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Four experiments were designed to investigate automatic processing of letter case and lexi-
cal/semantic information under forward and backward masking conditions that disallowed a visible
image. Stimulus displays were letter string pairs; the letter case for each pair matched or mis-
matched, and the relationship between the two strings within pairs varied. Experiment 1 required
direct Same-Different responses to stimulus pairs, and the results indicate that tasks requiring
direct responses to stimulus inputs cannot distinguish between conscious response biases and
unconscious use of information. Experiments 2 and 3 employed an indirect index of automatic
prerecognition analyses of verbal-linguistic parameters and showed that, with 30-msec pre- and
postmasked presentations, letter case, orthographic regularity, and lexical/semantic information
are all analyzed in unconscious operations. Experiment 4 demonstrated that, under the viewing
conditions of Experiments 2 and 3, subjects had no awareness of the stimulus input.

Results of several recent studies indicate that subjects
access the meaning of words under central masking con-
ditions that deny a visible image of letters in a display
(e.g., Balota, 1983; Fowler, Wolford, Slade, & Tassi-
nary, 1981; Friedman, 1980; Huber & Johnson, 1980;
Marcel, 1980, 1983b; Marcel & Patterson, 1978). Un-
less these results can be shown to be artifactual and/or
fail to gain converging support from other methods for
studying the earliest operations of visual processing, they
have important implications for theoretical accounts of
(1) the means by which semantic access occurs, (2) the
function performed by central pattern masking, and (3) the
distinction between visual, but not visible, operations and
the outcomes of those operations that constitute current
perceptual awareness.

Direct and indirect measures of processing have
provided at least partial converging evidence of prerecog-
nition semantic access. Fowler et al. (1981), Friedman
(1980), Huber and Johnson (1980), and Marcel (1983b;
Marcel & Patterson, 1978) used procedures that required
direct responses to stimulus inputs. Marcel’s (1983b; Mar-
cel & Patterson, 1978) data are the most surprising and
counterintuitive. When he determined the longest onset
asynchrony between a stimulus and a following pattern
mask (SOA) at which subjects made chance-level judg-
ments (defined as .60 probability of correct response),
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Marcel found that the SOA for judgments of semantic
similarity between a masked word and two unmasked
words was lower than that for judgments of form similar-
ity between the masked and unmasked words which was,
in turn, lower than that for presence/absence judgments
for the masked word. Marcel’s subjects appeared to be
sensitive to word meanings at SOAs that denied access
to form information, and form information appeared to
be available when subjects could not make
presence/absence judgments. When Fowler et al. (1981)
attempted to replicate Marcel's results, SOAs proved to
be too low (between 10 and 20 msec across subjects) to
permit an exact replication. Accordingly, Fowler et al.
modified the procedure and, at detection-level SOAs (.60
probability of correct response), subjects judged which
of two unmasked words was graphically, phonemically,
or semantically more similar to the masked word. Ac-
curacy was higher for semantic than for graphic or pho-
nemic judgments, which did not differ, and this result es-
sentially replicated Marcel’s major finding.

Huber and Johnson (1980) used a similar procedure and
reached a similar conclusion. They presented word, non-
word, or word/nonword pairs, one typed above the other,
in which letter cases for the pair matched or mismatched.
Over practice trials, exposure durations were reduced until
each subject reached 50% correct on Same-Different let-
ter case judgments. On the following test trials at that ex-
posure duration, letter case decisions remained at chance
level, but lexical status decisions were a statistically sig-
nificant 7% above chance level. Assuming that chance-
level letter case decisions indicate absence of a visible im-
age of the display, these results also indicate lexical ac-
cess without a visible display.
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Friedman (1980) asked subjects for letter identity and
case reports for single-letter and four-letter pseudoword
displays presented at pre- and postmasked exposure du-
rations that produced .50 probability of correct response.
For correctly identified letters, case reports (adjusted for
guessing) were incorrect for 14% of the single letters and
for 50% of the pseudowords (Experiment 1). This
predominance of identity information over case informa-
tion held for different type fonts, when letters were of
different sizes, and when task instructions emphasized cor-
rect case reports.

However, unambiguous interpretation of direct meas-
ures of apparently unconscious lexical/semantic access is
difficult. Nolan and Caramazza (1982) reported a failure
to replicate Marcel’s finding. Also, Fowler et al. (1981)
conducted a control experiment that cast doubt on their
data as indicating semantic access prior to form analysis.
Moreover, Merikle (1982) recently pointed out that, in
order for a forced-choice procedure to establish an ex-
posure duration at which unconscious, but not conscious,
perception may occur, it is necessary to (1) show that each
subject uses both response options and (2) determine
whether the observed stimulus-response correlations for
the two responses differ from those expected by chance.
Merikle’s threshold criteria were not met by Marcel, by
Fowler et al., or by Huber and Johnson.

Because they also distrusted direct responses to stimuli
that subjects claimed not to have seen, Marcel and Fowler
et al. complemented their direct measures with indirect
measures. Both Marcel and Fowler et al. used the prim-
ing task to test effects of a prime stimulus masked at
detection-level SOAs. Marcel found essentially the same
facilitation of lexical decisions from semantically related
primes when they were unmasked (62 msec) as when they
were dichoptically masked at detection-level SOAs
(56 msec). Fowler et al. tested priming effects of the pho-
nemic/graphemic, as well as semantic, relationship be-
tween prime and target. For both unmasked and dichop-
tically masked primes, semantic relatedness facilitated,
and phonemic/graphemic relatedness interfered with, both
reaction time and response accuracy. Also, reaction time
for masked primes was marginally faster (23 msec, p =
.07) than for unmasked primes. Balota (1983) determined
exposure durations for masked primes that met Merikle’s
(1982) criteria for distinguishing between conscious and
unconscious processing and confirmed Fowler et al.’s
finding of faster reaction time for masked than for un-
masked primes (31 msec, p < .01). The faster response
for primes masked dichoptically at detection-level SOAs
than for unmasked primes suggests that the conscious lex-
ical decision process was easier for the subject when it
was not encumbered by conscious residuals of the visual,
but not visible, operations that were initiated by registra-
tion of the prime.

In the present study, we followed the strategy of com-
bining a direct and an indirect measure of processing to
test whether lexical/semantic access can occur in the ab-
sence of visible letter case information. In Experiment 1,
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we used a version of Huber and Johnson’s Same-Different
direct measure. We modified the task to apply Merikle’s
(1982) criteria for distinguishing between unconscious and
conscious perception in determining, for each subject, an
exposure duration for pre- and postmasked inputs at which
Same-Different letter case decisions reached chance level.
In three following sessions, subjects were tested on mean-
ing, lexical, and case decisions. To obtain an indirect
measure of early processing in Experiments 2 and 3, we
used the duration judgment task previously reported from
our laboratory (Avant, Bartsch, & Woods, 1977; Avant
& Lyman, 1975; Avant, Lyman, & Antes, 1975; Avant,
Lyman, Skowronski, & Millspaugh, 1977; Avant, Mi-
neck, & Favale, 1984). Unlike procedures that direct the
subject to attend to and process . verbal-linguistic
parameters of the input, the duration judgment task tests
effects of manipulating verbal-linguistic parameters when
the task requirement is to process temporal rather than
verbal information. The procedure will be described in
the introduction to Experiment 2. Experiment 4 was
designed to test recognizability of stimulus inputs under
the viewing conditions of Experiments 2 and 3.

EXPERIMENT 1

Experiment 1 was designed to test replicability of Huber
and Johnson’s result and extend that study in a modifica-
tion of the procedure which (a) used a considerably more
rigorous determination of the exposure duration for chance
level letter case discriminations, (b) varied the relation-
ship between members of the letter string pairs, and
(c) asked for Same-Different meaning decisions as well
as case and lexical decisions. The expectation from Huber
and Johnson’s study was that lexical decisions could be
made at exposure durations that produce chance-level let-
ter case discrimination; Marcel’s, Fowler et al.’s, and
Balota’s priming studies suggest that these viewing con-
ditions might also permit Same-Different meaning de-
cisions.

Method

Subjects. Forty volunteers from undergraduate psychology
courses at lowa State University received course credit for partici-
pation. Ten served in each of four groups. All had normal or
corrected-to-normal vision.

Stimulus materials. Stimuli were pairs of letter strings, one typed
above the other. Stimulus pairs were two words, two nonwords,
or a word and a nonword. In an effort to maximize encodability
of these materials, words were selected from Snodgrass and Van-
derwart’s (1980) norms to be high imageability nouns which were
examplars from six conceptual categories (furniture, body parts,
weapons, tools, apparel, and vehicles). Nonwords were anagrams
of the words, with letters sequenced to obtain low spatial frequency
redundancies by Mayzner and Tresselt’s (1965) single-letter norms.
Table 1 presents examples of the stimulus pairs and shows the six
relationships between the members of respective pairs. Four ex-
emplars were selected from each of the six conceptual categories
for the Word Match (WM) condition of Table 1; the other rela-
tionships between letter string pairs were derived from that condi-
tion. As Table 1 shows, those six relationships were presented in
both matching and mismatching letter case pairs. Table 1 also shows
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Table 1
lilustrative Stimulus Pairs: Experiment 1.
Relationships Between Paired Letter Strings

Stimulus Pair

Correct Response For Each Task
Case Task  Meaning Task  Lexical Task

Relationship

Matching Case BED
WM: Word Match BED
BED

SM: Synonym Match BUNK
BED

WMM: Word Mismatch STEED
BED

W/NMM: Word/Nonword Mismatch EESTD
EDB
NM: Nonword Match EDB
EDB

N/NMM: Nonword/Nonword Mismatch EESTD
Mismatching Case BED

Wm: Word Match bed
BED
Sm: Synonym Match bunk
BED
Wmm: Word Mismatch steed
BED
W/Nmm: Word/Nonword Mismatch eestd
EDB
Nm: Nonword Match edb

EDB
N/Nmm: Nonword/Nonword Mismatch  eestd

Same Same Same
Same Same Same
Same Different
Same Different Different
Same Same Same
Same Different
Different Same Same
Different Same Same
Different Different
Different Different Different
Different Same Same
Different Different

the response scored as correct for each of the 12 combinations of
six relationships and matching versus mismatching letter case in
the case, meaning, and lexical decision tasks. Letter strings were
typed on mylar plastic and mounted in 2 X 2-in. slides for presen-
tation in a Scientific Prototype Model GB tachistoscope. Strings
ranged from three to seven letters in length; vertical visual angle
for the pair was 1°53’, and horizontal visual angles ranged from
1°19’ t0 3°18’. A pattern mask contained five rows of 13 overlaid
Xs and Os in which the middle X was omitted to provide a fixation
point; vertical and horizontal visual angles were 2°26 and 5°57’
respectively. The light level for each field of the tachistoscope was
adjusted to 58.21 cd/m?* with no stimulus in the field. The mask
slide provided the adaptation field, and stimulus presentations were
essentially interruptions of that field to provide both forward and
backward masking of each stimulus pair.

To prevent subjects from adopting a strategy of basing the Same-
Different decision on a single letter in each row, the arrangement
of mismatching case pairs was varied. With the four exemplars from
each conceptual category, four stimulus sets were defined by the
arrangement of matching versus mismatching letter case in stimu-
lus pairs. As can be seen in Table 2, mismatching case pairs
presented the same letter case for all letters within a string for two
stimulus sets and, for two sets, only one letter in one string mis-
matched all others.

Procedure and design. Separate sessions were conducted for each
of the four tasks. The first session was used to determine, for each
subject, the exposure duration for criterion-level performance on
letter case discriminations. For this task, exposure durations be-
gan at 110-msec presentations of stimuli from each of the 12 con-
ditions illustrated in Table 1. Exposure duration was lowered by
10-msec steps across independently randomized replications of the
12 inputs until the first replication for which the subject’s proba-

bility of correct response was at or below .50. Then the amount
by which the exposure duration was changed for each additional
replication was adjusted to each subject’s performance until five
replications were obtained that met the following two criteria: (1)
for three of the replications, probability of correct Same-Different
case decisions had to be no better than .50; and (2) for the other
two replications, probability of correct Same-Different case deci-
sions had to be .60 or better at an exposure duration 10 msec above
the duration that produced the three replications at chance-level dis-
criminations. These two criteria were imposed with the intent of
establishing an exposure duration that produced chance-level per-
formance but was not so far below a discrimination threshold that
essentially no information could be extracted during the presentation.

Also, for the three replications that indicated chance-level per-
formance, Merikle’s (1982) two criteria for unconscious, but not
conscious, perception were applied. To assure that both Same and
Different responses were used on the 36 trials of the three critical
replications, a 99% confidence interval was computed about a
proportion of .50 (10 to 26 responses), and subjects whose use of

Table 2
Stimulus Sets: Experiment 1
Set 1 Set 2 Set 3 Set 4
Matching Case
CHAIR chair CHAIR chair
CHAIR chair CHAIR chair
Mismatching Case
CHAIR CHAIR CHAIR chair
chair chair CHalR chAir




either response exceeded that interval were excluded. Also, to as-
sure that the critical exposure duration did not permit awareness
of the letter features of the display, a chi-square test of relatedness
between Matching-Mismatching letter case pairs and the use of
Same-Different responses was computed for each subject. Any sub-
ject for whom the chi-square showed a significant relationship be-
tween type of stimulus and type of response was excluded. Eight
subjects were excluded by applying Merikle’s two criteria.

With each subject’s exposure duration set in the first session, the
other three sessions were used to test differences among case, lexi-
cal, and meaning decisions. The four stimulus sets illustrated in
Table 2 were constructed with different words (and their anagrams)
from the six conceptual categories. Those stimulus sets were coun-
terbalanced across the four tasks, so subjects performed each task
with a different stimulus set. The order of case, meaning, and lexi-
cal decision tasks in sessions 2, 3, and 4 was varied across subjects
to avoid confounding by practice effects.

The design tested subjects over six. replications of the 12 types
of letter string pairs in the case and meaning decision tasks; the
number. of correct Same and Different responses was equated for
both tasks. To equate the number of correct Same and Different
responses for the lexical decision task (see Table 1), the WMM,
N/NMM, Wmm, and N/Nmm conditions (Same) were deleted, and
the W/NM and W/Nm conditions (Different) were presented three
times in each replication while the WM, SM, NM, Wm, Sm, and
Nm conditions (Same) were each presented once. The performance
measure was proportion of correct responses for each condition over
the six replications.

The design permitted, first, a test of the effect of stimulus sets
on exposure durations producing chance-level case discriminations
in the first session, and then independent tests of the effects of stimu-
lus set and the relationship between members of stimulus pairs on
the following case, lexical, and meaning decision tasks. Task order
was considered a control manipulation and was not statistically
evaluated.

Results

The threshold setting task. Across subjects, exposure
durations for chance-level case discriminations in the first
session ranged from 10-80 msec and averaged 41 msec.
Mean durations for sets 1 to 4 were 40, 46, 35, and 42
msec respectively, and analysis of variance showed no
differences among sets (F < 1.00).

The overall analysis. An overall analysis excluded the
first session and evaluated stimulus sets (with' subjects
nested within sets), tasks (case, meaning, lexical), and
the 12 conditions for the respective tasks. The analysis
showed a significant main effect of conditions within tasks
[F(11,396) = 8.28, p < .001]. This main effect collapses
across the response requirements of the three tasks for
the various conditions and shows that proportions of cor-
rect responses were higher for conditions that required
a Same response in at least two of the tasks (conditions
WM, SM, NM, Wm, Sm, and Nm for which mean
proportion correct = .56) than for conditions that required
a Different response in at least two of the tasks (condi-
tions W/NM, Wmm, W/Nm, and N/Nmm for which
mean proportion correct = .45).

The analysis also revealed a significant interaction be-
tween tasks and conditions within tasks [F(22,792) =
5.18, p < .0001]. Mean proportions of correct responses
for each condition for each task are presented in Table 3.

Analyses for each task. The tasks X conditions inter-
action was pursued in three analyses that evaluated stimu-
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Table 3
Mean Proportions of Correct Responses for Each
Stimulus Pair Relationship in Experiment 1

Word/ Nonword/
Word Synonym Word Nonword Nonword Nonword

Task Match Match Mismatch Mismatch Match Mismatch
Matching Case Conditions
Case .52 .59 .57 .61 .57 .56
Meaning .55 .57 41 41 .55 47
Lexical .63 .66 .40 .60
Mismatching Case Conditions

Case 41 43 43 45 .44 42
Meaning .58 .58 .44 .48 .59 .52
Lexical .60 .63 .40 .61

lus sets and conditions for each task separately. Stimulus
sets had a significant effect in only the case decision task
[F(3,36) = 4.55, p < .008]. Mean proportions of cor-
rect responses for sets 1 to 4 were .52, .45, .54, and .49
respectively. Simple main effect tests showed no effect
of having all letters in each of the two rows mismatch
versus having a single letter in one row mismatch all
others. Instead, the significant difference was for pairs
in which all letters within a row were of the same case;
probability of correct response was higher for matching
than for mismatching pairs when matching pairs were up-
per case [F(11,396) = 5.06, p < .05], but not when the
matching pairs were lower case. This result shows that
subjects did not base their Same-Different decision on a
single letter in each row.

The main effect of the 12 conditions was significant in
the case, meaning, and lexical decision tasks [F(11,396)
= 5.06,p < .001;3.70, p < .001; and 9.46, p < .001,
respectively]. Planned comparisons evaluated case, mean-
ing, and lexical judgments in each of the three tasks. For
the case task, the effect of matching versus mismatching
letter case was highly significant [F(1,396) = 50.38, p
< .0001]. For the meaning decision task, the effect of
matching versus mismatching meaning was significant
{F(1,396) = 32.47, p <.001]. And, for the lexical deci-
sion task, the effect of matching versus mismatching lex-
ical status was significant [F(1,396) = 100.40, p <
.0001]. None of the other planned comparisons was sig-
nificant.

For each task then, the planned comparisons showed
a significant effect of the type of information required by
the task, but no influence of the other two types of infor-
mation. But this factor also defines the Same-Different
response for each task. Thus, the observed effects may
simply reflect the fact that, for each task, Same responses
were more frequently correct than Different responses.

Discussion

These results highlight a methodological problem that
disallows an unambiguous interpretation of the data. Meri-
kle’s two criteria for setting a threshold exposure dura-
tion capable of distinguishing between unconscious and
conscious processing were met for each subject in the first
session of this experiment. The problem is that properly
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setting a threshold exposure duration does not assure that
the tests which follow that procedure will distinguish be-
tween apparently unconscious processing of information
and conscious response biases. This is a particularly per-
nicious problem for tasks that require a direct forced-
choice response to stimulus inputs. Results of Experi-
ment 1 exemplify the problem. The pattern of significant
planned comparisons is consistent with the hypothesis that,
for the case, meaning, and lexical decision tasks, subjects
selectively extracted case, meaning, or lexical informa-
tion to meet task requirements. However, the fact that,
for each task, the relevant information processing varia-
ble was confounded with the response requirement means
that a bias favoring Same responses cannot be separated
from selective use of case, meaning, and lexical infor-
mation. Arguments against the response bias hypothesis
could be offered (Marcel, 1983a, has offered one cogent
argument), but the empirical data fail to make the dis-
tinction clear.

Because Experiment 1 did not produce a pattern of
results that unequivocally discriminates between
unconscious processing and potential response biases, we,
like Marcel (1983b) and Fowler et al. (1981), turned to an
indirect measure of processing. For Experiments 2 and 3
we adopted a duration judgment paradigm that was de-
veloped in our laboratory. The task presents a situation un-
like others in which verbal information is processed; its
uniqueness perrmits it to reveal unconscious mental oper-
ations when subjects are not asked to deal directly with
verbal/linguistic parameters. The paradigm presents trials
on which two pre- and postmasked stimulus presentations
are separated by 1 sec, and the subject’s task is to judge
which of the two equal clock-time presentations is of
longer apparent duration. Thus, subjects are never asked
for a direct response to any stimulus, and stimulus presen-
tations appear as two interruptions in the subject’s view-
ing of the mask. With both forward and backward mask-
ing, the subject is not aware of a visible image of either
stimulus presentation. For each trial, the subject simply
reports ““first”’ or ‘‘second,’” depending on which of the
paired flashes appears to be longer. Randomized orders
for the sequence of trials as well as for orders of present-
ing each stimulus as the first or second stimulus on a given
trial prevent attachment of a response bias in the use of
““first’” versus ‘‘second’’ to any parameter of the stimu-
lus set. Subjects whose use of either response option ex-
ceeds a 99% confidence interval around a proportion of
.50 are excluded.

Results of previous uses of the paradigm particularly
recommend it for investigating the earliest operations in
visual processing (e.g., Avant, Bartsch, & Woods, 1977
Avant & Lyman, 1975; Avant, Lyman, & Antes, 1975;
Avant, Lyman, Skowronski, & Millspaugh, 1977; Avant,
Mineck & Favale, 1984). For example, when an un-
familiar nonword (EIO), a familiar word (DIG), and a
more familiar single letter (I) were presented for 30 msec
and judged against each other, duration judgments ranked
them nonword > word > single letter. Moreover, com-

parison of judgments for these stimuli when they were
not masked (and stimuli were recognizable) versus when
they were both pre- and postmasked (and stimuli were
not recognizable) showed that (a) the differences in ap-
parent duration among stimuli were greater under the
masked than under the unmasked condition, and (b) sub-
Jjective differences in perceived duration were apparently
easier to discriminate under the masked condition; at least
decision latencies were lower under the masked condi-
tion (Avant et al., 1975).

We believe that these results, and confirming findings
from our other studies, conform most parsimoniously to
the following interpretation. The task requires a compar-
ison between the apparent durations of two perceptual
events that must be individually marked. Given that a pat-
tern mask is presented in clear vision except during the
two tachistoscopic flashes of each trial, the following se-
quence of events would be expected before the subject
could make a discriminative judgment at the end of the trial.
The subject would (1) clearly see the mask at the begin-
ning of the trial, (2) intake and incompletely analyze the
first stimulus, (3) mark the end of the first perceptual
event with the immediately following onset of the mask
and store the results of the first incomplete analysis while
seeing and consciously processing the mask during the
1,000-msec interval separating stimulus inputs, (4) intake
and incompletely analyze the second stimulus input,
(5) mark the end of the second perceptual event with the
return of the mask and store the results of the second in-
complete analysis, and (6) compare the results of the two
incomplete analyses to determine the duration judgment
while the mask is in view after the second stimulus. Be-
cause clock-time is the same for both stimulus presenta-
tions and the pattern mask occupies the visual system ex-
cept for those two intervals, the relative judgment for the
two intervals must directly depend on stored information
extracted during the stimulus intervals. Unless the results
of those abbreviated analyses were available at the time
of the duration decision, those decisions could not be
differentially influenced by stimulus parameters.

If this view of the sequence of events is correct, then
duration judgments from this paradigm reflect both a
rudimentary analysis of each stimulus input and a brief
(perhaps no longer than 2-sec) storage of the results of
the incomplete analyses. Results of our previous studies
indicate that subjective duration judgments are influenced
by the subject’s familiarity with verbal materials. This
finding suggests that such judgments are based on the out-
put or record of abbreviated analyses. The fact that our
previous results have shown an inverse relationship be-
tween judged durations and stimulus familiarity may mean
that such judgments are based on the amount of informa-
tion recovered from or some record of the analysis per
se (e.g., duration or difficulty). It is also noteworthy that
the z’ measure from this paradigm is sensitive to the cog-
nitive distinctions among a nonword, word, and single
letter under the same conditions for which the d’ of sig-
nal detection theory discriminates only the stimulus size



difference between the larger area of the two three-letter
stimuli and the smaller area of the single letter (Avant,
Bartsch, & Woods, 1977). The most succinct summary
of the unique contribution from this paradigm is by Tur-
vey (1978, p. 129), who noted that, in this paradigm, ap-
parent duration of the flashes ‘* is reflective of what has
been done and serves to distinguish between orders of
processing that remain incomplete.”

EXPERIMENT 2

In Experiment 2, we used the paradigm to test effects
of matching versus mismatching letter case and lexical
status of letter string pairs. Specifically, subjects judged
which of two stimulus presentations—each stimulus a let-
ter string pair—was longer in duration. Because previ-
ous uses of the paradigm have shown that pre- and post-
masked 30-msec presentations initiate processing without
permitting recognition, that duration was used in Experi-
ment 2. It should be noted that this duration is 11 msec
less than the average exposure duration that produced per-
formance meeting Merikle’s criteria for chance-level letter
case discriminations in the first session of Experiment 1.
Given the previous evidence that the paradigm is sensi-
tive to the cognitive distinction between words and non-
words, we expected briefer apparent durations for word
pairs than for nonword pairs; previous data did not pro-
vide an expectation for apparent durations for word/non-
word pairs relative to word pairs and nonword pairs. No
expectations were specified for effects of the letter case
manipulation.

Method

Subjects. Two groups of 40 volunteers from undergraduate
courses participated for course credit; all subjects had normal or
corrected-to-normal vision.

Stimulus materials. Stimulus materials were a subset of those
from Experiment 1. Each stimulus was a pair of words, nonwords,
or a word/nonword pair. The two members of a pair were of match-
ing or mismatching letter case. Matching letter case pairs were up-
per case for one group of subjects and lower case for the other;
for both groups of subjects, mismatching pairs presented one letter
string in upper case and the other in lower case. This arrangement
of matching and mismatching pairs was selected because the results
of Experiment 1 showed (a) that there was no effect of the four
stimulus set arrangements on exposure durations for chance-level
performance, and (b) that the differential effect of matching versus
mismatching letter case in the case decision task occurred only for
pairs in which all letters in a row were of the same case. The
paradigm and the stimulus materials are illustrated in Figure 1. Eight
sets of pairs were selected for the six combinations of letter case
(2) and lexical status (3); four exemplars of the furniture and
weapons categories provided the eight word/word pairs, and the
word/nonword and nonword/nonword pairs were derived from
them. The pattern mask and light levels of the tachistoscope were
the same as for Experiment 1.

Procedure and design. All possible combinations of lexical sta-
tus and letter case, except for identical pairs, were tested. There
were thus 6(5)/2 = 15 types of pair comparisons such that each
stimulus was paired with and judged against every other member
of the set. Subjects were presented four replications of those 15
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Duration Judgment Task: Sequence of Events

Stimulus Stimulus
Pattern Mask CHAIR Pattern Mask 1CHRA Pattern Mask
VAN nva
30 ms 1000 ms 30 ms

Experiment 2: Stimulus Types

Case Match Case Mismatch

Lexical Status

CHAIR CHAIR
Word/Word VAN van

CHAIR chalr
¥ord/Nonword NVA NYA

ICHRA 1CHRA
Nonword/Nonword NVA nva

Figure 1. Sequence of events in the duration judgment paradigm
and illustrative stimuli for Experiment 2.

comparisons; order of presentation of the comparisons was indepen-
dently randomized for each replication for each subject. A z’ score
(Woodworth & Schlosberg, 1954) for each stimulus was computed
from the average number of ‘‘longer’’ responses given that stimu-
lus across the four replications.

Results and Discussion

The design evaluated two between-subjects factors:
group (defined by the case of paired items in the matched
case stimulus) and stimulus exemplars; the two within-
subjects factors were letter case arrangement (match vs.
mismatch) and lexical status (word/word, word/nonword,
or nonword/nonword).

The analysis of z' scores did not confirm the simple
expectation that word/word presentations would be judged
briefer than nonword/nonword presentations; the main ef-
fect of lexical status was not significant (F < 1.00). More
important was the evidence that both letter case and lexi-
cal information were being analyzed. The analysis
revealed two significant sources of variance. One was the
lexical status X letter case arrangement interaction
[F(2,128) = 5.46, p < .005]. The other was the interac-
tion between groups and lexical status [F(2,128) = 3.62,
p < .05). Simple main effect tests within the lexical sta-
tus X letter case arrangement interaction showed signifi-
cant differences among apparent durations for word/word,
word/nonword, and nonword/nonword pairs when letter
case for the pair matched [F(2,128) = 4.02, p < .05},
but not when letter cases mismatched [F(2,128) =
2.51, p > .05]. For matching case pairs, the Neuman-
Keuls test (¢=.05) showed the mean z’ score for
word/word pairs (-.06) to be significantly lower than that
for nonword/nonword pairs (.05), but the intermediate
mean z' score for word/nonword pairs (.01) did not differ
from that for either word/word or nonword/nonword
pairs.

The lexical status X groups interaction supplemented
the information from the interaction between lexical sta-
tus and letter case arrangement. The interaction showed
significant differences among mean z' scores for
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Table 4
Mean Proportions of “Longer” Responses in Experiment 2

Matching Pairs

Upper Case  Lower Case  Mean
Matching Case
Word/Word 49 47 .48
Word/Nonword .52 .49 Sl
Nonword/Nonword 51 .53 52
Mismatching Case
Word/Word 51 .53 .52
Word/Nonword .50 .46 48
Nonword/Nonword .49 52 S1

word/word (-.01), word/nonword (-.06), and non-'

word/nonword pairs (.07) for subjects presented lower
case matching pairs [F(2,128) = 3.74, p < .05], but not
for subjects presented upper case matching pairs (F <
1.00).

The z' scores that revealed these effects are derived
measures of the relative apparent durations for the vari-
ous stimuli within a set. The magnitude of the interactive
effects of lexical status and letter case arrangement are
perhaps clearer in the proportions of ‘‘longer’’ judgments
given each type of stimulus pair that are presented in
Table 4.

These results are consistent with those from earlier
studies using this paradigm. If the sequence of events on
each trial forces the duration judgment to reflect effects
of information extracted during each flash, then these
results suggest that (a) either the representational formats
for lexical status and letter case information are different
in earliest processing, and/or (b) the operations that use
the two types of information are different. If the effect of
lexical status must be mediated by prior partial analysis
of letter case information, then these data show that suffi-
cient letter feature information can be extracted within
30 msec to permit access to and use of lexical informa-
tion, even if the subject has no visible image of the input.
Otherwise, the data suggest simultaneous access to letter
case and lexical information. In any case, the data show
that both types of information can jointly influence a
conscious decision process when viewing conditions deny
the subject a visible image of the display.

EXPERIMENT 3

Experiment 3 addressed two questions left unanswered
by the results of Experiment 2.

First, the effect of the lexical status manipulation in Ex-
periment 2 could have been produced by the orthographic
structure of the letter strings rather than access to lexical
knowledge. There is considerable evidence that ortho-
graphic structure influences early visual processing in-
dependently of the meaning or lexical status of the input
(e.g., Baron, 1975; Baron & Thurston, 1973; Estes,
Allmeyer, & Reder, 1976; Hirata & Bryden, 1971; Mas-
saro, 1973, 1975; Mason, 1975; Venesky, 1967, 1970;
Venesky & Massaro, 1979). However, the results of Ex-
periment 2 suggest that, if effects of lexical status and or-

thographic regularity can be separated in this task by test-
ing words, orthographically regular pseudowords, and
orthographically irregular nonwords in Experiment 3, the
result should show apparent durations to rank them words
< pseudowords < nonwords.

Second, Haber’s (1969) report that repeated brief
presentations of stimuli increased their ‘‘perceptual clar-
ity’’ suggests that, across the four replications of Experi-
ment 2, the processing of our stimuli may have changed
if they became more nearly recognizable.

Accordingly, Experiment 3 was designed to test effects
of (1) orthographic regularity versus lexical status and (2)
replications.

Method

Subjects. Thirty-two students from undergraduate psychology
courses at Wartburg College participated for course credit. All sub-
jects had normal or corrected-to-normal vision.

Stimulus materials. Stimuli were word/word, pseudoword/pseu-
doword, and nonword/nonword pairs, typed one above
the other. Letter strings were five- and six-letter strings with visual
angles matching those in the first two experiments. Four different
pairs of words were selected from the materials of Experiment 1.
The criteria imposed for the pseudoword/pseudoword pairs guided
selection of words for the word/word pairs. Pseudowords were in-
tended to be meaningless but of legal orthographic structure. Or-
thographic regularity has been variously defined, and no compre-
hensive set of rules for defining orthographic regularity exists (see
Venesky & Massaro, 1979). The constraints on the words selected
for the experiment were that they contain at least two consonants
and two vowels. These constraints permitted generation of two sets
of pseudoword anagrams of the words by changing the order of
the vowels for one set and changing the order of the consonants
for the other set. The assurance that the orthographic structure of
the pseudowords was legal in English usage was that, for each pseu-
doword, Webster's New Collegiate Dictionary (1973) contains at least
one word that begins with the same sequence of three letters and another
word that ends with the same sequence of three letters. Nonwords were
also anagrams of the words, with letters sequenced to obtain
low spatial frequency redundancies by Mayzner and Tresselt’s
(1965) norms. Thus, there were four pairs of words and, for each
word pair, a pair of pseudowords in which the order of the vowels
in the words was changed, a pair of pseudowords in which the order
of the word consonants was changed, and a pair of nonwords with
illegal orthographic structure. As illustrated in Table 5, these
materials were typed in upper case matching, lower case match-
ing, and upper/lower case mismatching pairs.

Procedure and design. A six-member stimulus set was used for
each subject. Each set contained matching and mismatching letter

Table §
Tllustrative Stimulus Pairs: Experiment 3
Pseudoword
Word Vowel Change Consonant Change ~ Nonword
Matching Case
Upper
CHAIR CHIAR RAICH ICHRA
BOVINE BEVONI NOBIVE NVEBIO
Lower
chair chiar raich ichra
bovine bevoni nobive nvebio
Mismatching Case
CHAIR chiar RAICH ichra
bovine BEVONI nobive NVEBIO




case versions of a word/word, pseudoword/pseudoword, and non-
word/nonword pair. For half the subjects, pseudoword pairs were
those produced by changing the order of word vowels and, for the
remaining subjects, pseudowords were those produced by chang-
ing the order of the word consonants. Also, for half the subjects,
matching letter case pairs were upper case and, for the other half,
matching case pairs were lower case. The 6(5)/2 = 15 trials of the
pair comparisons procedure for the six-member stimulus set was
replicated four times with each subject; order of presentations was
independently randomized for each replication for each sub-
ject, and z' scores were derived from proportions of longer responses
given each member of the stimulus set within each of the four repli-
cations. Exposure durations were 30 msec, and other particulars
of the viewing conditions were as described for Experiment 2.

Results

Two subjects were nested in each of the 16 combina-
tions of the three between-subjects variables (upper vs.
lower case matching pairs, vowel vs. consonant change
in pseudowords, and the four word exemplars). Replica-
tions, lexical status of pairs, and matching versus mis-
matching letter case pairs were the within-subjects
variables.

In the analysis that evaluated effects of all factors, only
one source of variance—the main effect of lexical status—
was statistically significant [F(2,32) = 6.19, p < .005].
Mean z' scores for word, pseudoword, and nonword pairs
were -.08, -.02, and .09 respectively; presentations of
word pairs were judged to be briefer than equal presen-
tations of pseudoword pairs which were, in turn, judged
to be briefer than equal presentations of nonword pairs.
Although the effect of lexical status was highly signifi-
cant, the magnitude of the effect was not large. The size
of the effect may be judged from the proportions of longer
responses for each type of stimulus presented in Table 6.

These results unambiguously address the two questions
of concern in Experiment 3. First, the lack of any effect
of replications suggests that, in this task, four replications
of the procedure did not modify either (a) the represen-
tational formats of the types of information provided in
these stimuli or (b) the earliest visual operations applied
to that information.

Second, and more important, the observed word <
pseudoword < nonword ordering of apparent durations
exactly fits the expectation drawn from Experiment 2. The

Table 6
Mean Proportions of “Longer” Responses in Experiment 3

Matching Pairs

Upper Case Lower Case Mean
Matching Case
Words .44 .49 47
Pseudowords 50 48 49
Nonwords .58 .55 .56
Mismatching Case
Words 46 .48 47
Pseudowords A48 .50 .49
Nonwords 53 .48 51
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highly significant effect of lexical status suggests (a) that
the representational formats for lexical status and ortho-
graphic regularity information are not the same, and
(b) that the higher, rather than lower, order information
has priority in influencing the conscious decision process
in this task. The lowest order information in these stimuli
(letter case match-mismatch) had no effect that could be
statistically verified when independent and joint effects
of all variables were evaluated in an overall analysis.

The failure to discern an effect of the letter case manipu-
lation in the analysis discussed above leaves one to wonder
how an effect of lexical status can show itself in an auto-
matic activation process without indicating in some way
how lexical status was mediated by extraction of letter
feature (i.e., case) information. We pursued the effect of
letter case match-mismatch by considering that its effect
might be obscured across replications of the procedure.
Accordingly, in a second analysis of the data we removed
the effect of replications by using z’ scores derived from
the average proportion of longer responses given each
stimulus across the four replications.

In this analysis, of course, the main effect of lexical
status was not affected [F(2,32) = 6.36, p < .005].
However, the four-way interaction among type of match-
ing case pairs (upper vs. lower), type of pseudoword
(vowel vs. consonant change), lexical status, and letter
case match-mismatch was significant [F(2,32) = 4.23,
p < .05]. This interaction is summarized graphically in
Figure 2. The important contrast is between the left and
right panels of the figure. The left panel plots the inter-
action among lexical status, type of pseudoword, and letter
case match-mismatch for subjects presented matching up-
per case pairs; the right panel plots that interaction for
subjects presented lower case matching pairs. Figure 2
illustrates that, when matching case pairs were upper case,
three of the four combinations of matching-mismatching
letter case and type of pseudoword produced the word
< pseudoword < nonword pattern of duration judg-
ments. However, as the right panel of Figure 2 shows,
when matching case pairs were lower case, only one of
the combinations of matching-mismatching letter case and
type of pseudoword produced the word < pseudoword
< nonword pattern of duration judgments. The interac-
tion clearly shows that letter feature information did in-
fluence processing, because upper versus lower case
matching pairs is the only parameter that differs between
the panels of Figure 2. The participation of orthographic
information (type of pseudoword) in this interaction com-
plements the indication of its influence in the intermedi-
ate duration judgment for pseudowords in the lexical sta-
tus main effect. If the distinction between early analytic
operations and subsequent recovery operations is valid
(Marcel, 1983a, has presented cogent arguments for the
distinction), then the interaction plotted in Figure 2 may
well reflect an analytic process that utilized letter case,
orthographic, and semantic information, perhaps simul-
taneously.
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Figure 2. Mean 2z’ scores for Word, Pseudoword, and Nonword stimulus pairs for each type of Pseudoword and each
arrangement of Matching and Mismatching letter case in Experiment 3.

EXPERIMENT 4

The last question concerns recognizability of stimulus
inputs under the conditions of Experiments 2 and 3. Recall
that exposure duration for these experiments was 11 msec
less than the average duration for chance-level letter case
discriminations in Experiment 1, and they were both pre-
and postmasked. Experiment 4 presented a forced-choice
test of recognition of the stimulus materials of the first
three experiments under the viewing conditions of Experi-
ments 2 and 3.

Method

Subjects. Forty volunteers from undergraduate psychology
courses at Jowa State University participated for course credit. All
subjects had normal or corrected-to-normal vision.

Stimulus materials. Stimulus pairs were selected from the
materials used in Experiments 1, 2, and 3. The following seven
relationships between pairs of letter strings were used: (1) the same
word in both rows, (2) two synonymous words, (3) two words with

different meanings, (4) a word and a low spatial frequency redun-
dancy nonword, (5) two pseudowords produced by changing the
positions of vowels in words, (6) two pseudowords produced by
changing the positions of consonants in words, and (7) two non-
words of low spatial frequency redundancy. Arrangement of match-
ing upper case pairs, matching lower case pairs, and mismatching
case pairs were the same as in Experiments 2 and 3. Examples of
these materials are shown in Table 7. Four different sets of exem-
plars of the seven relationships shown in Table 7 were selected.
The 40 subjects were randomly assigned to eight groups of 5 sub-
jects each, and materials for each of these groups were the seven
relationships between stimulus pairs presented in one of the eight
combinations of four exemplars and two types of matching (upper-
lower) and mismatching case pairs. Thus, the stimulus set for a
given subject consisted of 14 pairs: seven pair relationships presented
in matching and seven presented in mismatching letter case pairs.
Exposure durations were 30 msec, and test presentations were pre-
and postmasked by the mask of overlaid Xs and Os. Light levels
in the tachistoscope were the same as for the previous experiments.

Procedure and design. On each trial, the subject viewed a
30 msec test slide presentation, and was then asked which of two
slides (the test slide and another member of the set) presented out-
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Table 7
Iustrative Stimulus Pairs: Experiment 4
Different Word + Low  Pseudowords Pseudoword Low SFR

Same Word Synonyms Words SFR Nonword (Vowel Change) (Consonant Change) Nonwords

Upper Case
MALLET MALLET CHAIR MALLET CHIAR TAMELL ICHRA
MALLET HAMMER MALLET NVEBIO MELLAT NAIRT EMLLTA

Lower Case
bovine bovine train bovine trian raich ratai
bovine cattle bovine ichra bevoni nobive nvebio

Mismatching Case

CHAIR chair CHAIR chair CHIAR raich ichra
chair SEAT bovine RNTAI bevoni TAMELL NVEBIO

side the tachistoscope on a back-lighted viewing box was the slide
presented on that trial. Thus, the test was a forced choice new-old
recognition test for each test slide. To approximate the number of
trials (60) of the duration judgment task of Experiments 2 and 3,
each subject was tested over four independently randomized repli-
cations of the 14 slides of his/her set (56 trials per subject). The
performance measure was the number of recognition errors in each
of the four replications.

Results

The hypothesis that subjects did not recognize stimu-
lus inputs in Experiments 2 and 3 prompts four expecta-
tions of the data from Experiment 4.

First, chance expectation for the forced choice test
would be that, averaged across subjects, mean number
of errors on 56 trials would be 28. The observed mean
was 27.33, and a t = .97 showed that expected and ob-
served means did not differ.

Second, recognition errors for the various test stimuli
should show no effect of the manipulated variables. An
analysis of variance applied to error scores evaluated ef-
fects of (1) type of matching case (i.e., upper case match-
ing plus mismatching case pairs vs. lower case matching
plus mismatching case pairs), and (2) exemplar set as
between-subjects variables; and (1) matching versus mis-
matching letter case and (2) the seven relationships be-
tween pair members as within-subject factors. None of
the 15 F tests of that analysis even approached statistical
significance.

Third, the number of times each stimulus was selected
in an error choice when it served as a lure should show
no effects of the manipulated variables. This analysis
evaluated the same factors as the first analysis, and the
result was the same; none of the F tests approached sig-
nificance. This result shows that there were no consis-
tent response biases in error choices.

Fourth, the number of recognition errors should not
change across replications. The measures for the above
two analyses were obtained by adding errors over repli-
cations; the measure used to test the effect of replications
was obtained by adding number of errors over the
14 stimuli in each replication. The analysis evaluated the
same between-subject factors as before, but the within-
subject factor was replications. The result was as ex-
pected; no significant F values were obtained.

Thus, while positive statements must be made with cau-
tion when null hypotheses cannot be rejected, the com-
bined results of all analyses performed on the data from
Experiment 4 are in accord with the hypothesis that the
viewing conditions of Experiments 2 and 3 did not per-
mit subjects a visible image of the display.

GENERAL DISCUSSION

Results of these experiments support the following con-
clusions. The results of Experiment 1 confirm the indi-
cation from Fowler et al. (1981), Marcel (1983b) and
Merikle (1982) that tasks which require a direct forced-
choice identification response to stimulus inputs are not
well suited for distinguishing between unconscious use
of input information and response biases. Tests of uncon-
scious use of letter case, lexical, and meaning infor-
mation in Experiment 1 followed a threshold setting
procedure that met Merikle’s criteria for discriminating
between conscious and unconscious processing but failed
to distinguish between unconscious use of these types of
information and a preference for Same responses.

Although it presents the subject an unusual task, the du-
ration judgment paradigm is better suited for revealing
the unconscious operations that precede recognition. With
pre- and postmasked exposure durations briefer than the
average duration for chance-level case discriminations in
Experiment 1, Experiments 2 and 3 made several salient
points. The results of Experiment 2 can be used to argue
that (a) the processing indexed by this task is directed by
information extracted during the two stimulus flashes of
each trial, and (b) that both letter case and lexical/semantic
information are accessed and used when neither type of
information is available to conscious perception. Con-
sideration of the sequence of events leading to the dura-
tion judgment suggests that both an analytic and a storage
operation for each type of information (with an implied
retrieval, recovery, or transformation operation) must
have preceded the duration judgment. The results of Ex-
periment 3 identified separable effects of letter case, or-
thographic regularity, and semantic information in early
processing and suggested that, while all three types of in-
formation are initially analyzed, the higher order lexical
information gains priority in determining the conscious
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perception as processing approaches its terminus in a
stabilized percept. Finally, the results of Experiment 4
leave little doubt that the processing evident in Experi-
ments 2 and 3 occurred without a visible image of the dis-
play and completely outside of the subject’s awareness.
In our view, the duration judgment data bring several
theoretical issues into clearer focus. Specifically, the data
permit clarification of three distinctions: conscious versus
unconscious processing, automatic versus intentionally or
attentionally guided processing, and the relationship be-
tween masking stimuli and the prerecognition operations
that produce current perceptual awareness.

Conscious versus Unconscious Processing

In current two-process models (e.g., Collins & Loftus,
1975; LaBerge & Samuels, 1974; Posner & Snyder, 1975;
Shiffrin & Schneider, 1977), the unconscious-conscious
dichotomy is closely allied with the automatic-
nonautomatic distinction. Limited capacity conscious
processing is associated with allocation of attentional
resources and unconscious processing involves automatic
access to the memory structure.

Data from the duration judgment paradigm address the
unconscious-conscious distinction and the automaticity
question separately. One clear indication of these data is
that conscious awareness need not be the same as any one
or combination of the types of information that were
unconsciously analyzed. The duration judgment paradigm
puts the subject in a very unusual situation for process-
ing verbal materials; one of its unique advantages is the
qualitative difference between the format of the requested
report and the format of the manipulated parameters that
influence the report. Consideration of the sequence
of events on each trial suggests that some operation com-
municates the residuals of incomplete processing of ver-
bal parameters to a conscious mechanism in the form of
temporal extents; apparently that communication opera-
tion occurs twice on each trial before a comparison and
decision are made. The link between unconscious and
conscious processing must surely be more than a dupli-
cation in consciousness of the formats of unconsciously
processed information (cf. Corteen & Wood, 1972;
Weiskrantz, Warrington, Sanders, & Marshall, 1974).

Automatic versus Attentionally Guided Processing
The data address the question of automatic versus at-
tentionally guided processing separated from the question
of unconscious versus conscious processing. The point
is that some processing that appears to be automatic may
not be free of intentional or attentional guidance (see, e.g.,
Neumann, 1984; Underwood, 1982). An example is
provided by studies using the semantic priming paradigm
(e.g., Balota, 1983; Fowler et al., 1981; Marcel, 1983b;
Neely, 1977). For that task, Neumann (1984) notes that
task instructions set an intent to process verbal materials;
he then distinguishes between the effect of the prime
stimulus and the subsequent processing of the target (also
see Broadbent, 1982). He suggests that the prime stimu-

lus sets a state of readiness for subsequent uptake and
evaluation of the target stimulus information (*‘process-
ing proper’’); automaticity is associated with the state of
readiness set by the prime stimulus—preparation that
facilitates processing if it can be used but may not hinder
processing if it cannot (e.g., Neely, 1977). To the extent
that it is guided by task instructions and the state of read-
iness, ‘‘processing proper’’ of the target is not automatic.

The duration judgment data present an example of ver-
bal/linguistic processing that is apparently automatic, un-
avoidable, and independent of attention or “‘state of read-
iness.”” For this task, the subject’s state of readiness is
set for temporal processing, thus establishing a particu-
lar intent that does not incorporate an unconsciously main-
tained state of readiness to process verbal materials. Yet,
when such materials are presented, the subject appears
to automatically, unconsciously, and unavoidably process
several verbal/linguistic parameters of the input and then
recode the format(s) of those materials into a subjective
temporal format. The data appear to reflect the operation
of long-standing verbal skills that are automatically and
unavoidably called for and specified by particular stimu-
lus parameters, and this occurs without any guidance from
a state of readiness to process in a verbal domain.

Central Pattern Masking

The relationship between central pattern masking and
the types of information that enter current awareness is
also addressed by these data. The theoretical context in
which that relationship is most productively addressed is
afforded by the similar models offered by Allport (1977,
1979), Coltheart (1980), and Marcel (1983a). Marcel’s
is the most thoroughly elaborated of these models. Mar-
cel’s intent is a detailed account of the means whereby
input information is unconsciously analyzed and subse-
quently brought into consciousness. Much of the force
of Marcel’s proposals originates in his rejection of the
‘“‘Identity Assumption,”’ the assumption that ‘‘the
representations which constitute conscious experience
are. . .the same ones that are derived from and used in
sensory and cognitive processing’’ (p. 238). With that as-
sumption rejected, Marcel develops the thesis that conscious
perception resides in structural descriptions (Hochberg,
1970) that express the conscious attempt to make as much
sense as possible out of as much data as possible at the
highest order and most functionally useful level permit-
ted by the input.

Distilled to its essential components, Marcel’s argument
is as follows. All sensory inputs, no matter how briefly
registered at the sensory surface, are automatically and
unconsciously analyzed, by multiple specialist process-
ing operations, into every representational format that is
maintained in the memory structure. Products of these
analyses have two important aspects, their results and their
records. Results provide input and materiais to numer-
ous other unconscious operations that can use them, and
they suggest candidate perceptual hypotheses. Records
provide the basis of the form and content of conscious



percepts. Perceptual hypotheses are analogous to Minsky’s
(1975) concept of *‘frames’” and to Rumelhart’s (1978)
‘“‘schemata,”” and they are the mechanisms of conscious
percepts.

Synthesis of a conscious perception requires matching
a candidate hypothesis against sensory data, so the rele-
vant data must be recovered. The recovery process (a) is
guided by the conscious need to make as much sense as
possible of the input, (b) proceeds from higher, more ab-
stract levels to lower levels (consistent with our learning
to perceive the significance of inputs rather than the cues
to their significance) and, as in Kolers’s (1962) clerk-
customer analogy, recovery of a record or a subset of
records is bounded by interference. Central pattern mask-
ing is a structural aspect of the recovery process. The most
recent or spatially proximal records may capture recov-
ery and gain figural status. Alternatively, the set of ele-
ments which corresponds to a more economical or higher
level description, or a more expected event, will be
privileged in recovery.

The data from Experiments 2 and 3 conform parsimoni-
ously to these proposals. They clearly indicate that letter
case, orthographic regularity, and lexical/semantic infor-
mation were analyzed. Given the viewing conditions and
the subjects’ instructions to process temporal information,
there is good reason to believe that anlysis of ver-
bal/linguistic information occurred automatically, un-
avoidably, and outside of the subject’s awareness. And,
the sequence of events on each trial required that some
record(s) of those analyses be stored and recovered to
guide the duration judgment. The format of the conscious
report had to result from a transformation of the analyzed
input in order to conform to the subject’s expectation that
flash durations would vary. The predominance of lexi-
cal/semantic information over letter case information and
the fact that these judgments were obtained with brief and
severely pre- and postmasked inputs permit two infer-
ences. Subjects appear to have adapted to the task require-
ment by testing perceptual hypotheses that would justify
a temporal rather than verbal/linguistic judgment. And,
it appears that they accomplished that adaptation by
recovering a high level abstract form of information: the
difference in subjective time invested in analyzing words
and nonwords. Apparently, records of the featural anal-
ysis of letters (recovery of which is necessary for con-
scious visible synthesis of the letter strings) were destroyed
by the pattern mask whereas the abstract temporal record
of the time spent in unconscious automatic analysis was
not vulnerable to erasure by the visible features of the
mask.

We believe that the distinctions between (1) analyses
and recovery and (2) results and records of unconscious
analyses are important; the present data seem to require
the differentiation. It seems clear that rather thorough un-
conscious analyses are performed; the need to empirically
delineate the recovery process remains. In recognizing
that need, Marcel echoes Turvey (1974) in noting that
*“The Hoffding step (Hoffding, 1891) remains very much
a mystery.”’
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