular spatial relations
among lights has been markedly perturbed; below these
are conceptual tree structures of the nested movements
dround their generating centers. (Notice that only the
canonical walker has a true center of momerit; that for
the anomalous walker is indeterminate in location.)
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Fic. 1. Examples of easy and of difficult texture segregation: (a) salient vertical boundary between
circles (curved shapes) on left and triangles (straight and angular shapes) on right; (b) salient horizontal
boundary between red shapes above and green shapes below; (¢) no salient boundary between conjunc-
tions of 'grcen triangles and red circles on left and green circles and red triangles on right: (d) salient
vertical boundary between letters without diagonal line on left and letters with diagonal line on right; (e)
no salient boundary between Ps and Qs on left and Rs and Os on right.
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FiG. 4. (a) Example of a display of multi-dimensional stimuli used either for feature search or for
conjunction search. The feature target for this display might be a red item and the conjunction target
might be a large brown outline triangle. An advance cue, consisting of a bar marker outside the display
pointing at the Iocation to be occupied by one of the eight items. was given on most trials. (b) Mean
accuracy (expressed as the signal detection measure &”) in the different cue conditions for feature and for
conjunction targets.
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Fic. 5. (a) F_tampl.e of displays used to demonstrate the occurrence of illusory conjunctions when
attention cannot be focused on each letter in turn. If solid letters were blue, outline letters green and
speckled red, then subjects, given this display, might report, for example, a blue 7 or a red X. (b)
Example of displays used to investigate possible similarity constraints on illusory conjunctions. Subjects
were as likely to attribute the color of the large filled triangle to the small outline circle as to attribute to it
the color of the small outline triangle (or even of another small outline circle, when two were included in
the display).
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Examples of displays used to investigate the dependence of accurate identification on accurate
localization. (2) The target was either an / or an orange letter (among red and blue distractors). Forced
choice identification was significantly better than chance even when the target was mislocalized by more
than one position in any direction. (b} The target was either a red O or a blue X (among blue O and red
X distractors). These targets differ from the distractors only in the way their properties are conjoined.

Forced choice identification was at chance when localization was incorrect.
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Figure 1. Examples of dispiays of 12 items with target present for each type of target.
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Figure 2. Search times in the different conditions of Experiment I,
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Figure 3. Search times in the different conditions of Experiment 2.
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Figure 4. Examples of displays in the triangle presence and absence conditions of Experiment 3,

'Ff?_. 96

Triangle

1400
TARGET
O Right Angle, Negative
. O Right Angle, Positive_
12004 O Triangle, Negative
] ' Triangle, Positive
P}
0
é 1000+
[+9] -
E
—
= _
O
S
9 800+
n
] -0
_ —
5
- — ’_D
o -
600 g—_;—O//,,o
T 1

4 8 12
Number of ltems in Display

Figure 5. Scarch times in Experiment 3,
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Figure 6. Examples of displays with target circles, and target circles with gaps at the largest and smallest

gap sizes in Experiment 4.
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Figuré 7. Search times in the different conditions of Experiment 4.
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Figure 8. Search times in the different conditions of Experiment 5, (Exp. = Experiment)
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Figure 9. Schematic diagram suggesting the functional arrangement of feature maps and master location
map through which attention links features 1o form objects.
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Figure 2. (a) Examples of displays testing search for targets defined by differences in
line length 2nd (b) search latencies in Experiments | and Ja—line length.
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Figure 3. (2) Examples of displays testing search for targets defined by number
(rwo vs. one) and (b) search latencies in Experiment 2—number.
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Figure 4. Search laiencies in Experiment 3—contrast. (More discrimi-
nable greys on left and less discriminable greys on right.)
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Figure 5. (2) Examples of displays testing search for targets defined by curvature
or straightness and (b) search latencies in Experiment 4—curvature,
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Figure 8. (2) Examples of displays testing search for targets defined by line
oricntation and (b) search latencies in Experiment 3—orientation.
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Figure 9. Possible models for distributions of feature activity in detectors for standard and for deviating
values: (a) widely spaced broadly tuned channels, (b) closely spaced detectors with broader tuning for stan-
dard than for deviating values, and (c) closely spaced deteciors with asymmetric inhibition.
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Figure ]0. (a) Examples of displays testing search for line arrangements and(b) search iatencies
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Figure 11. (a) Examples of displays testing search for closed circle or circle with gap and
(b) search latencies in Experiment 2—conneciedness and terminators. .
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Figure ]2. (2) Examples of displays 1esting search for inside or outside dots
and (b) search latencies in Experiment | 2—containment.
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Figure 13, (2) Mean search latencies in 37 conditions giving slopes above
10 ms per item. (b) Mean search latencies in 17 conditions giving slopes
of less than 10 ms per item.
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Figure 14. (2) Mean search latencies for line length targets in experi-

ments with brief exposures and with response-ierminated exposures
2nd (b) same latencies as 2 function of correcied display sizes.
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