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ABSTRACT

Resulls from extrinsic-uncestainty, primary-with-prabes, and concuerent experi-
ments using pear-thresholl visual patterns ditfering in spatiai frequency or spatiat
powition suggest: (a) Typical observers can wiead to ung give tireet reports rom
selevted ranges of spatiaf frequency and sputial position in the sense of basing \heir
FESPRILES O approprise subsels of visual tiechamsims. (5] This selective atiention
may sornetinies aceur carly enough e block the unmonitored mechanisms” nuipuls
Trom influencing vonsiious percepliun. {ct Observérs in these near-theshold tisky
GIE aise dltend W the whole range without lasieg any information Trom any sulsir
af the range. £The largest namber of Far-apart spatial frequencies or spatial DS
tions used was five or three, wespretively . howover )

INTRODUCTION

Receptive-Field Model

In the current oukle) of near-threshold pattern vision {reviewed i Graham,
19811, there are multiple mechanisms—the physinlogical subsirate for which
might be single nevrons in the visual corex. These mechinisms” receptive fields
are potentally located at different places in the visual Gieid (e, sensitive o
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270 GRAHAM, KRAMER, HABER

different spatial positions), of different sizes and orientution {i.¢., seryilive w
different ranges of spatial frequency und orientationy, and <o on. For the quan-
titative prediction of nearthreshold results. the following assumptions are cop-
monly made: i

1. The mechunisms' outputs are noisy of variable, with different mechu-
nisms’ outputs being probubilisticully indeptnden: (uncorreluted).

2. Visual patterns of very dilTerent spatia frequency and/or spatial pusinon
(and/or orientations} are thought o excite completely disjoint subsets of these
mechanisms thut 4o not interet with one another in any wity at near-threshold
conirasts.

3. "The abserver's decision variable (in the sense of standard signal-detestion
theory) in detection eaperiments is 1he maximunt of the outputs from all the
mechanisms—{or example, the chserver says Tyes™ (0 and enly il this max-
imum is greater than somne crilerion.

4. Io simple-stimulus identilication experiments—in which a stimulys con-
tining a single value on the relevant dimension is presented on each teial and ihe
observer’s task is o say which of several possible vulues was presenicd—-the
chserver's response is the value that corresponds to the mechanism producing the
Maximum output.

Monitored Mechanisms

Severat aspects of this current mudel will undoubtedly be ndificd belore it does
a perfect job of accounting for near-threshold pallern vision althougl the wmodet
does an extremely goad job as is, The present chapter discusses one such modifi-
cation: the observer is assumed 1o Upay anention (0" only a subset of (he
mechanisms in the sense that the decision in 3 or 4 ubove is hased only on the
outputs from that subset rather than of all the outputs. The mechanisms in that
subset are said to be **monitored "’ Note thal, for the present, very lite is implicd
about the stape at which this selective atention oceurs,

EXTRINSIC-UNCERTAINTY EFFECTS

Deteetun wid identilication performiunces ure worse when an observer iy unger-
tain about the spatial frequency or spatial posion of s simple visual pattern—
because rials of several dilferens values are randomly Intermixed (uncued iner-
mixed condition)- —thun when he or she s certain because only triats of 1hat one
stimulus can occur on each block (alune condition). No such extrinsie-uncertain-
ty effeet ecurs for intermixing contrasts, however, at leust not within the range
possible in detection experiments,
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Although over several sessions a particular observer may seet to show a
larger uncertainty effect at one spartial frequency than another, overall no can-
sistent effect of spatial frequency is found in the ran ge we have tested (from .67
1o 18 c/deg with occasional excursions higher}.

These extrinsic-uncertainty effecis cannot be explained by assumptions |

through 4 just described, but they can be explained quantitatively with the
following additions:

3. The subsets monitored in the lone conditions for stimuli containing very
far-apart values (e.g., grating paiches of very different spatial frequencies) con-
tain no mechanisms in common.

6. [n an intermixed condition, when an cbserver knows thal any ome of
several stimuli might be presented, he or she monitors the union of the subsets
menitered in alon¢ conditions for those several stimuli,

Wilh these modifications, the observer should do worse in intermixed condi-
tions than in alone conditions because, in the intermixed, he or she must manitor
more probabilistically independent mechanisms that add noise or **false atarms™
(a5 they are not sensitive to the stimulus on any particular trial), Note that this
predicted performance decrement is entirely attributed to probabilistically inde-
pendent noise sources and does NOT arise from an inability to monitor many
mechanisms nor from any degradation of a mechanism's output when ather
mechanisms are monitored along with it. The decrement might better be viewed
as an increment, therefore; the observer's performance is predicted to be better in
the alone than in the intermixed conditions because he or she is able to selectively
monitor appropriate mechanisms and thus avoid many false alarms.

The magnitude of the uncertainty effects in the detection of panems of differ-
ent spatial frequency and spatial positicn turn out to be quantitatively consisient
with the preceding assumptions (necessarily elaborated to include reasonable
prokability distributions, a necessity that does not arise for the concurrent cxperi-
ments of the next section; see Sperling, 1984, for further discussion of this
point).

References for the previous statements about spatial frequency include:
Davis, Kramer, and Graham, 1983; Graham, Robson, and Machmias, 1978;
Kramer, 1984; Shaw, 1984, Yager, Kramer, Shaw, and Graham, 1984, Refer-
ences for spatial position and contrast include Davis et al., 1983, and others’

work—for example, Cohn and Lasley, 1974, Some individual differences are
discussed in Yager et al., 1984,

Intrinsic Uncerainty

Although considerable flexibility in monitoring is assumed by assumptions 5 and
6. perfect monitoring is not. {n lact, the subset monitored for any simple stirmulus
may contain not only informative machanisms {those sensitive to the stimulas—
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for example, mechanisms at the correet spatial position, spatial frequency, and
orientation for a grating Patch) but also noninformative mechanisms. Incarporat-
ing such intrinsie uacertainty, in fact, allows prediction of severa] additional

features of detection data beyond those mentioned here (Nachmias & Kocher,
1970; Pelli, 19813,

Compound Stimuli

Recenily we measured the detectability of compound grafings containing two
spatial frequencies and of the components by themselves in an elene condition
(where trials of only one pattem appeared in a given block) and in an intermixed
condition {where trials of the componests and the ¢compound were randomly
intermixed). The compound was very slightly {ess detectable in the intermixed
condition than when it was alone. Because the sume mechanisms are likely to be
memitared hoth in the intermixed condition and in the condition when the com-
pound is alone, this small uncertainty effect is puzzling. i1 may result from a
switch berween the maximum-output rule {assumption 3} in the intermixed con-

dition and an analogous sum-of-outputs rule in the compound-alone condition
(Kramer, 1984).

Effects of Auditory Cues

Auditory precues climinate these €xtrinsic-uncertainty effects—producing equi-
valent detection performance in intermixed and alone conditions—if the cues
came 300 to 750 milliseconds (msec) before the first interval in a two-interval
forced-choice trial (Davis et al., 1983: Kramer, 1984). (Observers repon {hat
precued intermixed stimuli ate more salient than alone slimuli; this suggests hat
nonrasympiotic measures of performance—e. ., speeded measures—might have
shown better performance in precued conditions than in alone Percent correct
detection is, however, equal in the wo conditions, )

As the time of the cue is moved laier in the trial, the improvement produced
(relative 10 the uncued intermixed condition) decreases, although some remains
even for cues 500 msec after the end of the second interval (Kramer, 1984—for
intermixed spatial frequencies).

Direction of Motion

Somewhat oddly, the exlrinsic-uncertainty effects are larger and the efficacy of
cues in reducing them less for different directions of motion than for different
spatial frequencies or spatial positions {¢.4., Ball & Sekuler, 1981}, Perhaps the
cye-movement system is implicated,
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CONCURRENT EXPERIMENTS

If monitoring is as flexible as assumed previously (assumptions 4 and 5) and if
mechanisms' owtputs are distinguishable upstream (assumptions 4, 5, and 6),
then an observer might be able 10 simultancays ly attend to twa spatial frequen-
¢ies or two spatial positions in a compound pattern and report on each ome
individually without loss (further assuming memory load and response competi-
tion are nepligible).

Suppose, for example, we present the observer with: a blank, a low spatial
[requency by itseif, a high spalial frequency by itself, or both. Suppose we ask
him or her two questions: (a} Is the low spatial frequency present? (b) Is the high
spatial frequency present? The answer to each guestion might be a simple yes or
no or it might be a confidence rating. We can lormalize the first paragraph’s
argument as;

?. The decision variable used 1o answer the question about a particular com-
ponert irt & concurrent experiment (¢.g., a perticular spatial frequency) is the
maximum of the outputs fram all the mechanisms sensitive to that component.

To compare the model’s preditions 1o resulls, campute a 4 value for each of
the two questions and for each of the nonblank patterns by comparing—it the
ordinary fashion of signal-detection thecry—the answers 1o that particular ques-
tion on nonblank paltern trials with the answers on blank trials. For example, for
the fow-frequency question and the high-frequency-alone stimulus, the &' value
would be calculated as follows: The probability of saying ‘‘yes, the low frequen-

Predictions

Yk ruea.
ALONE OMPOUND
£
g
= [euanx  LOW FREQ. ALONE
df
tow {requency?

FIG. 14.1. Predicied results from concurment experimeps,
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<y is present” in response 1o the high-frequency-atone stimulus is the hit rate,
and the probability of *'yes, the Jow frequency is present’” in response to the
blank is the false-alarm rate; then the fzlse-alarm and hit rates are converted to
standard normal deviates (z scores) and subtracted to get the &' value.

Figure 14.1 shows the predicted ¢’ from ane question plotted against the
predicted &' from the other. The predicted resulis are o rectangle of points with
that for the blank stimulus at the origin, that for the compound stimulus in the
upper right, and those for the simple compouent stimuli at the other comers
(Machmias, 1974).

Also, because the independent mechanisms' ouiputs are assumed proba-
bilistically independent, the correlation between the answers 1o the two questions

across repelitions of the same stimulus (henceforth called an inlermresponss cor-
telation) is predicted to be zero,

Spatial Frequency

Results for an experiment using far-aparn spatial frequencies (2.5 and 7.5 c/deg)
are shown in Fig. 14.2 for separate replications (different symbols) at several
levels of contrast {from Haber, 1976; see details in appendix here). Also, the
interresponse correlations were small and scattered around zero except that, for
the blank stimulus, positive correlations were regularly observed [median
around .2 in this study). Note that the small size of the interresponse correlations
means that the d’ value for one question will be much the same whether condi-
tivnatized on a yes to the other question, conditionalized on a no ¢ the other
question, or unconditionalized (as here).

The results in Fig. 14.2 are for long {760 msec) presenrations of the Eratings,
Even with presentations as short as 20 msec, however, the results are the same
(unpublished data from two sessions with observer LH run at the same time and
using the same proceduses as the results ar longer durations reported in Hirsch,
Hylton, & Graham, 1982),

In summary, the resuits for far-apart spatial frequencies are approximately as

predicted, (Sec also Nachmias, 1974; Hiesch, 1977; Hirsch et al., 1982: Olzak,
1981).

Spatial Position

To my knowledge, there have been three concurrent experiments on the spatiel-
positien dimension using: three far-apart spots (Wickelgren, 1967); two far-apart
lines (unpublished experiment by Nachmias, 1966; details in appendix here); two
adjacent bul wide patches of 2 medium spatial-frequency (5 c/deg) grating
(Kramer, 1978; details in appendix here). The durations in these three studies
were all guite shor (7 msec to 125 msec}.
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FIG. 14.2. Results from concurrenl expetiments on the spatiul-frequency di-
mension (upper left from Haber, 1976) and an ihe spaiial-position dimension
{upper right, unpublished results from MNachmias, 1966; lower panels from
Kramer, 1978).

The three spatial-position studies produced results for far-aparl pesitions very
like those predicted—that is, approximate rectangles on o versus @' plots and
linte correlation between two responses. Figure 14.2, upper right, shows three
replications (at different contrast levels) for two thin lines separated by 35 min-
utes of visua! angle (from Nachmias, 1966). The lower pant of Fig. 14.2 shows
iwo sets of results for adjacent grating patches (from Keamer, 1978). Here nine
stimuli—three contrast levels at sach of the two positions—were used so the
predicted results form 2 rectilinear 3 X 3 array.

Suppose an observer is unable 1o monitor mechanisms sensitive to both com-
ponents simuitaneously (violating assumption 6) or is unable 1o answer two
questions each rial as well as one (violating assumption 7 because of response
competition or memory load, for example). An observer would then perform
better when conly asked about one component each Irial {single-question or par-
tial-report or focused-attention ¢ondition; bottom right in Fig. 14.2) than when
asked about both (two-guestion or full-repert or divided-attention condition:
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bottom left in Fig. 14.2). la fact, however, performance in the two-question
condition is not generally worse than in the single-question condition, providing
further evidence that the observer can monitor mechanisms for both coraponents

simultaneously withour ioss (and zlso give direct reports about both simultane-
ously}.

Slight Deviations from Predictions—Interactive
Mechanisms or Modified Higher Processing?

Although the results of concurrent experiments are much as predicted, smalh bot
systematic deviations of three kinds have been observed: The left and/or bottom
edges of the nominal rectangle may lean inward (*'confusion’”) or outward {1
“aegative influence” of one component on the olher). Second, the upper right
data point {the o' values for the compound) is often inside the parallogram
calculuied by adding the ¢’ values for the simple components. Third, as men-
tioned previously, the interresponse correlations are sometimes rot 2ero.

One class of explanation for these small deviations postuiates interaclions
among the mechanisms themselves: inhibition {or excitation) to account for
negative influences (or confusion) and shured naise sourees 10 account for jnjer-
response correlations (Hirsch et al., 1982; Nachmias, 1974; Qlzak, 1981).

Another class of explanation ¢laborates the sssumptions {5, 6, and 7) about
further processing of the mechansims’ outputs. Perhaps, for example, the signal-
detection crilerion to which a decision variable is compared is not constant aver
trials but changes depending on the values of both decigion variables. Or per-
haps—due to intrinsic uncertainty—some of the same mechanisms are contribut-
ing to the decision variables for both of two far-apart simple stimuli. Or perhaps
the observer's response is 1ot based on anything as simple as the maximally
responding mechanism in a subset; instead, perhaps, some rather complicated
function from the full set of all mechanism’s oulputs is caleulated (as an optimal
observer would do; for discussions of uptimality, sce Sperling & Dosher, in
press: Watson, 1983),

Basis for Selection

The basis for selective monitoring when expecting a certain simple stimulus—aus
in the extrinsic-uncerainty expedments—need not be the same as when wying to
extract information about one simple stimufus from the ongoing perception of
several—as in the compound stimuluy trials of these concurrent experiments
(e.g., Kahneman & Treisman, 1984), The satisfactory predictions here for bolh
experiments’ results, however, suggest that in this situation the basis is the same
or very similar. This basis might be suid 10 be the component spatia) frequencics
or spatial posilions. More precisely, it is the subsets of mechanisms correspond-
ing to (having receptive fields that are sensitive to} these component stimuli.
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Similarly, the successful predictions suggest that the basis for atiending to a
compound stimulus is its component spatial frequencies or spatial positions
(more precisely, the union of the subsets corresponding fo these components; see
assumption 6). Some modification of this last staterment may prove necessary to
account for the extrinsic-uncertainty effect for the compound prating, however,
Although interpreted above as the effect of & simple chenge in decision rule, this
effect could also result from the intrusion eithet of a broad bandwidth mechanism
(which is more sensitive 1o the compound than to cither componert) or of same
higher-order entity specialized for the compound (a **node’” or an **obiject file"';
e.g., Kahneman & Treisrnan, 1984). A1 present, all these interpreations are
equally ungupported.

HEARSAY EVIDENCE

Conscious Rejection

The results so far reported have little bearing on whether the selective monitoring
occurs early, late, or sideways in some hypothetical processing, Very fate

{postconscious) selection might seem to be suggested by three of these tesults,
however:

V. The small size of the extrinsic-uncertainty effects suggests that an observer
is perfectly able to attend simultaneously to mechanisms sensitive to several
spatial frequencies or spatial positions without loss,

2. The concurrent-experiment results suggest that an observer can directly
report about at least two or three spatial frequencies or spatial positions sepa-
rately without loss,

3. Postcues reduce the extrinsic-uncertainty effect,

These three results might suggest ihe following scenario: The observer's percep-
tions always reflect the outputs from all mechanisms because there is no limita-
tion to his or her eapacity to attend to all of them simuitanecusly, (For cxample,
in 2 block where he or she knows that only 9 c/deg gratings are being presented,
he or she might consciously perceive something that looks like a 2 ¢/deg grating
whetiever the maximal output from the subset of mechanisms sensitlve to 2 c/deg
just happens to be high—in shorthand, he ar she *‘sees™ a false alarm by the 2
c/deg mechanisms.) The observer then consciously realizes that some of what is
seen corresponds to stimuli that are definitely not present (e.g., the 2 ¢/deg false
alarm) and so consciously ignores these percepts when making his or her re-
sponse. In accord with thig scenario of conscious rejection of false alarms,
obscrvers report that occasionally they do consciously see and then reject
"'wrong'* percepts (percepts having the characteristics of unexpected stimuli—
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€.2., al the wrong place or wrang time or wrong spatial frequency or wrong
orientation).

Preconscious Selection

Qbservers also report, however. that such conscious rejections of “wrong”
percepts arc very rare, They report that, in general, they see only percepis
correspanding to expecied stimuli. These introspective repons suggest that—in,
for example, the alone or precusd intermixed conditions of extrinsic-uncertainty
experiments—selective filtering is occurring early enough that the outpuls of the
unmonitored mechanisms do not contribute to conseious perceptions.

The following story, related to us independently by several people, supports
this suggestion. While debugging a program or calibrating equipment, you try to
display 2 grating. You keep turning up the contrast far beyond the usual value,
quite bewildered by the absence of the grating. Suddenly you do see 4 grating: It
is actually far above threshold (perhaps a log unit] but of a quite differert spatial
frequency than you had intended. (There is a second and unsu rprising point to
this story; Even when the unmonitored mechanisms are filtered out before con-
scious perception, a large enough oulput will break into consciousness. }

PRIMARY-PLUS-PROBE EXPERIMENTS

Anather result, sithough certainly not conclusive evidence in favor of pre-
conscious selection, lends credence 10 its possibility, Pe rhaps an observer can be
coaxed into monitoring mechanisms sensitive for ane spatial frequency (the
primary) and then presented with other spatial frequencies (probe spatial frequen-
ties). Ta this end, an unbalanced-intermixed condition was used in which most
trials were of the primary spatial frequency (known to the observer befarehand)
but encugh were of probe frequencies to be able to estimate the probes’ detec-
tability, One interval of each two-interval forced-choice tral always contained a
blank field and the other the sinusoidal prating; the observer's task was to
indicate which interval contained the grating even if it was not of the primary
frequency. The deteciability at each spatial frequency was also measured in an
alone condition,

The hoped-for tuning of the uncertainty effect was found (Duvis & Graham,
1981). For example, when a primary of 4 c/deg was presented on 95% of the
trials, the devectability of 4 c/deg was as high as when aione but the detectab; lity
of 1 c/deg and 16 c/deg probes went down to chance (a loss in & of almost 2
nuch larger than the loss in the ordinary extrinsic-uncertainty experiments de-
scribed earlier), Derectability of closer probes was decremented also, although
not so completely. When two primaries were used (| and 16 c/deg), there were
two peaks in the tuning function ar these rwo frequencies (Davis., 1981).




14. NEAR-THRESHOLD VISUAL PATTERNS 279

If the observers were following instructions—and they say they were—these
results strongly suggest that observers in the unbalanced intermixed blocks did
nol consciously perceive (at ieast not as well as usual) the patterns that stimulated
vnmonitored mechanisms.

Although too strong a conclusion about bandwith cannot be drawn, the fol.
lowing can be said: The spatial-frequency dependence of uncertainty effects—in
both ordinary and primaty-plus-probe experiments-—is consistent with the idea
that the selectively monitored mechanisms are the same ones that account, for
example, for the spatial-frequency bandwidth in summation or adaptation experi-
ments (Davis & Graham, [981, Yager et al., {984).

PERCEPTION OF COMPLEX VISUAL STIMULI

Global-Local Studias

[r visual-search stedies using suprathreshold global-local stimuli—large forrs
made up of small forms where all forms are easily discriminable from & blank
field—an observer’s ability or inability to attend Lo different ranges of spatial
frequency is sometimes discussed. Three caveats should be considered, howey-
er, before comparing the near-threshold studies discussed here and the su-
prathreshold visual-search (global-local) studies.

First, too hasty an identification between low versus high spatial frequencies
and glabal versus local structure must be avoided. As shown in Fig. 14.3,
information about the identity of the global form is typically present in all spatial-
frequency ranges (at least when retinal inhomogeneity is ignored).

Second, comparison of esyptotic performance measures like o to reaction
times (a5 measured in many suprathreshold stodies) must be done with great care;
reaction times reflect not only asymptotic performanes levels but also processing
speeds and the observer's willingness to trade accuracy for speed,

Third, both alternatives of a typical suprathreshold discrimination (e.g.. is the
small form £ or H?) overlap heavily in spatial position, spatiut frequency, and
orientation as well as both being far above threshold. According to the multiple-
rsceptive-field mode! of pattern vision, therefore, many of the same mechanisms
produce large cutputs in response 1o both altematives. (A patential exception to
this staternent is the discrimination between orientations of blobs in the interest-
ing plobal-local forms constructed by Hughes, Layton, Baird, & Lester, 1984.)
With such substantial overlap, any rule {like assumptions 3 and 4 earlier) that
simply compares maximal outputs from subsets of mechanisms to each other or
16 criteria mey be ¢lose to optimal for near-threshold tasks but will be very far
from cptimal for such suprathreshold discriminations. Presumably, therefore,
our nervous systems undertake further and more complicated processing of the
mechanisms’ owputs in order to make the suprathreshold discriminations.
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FIG. 143, Spatial-frequescy filiored versions of s original image (nof shows)
i which the small N were wsifons white on 8 dark Backpround, Upper lefl
Ve contaim spazisl frequencies greater than 32 cycles per large £, upper right
cotuins 16 10 Y2 cyelesE. lower beft cesauing & 1o 14 cycles/E, and lower right
contasm & 1o B oyches/E. These Images wom provided by James R. Bergen of the
RCA David Samaff Research Censer using the LaPlacian Pyramed sechnigue {wish
a= 373 of F. J. Bun snd E. H. Adelson, IERE Transactions on Commesics-
tioas, 1963, Yol Com-131, 4, $37-540, The reproduction has endoubledly dis-
fortedd these bmages somewhat, bul fot w0 mwech i o mislesd the seader.

In light of this third caveat, the conclusion that observers in the near-threshold
experiments can monitor all relevant mechanisms simultaneously and without
loss should not be expected 1o generalize to typical suprathreshold tasks. It seems
entirely plausible that, in the complicated calculations required to make su-
prathreshold discriminations cffectively, only some of the mechanisms® outputs
can be dealt with simultancously, One might even argue that preconscious selec-
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tion ooeurs in near-threshold cxpetiments—although the observer hag the sa paci-
&y 1o consciously reject false alarms in those tasks—only because in more ordi-

nary situations costs are incurred if all mechagtisms™ outputs are allowed
upstream,

Basis for Suprathreshald Selectian

On the other hand. the conclusian that an observer can selectively attend to the
spatial-frequency or spatizl-position componenis of near-threshold palterns
(more precisely, can monitor the cofresponding subsets of mechanisms) seemns
tmore likely to gereralize to suprathreshold tasks. Few would argue about selec-
tively attending 1o spatial position, but selectively attending to spatial frequency
or “scale” of objects—that is, to mechanisms with a given size of receptive
field—is more controversial.

The objection might be raised, for example, that we do not see patches of
sinusoida) gratings in complex visual scenes. However, Just as component tones
tan be “‘heard out™ in musical chords but not in speech, the component si-
nuseids in suprathreshold compound gratings can easily be “‘seen out’ if the
spatial frequencies are a factor of four or five apart. Further, although our
immediate, unirained reports of perceptions sre, indeed, dominated by objects or
by objects at given spatial positions at given times (and experimental results
gemonsirate objects’ impeniance in controlling attention—e.g., Kahneman &
Treisman, 1984), the scale of objeets is aiso quite salient in perception. You can
easily decide to **look ai'’ small details or at large structures (as in Julesz’s 1980
2o0m-lens analogy). Indeed, the conclusion here that either low or high spatial-
frequency camponents of simple near-threshald patterns can be monitored with
equal facility accords with the conclusion that either global or local cues in

suprathzeshald patterns can be attended with equal facility (Hughes et al., 1984,
Ward, 1982).

Selective Attention To Avoid Fatse Alarms

Commonly discussed adaptive functions of selective altention include the pre-
vention of: percepiual overload, memory cverload, and paralysis resulting from
fesponse competition (e.g., Kahneman & Treisman, 1984). In visuaf scenes of
the everyday world, many important components—~very high spalial frequencies
a the fixation point, not go very high spatial frequencies a few degrees out—-are
at or below their contrast threshold, a range where neise is widely belicved 1o
limit vision. Suprathreshold vision may also be noise limited in marty cases
{e.g., Pelli, 1981), The avoidance of visual false alarms—which contributes to
prevention of perceptual overload although litlle mentioned under that rubric—
is, therefore, an adaptive function of selective attention that could be of consider-
able importance in ordinary visual perceplion.
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APPENDIX: CONCURRENT EXPERIMENTS

Spatial Frequency and Spatial Position of Grating
Patches

Details of equipment can be found in Hirsch et ai. (1982). Vertical sinusoidal
gratings were preseated on a CRT sereen seen through an aperture in an illumi.
rated circular surround approximately matching the screen in mean luminance
and hue. In the sparial-frequency (spatial-position) experiments, the aperture was
6.2° wide by 4.75° high {5.25 X 4") at a viewing distance of 129 cm (150 cm) at
2 mean luminance of 10 ed/m-squared (1.9 ft-L). The contrasts of the two
components were chosen to roughly equate their detectability.

Viewing was binocular with satural pupils and normal spectacle corrections.

After each trial, the observer pushed two buttons to indicate the answers (yes
of no) to the questions about whether each of the two COMPONENts was present.
There was two-allemative faedback {comect versus incorrect).

Spatial-Frequency Experiments (Haber, 1976, The gratings (of 2.5 and 7.5
c/deg) filled the CRT sereen. There was no fixation point. The overall phase of
the patterns was randomized from trial to trial to prevent the use of spatial
positicn 8s a clue to identify. The relative phase in the compound was held
constant thronghout 4 session and haphazardly randomized across sessions. The
stimuli were exposed for 760 msee (with abrupt onset and offset), There were
125 trials per session per stimulus {per point on the graph).

Spatial-Pasition Experiments (Kromer, 1978).  The two simple stimuli were
adjacent gratings patches each conraining 13 cycles of a 5 cyclerdegree grating.
When both patches were nresent they formed a continuous grating across the
display. Marks on the surround above and below the stimulus indicated the
division between the two patches. The observer was instrucied to fixate at this
division. Each stimulus was presented for 125 msec with abrupt onsets and
offsets. In each randamly ordered black of trials, there was a total of 40 presenta-
tions of each of the nine stimuli (three ¢ontrast levels including zero ar each of
two positions), Two blocks were run each day 1o constitute a session. Eight full-




14, NEAR-THRESHOLOQ VISUAL PATTERNS 283

report sessions were run on observer TS at the same cantrast levels (average
results for all 640 2rials per stimulus shown in fower lefy Fig. 14.2). Four sessions
on a second observer, PK, yielded very similar resulis. Observer TS zlso ran six

additional single-question (partial-report) contro] scssions in which she answered
only one of the two questions in each session,

Variations, Several variations were iried by Haber (1976) with severa) oh-
servers: nine {3 X 3) stimuli, 2.5 paired with 4.2 ¢/deg, confidence-rating
answers, answers of “'blank, low, high, both*' rather than answers to questions
about components, four-altemaljve feedback (blank, low, high, both) as in
Hirsch et al. (1982}, and no feedback. Results were always simitar to those
shown, but with some variation in the extent to which the three devialions (see
main text) appeared.

Improvement in discriminability across sessions was never seen with 2.5 and
1.5 cfdeg although it was with 2.5 and 4.2 cideg.

Spatial Position of Lines {Unpublished Data, Nachmias,
1966)

Two, thin parallel lines were separated by about 60, 35, or 5 minutes. A the
intermediate separation, three different intensities were used (producing the three
sets of results shown in the upper right of Fig. 14.2). The bright vertical test lines
(sbout 1.5 minwtes wide X 4 deprees high) were flashed for 50 msec on a large
continwously present adapting field in a Maxwellian view apparatus, The display
was seea monocularly in Maxwellian view through a 2 mm artificial pupil. There
was a black fixation point (subtending about 10 miinutes) in the center of the
adapting field. One line was presented 10 minutes 1o the right of the fixation
point. The other line was fusther from the fixation point, Feedback was given.

There were approximately 300 trials per stimulus {per point in the figure). The
sesults ot the largest separation were like those shown. The results for very close
lines were quite different, however, showing considerable confusion between the
positions (just as there is considerable confusion between close spatial frequen-
cies; see Hirsch et al., 1982).
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