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Abstract

A series of experiments investigated automatic processing in visual and
auditory search tasks dsing masking téchniques. ' P_rbces§ing load in terms of the
number of possible targets in the teSt period was \)aried under conditionﬁ in
whiéh test stimuli mask onset ésyhchrony (test -S.OA) was systematically reduced
in duration. In Experimerit 1, subjects received’ 17-18 hours of “search task
practice requiring speeded judgments of target presence or absence, using a
consistent mapping procedure with categorical differences between targets and
distractors. Accuracy and RT performance after extensive practice génerally
satisfied the capacity criteripn for automatic detection of flat curve slopes
across procesging load levels in both the visual and auditory tasks. Experiments
2A and 2B compared automatic target detection to detection of the presence or
absence of any test stimuli and ability to identify the testAstimuli by verbal
report at test SOAs between 50 and 1 ms. Stimulus detection wés more accurate
than automatic target detection at shorter test SOAs. Report performance and
target detection performance did not differ. All of the tasks were performed
accurately at shorter te#t SOAs \Qith auditory stimuli. In Experiment 3, a
multiple same target positive trial condition was compared to the highly
- practiced single target positive trial condition at reduced test SOAs. Accuracy
was better in the multiple same target condiﬁon, indicating activation addi_tivity
in automatic target detection. Results of these experiments suggesf that
automatic target detection in search tasks is a conscious process and that it

requires cognitive resources in addition to those required for stimulus detection.



Conscious Processes in Automatic
Visual and Auditory Search

Two-process theories of cognition represent one of the most popular
contemporary approaches to the development of a functional architecture of
mental processes. The central featﬁre of these theofies is a delineation of two
modes of information processing: automatic and controlled or effortful
processing. Automatic processing is typically described as Vcapacity unlimited,
wholistic, nonattentional, unintentional, and unconscious; confrélled processing is
described as highly capacity limited, serial, atfentional, intentional, and
conscious (e.g., Posner, 1978, 1982; Shiffrin & Schneider, 1977; Potter, 1976).

This distinction has served as a primary basis for theoretical definitions of
attention and consciousness in contemporary cognitive theory. However,
empirical demonstrations have not unequivocally supported a clear delineation of
these two theoretical modes _of processing (e.g., Allport, 1980; Boyer, 1984). In
addition, there are irhpoftant questions as to which mental acts fall into which
category, as well as to the appropriate operational criteria to use in making the
categorizétion for a particular mental act. |

In summarizing the literature on automatic processing, Boyer (1984) outlined
three general operational criteria used to identify an automatic process:
capacity, intentionality, and reportabilitv. The capacity criterion concerns
whether or not a cognitive process is subject to processing load effects, as in the
visual search findings of flat performalice curve slopes across load levels; or does
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not interfere with other ongoing mental activity as in dual task paradigms. The

mtentxonahty cntenon concerns whether mstructnonal cues aid performance and

whether specxfnc cognmve processes can be avoided or stopped Automatxc

processes purportedly are unavondable and do not benefxt from conscxous_
" attentwnal control such as occurs in the utxlnzatxon of cues. The reportabnhty

criterion is usually deﬁned in terrns of the abxhty of a subject to provxde verbal

reports of the content of cognitive processxng. Inabrl;ty to provxde reports of

tasks performed accurately implies that the processing is unoonscious.

Marcel (1983) has demonstrated the utility of' rnasking techniques for the
investigation of‘ unconscious processes, and has suggested that possible examples
of unconscious processing should be tested using masking techniques that prevent
conscious awareness or availability for verbal\ report. Aotornatic derection of
targets in search tasks has been tested extensively using the capacity. and
intentionality criteria (e.g., Schneider & Shiffrin, 1977). Although there'is some
ambiguity as to the degree to which aotomatic search tasks satisfy these two
criteria (e.g., Boyer, 1984; Shiffrin, Dumais & Schneider, 1981), the reportability
criterion vfor automaticity has received little attention in the case of automatic
search performance. The experiments reported in this paper investigated
automatic target detection in search tasks with respect to the reportability
criterion, using masking techniques similar to those reported by Marcel (1983).

Attempts to identify conscious and unconscious processes in two-process
theories have a long history in experimental psychology. Wundt (1912) proposed
a two-process theory that distinguished the processes of apperception and
apprehension. Apperception referred to clearly perceived, focal attentive
processes in conscious awareness; and apprehension | referred to vaguely
perceived, inattentive processes in the periphery of conscious awareness. For
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Wundt, automatic processes were learned hébitual reflexes that developed with
repetitive practice. Development of automaticity involved a ~process of
| "ietrégradation" (Wundt, 1907, p. 213), during which all mental elements
experienced in an initial conscious task .faded éutiwith practice until ihe habitual
act wés performed as a pﬁyéiologiéal ref_lek /‘ with no conscious mgntal
components.  The criterion Wundt (1907) proposed for most clearly
demonstrating automaticity was that a choice reaction time task should be
performed as rapidly as a simple reaction time task, indicating n}or intervening
stéges of mental acti?ity. This criterion probébly has not been met by any of the
recent automatic processing research, | |
Titchenef (1908, p. 220) emphasized the generality of Wundt's two-process
theory in "the law of the two levels,’ but he seemed to differ with Wundt by
considering automatic processing td be a conscious process. According to
Titchener (1906, 1924), conscious choice tasks may degenerate with habitual
practice to an acquired automatic reflex with no affective cohponenw such as
feelings of effort; but the conscious sensations associated with the tésk continue
to be experienced in the margin of consciousness.

James (1890) similarly held that automatic processing takes place in the

conscious fringes or region of conscious inattention outside of focal attention,

and that the accompanying conscious sensations allowed for simple direction and
monitoring of task performance. James (1890) agreed with a statement by Judd
(1907, p. 207) that, "Too often the psychology of habit has beén guilty of the
statement that habituation leads to un;:onsciousness. This is not thé case. When
we deal skillfully with any situation, we have an attitude of attention wholly
different from the attitude of indefinite excitement which comes from

unpracticed performance."



In a more recent two-process theory that contrasts with James' and
Titchener's \riews of automaticity; Neieser ‘(1967) ‘delineated conscious focal
attennon and unconscious preattennve processes. According to this theory,
prolonged practxce may lead to the development of preattentrve recognmon
analyzers that can, for example, automatxcally sxgnal the presence of a target
stimulus without focal attention or conscrous awareness. Nensser (1967)
commented that a consxderable portion of daily activities such as walking,
driving, other gurded movements, tracking of vxsual strmuh, and dnrectxng the
attentional mechamsm in general, are under the control of unconscious
preattentive processes. However, most recently Neisser (1976) has expressed
major concerns about models of cognitive processes that attempt to localize
consciousness to a discrete mechanism in a series of functional stages of
processing, as his earlier model implied.

Posner (1978, 1982) hasr argu‘ed strongly fpr a two-process theory that
associates consciousness specifically with a central attentional mechanism and
that emphasizes unconscious automatic processes. He identif'red conscious
attention with a limited capacity central processing system that is not utilized in
many complex, learned mental operations. Posner and Warren (1971, p. 34%)
stated that "use of this system becomes the central definition of a 'conscio’us
process' and its non-use defines what is meant by 'automatic'." Further, Posner
(1978, p. 180) has noted that a common difficulty throughout the psychological
literature is the failure to understand that "conscrous awareness is a discrete
event that plays a specific role within the stream of information processing."

Posner (1978) proposed that an automatic process is indicated if the process
occurs without intention, without generating conscious awareness, and without
interfering with other ongoing mental processes. For the most part, Posner
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attributes automaticity only to activation of sensory encoding functions such as
graphemic, phonemic, and semanﬁc analyzer#. Decision | processes such as
response selection are considered .conscious attentional processes that require
the limited mbagity centr_al processing mechaniém. : |

Allport (1977) and Marcel (l9i8, l983)_h§vé. obtained results in support of
the notion that sensory encoding- proéessés voperate without conscious awareness.
In a priming study by Allport (1977), semantically relatéd and unrelated words
were presented parafoveally along with foveally presehted WOrds_ at very brief
exposure dﬁrations and were followed .immediately by a pattern mask. Although
subjects were unable to détect the presencé of the masked words, less
interference occurred to a subsequent lexical decision probe when the
parafoveally presented words were semahtically related to vthe probe compared
to when they were u‘nrelated.

Marcel (1978) presented subjects with a single target word or a blank field,
followed by a pattern mask and then two probe words. Surprising results were
obtained for a group of passive subjects who did not try to appiy any intentional
strategies. As target word mask onset asynchrony (SOA) was reduced, chance
accuracy for the passive subjects occurred first on judgments of the presence or
absence of a target word, then on graphic relatedness of the target word to the
probe words, and finally on semantic judgments of the target word and probe
words. These results suggested that pattern masking prevents conscious
awarenesﬁ or reportability of the target words while allowing petfceptual analyses
to continue, including access to the semantic lexicon,

In a related priming study, Marcel (1978) required lexical decisions to the
first and third of three successive letter Qtrings. The second letter string was an
ambiguous word with two prilnary meanings, one of which is typically
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experienced according to the context (e.g., palm). The ‘first and ;econd letter
strings were either .‘sémantically- felated of uni’elated and the second letter
string was unmasked, pattern masked or energy masked. Accordmg to Marcel
(1978), energy masks prevent penpheral processmg, which also precludes central
conscious processing, However, pattern masks prevent conscious - central
processing wi;hoqt disrupting peripheral proceSsing (Tufvey, 19'73; ‘_Marcel, 1978,
1983). In the pattern» mask condition, the second letter string was presented at
an SOA that was 5 ms below the level at which the subjectvcouvld‘ no longer make
letter string presence or absence judgments above chéhce, determined
preexperimentally for each individual subjéct. Marcel (1978) noted that no
subject was able to report the second word either ih the pattern mask or energy
mask conditions, which he used as the criterion for unconscious processing.

When the second letter string was energy masked, a priming effect on the
third word was obtained only when the first word was a semantic associate of it;
the second word had no effect. In the unmasked condition, the target priming
effect occurred when the first word was related to the same meaning of the
sécond ambiguous word as was the third word, suggesting that prior context
selectively affects lexical responses to the third word when conscious awareness
of the words is not precluded. In the pattern mask condition, howeVer, reliable
priming of the third word was obtained for both meanings of the ambiguous word
regardiess of prior context, suggesting that the second word accessed both of its
lexical entries even when conscious awareness of it was precluded by the pattern
mask.

Finally, in another priming study, Marcel (1983) repeated, from 1-20 times,
target words that were unreportéd by the subject due to pattern masking.
Subjects were instructed before each trial to make either a lexical decision or a
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detection judgment on the pattern masked word. Marcel (1983) reported that
reaction time§ for fhe lexical decision showed facilitation with repeated
exposures, but ability to identify the word ‘did not chaﬁge with r_epetition.
Marcel concluded . that conscious and uncqnscious processes appear to be
qualitatively diiferént. Either th_e pefcébiual repfesentation is. criterially
available to awareness or not; it does not appear to be'_based“on the strength of
the representation or amount of activation. He further speculated that
awareness may not be a threshold phenbmenon susceptible to additive
accumulations of perceptual information,A but rather appears to depend on the
availability of a particular type of representation in the cognitive processing
system,

These studies support the conclusion that semantic processing of visually
presented words can occur whether or not subjects are able to provide a verbal
report about the processing or about the eliciting stimuli. Posner's criterion that
conscious awareness should not be required in an automatic proéess seems to be
met in the case of automatic activation of semantic encoding processes, if
inability to report is a sufficient indicant that a precess is unconscious.

Shiffrin and Schneider ({977) also advanced a two-process theory in which
automatic processing is an important construct. Automatic processing in their
theory is described as "a leamed. sequence of elements in long-term memory that
is initiated by appropriate inputs and proceeds. . .without subject control and
without necessarily demanding attention" (Schneider & Shiffrin, 1977, p. 1).

Shiffrin and Schneider (19_77, p. 160) proposed two types of automatic
proceésing. "Informational" automatic processes are similar to Posner's use of
the term; these automatic processes do not involve overt actions and do not
interfere with other processing functions. "Actional" automatic processes can
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direct internal processes such .as automatically attracting an attentional
mechanism to a partxcular stlmulus mput, and also can dxrect overt responses
without parncxpanon of the attentxonal mechamsm at all ‘l'hey suggested that
thns type of automatrcxty is demonstrated by vzsual search tasks in which a rapid
response is requxred Conscxous awareness in thexr theory isa subprocess in the
central attentional mechamsm, SO automatrc processes that bypass this
mechanisro would be phenomenally unconseious. Shiffrin and Schneider (1977)
explained that the elemer\ts in automatic processes are usually hidden from
conscious perception.

Shiffrin and Schneider's theory of automatic target detection is based
largely on research extending the Sternberg (1966) high speed visual memory
search paradigm. This paradigm requires subjects to compare a set of stimuli
_held in memory with a test display and to indicate whether or not any of the test
set stimuli match any stimuli in the memory set. | The orimary variable
manipulated in the task is processing load, defined as the nomber of stimuli in
the memory and test sets in an experimental trial. An important design factor in
visual search tasks is the relationship between resoonses and targets or
distractors. In the fixed set (Sternberg, 1966) or consistent mapping (Schneider
& Shiffrin, 1977) condition, memory set stimuli which serve as targets in the test
display are always associated with positive responses and never serve as
distractors. With practice the subject is able to learn which stimuli always
signal matches and which signal mismatches. Stimuli change roles across trials
in varied mapping, sometirhes serving as memory targets and sometimes as
distractors, such that practice does not bring reduction of uncertainty across

trials as to the role of a particular stimulus. Consistent mapping of stimuli to a



particular category of response is considered essential for automatic prqcessing
to develop.

Shiffrin and Schneider stated that at the outset of practice a controlled
que of procéssing is_ required, in whiéh test set items and memory set itemﬁ afe
éompared Sefially and which results ih slower éhd less éc&urate pérformance as
protessing load increases. With éxtensivé practice under éonsistent mapping
conditions, an automatic mode of processing developé in which items are
compared in parallel and which results in a ﬂattening}of performance curve
slopes compared across increased levels of processing load. Fiat slopes across
increased memory and test set sizes have been used as an operational indicant of
automatic processing in search tasks. This pattern of results implies no effects
of increased processing load indicative of a relatively capacity free mode of
processing (e.g., Neisser, 1964; Stembergv,r 1969; Shiffrin & Schneider, 1977;
Logan, 1978).

Schneider and Shiffrin (1977) reported experiments that investigated
changes in visual memory search performance as a function of shorter exposure
durations of the test display. In the same series of experiments, they also
conducted a whole ref:éft —étqdy using visual search stimuli. ‘fhese studies bear
directly on the experiments reportéd in this paper. The first of their
experiments tested accuracy performance in detecting consonant memory
targets among digit distractors in a multiple frame task. Subjects searched a
sequence of 20 frames or test displays with up to 4 stimuli on eaf:h frame for |
or 4 consonants held in memory. Extensive practice was given under consistent
and varied mapping conditions. In the consistent mapping condition, exposure
durations of the test frame sequence werve 120, 80 and 40 ms per frame. Overall
error rates averaged about 25-35%, and seemed to increase 5-10% across
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processing load levels, at the 40 ms frame time. Schneider and Shiffrin (1977)
attributed the loss in pekformance with shorter frame times to perceptual
eeficits. ‘ |

, ‘Their whole report study was a single fréme design in which subjects
reported all stimuli in a test display. A "test dispiay size of 4 items‘ was used;
either 4 censonants or 4‘ dxgxts 1f’rame times were I&O, 80, 120 and 160 ms.
Schneider and Shiffrin (1977) reported that all 4 consonants were named in
correct readipg order on 84% of the trials, and all l#_di‘gits were nained correctly
on 92% of the trials, at the 80 ms test SOA. However, at the 40 ms frame time,
whole reports wefe correct on 51% of the trials for censonants and 64% for
digits. They also noted that performaﬁce decrements were due primarily to
inability to report the last two reading order positione (lower pqsitions). These
results will later be compared to the fesults obtained in the. experiments
reported in this paper.

In addition to the issue of whether or not automatic target detection is a
conscious process, the experiments reported in this paper also exaﬁined the
generalizabiiity of ﬁndings in visual memory search paradigms. Although
inferences about central processing operations and automatic processes have
been made on the basis of extensive research in search tasks using visual stimuli,
the few reported results of auditory memory search tasks have been mixed.
Poltrock, Lansman, and Hunt (1982) reported a version of the search task using
auditory stifnuli. Subjects listened for 1 or 3 target letters during successive
test periodvs in which 2 letters were presented dichotically. Their results showed
that subjects made fewer errors and responded faster in the consistent mapping
condition compared to the varied mapping condition. Also, fhe effect of
processing load (I versus 3 memory items) decreased with practice only in the
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consistent mapping condition. Poltrock, et al., concluded that automatic target
detectlon was developing after approxlmately 2500 tnals of practxce because the
performance curve slope across processmg load levels was flatter than at the
beginning of practy:e.

Boyer elld Charleston (1984) developed an auditory memory search task
using simultaneously presented pure tones as stimuli that was a _rafher precise
analogue to the single frame visxlal memory search tasks reported by Schneider
and Shiffrin (1977, exp. 2). However, they did not obtain statistically flat
periormance curve slopes across processing load levels after 5000 trlals of
practice under consistent mapping condmons. Neither the Poltrock, et al.
study, which employed spokeh letters a3 stimuli, nor the Boyer and Charleston
study, which employed pure tones as stir:ali, utilized a categorical difference
between targets and distractors. Schneider and Shiffrin (1977) l'eported that a
categorical difference, such as letters for targets and digits for distractors,
facilitated the development of automatic target detection in the visual memory
search task.

Subjects received extensive practice in the present experiments using visual
and auditory search tasks under conditions of consistent mapping and categorical
differences between targets and distractors. In the visual tasks, targets were
letters and distractors were numbers. In the auditory tasks, targets v)ere pure
tones of low pitch and distractors were pure tones of relatively higher pitch.

In Experiment 1, subjects received extensive practice in either visual or
auditory memory search tasks (Target Detection) at various processing load
levels 1o develop automatic target detection according to the flat performance
curve slopes criterion. Subjects p'erformed the eame tasks in Experiment 2A,
under conditions in which the test stimuli mask onset asynchrony (test SOA) was
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systematically reduced untit target detection accuracy approached chance
performance. In Experiment 2B, subjects were shown the same stimuli as in
Expenments 1 and 2A at reduced test SOAs but were mstructed to provxde
verbal reports for each trxal (a) to mdn:ate whether or not any stxmuh had
appeared in the test penod (Stnmulus Detectxon), and (b) if yes, to 1dent1fy any of
the stimuli (Stxmulus Report) In Experxment 3, vxsual task subjects were
presented multnple same targets in the test perxod of posmve trials interspersed
with the highly practiced single target condition to test for activation additivity
in automatic target detection at reduced test SOAs.

If extensive practice in the sea.rch task develops an unconscious automatic
mode of processing, it would be expected that target detection weculd still be
performed at test SOAs in which verbal reports could no longer be given. Based
on the theoretical positions of James (1890) and ’t’itchener (1907), however, this
result would not be expected.

Following the position that automatic deter:tion is a conscious process, it
was hypothesized that the test SOA at which target detection dropped to chance
levels would not change with practice, and especially that stimulus detection
could be performed accurately at test SOAs in which target detection could not
be performed. In addition, it was hypothesized thet presentation of the same
target simultaneously in multiple test positions would improve target detection
performance, indicating target activation additivity in automatic search. With
respect to a comparison of the two modalities, no major differences in the
pattern of results were expected; however,performance levels in the auditory

task were expected to reflect greater difficulty compared to the visual task.
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General Method
Design

Visual and auditory memory search tasks were used in a within subjects
design. The following describtiqns apply to bqth visual and auditory tasks upless
otherwise stated. g |

An expefimental trial consisted of (a) a 250 ms memory period in which 1, 2
or 4 memory stimuli appeared simultaneously; (b) a mask for 750 fns; (c) a test
period of 250 :ﬁs in which 1, 2 or 4 test stimuli appeared simultaneously; and
(d) a white noise mask for approximately 1.75 s. Theb ITI in which no stimuli were
presented was 2 s in duration.

The independent variables were memory set and test set sizes, and positive
or negative trials. Memory set size (M) and test set size (T) were varied at the
following 5 levels: M=l, T=1, 2, 4; M=2, 4, T=1. Half of the trials were positive
and half were negatiw}e within subi;ldcks of 8 trials. On positive trials, one of the
stimuli appearing in the memory perio_d also appeared in the te;t period as a
target match. On negative trials, only distractors aﬁpeared in the test period.
Subjects indicated whether or nd;‘. eaéh trial contained a match.

A consistent mapping (Schneider & Shiffrin,v1977) procedure was used, in
which memory stimuli never appeared as distractors. In the visual task, memory
stimuli were letters and distractors were digits. In the auditory task, memory
;timrvtnxlinﬁére low pure tones and distractors were relatively higher pure tonés.

Three blocks of 64 trials per block were used for ead1 of the five levels of M
and T. Memory stimuli were block randomized to appear equally often within
blocks of trials. Distractors were chosen at random without replacement for
each trial. On positive trials, targets were block randomized to appear equally
often in each of the test period positions within blocks.
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Trial blocks were 5.5 minutes long and were separated by brief rest periods.
Sessions lasted 1 hour and were usually given on consecutiw)e weekdays.

Visual Stimuli

Letfers, digits, random dot masks and pattern masks printed in black were
used as visual s_timuli. Memory‘ sﬁﬁmli were the. upper case‘ lettefs é, E, H and
M. Distraétors were tﬁe digits'g; 2,35 and 9. ‘Let_f.ers énd di.g.its" Were.in 12-
pitch Prestige typeface, reduced 60% onto transpai‘éncies and ;lidemouhted. An
upper case letter or digit measured .5 cm wide x..7 cm high on the projection
screen, subtending ﬁpproximately 43 x 61 deg of visuél a:ngle. The test period
stimulus field contained & positions jn a square configuratioﬁ with a’_focal dot in
the center. The field measured 2 cm square and subtended less than 2 deg of
visual angle, well within the foveal field of vision for the subject.

For T=1 or 2, random dot masks consistiﬁg of 10 dots, randomly placed in an
area slightly larger than the l‘etters or digits, filled all positions notvoccupied by
either a target letter or a distractor. In the memory period, letters appeared on
a single line in the center of the projected stimulus field. Pattern masks were
constructed using letters ahd letter fragments from the same typeface,
distributed at all angles over a 2.5 cm square area at approximatély 40% density.
The pattern masks subtended 3 deg of visual angle.

Luminance levels at the screen surface were measured using a GE 214 light
meter with 10-15% accuracy variability. Memory and test displays measured
approximately 70-75 Im. Pattern masks measured approximately 45 Im, lgss than
memory and test period displays because of higher density of black print. The
ambient luminance level without the projected slide displays was approximately

7 Im.
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Auditory Stimuli

_ Auditory stimuli consisted of pure tones and white noise presented at
relatively equal subjéctive louydness as reported by thg subjects. Sound pressure
of the auditory stimuli was measured using a Qbuestr 215 sound level meter from a
position approx_imétely where the center of fﬁe subject's he-ad- was placed. Pure
tonés measured apbroximately 63 dB, within 5 dB of normative data (Fletcher &
Munson, 1933) using the same ecjuiloudnesé contour, thus confirming the s_ubjegt's
reports that the tones were equally loud. The ‘white noise mask measured
approximately SOVdB. Memory items were the tones 210 Hz, 260 Hz, 310 Hz and
360 Hz. Distractors were the higher f_requency tones 590 Hz, 690 Hz, 830 Hz,
990 Hz and 1175 Hz. These frequencies were selected from the fiattest region
of an equiloudness contour reported by Norman and Lindsay (1977).

Tones were presented from four separaté speakers positioned in a
rectangular configuration. Tone position was block randomized with target tones
appearing equally often from each position within blocks. White noise masks
were presented from all four speakers.

Apparatus

| The subject was seated in a comfortable chair inside a 1.11 m x 1.1l m x 2
m sound attenuation chamber, facing a small proje;tion screen and 4 speakers.
Two momentary push buttons were fnounted 2,25 cm apart on the front end of
the right armrest of the chair, and a gooseneck microphone stand and
microphone were mounted on the back of the armrest. Visual task subjects gave
manual responses and auditory task subjects gave vocal responses.

Visual stimuli were front projected, using a Gerbrands G-1177 3-field
projection tachistoscope with timer, onto a white 5.5 cm square projection
screen mounted over a small window cut into the chamber wall approximately
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65 m from the subject at eye level. According to specifications, the
tachistoscope shutters had a rise time of 2 ms and a fall time of 2 ms or less. A
Gerbrands G-1159 tachistoscope loglc 1nterface and a Gerbrands 300 6-'1' 6- .
channel dlgltal milllsecond timer activated a Lafayette 54030 dxgital stop clock.
Manual responses made by the subject were measured w1th the stop clock and a
Gerbrands G-1360 reaction tune apparatus. ‘

Auditory stimulr were generated and recorded onto separate channels of a
Teac A-3440 simul-sync 4-channel tape recorder using a Lafayette 15010 tone
generator, a B & K E-3108 sinelsquare wave generator, a Lafayette 1432 (15013)
white noise simulator and two stereo cassette tape decks.. The sequence and
duration of taped stimuli were‘ controlled using the 6-channel timer and logic
interface. |

Auditory stimuli were presented using the 4-channel tape recorder, two
stereo amplifiers and four 20 cm speakers. The speaker cabinets were mounted
in a .6 m high x .7 m wide rectangular configuration onto the inner wall of the
chamber facing the subject and surrounding the projection screen. The subject
sat approximately .5 m from tne vertical plane of the speakers.

Tne auditory signal occurring at the onset ofv each trial triggered a sound-
actuated relay connected- to a Gerbrands G-1271 digital millisecond
clock/counter. Vocal responses of the subject, given into a Shure 5755
omnidirectional microphone in front of the subject's lips, activated a Gerbrands
G-1341 voice-operated relay that stopped the clock/counter.

Procedure

Subjects were instructed to indicate the presence or absence of any memory
set stimuli in the test period on each trial. Visual task subjects pressed the
rightmost button with the right hand middle finger to indicate a positive trial
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and pressed the other button with the right hand index finger to indicate a
negative trial. Vocal responses of yes foé positive trials and no for negative
trials were required in the aﬁditory task Subjects were encouraged to respond
accurately and qmcklj throughout the experimenfs. All subjéf%‘fs were tested
individually. Prior to the ﬁrsi ses.sionAsubjects received: 8 triélé hof practice. In
addition, the first 2 trials of each séqﬁence of ﬁials givén during the
experiments were considered practice and were not included in the data

analyses.
Subjects

Four male and four female undergraduates at the University of Oklahoma
participated in the experiments for course credit. Two of each gender were
given the visual task and the other four were given the auditory task. Visual task
subjects reported normal vision and right-handedness. Auditory task subjects
Were pretestéd using a standard hearing test and scored within the normal range
(20 dB HTL or below at all test frequencies). Subjects had préexperimental

experience with reaction time tasks, but were naive to the purpose of the

experiments.

Experiment |

The purpose of Experiment 1 was to establish automatic detection of the
presence or absence of target stimuli in visual and auditory memory search tasks
according to the capacity effects criterion of flat performance curve slopes
across levels of processing load (Neisser, 1964; Sternberg, 1966, 1969; Schneider
& Shiffrin, 1977). The literature on visual memory search tasks indicates that
automatic processing develops witi{ extensive practice under fixed set conditions
in which stimuli are consistently mapped to responses, and is facilitated by the
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use of a categorical difference between targets and distractors (e.g., Schneider
& Shiffhin, 1977). 'Subjeets.were given extensive practice under ihese conditions
to maximize the likelihood of developing automatic pfeeessing. A medality
search task in which processing load 1s vaned only in the test perxod, and a
memory search task in whxch load vaned only in the memory penod were used in
Experiment 1.
Method

Visual subjects recewed 18 one—hour sessions in the vxsual memory search
task and auditory subjects recelved 17 one-hour sessions m the audntory memory
search task. During each session the subject recexved six blocks of trials. Blocks
1-5 in a session were the five levels of M and T; Block 6 was the same Mand T
level as Block 1. The three different versi»ons‘at eachv M and T level were
presehted repeatedly, without replacemehf, across sessions. Each subject
received at least 6500 trials of practice in‘ his or her assigned taSk. Verbal
feedback of "incorrect" or "wrong" was given for incorrect responses.

Results and Discussion

To evaluate the effect of extensive practice, MRT scores and percent errors
at each set size (M and T values) for Sessions 1 and 18 were analyzed using
repeated measures analyses of variance. (See Appendix A for ANOVA summary
tables.) Scores from Block 1 and Block 6, which were at the same set sizes in
each session, were averaged. In additien, RT scores exceeding four standard
deviations of the noninclusive mean for a block were excluded from the anals'ses.
RT scores for correct responses only were included in the analyses. |

Visual Memory Search

MRT scores and percent errors are plotted as a function of

Positive/Negative trials, Set Size, and Sessions 1 and 18 in Figure 1 for the

19



averaged scores of the four visual memory search subjects (see Figure 1). Visual
search and memory search scores are both presented. Data for‘the M=1, T=1
condition is presented twice, once for each task, for easier comparison across set
sizes in the tasks. MRT scores aré quite fast and show considerable
imp'roveme‘nt after practicé, but there abpeérs to bg ;i_ttle change in error rates

with practice.

Insert Figure 1 about here.

A 2x5x2 ANOVA of MRT scores for PositiveINegat_ive trials, Set Size, and
Session confirmed a significant difference between Sessions 1 and Session 18,
F(1,3)=16.59, p<.05; subjects responded faster in Session 18. The
Positive/Negative trials factor was also significant, F(1,3)=9.90, p<.05,
confirming the typical finding in visual memory search of faster responses to
positive trials (e.g., Schneider & Shiffrin, 1977). The Set Size factor was not
significant, and there were no significant interactions. |

The comparison of primary interest in Experiment 1 is the effect of set

sizes after extensive practice. A 5x1 ANOVA of MRT“:;;cbr—es compariné séf sizes
in Session 18 only was not significant F(4,12)=1.44. ‘This result indicates no
processing load effects across the set sizes tested after extensive practice in the
visual memory search task, which fits the capacity criteriqn of flat curve slopes
across processing load levels fér inferring that an automatic mode of processing
developed in the search task.

A 5x1 ANOVA of MRT scores from Session 1 was also conducted to compare
the effect of set sizes at the beginning of practice. The Set Size Factor for
Session 1 also was not significant, F(4,12)= .34. This interesting result indicating
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no effects of processing load at the beginning of practice will be discussed in the
General Discussion.

Percent errots were also analyzed to evaluate practice effects. A 2x5x2
ANOVA of percent errors for Posmve/Negatxve tnals, Set Size, and Session
resulted in a sngmfxcant dnfference only between posmve and negative trials,
E(1,3)=21.13, g<.05. Mean percent error for negative trials was 2.68% compared
to a mean percent error for positive trxals of 5.65%. : Also, percent errors for
Session 18 were not sxgmﬁcantly dlfferent than for Sessxon l, F(1,3)= .22. The
Set Size factor was not significant, an_d_ there were no sxgmﬁcant mteracnons.

A 5x1 ANOVA comparing set sizes for Session 118 only resulted in a
significant set size factor, F(4,12)=4.47, p<.05, which indicates an effect of
processing load on accuracy perforrnance. Overall -accuracy was high, however,
with percent errors varying only between 1% and 5.5% across set sizes.

A 5x1 ANOVA of percent errors across set sizes in Session 1 was also
conducted to test for load effecté at the beginning of practice. Interestingly,
the Set Size factor in this analysis was not significant, F(4,12)= Il Both MRT
and accuracy performance in Session 1 produced flat curve slopes across set
sizes, indicating no effects of processing load. Although these results may be
affected by high variability, especially at the beginning of practice, it suggests
that a flat performance curve slope ecross load levels may not be a sufficient
criterion for demonstrating the theoretical notion of automaticity. This issue
will be considered further in the General Discussion.

Auditory Memory Search

Figure 2 is a graph of auditory memory search MRT scores and percent
errors as a function of Positive/Negative trials, Set Size and Session using the
averaged scores of the four auditory subjects in Experiment | (see Figure 2). As
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in the visual task, response time appears to improve, and accuracy does not

appear to change, after extensive practice.

Insert Figure 2 about here.

Analyses similar to those used in the visual task were conducted on MR7T and
error rate scores for auditory memory search performaﬁce. A 2x5x2 ANOVA of
MRT scores for Positive/Negative trials, Set Size and Session resulted in a
significant difference only for the .Set Size féctor, F(4,12)=3.27, p<.05. The
difference between Session 1 and Session 18 was in the vright direction but was
not significant, F(1,3)=5.69; three éf the subjects improved considerably, but one
of the subjects showed no improvement. Significance at the .05 level was not
obtained for the Positive/Negative trials factor, nor for any of the interactions.
Figure 2 shows that there was a reversal of response times. for Positive/Negative
trials between auditory search and memory search (see Fig\ire 2). In the memory
search task, negative responses were faster than ppsitive responses. Data on
percent errors do not suggest that this change can be explained as a
speed/accuracy tradeoff effect. There are no other data in the search literature
with which this result can be compared. Strategies appear to change with the
different types of aud_itory tasks. When one tone is compared to a set of tones
briefly held in memofy, it seems reasonable that the tone is slightly easier to
identify as a mismatch than as a match. A consistent finding of this effect
would indicate modality specijidty in the memory search task.

A 5x1 ANOVA of MRT scores across set sizes for Session 18 only was not

significant at the .05 level of significance, F(4,12)=2.66. This result in the
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auditory memory search task after extenswe practice meets the flat
performance curve slope criterlon for automatxc processing.

However, a 5xl ANOVA of MRT scores across set srzes for Session 1 only
was also not sxgmfxcant, F(l#,lZ)- .96, under condmons of no prevmus practxce in
wluch automatnc processxng would not be -expected to develop. Subject
varlabxhty at the beginning of practxce may partxally account for thxs result.
Figure 2 shows considerable du‘.ferences in averaged MRT scores across set sizes
in Session 1 for the audltory task subjects.

For accuracy performance, a éinZ ANOVA of percent errors for
PosmvelNegatxve trxals, Set Size, and Session resulted in a significant dxﬁerence
only for the Set Size factor, F(Q,lz)-ll&.Ol, E<.001. The dtﬁerence beiween
Session 1 and Session 18 was not sxgmfncant, F(1,3)=2.89, mdncatmg that subjects
were as accurate at the begmnmg of practice as after extensxve practice. The
PosmvelNegatxve factor and all the lnteracuons were not significant.

A 5x1 ANOVA of Session 18 percent errors for Set Size was conducted to
evaluate the effects of load after practnce. The Set sze factor for this analysis
was not significant, F(4,12)=2.05, which fits the capacity criterion for automatic
processing. In addition, Session 1 error rates were analyzed to evaluate the
effects of processing load at the beginning of practice. A 5x1 ANOVA of these
scores comparing set sizes was significant, F(4,12)=7.77, p<.0l, iﬁdicating
processing load effects. Figure 2 shows that eercent errors increased with
increases in the memory load at the beginning ef practice (seev Figure 2).

Except for the differences in percent errors af.ter practice in visual memory
search performance, the findings from Experiment 1 support the conclusion that
a purported automatic mode of i)rocessing developed in both the visual and
auditory memory search tasks after 17-18 hours of practice. Subjects developed
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the ability to detect the presence or absence of target stimuli with little or no
effect of the number of stimuli to be searched. These results provided the basis
for examining other parameters of autdniatic search performance in Experiments

2.3 o

Experiment 2A

The purpose of Experiment 2A was to »examine changes in automatic target
detection ‘in visu_al and‘ auditory search as a function of practice, under
conditions in which the testb stimuli mask onset aéynchrony (te#tv SOA) was
systematically reduced. Using the ﬁame trial format and stimuli used in
Experiment 1, the same subjects were presenfed blocks ‘of trials at M=1, T=1,2,
and &, beginn_ing with a test SOA of 50 ms, and then af shorter tesf SOAs until
accuracy performance droppéd to the chance level. A 250 ms test period was
used during Experiment 1. |

For visuai subjects, one session of the search task at reduced test SOAs was
given at the start of practice in Experiment 1, and one session was given after
completion 6f Experiment 1. For auditory subjects, equipment difficulties
pfevented giving reduced test SOAs in the agditory fask at the beginning of
Experiment 1. Data for reduced test SOA performance in thé auditory task were
collected only after the completion of Experiment 1. In place of receiving the
auditory task reduced test SOAs at the beginning of practice, auditory subjects
were given one session of the visual search task at reduced test SOAs, to
compare with performance by the visual subjects on the same visual task.

Based on pilot research, it was expected that accuracy performance at all
set sizes would deteriorate to chance levels at about the 20 ms test SOA in the
visual task. Further, it was expected that the test SOA at which performance
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dropped to chance levels would not change after extensive search task pra_ctice,
supportihg the‘ notion | that perceptual thréshplds for target detection do not
chahge with the development of a purpqrtéd automatic mode of processing.
| Method
All parameters ’in’Experiment 2A, ihéiuding the subjects, were the same as
in Experiment |, except for the foll'owingv détails.

Apparatus and Masking Stimuli

In t}.\ve‘ visual seafch task, the primary difference with Experiment 1 was the
presentation of redﬁced test SOAs. Test SOAs were éqptrglled using the
Gerbrands 3-field tachistoscoée aﬁd tachistosﬁope logic. Tes‘l: stimuli were
immediately followed by the pattern mask. Durartv;o‘n of a triai wa.s‘shortened
slightly, according to the reduced duration of the tést SOA.

In ordér to control test SOAs in the auditory task, a fifth speaker was
required from which the white noise mask was presented immediately following
the test stimuli. The test tone signals sent from the 4-channél tape recorder to
the speakers were temporarily disconnecied using a contact ;losure controlled by
the tachistoscope logic, which'_ also activated a wbite. noise mask generated by
the white noise simulator. The »white noise mask following the test period was
approximately 65 dB as measured by the Quest soun_d“level meter. As‘in the
visual task, duration of an auditory trial was slightly shortened according to the

test SOA.

Design and Procedure

Only the visual and auditory search stimuli at M=1 and T=1,2, and 4 were
used, The critical manipulatiqn in Experiment 2A was variation of tést stimuli
mask onset asynchrony (test SOA). In the visual task, test SOAs of 50 ms, 30 ms,
20 ms and 10 ms were used for the first reduced test SOA session. In the second

25



reduced test SOA session, a test SOA of 5 ms was also used. In the auditory
task, test SOAs of 30 ms, 20 ms, 10 ms, 5 ms and 1 ms were used. B

Two vé;sions of | eaﬁh of the threé set size _blocl;s of 64.trials were -
presented, in the sequence of two blpcks'at ;l'=l, then two blocks at T=2, and
finally two blocks at T=4. The test SOA§ weré- presented at each $et size;

The first session of Experimenﬁ 2A was condﬁcted the day after the
beginning session of Experiment 1. For continuity with Experiment 1, this
session will be called Session 2. In this session, both visual and auditory subjects
received thé visual search tasks at reduced test SOAs. "l’he last session of
Experiment 2A, which will be called Session 19, was conducted after the
cbmpletion of Experiment 1. In this session, auditory subjects received the
auditory search }task at reduced test SOAs.

Subjects were instructed to respond passively, without trying to apply any
particular strategies, and to guess 1f necessary. No feedba;k was given
regarding correct or incorrect responses.

Results and Discussion

Repeated measures analyses of vériance were applied to percent errors and
MRT data in the same manner as in Experihent 1, with the addition of the test
SOA variable. Percent errors was the dependent variable of interest. Scores
were calculated using the combined average of positive and negative trials. The
same procedure as in Experiment 1 was used to exclude extreme RT scores.
Visual Search

The first analysis of visual search performance at reduced test SOAs
compared visual task subjects with subjects designated auditory task subjects in
visual search at the beginning of practice in E;cperiment 1 (Session 2). A 4x3x2
ANOVA of percent errors for Test SOA, Set Size, and Group resulted in a

26



significant difference only for the Test SOA factor, F(3,3)..86 82, p<.001. The
Group factor was not sxgnificant, F(l 6)- .81, the Set Size factor also was not
sxgmficant, F(Z,Z)- 853 and there were no sngmficant interactions. Visual search
performance at reduced test SOAs for subjects assigned to the visual task was
not different than performance of subjects assigned to the auditory task. In
addition, a 4x3x2 ANOVA of MR’I‘ scores for Test SOA, Set sze, and Group
yielded no significant differences at the .05 level of sxgnificance. The visual and
auditory subjectsi responded approximately equally fast on the _visual search task.
Also, there were no differences in response time as .a function of test SOA,
which suggests that subjects did not use strategies across test SOAs that
differentially affected reSponse‘tﬁne.

The issues of primary interest in the visual task for Experiment 2A are
cornparisons of accuracy performance at different SOAs, and a comparison of
accuracy performance at the beginning of practice and after extensive practice,
for the visual subjects. A 4x3x2 ANCVA of percent errors 'for ’l’eSt SOA, Set
Size, and Session resulted in a significant difference only for the Test SOA
factor, F(3,9)=40.64, p<.001. Session 2 and Session 19 percent errors did not
differ, F(1,3)= .06. The Set Size factor was not significant, F(2,6)=2.55, nor were
any of the interactions. A 4x3x2 ANOVA of MRT scores with the same factors
resulted in a significant difference only for Session factor, F(1,3)=10.56, p<.05;
Session 19 responses were faster. No other factors or interactions were
significant.

Figure 3 shows percent correct scores for Session 19 plotted as a function of
Test SOA in the visual search task_(see Figure 3, solid circles). Percent correct
at the 50 ms test SOA averaged 85%. This average performance is considerably
lower than the 97% average for this task in Experiment 1 with a 250 ms test
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SOA. Performance at shorter test SOAs dxfopped rapidly, leveling off near the

chance levels at 20, 10 and 5 ms;

Insert Figure 3 about here.

For Session 19 only, a 4x3 ANOVA of percent errors for Test SOA and Set
Size yielded a signif‘icant result only for _the Test SOA factor, F(3,9)=19.23,
p<.00l. The Set Size factor was not significant, E(Z,G):ZJG; nor was the
interaction at the .05 level of significance, 5(6,18)=2.39. In addition, a 4x3
ANOVA was conducted on MRT scores for ‘l'ést SOA and Set Size. Al
ccmparisons in this analysis were not significant at the .05 level of significance.

| The conclusions supported by the results of the visual search task at
reduced test SOAs in Expériment 2A are that accuracy performance significantly
changes as test SOA changes, and that accuracy performance at reduced test
SOAs does not improve with the development of automaticity in the visual
search tasks.

Auditory Search

Included in Figure 4 are average percent correct scores plotted as a function
of Test SOA for the auditory search task in Expériment 2A (see Figure 4).
Performance shows no deterioration at test SOAs of 50, 30 and 10 ms. Percent
errors at these test exposure durations averaged 5%, relatively comparable to
the 2% average across set sizes and subjects for the same task in Expefiment 1
at a 250 ms test SOA.l At the 5 ms test SOA subjects averaged 9% errors, and
were still relatively accurate with an average of 19% errors at a test SOA of
only 1 ms. These results are not surprising in view of the general auditory
literature which attests to the high sensitivity of auditory processes.
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Insert Figure 4 about here.

A 5x3 ANOVA for Test SOA apfl.Sef Size was coné_lucted on percent errors
for Session 19 6f thékaudiforyk search task. The only_significaht difference in this
analysis was the Test SOA faétor, E(#,i2)=9.§5, 2<005 'i‘hé Set sze féc_for was
not significant, _E(Z,G):B.io; and the iinteraction also was not signiﬁcant. The
same analysis condu;ted on MRT‘ scores _resulted in significant differences for
thé Test SOA fécfor, 2(4;12)=4.93, p<.05, and for the, Set Size factor,
F(2,6)=15.13, p<.01.  RT was slowe;' at shorter SOAs and at incfeased test set
sizes. The interaction, however, was not significant, 5(8,24): J98.

These results for both percent errors and MBT »_f}o‘llov} a pattern similar to
the visual search task results for -perférman;e after extensive practice.
However, auditory task accuracy is higher at shorter test SOAs than visualbtask
accuracy. Whereas accuracy approached the chance level of 50% errors at the
test SOA of 20 ms in the visual task, it averaged 80% at the test SOA of 1 msin
the auditory task. At this test SOA, subjects heard only a brief click; but the
pitch variations of the click,.produced by the low and high tonés in positive and

negative trials, were frequently discriminable.

Experiment 2B
In Experiment 2B, the same subjects from the previous experiments were
given stimulus detection and report tasks at reduced test SOAs using the same
stimuli and trial format as in Experiment 2A. Subjects were asked to make
judgments of the presence or abse;xce of any stimulus in the test period, and to
provide a report of the test stimuli when a positive response was given., Data
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from these tasks were compared to the data fro'n the target detection search
tasks at reduced test SOAs of Experiment 2A.

It was expected that accuracy performance for detection of the presence or
absence of any stirnulus m the test period would remam sngniﬁcantly above the
chance level at shorter test SOAs than target detection performance in
Experiment 2A. This findmg ‘would support the notion that automatxc target
detection in a search task requires .cognitive processes in addition to those
required for simple stimulus presence or absence detection. It was also expected
that subiecta would be able to name accurately' test stimuli at test SOAs in
which they cannot perform the target detection task accurately. This finding
would suggest clear differences between automatic identification of a test
stimulus—such as a letter, digit, high or low tone—and automatic target
detection. |
| Method

Experiment 2B was the same as Experiment 2A, except for the replacement
of the target detection tasks with the stimnlus detection and report tasks and for
other details explained below.

Design and Procedure

Subjects were aeked to provide verbal reports for each trial (a) to indicate
whether or not any stimuli appeared in the test period; and (b) if yes, to identify
any of the test stimuli. Visual subjects named the letters or digits. Auditory
subjects reported whether the test stimuli were all high tones or contained a low
tone.

The same trial blocks were used as in Experiment 2A, but in 50% of the
trials the test period was blank. élank trials were interspersed among regular
trials using a block randomization procedure with equal blank and nonblank trials
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in subblocks of 16 trials. In the visual task, a blank slide was presented. Blank
tnals in the audxtory task were bnef suent penods wnth no auditory s:gnals. Test
SOAs of 50, 30, 20, and 10 ms were used in the visual task. Only the test SOAs
of 5 and 1 ms were used in the audztory task.

Subjects were able to provide verbal responses to both questions thhnn the
regular interval between the test penod and the begmmng of the next trxal.
Experiment 2B was conducted in a single one-hour session the day followmg the
completion of Experiment 2A (Sessjon 20). Subjects were encouraged to respond
accurately.‘ If a response to the stimulus detection task wes positive on a
particular trial but the test stimuli could not be named,. the subject was
instructed to report, "1 don't know." o

Results and Discussion

Repeated measures analyses of variance were applied to the combined
average percent errors of positive, negative and blank trials at each test SOA
and Set Size condition.

Visua] Stimulus Detection

Figure 3 presents percent correct scores for the stimulus detection task
(Session 20) along with the target detection task (Session 19) percent correct
scores, plotted as a function of Test SOA in the visual task (see kFigure 3).
Stimulus detection scores are consistently higher than target detection seores,
but drop rapidly toward chance performance of 50% correct at the 10 ms test
SOA. A 4x3x2 ANOVA of percent errors for Test SOA (50, 30, 20 and_ 10 ms), Set
Size, and Task resulted in several significant differences. The Task factor,
comparing target detection and stimulus detection, was significant, F(1,3)=20.38,
p<.05. The Test SOA factor was significant, F(3,9)=29.48, p<.001; and the Test
SOA x Task interaction was also significant, 5(3,9)=9.50, p<.005. Accuracy
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scores converged toward the chance level of 50% errors at the 10 ms test SOA.
The Set Size factor was not sxgmfxcant, nor were any other mteractions, at the
.05 level of sxgmficance.

’l'ests of sngnificance were also performed comparing percent errors to the
chance level of performance in both tasks and at each test SOA. A 4x3x2
ANOVA of percent errors for Test SOA, Set Size, and Sessxon 19 (the target
detection task) versus chance (50% error rate) was conducted. Significant
differences resulted for Test SOA, F(3,6)-28 20, E(.OOI, for the difference of
Session 19 scores and chance, F(1,2)=84.35, p_<.001° and for the Test SOA x
Session 19 versus chance interaction, F(3,6)=28.20, p_(.OOl. 'l'he Set Size factor
was not significant, 5(2,9)-; 1.16, and no other interactions were significant. -3x2
ANOVAs for Set Size and Session 19 versus chahce scores were conducted for
each Test SOA condition. For the 50 ms test SOA in Session 19, performance
was significantly different from chance, F(l 3)=128.29, p<.005; Set Size was also
significant, F(2 6):5.89; p_<.05, and the 1nteraction was sxgnificant, F(2,6)=5.89,
p -05. For the 30 ms test SOA, only the difference between Session 19 and
chance was significant, 5_(1,3)-1#.41, p<.05. Ho_wever, Sessxon 19 performance
did not differ from chance at the 20 ms test SCA, E(i,3)=3.16, nor at the 10 ms
test SOA, F(1,3)= 91. The Set Size factors and interactions in both of these
analyses were not significant. |

The equivalent 4x3x2 ANOVA comparing Session 20 stimulus detection to
chance resulted in the same overall pattern of results: Test SOA was significant,
F(3,9)=30.63, p<.001; the difference between 'Session 20 scores and chance was
significant, F(1,3)=391.64, p<.00l; and the Test SOA x Session 20 versus chance
interaction was also significant, F(3,9)=30.63, p<.001. The Set Size factor and
all other interactions were not significant,
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4x3 ANOVAs of Session 20 percent errors versus chance at each test SOA
obtained the followmg results: At 50 ms, only the drfference of Session 20 and
chance was szgmfxcant, F(l,3)-18,563.43, 2(.001- at 30 ms, agaln only the
’ dlfference of Sessxon 20 and chance was sxgmfncant, F(1,3)..1l+,006.00, 2<.001, at
20 ms, Sessxon 20 and chance sxgmflcantly dlffered, F(l 3)-732.80, g< 001; but at
the 10 ms test SOA, Session 20 scores were not sxgmfncantly dnfferent than
chance, F(1,3)=2.38. None of the Set sze factors and mteractmns were
significant in any of these analyses.

The interesting difference in these results is that at the 20 ms test SOA
subjects were able to perform stimulus detection significantly above_the chance
level but were unable to perform target detection signiﬁcantly above the chance
level. Performance at the 10 ms test SOA was not different than the chance
level in either task, and both tasks could be performed above the chance level at
30 and 50 ms test SOAs. ‘fhese results snggest that additipnal cognitive
processes are required in order to detect the presence or absence of target
stimuli compared to the processes required to detect the presence or absence of
any test .stir.nuli.

Visual Report

In order to compare Session 20 report performance to Session 19 target
detection performance, the following criteria were established to classify
Session 20 reports as correct responses or errors: (a) Responses in which at least
one letter or digit was cprrectly named and in which there were no incorrect
attempts were classified as correct; (b) Responses which contained any incorrect
reports, regardless of other correct inforrnation on that trial's response, were
classified as errors; (c) Responses in which the subject was unable to report any
information, and thus responded "I don't know," were classified as errors. These
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criteria applied only to trials in which the subject correctly reported the
presence of bteSt stimuli. Misses When tést stimuli were present and blank trials
were not indu;ied in the calculation of reporf task percent‘ error pe&ofménce.

Figure 3 presents‘averéged perceht errors for ihe repoﬁ_ data of Session 20
_according #o the si)éciﬁed ‘acc‘:dr‘acyv kcriter‘ia, pldtfed asa function of _the ‘5.0, ‘30,
and 2»0Vms »teét SOAs. bata for the ‘10 ms test SOA is.not-inc»luded becaﬁse
subjects made no attempts to name the test stimuli in that condition; all
responses were | don't know whenever the subject responded yes on the stimulus
present or absent judgrrient. |

A 3x3x2 ANOVA of percent errors fqr Test SOA, Set Size, and Session 19
targetvdetection scores versus Session 20 reporf scores calcuiated by appklying
the accuracy criteria resulted in significant differences for the Test SOA factor,
F(2,6)=25.65, p<.005, and for the Test SOA x Set Siie interaction, F(4,12)=3.75, |
p<.05. The difference between percent errors for target detection in Session ‘19
and for report in Session 20 was not _siéniﬁcant, E(1,3)= .48. The Set Size factor
and the other interactions also were not significant. These results suggest that
subjects can give accurate verbal reports about at least one 6£ the teét stimuli
whenever they can perform the target detection task above d\ﬁnce levels.
However, these results do not show ‘tvhat térget detection is more difficult than
reporting at least one of the test stimuli. In thls sense, target detection and
verbal report are not clearly distinghished. Rather, the results suggest that the
tasks may be about equally difﬁcuit.

In addition, a count was taken at the M=1, T=2 and 4 conditions of cases in
which only one stimulus was reported. Subjects reported a distractor_ in 52% of
these céses, suggesting that target stimuli may not be any more likely than
distractors to be perceived at test SOAs that allow for the naming of only one
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stimulus. At T=2 only, targets were reported on 62% of these trials.

Auditory Stimhlus Detection

Auditofy task percent correct responses for Session 20 stimulus detection
and Session 19 target detection are plottgd as a function 6f test SOAs in Figure
4. Percent error'da.ta for ‘Sessio.n 20 aﬁdiisry éﬁmulps deféction were calculated
using the same m‘e4thods described for tﬁé \nsual \ta'sk. data. AAccuracy was quite
hi.gh in both tasks, but aﬁpear; to be better in the stimulus detection task.

A 2x3x2 ANOVA qf percent errors for Test SOA, Sgt Size, and Session 19
target detection versus Sessioﬁ 20 stimulus detection confirmed a significant
difference befween the two tasks, F(1,3)=26.26, p<.05. The other factors and all
of thé interactjons in this analysis Qere not significant. Subjects performed
significantly better in the stimulus detection task.

Since responses in both tasks were given vocally, reaction time differences
between the tasks could also be compared. A 2x3x2 ANOVA conducted on MRT
scores resulted in a significant differencé only for the task comparison,
F(1,3)=13.31, p<.05. Subjects consistently responded faster in the stimulus
detection task, again suggesting that this task was easier than the target
detection task.

Analyses were also conducted to compare accuracy performance versus the
chance level performance of 5096 errors for both tasks at the 1 ms test SOA. A
3x2 ANOVA of percent errors for Set Size ahd Session 19 target defection to
chance yielded a significant difference only for the target dgtection versus
chance comparison, F(1,3)=165.59, p<.00l. The same result was obtained

comparing Session 20 stimulus detection to chance, F(1,3)=2780.45, p<.001.
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Auditory Report

The écc.uracy criteria for classification of correct responses and errors in
the auditory report task in Sessibn 20 'wex;e as fellows: »(a) Subjects were correct
if they responded “hxgh" on posmve tnals or "low" on negatwe trxals, |
(b) Opposne responses to the tnal types were con51dered errors, and (c) }__t_i_gg_l_'.t.
know responses were also consxdered errors. ' |

Figure &4 presents percent correct responses, calculated using the accuracy
eriteria, in the Session 20 report task, plotted as a function of test SOA. As the
graph indicates, rebert scofes appear to belower th.ani target ‘de'tecti»on scores.
(See Figure 4.) Approximately»5096 of the report errors were‘attributable to 1
don't know responses, which suggests a criterion bias with some of the subjeets.
One of the subjects made no 1 don't know responses, but gave very accurate
responses on the report task. | |

A 2x3x2 ANOVA of percent errors for Test SOA, Set Size and the Session 19
target detection task versus the Session 20 report task resulted, however, in no
significant difference between tasks, f_(l,3)=3.814. No othet' fz;ctors and no
interactions were significant at the .05 level of_signiﬁcance. Auditory subjects
were able to report whether.a teét arrey contained a loﬂw torte or all higlt tones
about as accurately as they were able to perform target detecnon at reduced

test SOAs.

Experiment 3
Experiment 3 used the visual target detection task at reduced test SOAs
with the addition that the number of targets on positive trials was manipulated.
In the multiple test set size conditiens of M=1, T=2 and 4, the regular search task
positive trial in which a single target appeared along with one or more
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distractors was compared to a condition in whi_ch the same target appeared in all
of the set size positions. A findiﬁg_of bettér pe&brmance in the all targets
| condition would sug'gest. that aétivatioﬁ vo.f targét defectipn ’processes> 1s aided by
the presence of multiple targetﬁ. . o
| | Method
Experiment 3 was the same as Experiments 1 and 2A except for the addition
of the all targets condition and for other details expléined below.

Design and Procedure

The Same visual subjects from the previous experiments were given blocks
of trials af M=1, T=2 and 4 for each of the test SOAs of 30, 20, and 10 ms. Half
of the positive trials in a block contained the target letter in all of the relevant
positions for that test set size. All Targets positive triais were randomly
interspersed with regular positive and negative trials in subblécks of 16 trials.

Subjects were informed that in some of thé positive trials the same target
letter might appear in more than ‘one test display position. They were also
instructed to respond acéurately and quickly throughout the study. Experiment 3
was conducted in a single one-hour Vsession (Ses‘sionv 21) the day following
completion of Experiment 2B. No feedback wés given regarding corréct or
incorrect responses.

Results and Discussion

Data for Experiment 3 are shown in Figure 5 (see Figure 5). Percent errors
and MRT scofes for the two positive trial conditions only are plotted as a
function of Test SOA for the visual .subjects‘. Accuracy in the All Targets
condition appears to be better than in the regular positive trial condition except
at the 10 ms test SOA. Because scores for both conditions were at the chance
level of performance at the 10 ms test SOAs (50% errors), an analysis was
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conducted comparing performance only at the 30 and 20 ms test SOAs. A 2x2x2
ANOVA of percent errors for the two posmve trial condxtxons, Test SOA, and Set
sze resulted in a significant dlfference between the posmve trial condmons,
F(1,3)-ll.03, p_< 05. The Set sze factor ‘was not sngmfxcant, F(l 3)-5.20, nor
were the xnteractxons and ’l'est SOA factor. The same analysxs of MR’I’ scores

yielded no sxgmf:cant factors or xnteracnons.

Insert Figure 5 about here.

The significant improvement in accuracy performance in the all targets
condition suggests that activation of the target match response is aided by the

presence of multiple targets in the test display.

General Discussion

The results of these experiments are interpreted as strongly suggesting that
automatic target detection in visual and auditory search tasks lS a eonscious
attentional process. Further, the results suggeet that automatic target detection
requires covgnitive resources in addition to those required for stimulus detection,
resources usually identified with eooscious central processing functions. The
primary basis for this interpretation is the finding that stimulus detection was
performed significantly better than target detection at reduced test SOAs. At
the 20 ms test SOA, visual task subjects were unable to pe;form target‘ detection
but performed stimulus detection accurately. Whenever subjects performed
target detection above chance accuracy, they also were able to name at least

one of the test stimuli, without any misnamings on that trial and with the option
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of reporting that they did not know what any of the stimuli were. This result
suggests that the conscious report task and target detection are similar. |

’l'he conclusnon that automatlc target detection is a conscious process
assumes that accurate verbal report is suﬁicnent for mferrmg that a particular
cogmtive process is conscxous. Inability to provide accurate verbal reports has
'been challenged as a suifxcxent basis for mferrlng that a process ls unconscious
(Jamea, 1890; Boyer, 1984). There is less .concem; however, as to iwhether
accurate verbal report alone indicates that a cognitive process is conscious.
Nisbett and Wilson (1977) have cautioned that verbal reports of an event should
be more accurate than informed sp‘eculations of the event based on predictions
from similar past experiences. Randomization sequences eliminated this possible
confound in the present experiments. |

Comparing RT performance in Figures 1 and 2, it appears that RT scores in
auditory tasks may have been slower than in visual tasks, which indicates that
the auditory tasks were more difficult. The overall pattern of results was
similar for the two modalities, however, suggesting that the results of search
tasks can be generalized across modalities. The important exceptions were the
differences in MRT scores for positive and negative trials betiveen auditory
search and memory search, and the ability of aoditory subjects to perform the
'detection and report tasks at very brief test SOAs. ‘l'heae suggest important
perceptual and strategic differences that require further investigation..

Visual subjects in the present experiments performed target detection in a
single frame task. Errors averaged 13% at the 50 ms test SOA and 23% at the 30
ms test SOA. Errors in the multiple frame task with a 40 ms frame time in
Schneider and Shiffrin's (1977) Experiment 2 a_veraged approximately 25-35%.
These two results are reasonably consistent because the. multiple frame task
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might be expected to be a little more difficult. The masks seemed to have little
effect at these test SOAs, however, so differences in _fhe masks between the two
experiments wouldk not be of concern. | |

A questnon may arise, however, about the effectiveness of the masks in the
present expenments at test SOAs below 30 ms. Marcel's (1978, 1983) evxdence
for unconscious processing was ‘obtained only thh pattern maskmg. ln his
expernments, unconscious semantic activation dxd not occur when an energy mask
was used. Can the failure to obtain results comparable to Marcel's be due to
improper pattern masking? The resul‘tf .that .'target detection performance
dropped to the chance ie#el before sﬁrnulus defecﬁon performance makes this
explanation highly improbable. If the masks were energy masks _which prevent
both conscinus attentional processing and unconecious perceptual processing
(Marcel, 1983), then either botn should drop to the chance level at the same test
SOA, or stimulus detection shonld drcp 10 the chance level first. Neither energy
masks nor pattern masks can account vfor tne present results; even if the masks
bwe}re completely ineffective, the conclueions would remain valid.

Shiffrin and Schneider (1977) proposed that automatic target detection
involves the development of an automatic attention-getting response. According
to this hypothesis, the presence of a vtarvget stimulus triggers an actional
automatic response that attracts the central attentional mechanism. In the caée
of speeded reaction time search tasks, the appropriate response sequence is
activated which bypasses the central attentional mechanism altogether. The
results reported here are not in support of the interpretatinn that a purported

central attentional mechanism which contains conscious processes is bypassed in

automatic target detection.
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An automatic attention-getting response might be expected to involve
increased perceptual sensitivity to target stimuli. In the case'where subjécts
were able to report only one of the test stimuli, however, there did not seém to
be any more ébility to repqﬁ tafget lett_er_s. than to report distractor digits.
Target letteré‘ Qere breported in 52% of the cases. Two fa;tqrs. may Vh-ave
prevented results that support the automatic attention-éétting response
hypothesis. First, test periods in the T=4 cbndition of the visual stimulus
detection task (Expenment 2B) contained three dxstractor digits and one target
letter, which mxght have biased against the reportmg of target letters. In the
T=2 condition in which one target letter and one dlglt distractor appeared on
positive trials, the target letter was reported on 62% of the trials. Second, in
Schneider and Shiffrin's (1977) whole report study, subjects reborted digits more
accurateiy than letters at shorter exposure durations. In addition, it is not
necessarily the case that a learned perceptdal sensit';vity_ to_targets would
differentially affect verbal reports at very short exboéure durations in which
perceptual deficits appear. E.w'/.i'dence against the hypothegis; that an association
is learned between target stimuli and positive responses was reported by
Kristpfferson (1977). She gave subjects exténsive practice in a visﬁal inemory
search task and then replaced the target letters wi.thl other letters, without a
significant loss in search task performance. This important issue will require
extensive additional research. (See Appendix B for a related study.)

The results of Experiment 3 contrast with the results obtained in one of
Marcel's (1983) unconscious priming studies. Recall that he presented repeatedly
the same words to subjects, pattern masked to prevent conscious awareness. On
a subsequent lexical decision tas.k, increased facilitation was obtained with
repetitions of the words; however, subjects remained unable to identify the
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words by verbal report. Marcel (1983) concluded that activation of semantic
- lexicon entries fdr the words was additive with repeated presentations, but
conscious awareness of the words was not subjéct to additivé activation.
Experiment 3,attemptedl to explore this issue in the single frame seaxich task
paradigm. The rébeated présentqﬁon manipuiaﬁoni in thls task Qlas tﬁe
simultaneous appearance of the same target letter in all valid positions of the
test period on positive trials. Subjects detected targets more accurately when
the same target letter appeﬁred in all the test ‘positions cofnpared to the highly
practiced single farget‘ condition, 'sug-ges'ting’ activation additivity for target
detection. Accuracy remained close to thé chahce level in the single target
condition at the 20 ms test SOA, similar to results in Experiment 2A. | However,
accuracy approached 80% correct target detections at the 20 ms test SOA in the
multiple same taréet condition. This result sﬁggests that multiple same targets
allowed the target detection task to be performed at the 20 ms test SOA. If
target detection is an unconscious process, then this resulf wéuld corroborate
Marcel's finding. If target detection is a conscious process, however, then it
suggests that conscious processes may also be subject to some type of activation
additivity. The finding of a 25-30% improvement in accuracy for the multiple
target condition over the single target condition at the 30 ms test SOA in this
experiment supports the conclusion that it was a conscious process which showed
an activation additivity effect.

Another interesting result, obtained for both the visual and auditory tasks in
Experiment 1, was that MRT scores were statistically flat across procéssing load
levels at the beginning of practice. This result may have been partially due to an
initial practice efféct. All subjects‘received the smaller set size conditions first
in Session 1, beginning with the M=1, T=1 condition. This probably does not
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entirely account for the result, however, inasmuch as similar findings of flat
~ performance curve slopes at the begmrung of practnce have been reported by
Boyer and Charleston (1984) in an audltory memory search task and by Donden
and Zelmcker (1969) and Brown (1983), in visual search tasks. An xmportant
factor in obtaxrung these results was the categonca.l dlfference between targets
and dxstractors used in all of these studxes. When search tasks are designed such
that targets are easily discriminable from distractors, they can be performed
equally fast across smalt differences in set sizes without practice. The flat
performance curve slopes capacity criterion for automatic processing can be
satisfied even when automatic target detection could not have developed due to
insufficient practice. This clearly points to '- the inadequacy of the flat
performance curve slope criterion. The criterion should at _least Arequire tha.t the
task be difficult enough that flat slopes are not obtained at the beginning of
practice. The more rigid capacity criterion of no interference effects in kdual
task performance may be more appropriate. | |

Logan (1978) has commented that very few search tasks actually obtain
completely flat performance curve slopes across processing load leveis; and even
from this liberal criterion, automatic processing is rare. ‘In the visual tasks in
Experiment 1, flat slopes were not obtained for percent errors. Small
differences across set sizes were significant even after 18 hours of practice.
Overall accuracy performance, however, was quite high at relatively short
response latencies. Several proponents of automa_tic processing haverecently
noted that small processing load effects are apparent in some purportedly
automatic tasks (Posner, 1982; Shiffrin, Dumais & Schneider, 1981; LaBerge,
1981). |
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The findings of the studies reported here, based on the reportability
criterion, add to the growing ccgnitiye literature that does not support a strong
distirtction betweert automatic‘ procecses. that are unconscious, nonattentional,
unintentional and capacity unlimited' anci controlled ‘processes with the cpposite
»charactensncs (Boyer, 1984). Although there may be learned automatxc
processes approprlately identified by these descnptors, the most hkely candndate
of which is perceptual encodmg processes, many purported automatnc tasks vary
only in the degree to whxch capacxty hmxted, attentxonal processes are involved
(Titchener, 1907; Hasher &,Zacks, 1279; Eysenck, ,19A8'2;‘_Boyer & Charleston,
1984). The htxman' informationv processixtg system may well be equipped to
develop programs for repetitiye tasks that malte efficient ‘use of mental
resources, But this capab'rlity_ dces nct necessarily ~imply that entirely separate
mechanisms carry out unpracticed tasks and practiced tasks. Conscious
processes may even be essential in practiced tasks, providing a unified basis for

task components and allowing highly skilled performance,
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Figure 1. Percent Errors and MRT scores are plotted as a function of
Posxtwe/Negatxve trials, Set Size, and Sessmn for Auditory Search and Memory
Search in Expenment L

48



‘Percent

650 O Negative Trials - -~ - Session 1

600 - ® Positive Trials - Session 18

550 T - - cv'o - - =
O---g 7" O----fF=I7 770

500 4 e@-~ B o A

f{
|

Mean Reaction Time (ms)
<
3
1

300 S
. 10 1 » -
(]
118 118 1138 118 118 118
T=1 =2 T=4 M=1 M=2 M=4
M=1 T:l
Visual Search Memory Search

49



Figure 2. Percent errors and MRT scores are plotted as a function of
PosmveINegatwe Trials, Set Slze, and Session for Visual Search and Memory
Search in Experiment 1.

50



Percent

700 o ——-——8
N
w604 B A
E
o 550 -
E™
= 500
2
L3 450 -
t; %00 - N
§ 350 4 O Negative Trials ---- Session 1
300 - @ Positive Trials ~——— Session 18
10
‘m_ . .
= B 0 '4—1‘." =
118 118 118 118 118 118 .
T=1 T=2 T=4 M=1 M=2 M=4
M=1 T=1
Auditory Search ' Memory Search

51



Figure 3. Percent Correct scores are plotted as a function of Test SOA for
Stimulus Detection, Stimulus Report, and Target Detec'aon in the visual tasks of
Experiments 2A and 2B.
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Figure 4. Percent Correct scores are plotted as a function of Test SOA for
Stimulus Detection, Stimulus Report, and Target Detectmn in the audxtory tasks
of E.xperlments 2A and ZB. ,
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Figure 5. Percent Correct scores are plotted as a iunction of the All Targets
and Single Targets Conditions and szual Test SOA for positive trials only in
Expenment 3. SN
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Source
Sbj

Pés/Neg
Sbj x Pos/Neg

Set Size
Sbj x Set Size

Sess
Sbj x Sess

Pos/Neg x Set Size
Sbj x Pos/Neg x Sess

Pos/Neg x Sess
Sbj x Pos/Neg x Sess

Set Size x Sess
Sbj x Set Size x Sess

PoS/Neg x Set Size x Sess
Sbj x Pos/Neg x Set Size x Sess 1

Correction Factor

Appendix A

ANOVA Summary Tables

Experiment 1

2x5x2 ANOVA of Percent Errors for Poﬁitive/Negative Trials, Set Size
and Session (1 vs 18) in the Visual Memory Search Task

N = W) b N & W) w l&

P
N & N W -

Sum of
Squares

214436.88

16502.51
5002.05

3664.30
25098.51

496282.50
89766.69

3505.30
8216.89

725.94
1721.13

810.75
17021.75

1939.33
7748.30

15727398.01

Mean
Square F-Ratio
71478.94
16502.51  9.90%
1667.35
916.08  0.44
2091.54
496282.50  16.59%
29922.23
876.32  1.28
684.74
725.94  1.27
573.71
1202.69  O.14
1418.48
484.83  0.75

645.69

*Denotes a significant result at the .05 level of significance
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5x1 ANOVA of MRT Scores for Set Size in Session 18
in the Visual Memory Search Task of Experiment 1

)Sum 6f ’ Mean

Source df Squares Square  F-Ratio
Sbj 3 1660295 5534.32 |
Set Size : 4 1506.70 ' 376.67 144
Sbj x Set Size 12 - 3139.30 261.61
Correction Factor 2656476.05 o
5x1 ANOVA of MRT Scores for Set Size in Session 1
of the Visual Memory Search Task of Experiment 1
Sum of | Mean
Source df Squares Square  F-Ratio
Sbj 3 160490.50 53496.83 |
Set Size L 3677.70 919.42 0.34
Sbj x Set Size 12 32314.73 2692.89
Correction Factor 5545098.05
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2x5x2 ANOVA of Percent Errors for Pos/Neg Trials, Set Size
and Session (1 vs 18) in the Visual Memory Search Task of Experiment 1

Sum of | Méan

Source daf Squares Square F-Ratio
Sbj 3 4936 164,55
Pos/Neg 1 177.01 177.01  2L.13%
Sbj x Pos/Neg 3 25.14 - 8.38 _
Set Size | 4 159.45 39.86 191
Sbj x Set Size 12 251.05 20.92

Sess 1 12.01 12.01 0.22
Sbj x Sess 3 163.74 54.58

Pos/Neg x Set Size 4 27.05 6.76 0.80
Sbj x Pos/Neg x Set Size 12 102.05 8.50

Pos/Neg x Sess 1 46.51 46.51 3.63
Sbj x Pos/Neg x Sess 3 38.44 12.81 ‘
Set Size x Sess 4 30.55 7.64 0.73
Sbj x Set Size x Sess 12 125.95 10.50

Pos/Neg x Set Size x Sess 4 33.05 8.26 0.89
Sbj x Pos/Neg x Set Size x Sess 12 111.25 9.27
Correction Factor 1386.11

5x1 ANOVA of Percent Errors for Set Size in Session 18
of the Visual Memory Search Task of Experiment 1

Sum of Mean
Source df Squares Square  F-Ratio
Sbj 3 58.20 19.40
Set Size 4 54.80 13.70 447
Sbj x Set Size 12 36.80 3.07
Correction Factor 336.20

*Denotes a significant result at the .05 level of significance
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Source
Sbj

Set Size

Sbj x Set Size

Correction Factor

Sum of
" Squares

 272.95
46,80
154.80

470.45

5x1 ANOVA of Percent Errors for Set Size in Session 1
of the Visual Memory Search ‘l'ask of Experiment 1

Mean

Square F-Ratio
90.98
1170 0.1
12.90

2x5x2 ANOVA of MRT Scores for Positive/Negative Trials, Set Size, and Session

Source
Sbj
Pos/Neg

Sbj x Pos/Neg

Set Size

Sbj x Set Size

Sess
Sbj x Sess

Pos/Neg x Set Size
Sbj x Pos/Neg x Set Size

Pos/Neg x Sess
Sbj x Pos/Neg x Sess

Set Size x Sess
Sbj x Set Size x Sess

Pos/Neg x Set Size x Sess
Sbj x Pos/Neg x Set Size x Sess

Correction Factor

da

NS W) e w

NE W

—
NE N W b

Surh of
Squares

361959.38

83.20
34632.98

26663.38
24465.75

916348.00
483276.00

12001.42
12507.34

1110.00
10093.00

5796.38
31758.88

3469.58
5284.64

23220125.00

(1 vs 18) in the Auditory Memory Search Task of Experiment 1 |

Mean

Square F-Ratio
120653.13

88.20 0.0l
11544.33
6665.97  3.27%
2038.81
916348.00  5.69
161092.00
3000.36  2.38
1042.28
1110.00  0.33
3364.33
1449.09  0.55
2646.57
1367.39  3.11
440.39

*Denotes a significant result at the .05 level of significance
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5x1 ANOVA of MRT Scores for Set Size in Session 18
of the Auditory Memory Search Task of Experiment 1

62

‘ Sum of Mean
Source df Squares Square  F-Ratio
Sbj '3 23897813 96326.00
Set Size 4 5741.80 1435.45 2.66
Sbj x Set Size 12 6480.58 540.05
| Correction Factor 3729888.45
5x1 ANOVA of MRT Scores for Set Size in Session 18
of the Auditory Memory Search Task of Experiment 1
Sum of Mean
Source df Squares Square  F-Ratio
Sbj 3 131805.38 43935.13
Set Size 4 22796.30 5699.07 1.96
Sbj x Set Size 12 34854.08 2904.51
Correction Factor 8343736.20



2x5x2 ANOVA of Percent Errors for Positive/Negative Trials, Set Size, and Session
(1 vs 18) in the Auditory Memory Search Task of Experiment 1

Sum of Mean
Source df Squares Square F-Ratio
Sbj | 3 159.30 53.10
Pos/Neg 1 0.20 020  0.02
Sbj x Pos/Neg 3 29.10 9.70 _
Set Size 4 197.68 59.42  14.01%
Sbj x Set Size 12 42.32 353
Sess 1 151.25 151.25 2.39
Sbj x Sess 3 156.85 52,28
Pos/Neg x Set Size 4 24.43 6.11 0.61
Sbj x Pos/Neg x Sess 12 120.77 10.06 ‘
Pos/Neg x Sess 1 6.05 6.05 0.58
Sbj x Pos/Neg x Sess 3 31.05 10.35
Set Size x Sess b 75.12 18.78 2.16
Sbj x Set Size x Sess 12 104.28 8.69
Pos/Neg x Set Size x Sess 4 9.57 2.39 0.23
Sbj x Pos/Neg x Set Size x Sess 12 125.82 10.49
Correction Factor 480.20

5x1 ANOVA of Percent Errors for Set Size in Session 18 of the
Auditory Memory Search Task of Experiment 1

Sum of Mean

Source df Squares Square  F-Ratio
Sbj 3 5.75 192

Set Size 4 13.00 3.25 2.05
Sb] x Set Size 12 19.00 1.58
Correction Factor 31.25

*Denotes a significant result at the .05 level
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5x1 ANOVA of Percent Errors for Set Size in Session 1 of the
Auditory Memory Search Task of Experiment 1

Sum of Mean
Source df Squares Square F-Ratio
Sbj 3 15175 50.58
Set Size 4 119.20 29.80 7.77*%
Sbj x Set Size 12 46.00 3.33
Correction Factor 312.05

*Denotes a significant result at the .05 level of significance
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Experiment 2A

4x3x2 ANOVA of Percent Errors for Test SOA, Set Size, and Group

(Visual Subjects vs. Auditory Subjects)

in the Visual Search Task of Experiment 2A

Source

Gp
Sbj x Gp

SOA
SOA x Gp
Sbj x Gp x SOA

Set Size
Set Size x Gp
Sbj x Gp x Set Size

SOA x Set Size
SOA x Set Size x Gp
Sbj x Gp x SOA x Set Size

Correction Factor

*Denotes a significant result at the .05 level of significance

&

— oe
NNN 0o W W O e

w
AN\

65

Sum of
- Squares

© 759.38
2516.62

19688.91
230.88
1360.71

201.40
147.44
1424.00
867.02
231.31
3362.16

120700.17

Mean
Square F-Ratio
759.38  1.81
519.44%

6562.97  86.82%
76.96  1.02
75.60

100.70  0.85
7372 0.62

1867

144.50  1.55
38.55  0.41
93.39



4x3x2 ANOVA of MRT Scores for Test SOA, Set Size, and Group

(Visual Subjects vs. Auditory Subjects)
in the Visual Search Task of Experiment 2A

Source

Gp
Sbj x Gp

SOA
SOA x Gp
Sbj x Gp x SOA

Set Size
Set Size x Gp
Sbj x Gp x Set Size

SOA x Set Size
SOA x Set Size x Gp
Sbj x Gp x SOA x Set Size

Correction Factor

e

— — -
NINN Oww O\ =

W
OO

66

| Sum of
Squares

1415961.00
1871864.00
74413.31
23428.69
266302.31

16253.31
7469.69
230091.31
35699.38
23096.63
147720.00

41229641.34

Mean
Square  F-Ratio
1415961.00  4.54
311977.31
26804.44  1.68
7809.56  0.53
14794.57
8126.66  0.42
3734.8%  0.19
19174.27 |
5949.89  1.45
3849.44  0.9%
5103.33



4x3x2 ANOVA of Percent Errors for Test SOA, Set Size, and Session
(2 vs. 19) in the Visual Search Task of Experiment 2A

Source
Sbj

SOA
Sbj x SOA

Set Siie
Sbj x Set Size

Sess
Sbj x Sess

SOA x Set Size
Sbj x SOA x Set Size

SOA x Sess
Sbj x SOA x Sess

Set Size x Sess
Sbj x Set Size x Sess

SOA x Set Size x Sess
Sbj x SOA x Set Size x Sess

Correction Factor

*Denotes a significant result at the .05 level of significance

df

3
3
9
2
6
1
3
6
18
3
9
2
6
6
8

!
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Sum of
Squares

2998.20

17786.36
1312.84

652.94
769.65

5.51
286.28

1160.48
2318.94

123.95
343.10

41.52
762.56

503.90
1228.68

104346.09

Mean
Square F-Ratio
999.40
5928.79 40.64*
145.87 ’
- 326.47 2.55
128.27
5.51  0.06
95.43
193.41 1.50
128.83
41.32 1.08
38.12
20.76 0.16
127.09 .
- 83.98 1.23

168.26



4x3x2 ANOVA of MRT Scores for Test SOA, Set Size, and Session (2 vs. 19)
in the Visual Search Task of Experxment 2A

Source
Sbj

SOA

Sbj x SOA

Set Size
Sbj x Set Size

Sess
Sbj x Sess

SOA x Set Size
Sbj x SOA x Set Size

SOA x Sess
Sbj x SOA x Sess

Set Size x Sess
Sbj x Set Size x Sess

SOA x Set Size x Sess
Sbj x SOA x Set Size x Sess

Correction Factor

*Denotes a significant result at the .05 level of significance

w I

s

)

VN N VW "0 WwWre OGN VW

68

Sum of
- Squares

363377.25

9857.33
233171.69

15881.77
94765.75

643865.00
182930.75

16073.73
47266.71

24735.75
76209.81

33461.88
167861.56

3931.27
28223.04

19761720.17

Mean
Square F-Ratio
121125.75
328594  0.13
25907.96
7940.88  0.50
15794.29
643865.00  10.56%
60976.91
2678.96  1.02
2625.93
8245.25  0.97
8467.75
16730.9%  1.48
11310.26
655.21 0.2
1567.95



4x3 ANOVA of Percent Errors for Test SOA and Set Size in Session 19
of the Visual Searchw'lv'ask of Experiment 2A

Source
Shj

SOA
Sbj x SOA

Set Size
Sbj x Set Size

SOA x Set Size

Sbj x SOA x Set Size

Correction Factor

dt

OO AN VW W,

Sum of
Squares
1040.42

7972.75
1244.08

371.29
403.71

1036.87
1300.80

52934.08

Mean
Square

346 81

2657.58
13823
185.65
67.28

172.81
72.27

F-Ratio

19.23*
2.76

2.39

l&x3 ANOVA of MRT Scores for Test SOA and Set Size in Session 19
of the Visual Search Task of Expenment 2A

Source
Sbj

SOA
Sbj x SOA

Set Size
Sbj x Set Size

SOA x Set Size
Sbj x SOA x Set Size

Correction Factor

*Denotes a significant result at the .05 level of significance

df
3
4
12
2

6
8
24

69

Sum of
Squares

206441.38

19695.10
110312.06

19467.90
57924.91

45170.57
69840.50

8271821.40

Mean
Square

F-Ratio

68813.75
4923.77
9192.67

9733.95
9654.15

5646.32
2910.02

0.54
1.01

1.94



5%3 ANOVA of Percent Errors for Test SOA and Set Size for Sessxon 19
in the Auditory Search Task of Expenment 2A

' Sum of Mean ‘
Source df Squares Square F-Ratio
Sbj : 3 276;93 - 95.31
SOA | A 2136.67 534.17 9.95%
Sbj x SOA : 12 64440 53.70 _
Set Size 2 126.43 ' 53.22 3.10
Sbj x Set Size 6 122.37 20.39 ,
SOA x Set Size 3 485.23 60.65 1.50
Sbj x SOA x Set Size : 24 973.30 40,55
Correctibn Factor 5606;67
5x3 ANOVA of MRT Scores for Test SOA and Set Size
in the Auditory Search Task of Experiment 2A

, Sum of ‘ Mean
Source df Squares Square F-Ratio
Sbj 3 553728.00  184576.00
SOA 4 86644.81 21661.20  4.93%

~ Sbj x SOA 12 52755.06 4396.25 :

Set Size 2 51130.63 25565.32  15.13%
Sbj x Set Size 6 10138.74 1689.79
SOA x Set Size - . 8 - 9764.37 1220.55  0.98
Sbj x SOA x Set Size 24 29988.89 1249.54
Correction Factor 14002170.42

*Denotes a significant result at the .05 level of significance
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Experiment 2B

4x3x2 ANOVA of Percent Errors for Test SOA, Set Size, and Task

(Session 19 Target Detection vs. Session 20 Stimulus Detectxon)
in the szua.l ‘l'asks of Expenment 28

Source
Sbj

SOA
Sbj x SOA

Set Size
Sbj x Set Size

Task
Sbj x Task

SOA x Set Size
Sbj x SOA x Set Size

SOA x Task
Sbj x SOA x Task

Set Size x Task
Sbj x Set Size x Task

SOA x Set Size x Task
Sbj x SOA x Set Size x Task

Correction Factor -

*Denotes a significant result at the .05 level of significance

dt
3
3
9
2
6
1
3
6
18
3
9
2
6
6
8

1

71

: Sum of

Sguares
492,03
16971.61
1727.26

124.33
191.00

8011.76
1179.36

668.17
1041.84

2182.78
~ 689.60

465.08
386.92

607.75
994.25

50279.26

Mean
- Square = F-Ratio
16401 |
5657.20  29.48*%
- 191.92
62.17 1.95
31.83
8011.76 20.38*
1393.12
111.36 1.92
57.88
727.60 9.50%
76.62
232.54 3.61
64.49 ’
101.29 1.83
55.24 ,



4x3x2 ANOVA of Percent Errors for Test SOA, Set Size and Task

(Session 19 Target Detection vs. Chance) -
in the Visual Search Task of Experiment 2B

| Sl;m of | Mean

Source df Squares Square F-Ratio

Set Size 2 '185.65 '92.82  L.16

Sbj x Set Size 9 722.06 - 80.23 ’
_SOA 3 3986.33 1328.79  28.20%
. SOA x Set Size 6 518.43 " 86.41 1.83

Sbj x Set Size x SOA 27 1272.44 47.13

Task 1 6767.04 6767.04  84.35%

Task x Set Size 2 185.64 92.82 1.16

Sbj x Set Size x Task 9 722,06 80.23 ‘

SOA x Task 3 3986.38 1328.79  28.20%

SOA x Task x Set Size -6 518.44 - 86.41 1.83

Sbj x Set Size x SOA x Task 27 1272.44 47.13

Correction Factor 166167.04

3x2 ANOVA of Percent Errors for Set Size and Task
(Session 19 Target Detection vs. Chance)
at the 50 ms Test SOA in the V_isual Search Task of Experiment 2B
Sum ofj Méan

Source df Squares Square F-Ratio

Sbj 3 176.83  58.94

Set Size 2 172.75 86.38 5.89+%

Sbj x Set Size 6 - 87.92 14.65

Task 1 7561.50 7561.50 128.29%

Sbj x Task 3 176.83 58.94

Set Size x Task 2 172.75 86.38 5.89#%

Sbj x Set Size x Task 6 87.92 14.65

Correction Factor 2#961.50

*Denotes a significant result at the .05 level of significance
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3x2 ANOVA of Percent Errors for Set Size and Task
(Session 19 Target Detection vs. Chance)
at the 30 ms Test SOA in the Visual Search Task of Experiment 2B

Sum -of Méan
Source df Squares Square F-Ratio
Sbj 3 76512 .255.04 |
Set Size 2 -84.00 42,00 0.1
Sbj x Set Size 6 278.00 46.33
Task 1 3675.38 367538 14.41%
Sbj x Task 3 765.12 255.04 ,
Set Size x Task 2 84,00 42.00  0.91
Sbj x Set Size x Task 6 278.00 46.33
Correction Factor 33975.38

3x2 ANOVA of Percent Errors for Set Size and Task
(Session 19 Target Detection vs. Chance)
at the 20 ms Test SOA in the Visual Search Task of Experiment 2B

Sum of Mean

Source df Squares Square F-Ratio
Sbj 3 © 292.83 97.61

Set Size 2 174.33 87.17  3.10
Sbj x Set Size 6 168.67 28.11

Task 1 308.17 308.17  3.16
Sbj x Task 3 292,83 97.61

Set Size x Task 2 174.33 87.17  3.10
Sbj x Set Size x Task 6 168.67 28.11

Correction Factor 51708.17

*Denotes a significant result at the .05 level of significance
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3x2 ANOVA of Percent Errors for Set Size and Task
(Session 19 Target Detection vs. Chance)
at the 10 ms Test SOA in the Visua_l Searc;h Task of Experiment 2B

Source
Sbj

Set Size
Sbj x Set Size

Task
Sbj x Task

Set Size x Task
Sbj x Set Size x Task

Correction Factor

74

Sum of -
Squares

311400.81

1607.25
6h4h.44

94501.50

311400.81

1607.25
6l 4l

305101.50

Mean
Square  F-Ratio

103800.25

803.63  0.75
1078.07

94501.50  0.91
103800.25

803.63 0.75
1074.07



4x3x2 ANOVA of Percent Errors for Test SOA, Set Size, and Task
(Session 20 Stimulus Detection vs. Chance)
in the Visual Search Task of Experiment 2B

Source
Sbj

SOA
Sbj x SOA

~ Set Size
Sbj x Set Size

Task
Sbj x Task

SOA x Set Size
Sbj x SOA x Set Size

SOA x Task
Sbj x SOA x Task

Set Size x Task
Sbj x Set Size x Task

SOA x Set Size x Task
Sbj x SOA x Set Size x Task

Correction Factor

*Denotes a significant result at the .05 level

f—

—

cOCN OGVN \D \» CON Wr

75

Sum of
Squares

24158

5854.58
573.33

46.31
76.85

31537.50

241,58

90.11
392.73

5854.58
573.34

46.31
76.86

90.11
392.72

97537.50

Mean
Square F-Ratio
8053
1951.53  30.63%*
" 63.70 -
23.16 1.81
12.81
31537.50 391.64*
80.53
15.02 0.69
21.82 '
1951.53  30.63%
63.70
23.16 1.81
12.81
15.02 0.69
21.82



3x2 ANOVA of Percent Errors for Set Size and Task
(Session 20 Stimulus Detection vs. Chance) -
at the 50 ms Test SOA in the Visual Search Task of Experiment 2B

Sﬁm of - Mean
+  Scurce df Squares “Square ~ F-Ratio

Sbj 3 233 078
Set Size 2 3.00 150 117
Sbj x Sgt Size 6 7.67 ‘ : 1.28 L
Task 1 14406;00 | 1##06;00 18563.43*
Sbj x Task 3 2.33 0.78
Set Size x Task . - 2 3.00 150 L17
Sbj x Set Size x Task 6 7.67 1.28
Correction Factor 15606.00

3x2 ANOVA of Percent Errbrs for Set Size and Task
(Session 20 Stimulus Detection vs. Chance)
at the 30 ms Test SOA in the Visual Search Task of Experiment 2B

Sum of -Mean
Source df Squares Square  F-Ratio
Sbj 3 . 3.00 .00
Set Size 2 5.25 2.63 4.20
Sbj x Set Size 6 3.75 0.63 '
Task 1 14406.00 14406.00 14406.00%*
Sbj x Task 3 3.00 ~ 1.00
Set Size x Task 2 5.25 263 4.20
Sbj x Set Size x Task 6 3.75 0.63
Cdrrection Factor 15606.00

*Denotes a significant result at the .05 level
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3x2 ANOVA of Percent Errors for Set Size and Task
- (Session 20 Stimulus Detection vs. Chance)
at the 20 ms 'I'est SOA in the szual Search Task of Expenment 2B

Sum of " Mean

Source df * Squares Square F-Ratio
Sbj 3 3800 - 12.57

Set Size 2 9.33 467 0.22
Sbj x Set Size 6 12500 2083
Task ' 1 9282.66 9282.66 732.84*
Sbj x Task 3 3800 12,67

Set Size x Task 2 1 9.33 4.67 0.2
Sbj x Set Size x Task 6 125.00 20.83
Correction Factor 22082.67

3x2 ANOVA of Percent Errors for Set Size and Task
(Session 20 Stimulus Detection vs. Chance) =
at the 10 ms Test SOA i in the szual Search 'I'ask of Experlment 2B

Sum of - Mean
Source df Squares Square F-Ratio
Sbj 3 744.13 248.04
Set Size 2 24,33 1217 0.29
Sbj x Set Size - 6 21;9.00 41.50
Task : 1 590.04 590.04 2.38
Sbj x Task | 3 744.13 : 248.0‘4 :
Set Size x Task 2 24.33 1217 0.29
Sbj x Set Size x Task 6 249,_00 41.50
Correction Factor 48690.04

*Denotes a significant result at the .05 level
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3x3x2 ANOVA of Percent Errors for Test SOA, Set Size and Task
(Session 19 Target Detection vs. Session 20 Report)
in the Visual Seatch Tasks of Experiment 2B

Source
Sbj ,

'SOA
Sbj x SOA

Set Size
Sbj x Set Size

Task
Sbj x Task

SOA x Set Size
Sbj x SOA x Set Size

SOA x Task
Sbj x SOA x Task -

Set Size x Task
Sbj x Set Size x Task

SOA x Set Size x Task
Sbj x SOA x Set Size x Task

Correction Factor

Now I8

_ .
N We AON O

()

Sum of
: Squares

18725.08
2190.03

329.33
381.78

496.13
3084.27

1038.58
£31.97

1896.08
1935.69

534.33
2829.44

430.08
3086.48

63546.13

NS ON N

*Denotes a significant result at the .05 level

78

978 1.59

| Mean

~ Square " F-Ratio
326053
9362.54  25.65%
"365.00
164,67 1.12
146.96 :
496.13  0.48
1028.09
259.65  3.75%
69.33
948.04  2.9%
322.62
267.17  0.57
471.57 ,
107.52  0.42
257.21



2x3x2 ANOVA of Percent Errors for Test SOA, Set Size and Task
(Sessnon 19 Target Detection vs. Session 20 Stimulus Detectmn)
- in the Audxtory Tasks of Experxment 23 o

Source
Sbj

SOA
Sbj x SOA

Set Size
Sbj x Set Size

Task
Sbj x Task

SOA x Set Size
Sbj x SOA x Set Size

SOA x Task
Sbj x SOA x Task

Set Size x Task
Sbj x Set Size x Task

SOA x Set Size x Task
Sbj x SOA x Set Size x Task

Correction Factor

AN o N (W

Sum of
df Squares

"

24206
188.02
148.56

115.63
348.88

AN W

2282.52
260.73

20.29
251.87

NN W=

58.52
45.73

177.54
174.96

75.04

3834.19

*Denotes a significant result at the .05 level
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Mean
Square F-Ratio
80 69
188.02 3.80
- 49.52
57.81  0.99
58.15
2282.52 - 26.26*%
105 0.2
41.98
58.52 3.84
- 15.24
88.77 3.04
729.16
37.52 1.40
26.74



2x3x2 ANOVA of MRT Scores for Test SOA, Set Size and Task
(Sessnon 19 Target Detection vs. Session 20 Stimulus Detectxon)
" inthe Audxtory ‘l'asks of Expenment 2B

Sum of Mean
Source df Squares Square  F-Ratio
Sbj 3 594048.13 19801600 |
SOA 1 70533 70533 0.13
Sbj x SOA 3 16516.48 5505.49
Set Size 2 9038.00 4519.00  1.76
Sbj x Set Size 6 15373.38 2562.23
Task 1 2552.08 255208  0.26
Sbj x Task 3 29483.10 982770
Sbj x Set Size 2 - 964.66 48233 0.95
Sbj x SOA x Set Size 6 3048.02 508.00
SOA x Task 1 14630.07 14630.07  13.31%
Sbj x SOA x Task 3 329770 1099.23
Set Size x Task 2 59616.66 29808.33  4.24
Sbj x Set Size x Task 6 -42163.59 7027.26
SOA x Set Size x Task 2 272.57 13629  0.15
Sbj X SOA x Set Size x Task 6 52_97.01 832.84
Correction Factor 13419675.00

*Denotes a significant result at the .05 level
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3x2 ANOVA of Percent Errors for Set Size and Task
(Session 19 Target Detection vs. Chance)
in the Auditory Se;rch_'l'ask of Experiment 2B

<Sun‘1‘ bfb Mean

Source df uares Square  F-Ratio
Sbj 3 * 116.00 "38.67

Set Size 2 20233 10L17 234
Sbj X Set Size 6 259.00 43,17 :
Task 1 6402.66 . 6402.66 165.59%
Sbj x Task 3 116,00 38.67

Set Size x Task 2 202.33 10117 2.34
Shj x Set Size x Task 6 259.00 43,17
Correcﬁon Factor 27262.67 |

3x2 ANOVA of Percent Errors for Set Size and Task
(Session 20 Stimulus Detection vs. Chance)
in the Auditory Task of Experiment 2B

Sufn of Mean
Source ‘ df Squares Square  F-Ratio
Sbj 3 1b46 4.82
Set Size 2 12.25 -7 6.13 2.55
Sbj x Set Size 6 14.42 2.40
Task - 1 13395.38 13395.38 2780.45*
Sbj x Task 3 1445 4.32
Set Size x Task 2 12.25 6.13  2.55
Sbj x Set Size x Task 6 14.42 2.40
Correction Factor >16695.38

*Denotes a significant result at the .05 level
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2x3x2 ANOVA of Percent Errors for Test SOA, Set Size and Task
(Session 19 Target Detection vs. Session 20 Report)
in the Auditory Task of Experiment 2B - -

Source
Sbj

SOA

Sbj x SOA

Set Size
Sbj x Set Size

Task
Sbj x Task

SOA x Set Size
Sbj x SOA x Set Size

SOA x Task
Sbj x SOA x Task

Set Size x Task
Sbj x Set Size x Task

SOA x Set Size x Task
Sbj x SOA x Set Size x Task

Correction Factor

dt
.

AN W AN W

AN AN W) b
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| ‘Suﬁi 6f.
Squares
5435.06
46,02
193.07
2000.54
‘ 1924.63

2836.69
2214.73

34.04
754.12

212.52
426.56

1295.37
1271.46

317.04
980.12

26555.02

163.35

Mean

- Square - F-Ratio

181169

© 46.02 0.72
64.36

1000.27 3,12
320.77

2836.69 3.84
738.24
17.02 0.14
125.69 |
212.52 1.49
142.19
647.69 3.06
211.91
158.52 0.97



Experiment 3
2x2x2 ANOVA of Percent Errors for Task
(Single Target vs. Multiple Targets Position Trials),
Test SOA, and Set Sizes, in the Visual Search Task of Experiment 3

Sumof . Mean

Source df Squares Square  F-Ratio
Sbj 3 2324.63 77488
Task 1 4371.13 4371.13  11.03%
Sbj x Task 3 1188.63 396.21
SOA 1 - 684.50 684,50  2.81
Sbj x SOA 3 - 729.75 243.25
Set Size 1 612.50 612.50  5.20
Sbj x Set Size 3 353.25 117.75
Task x SOA 1 84.50 8450  0.38
Sbj x Task x SOA 3 674.75 224.92
Task x Set Size 1 480.50 480.50  4.06
Sbj x Task x Set Size 3 355.25 118.42
SOA x Set Size 1 36.13 36.13  1.26
Sbj x SOA x Set Size 3 86.13 28.71 ’
Task x SOA x Set Size 1 171.13 17113 2.32

- Sbj x Task x SOA x Set Size 3 221.13 73.71
Correction Factor 26106.13

*Denotes a significant result at the .05 level of significance
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2x2x2 ANOVA of MRT Scores for Task
(Single Target vs. Multiple Targets Positive Trials),
Test SOA, and Set Size in the Visual Search Task of Experiment 3

Sum of ’ " Mean

Source | df ~ Squares Square = F-Ratio
Sbj 3 9sw238 3183
Task 1 6555.13  6555.13  1.42
Sbj x Task 3 13860.38 4620.13

SOA ) £ 2,00 200 0.00
Sbj x SOA 3 1128‘#2.00 37614.00

Set Size 1 1596.13 1596.13 0.99
Sbj x Set Size 3 #8(&?.38 1_616.#6

Task x SOA 1 9112.50 9112.50 4.59
Sbj x Task x SOA .3 59#9._50 1983.17

Task x Set Size 1 1770.13 1770.13 0.78
Sbj x Task x Set Size 3 _ 6771.38 225_7.13

SOA x Set Size 1 32d0.00 3200.00 1.52
Sbj x SOA x Set Size 3 6319.00 2106.33

Task x SOA x Set Size 1 1352.00 1352.d0 4.69
Sbj x Task x SOA x Set Size 3 .865.00 288.33
Correction Factor 5166505.13
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Appendix 'B
Experiment 4

Kristofferson (1977) reported the surprising finding that automatic
performance in a visual search task dld not deterrorate when the target letter
stimuli were replaced by other unpractxced letters, as long as a semantic
categorical dlfference between targets and distractors (numbers) was preserved.
She concluded that physncal features are unnmportant in the development of
automatic search performance and proposed that semantic features provxded the
basis for discrimination of positive matd1 and negative mismatch detections.
‘This conclusion contrasts with the ‘basic explanation of automatic target
detection offered by Shiffrin and Schnexder (1977) that an assocration is budt up
in long term memory between SpelelC stnmuh and a specxfxc response category.
However, the importance of physical features in automatic vxsual search might
become apparent as the perceptual difficulty of a visual search task increased by
reducing the test SOA. |

The purpose of Experiment 4 was to test whether automatic target
detection in a visual search task is based on the development of an automatized
semantic detectnon of targets or an automatized perceptual discrimination of the
physical features of targets. The same visual subjects from previous
experiments highly practiced in the visual search task using upper case letters as
targets were given the same target detection task at reduced test SOAs.
However, on some of the trials the targets were lower case versions of the same
letters,

The multiple targets condition of Experiment 3 was not used. It was
expected that search performance would not be as high when targets were lower

85



case letters, suggesting that the physical features of the stimuli are important in
automatic search performance using semaﬁtic stirﬁuli. | |
Method |

All parameters in Experiment 4 were the same as in Experiment 3 except

for the'following déiails.

Design and Procedure

Subjects were presented search task trials at M=1, T=1, 2 and & using the
test SOAs of 30, 20 and 10 ms. Half of the positive triais, in which a letter
appeared in the test-period, used the same‘upper case letters A, E, H and M with
which subjects had recei\;ed extensive practice in Exberimehts 1-3. For the
other half of the positive trials, upper case ietters were }eplaced by their lower
case equivalents in the same typeface. An equal number of fhe two types of
positive trials Awere randomly interspéxjsed wit_h negaﬁvé trials in subblocks of 16
trials, | |

Subjects were informed that in some of the positive trials a lower case
version of the memory séf letter may appear and to c_ops_ider it.a match with the
memory set letter. Experifnent 4 was conducted in ; single 1-hour session
(Session 22) the day following thé completion 6f Escperiment v3. No feedback was
given regarding corréct or incorrect responses.

Results and Discussion

Accufaf.:y data from Experiment 4 are graphed in Figure B-1 (see Figure B-
1). Percent errors for the two positive trial conditions only are plotted as a

function of Test SOA for the 4 visual subjects.

Insert Figure B-1 about here.
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A 2x3x3 ANOVA of percent errors for upper case versus lower case positive
trials, ‘l'est SOA, and Set Size resulted in no sxgmficant differences in any of the
factors or mteractions. Responses for upper case and lower case letters dld not
significantly diifer, F(1,3)= .lO. 'l'he other factors and mteractxons were not
significant, The equivalent analysrs using MR‘I‘ data also did not yield any
sigmficant results at the .05 level of sxgmﬁcance. ‘l'he difference between upper
case and lower case positive trials for MRT was not sngnificant, F(1,3)= .22.

These results do not support the notion that a change in physical features of
highly practiced stimuli, without a change in semantic features, would negatively
affect automatized target detection performance. The literature indicating that
semantic ditferences of the stimuli are important in the search task rather than
physxcal differences cannot be re]ected from the results of this study.

However, a physical cue was not properly cont"olled in Experiment 4. The
height of upper case letters and number distractors was different from lower
case letters. Thus, sub]ects could have detected a posxtive trial m the lower
case positive trials condition by identifying a shorter item. The presence of a
shorter item would signal a positive trial. Indeed, one of the subjects reported
using this strategy. It is concluded that Experiment 4 does not adequately test
the effect of physical and semantic attributes of target detection stimuli to bear
upon the theoretical issue of the basis for automatic visual search performance.
In future experiments, all parameters of the stimuli should be carefully
controlled in order to test effectively the relative impact of semantic and

physical stimulus features,
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Figure B-1. Percent Correct scores are plotted as a function of Test SOA for
Lower Case Targets and.Upper Case Targets in the visual task of Experiment

838
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ANOVA Summary Table for Experiment 4

Experiment &4

2x3x3 ANOVA of Percent Errors for Upper vs. Lower Case Position Trials,
- Test SOA, and Set Size in the Visual Search Task of Experiment 4

Sum of Mean -
Source : df Squares -Square  F-Ratio
Sbj 3 w783 lus26l
Upper/Lower 1 29.39 29.39  0.10
Sbj x Upper/Lower 3 . 890.06 296.69
SOA 2 3413.08 1706.54 3;10
Sbj x SOA 6 3307.58 551.26
Set Size 2 333.25 166.62 0.71
Sbj x Set Size 6 1413.08 235.51 '
Upper/Lower x SOA 2 959.69 479.85 2.59
Sbj x Upper/Lower x SOA 6 1112.53 185.42
Upper/Lower x Set Size 2 573.03 286.51  2.58
Sbj x Upper/Lower x Set Size 6 666.19 111.03
Sbj x Set Size 4 1135.17 283.79 2.41
Sbj x SOA‘ x Set Size 12 1410.50 117.54
Upper/Lower x SOA x Set Size 4 165.39 41.35 0.21
Sbj x Upper/Lower x SOA x Set Size 12 2328.71 194.06 ‘
Correction Factor 80400.50
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2x3x3 ANOVA of MRT Scores for Upper vs. Lower Case Position Trials,

Test SOA, and Set Size in the Visual Search Task of Experiment 4

Source df

" Sbj

W

Upper/Lower
Sbj x Upper/Lower

SOA
Sbj x SOA

Set Size
Sbj x Set Size

Upper/Lower x SOA
Sbj x Upper/Lower x SOA

Upper/Lower x Set Size
Sbj x Upper/Lower x Set Size

SOA x Set Size
Sbj x SOA x Set Size

+ S-P AN AN ON O'N Wr

Upper/Lower x SOA x Set Size
Sbj x Upper/Lower x SOA x Set Size 12

Correction Factor

91

Sum of
Squares

241673.81
186.89
256.1.67

28040.03
184720.06

27020.86
17876.27

1104.86
1680.52

488.69
3766.37

12706.86
35379.31

3864.51
15160.31

12269406.72

Mean
Square F-Ratio
80557.94
 186.89 0.22
853.89
14020.01 0.46
30786.68
13510.43 4.53
2979.38
552.43 1.97
280.09
244,35 0.39
627.73
3176.72 1.08
2948.28
966.13 0.76
1263.36



