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Lexical Decision

Preliminary Note :

Any adequate model of reading requires the incorporation of a process

‘that allows prior information to affect ongoing word processing. This. type

of process is a subset of processes that are sometimes reférred to as "'top-
k]

down'" processes. The Justification for hypothes1Zing such mechanisms in
reading is found in papers like Rumelhart s ("Toward an intéractive model

of reading", l977).

a

One frequently mentioned finding that is used to point out the need

w!

for top-down considerations in word recognition is the semantichriming'

“effect found in lexical decision tasks. . ﬁriefly; priming studies show

that the efficienoy of processing a word can be affected by the semantic
relationship of that word to the word(s) previonsly processedu These tasks
are probably not perfect reflections of what occurs in the normal reaoing
of text. However, they permit the fine degree of experimental control that
might be necessary to disoover what potentially,could he'occurring>in'

reading. A good model of such word.recognition effects could be a soiid

first step toward understanding how text is processed with efficien y by

~

competent readers.
The criterion bias explanation claims that'content allows the deter-

mination of what word is present without having to completely process. the -

word. For_example, if the word "BIRD" pfeceded the presentation of '"PARA-

KEET," the latter might be recognized W’thOUt complete process1ng. This

""sophisticated guessing" model would suggest that when we read, we process

only enOugh-featuresjof words to guess what the word must be. The

¢
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discriminability explanation'claims that,content_actually aids in the com-
piete processing of the word in some manner. The fact that people can make
accurate gﬁesses based.on less than coﬁplete inform;ﬁiqn is probably not-,?
-wofth"disputing, but having the abiligy daes not mean that isihdw:facili-
tation is always realized; Consequently, it is'important to see if there

are any increméntsfin discriminability as a funcﬁion of content.

ERIC 7y,
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‘A cost/benefit and a speed/accuracy analysis of semantic priming in a

Iy

lexical decision.task provided information'relevant to the'\\
v
automatlc/conscious facilitation distinction made by Neely (19779 and Posner
and Snyder (1975b)." Information is also provided about the Oper;tion”of
dlscriminability, criterion bias, and response bias in the facilitation. In
both studies, half the cues were neutral and half were words. Word-cues were
instances from'30 semantic categories.:‘Word,targetS‘were the category
“nanes, nonword targets were derived fromithose names. - The cue-word was‘
valid 80% of the time and invalid 20% of the time. In Experiuent 1, cue
time, a between groups factor, was either 200, 300, 400,. 500, or 700 msec.
_ Valid cues produced facilitation -4n RT at cue times as short as 400 msec.
=I”.Invalid cues produced inhibition”at.cue times as short as 200 msec. “These

results, while ‘similar in many respects to Neely s (1977), raise doubts
about an "inhlbitionless"-kind of automatic facilitation in primed lexical
decisions. Response bias:and simple applications.of‘criterion bias models
are also!ruled-out as the sole explanation of the facilitation.. Experiment
2 used a response-signal technique to.collect information about the

) speed/accuracyftrade—off—in d lexical decision task. Six college students '
participated in'ldisessgons each. Cues were always presented for 800 msec,
targets were'variably presented'within subjects for either 100, 200, 300,
7450,'or 600 msec. Results indicate that: (a) subjects are .capable of

i.tradingﬁaccuracy for speed; (b)~invalid cues can .lower discriminability; =

(c) response bias is an actiue”component-in~priming;_idl_previous studies

ERIC S T -
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thatbignore the percent‘gg;neﬁt data,_may.Qe misléading. faken together,
the experimenés indicate that discriminabi;ity, q;}te:ion bias, and@réépon89
bias seemfto £e integratediin providing.faéilitation, but that simple
applications of criterion bias or reSponsé'biés albne do nog aéequafelyhﬁi

explain the facilitation effect.

-

e
N ]
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Processing Facilitation ) " {?'-

in*a Lexical Decision Task _ -

[

B

A fundamental finding of lexical decision experiments is that the
amount of time to decide that a letter string (e.g., NURSE) .is a word is
shorter if the preceding item was a. semantically related word (e.g., DOCTOR)
than if it was a semantically unrelated word (e.g., BUTTER) (Meyer &
Schvaneveldt, 1971). This semantic—priming effect" reﬁuires that a theory
.of word recognitiOn must account for why prior context affects recognition.
Scme recent studies have focused on the _possible mechanisms vnderlying these
semantic—priming effects (e.g., Neely, 1977, Tweedy, Lrpinski &
Schvaneveldt, 1977). A general ‘model of processlng facilitation has been
developed by Posner and Snyder (1975a, 1975b), who postulate two independent )
.processing modes under which facilitation can occur. One mode is "automatic_

which is the re

. I
t of past learning. It operates without

activation,"

intention or comscious awareness, §nd occurs. in parallel with other mental °

s control,'" is the result of the

L] "
4 "

activity. The second mode,'"consci
application of a specific capacity-limited mechanism. It always.operates
with intention and conscious aWareness, and 1t can generate inhibition of
other'activities._ fosner and Snyder suggest that a word is’recognized when
‘the "memory location"-correSponding to that word is activated abo&e some
threshold. . For any given word, this actiﬁation is thought.to occur

automatically'when the word itself is presented. They further suggest this -

e A
automatic activation spreads out to nearby memory locations. : This means

ERIC .
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that the_aotivation will spread to memory locations that correspond to words

that are . semantically related to the word presented. In this fashion, the

recognition of a certain target word could be automatically facilitated by

I

preceding the target present&tion with a semantically related cue word. The -

~activation that spreads'as a result of cue presentation raises the

activatiou level of theJtarget—memoryalocation.' The target-memory location

I

,would then need to have less activation}from_actual target presentation to
reach its threshoid than if the target, word were not semantically related tn

the cue. However, if the cue and target were unrelated, the activation in

. ’ . - Q
non-target memory locations would not inhibit ‘target recognition.

”
IS

A limited capacity attentignal mechanism can also affect cued-word

recognition according .to Posnmer and Snyder. This process allows the readout

-

from only one memory location at a .time. - Tfme 1§ needed td_shift from one
location.to another, and this time.indreaSes with the distance‘between-

.lbcations. Thus, the semantic priming eff’ct‘might—exist‘because shifting
.time is less to nearby than to more distant memory locations (Neely, 1977;

, -~

Posner & Snyder, 1915a) i

-
- .

e’

A lexical decision study by Fiachler (1977) claimed support for
'antoﬁatic-activation. Subjects were preéented.with two-letter strings on-
reach trial and had to decide if both strings were words. Displays_caﬁteined

either two words, two nonwords or one of.each. Out of the 16 trials that

v
o

‘all subjects received, seven contained two words, mone of which were

semantically related pair. This presentation of only non-associated pairs

was done to discourage subjects from consciously expecting related pairs.

ERIC
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Finally, on trial 17 ~half of. the subjects received two related words and . A

half the subjects received two unrelated words. Decision latency for the
e related pair was shorter than for the unrelated pairs. This apparently
~. b oo~

demonstrates automatic activatidn, since there was no reason for ‘subjec¢ts vo .
have developed a comscious expectancy for semantically related words. ¢
On the other hand, Tweedy egral. (1977) found evidence for conscious

stirategies in a lexical decision study. The response latency fur validly

and invalidly cued targets was measured at three levels of cue validity. : o

s
Y

1[8, 1/2, and 7/8.. Valid cues were cues semantically related to the target

word and 1nvalid Cues were cues semantically unrelated to the target word.
I
|

- 'Ifl"ANIhAL was a target, '"BEAR" would be a valid cue, whereas "APPLE" would‘ .

'be!an_invalid-cue. Cue validity is the ratio of the frequencies of

i. - :
l

OCﬁurrence of valid to invalid’cue types in the experiment. Tweedy et al. -

fouhd that the maghitude of the priming effect was positively correlated to

-

the degree of cue validity. They attributed_this to strategies,~ruling'out
autovatic actiVation as the only source of facilitation.

‘One of the above studies found evidence for automatic activation and

4

one éound evidence for conscious strategies. However, these experiments

were not adequately designed to determine if only one or the other mode of

L

‘processing was responsible for the effect. Also, whether Fischler’s (1977);
finding is evidence for automatic activation, relies heavily on the

questionableﬂassumption that subjects will have given up any conscious

' attention shifting strategies after seeing relatively. few unrelated woid

1

pairs. These strategies might be more than lab=-learned strategies. If this

-

ERIC.  © | g
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v.is che case, it would not be surprising to find_that'they are very resistant

to any extinction type process. uThebfweedy et al, f1977)-study appears to
demonstrate the operation of some hind of conscious strategies. If RTs nere
known for a«non—cued or baseline condition there would be a way to determine
whether the increasing priming effect is due to increasing facilitation of
validly cued targets or increasing inhibition due to, invalidly cued targets.
The addition of a neutral cueing condition in these lexical decision studies
would provide a baseline for the separation of benefit due to related
(valid).cues and cost due to unrelated (invalid) cues.

Posner and Snyder (1975a, ]975b) have developed a cost/benefit

methodology for detecting when facilitation is being produced by automatic

'activation, conscious expectancies, or both. In an application of this

w

méthodology to the lexical decision task, subjects are presented with three

-

. cué—to-target relationshipsz valid;vinvalid, and'neutral. Ir general, valid
cues are cues that provide legitimate information,about'items that follow

o them. Invalid cues provide misleading *information. Validly cued items

might be called expected, and invalidly cued items would be called
unexpected. A neutral cue might.be'merely a series of X’s or any“cue which
is known by the subject not to provide any stimulus or response information

dabout the target. With respect to the neutral cue, valid cues can produce a -

-

facilitation or benefit and invalid cies produce an inhibition or cost in
target processing. Givin these basic-cueing conditions, the,methodology
-attempts to control the likelihood that subjects will commit their conscious

-attpntion to the pathways activated_by theicues. This. control is gained by

" o

ERIC - C 1y
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‘manjpulating overalipcue palidity and/or amount ©of time between cue onset
and target onset (i.e., stimulus onSet-asyncnrony or SOA). fficues are

' relatiVeIY’unreiiable or S0A 1is very sﬁort, it is aSSuned that subjects
w0uld-belless"1ikely to commit any conscious attentione. ‘Benefit-is measured
by the difference‘in processing times between targets in the Valid and
neutral conditions; cost is measured by tne difference betweenftﬁe/neutral
and‘invalid“cOnditions. If within this generic design a particular' "
‘experiment finds significant'benefit in the ab%sence of cost,ithe role of
automatic‘activation is established. This is because automatic activation

.is hypotheslzed to be inhibitionless,vwhereas attentional processes are
uypothesized to be inhibitory. If cost is always presengythe cue’s effect

4

is- hypothesized to be at least.partially a functign of'conscious”attentional,
processes (Posner & Snyder, 1975a, 1§75b);. B '
. Two recent-studies have applied the cost/benefit methodology to a
lexical decision task. Nee1y7(1976) displayed a cueﬂwhich the subject read' -
but did not.respond to. The cue was either a series of Xs or a word, and
SOAs were 360, 600, or 2000 msec. .The data showed that for wordﬁtargets
there was a significant cost factor, bnt that cost did not increase with
longer cue times as would be expected from the Posner-Snyder theory. On .the
'other H;nd the amountvof facilitation was greatnr in the 600— or 2000-msec i'

conditions tnan in the. 360—msec condition.z;.ﬁm

A secound .study by Neely (1977) was interpreteu as being much more
supportive of the Posner-Snyder model- Any one of four unrelated category

1

‘names could appear as-a cue. Two of the category names were used in a

ERIC . T L
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8
"natural" priming condition-'_In this condition, subjects,wefe'told to -
expect instances'in the category named'by:the cue. 'The other two categories_
" were used in an experimenter—defined priming condition. In tnis condition,
-subjects were told to expect instances from the category not named by the
cuz. For example, if the cue was "BUILDINC", instances from the category
"BODY PARTS" could ue_expected (e.g., "ARM"). If "BODY" was the cue,
instances from "BUILDING" were to be expected (e. g.,window). -Itvwas
reasoned that the cues from this second condition could only produce benefitn
‘ for their unrelated—expected-targets via conscious’ attention. This
. condition.waa also aseumed to -allow automatic facilitation.for target Qogds.-
taken from- the category named by the cue. Tnese category instances would.bej
semantically related *but not consciously expected. The range of SOA was 450"
msec ‘to 2’ sec. Findinga in both the natural and” experimenter—defined
'pfiminé“conditions demonstrate'the"opEfatlonjotfa limited-capaEity consacious
mode of facilitation at SOAs of 700 and -2000 msec. The benefit connected
with expected targets was found coincidentally with cost for all unexpected
targets. This cost or inhibition suggests the operation of a limited
-capacity-processing. A benefit was found for unrelated targets ‘as- long &s
_they" were expectedJ Also,_there was cost for related targetelif they wera
unexPectedi. Thé fact that expe;imenter-defined rules oflexpectancy that are
counter to,natural.pre4existing egpectancies-can direct facilitation‘and.
inhibition effects is sound’evidence of the 0pefation'of_some kind of a
conSCiona, attentional facilitation. Neely‘s argument for a second, less

v

conscious, and more automatic processing facilitation, relies on what

ERIC = . .- *
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occurred in the.natural and eXperimenter-defined groups when SOA was

decreased to 250 msec. First, in the natural priming condition, benefit

G ~ . ,
‘533 expected targets, but there was no apparent cost for-

~
LN

unexpecgeg‘targe s. Second, in the exoerimenter~defined condition there is

A

- Id

»no\more apparent benefit for\expected items, but~processing of unexpected=-
; \ [ K - \

related targets is now facilitated rather than inhibiféd‘as‘it was at SOAs

“of 700 and 2000 msecf In_accordanée with the cost/benefit methodology,

—

Neely arguéH"that the disappearance"of cOSt means.that cue—time was

insufficient to allow conscious attention—shifting strategles. Thus the

[H

existence of benefit without cost was inteipreted as evidence of automatic

‘ facilitation in 1exical decision. On this account, Neely suggests that his

results require that a theory 'of word recognition have two independent

"mechanisms of facilitation.

There are’ some other important aspects of Neely s, study which need to
vTh

.be taken into account if his results are to be properly interpreted. At the

.

250 msec SOA’several key cueing conditions show evidence of possible .
Speed/accuracy trade-off problems (Pachella,_l9749.,'That is; some

conditLons which show no cost in RT, do show some cost in terms of errorse.

In the natura} cueing oéndition, it is clear that a benefit in RT for

targets preceded by semantically related cues‘exists without a cost in

o .

,errors. However, the disappearance of cost in RT for targets preceded by,

unrelated cues occurs in conjunction with a cost in errors of 4 3Z. There
. ') . .

. are also similar problems in the eXperimenter—defined cueing condition.

When the target is unrelated to the cue, but expected on the basis of

~
W)
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instructions, there is a cost in terms of errors of 5.5%. Also, in the

unexpected .related condition where a benefit in RT shows up at 250 msec SOA,

there is a cost in errors of 2.7%. The only condition among the

~experimenter-defined cueing conditions which does not -show a cost in terns

of érrors is-the unexpected unrelated condition. Neely (1977) using Posner

and Snyder”s model, claims that the existence of automatic processing is

el

established by finding inhibitionless facilitation (i.e., cqst“without

o

benefit). Neely’s data cannot be said to satisfy this}claim unless .one is
willing to ignore the apparent trade-off in his data.

"'There is no airectbempirical evidence.that subjects can trade-off
accuracy fdr speed in lexical'decisicn tasks. Furthermore, even if it is

LA h ’

assumed that the trade—off is possi%&e “there 1is no data that estimates the

\

"trade—off function.“-'l'his mkes 1t difficult both to ‘judge what magnitude of

trade—off is significant and to estimate.the "true" RT. . However, since the

" accuracy in the experiment was close to asymptotic,Vit would not be unlikely

that small differences in accuracy are associated with large differences in.

-

reaction time. (Wickelgren, 1977).. ' -

One additional aspect, of Neely“s study is an important characteristic

of most lexical decision tasks in the literature. All the nonwords in
Neely ‘s -study were generated by ".:.changing one letter in a word matched'tol

each of the word targets omn tne basis’ of frequency of occurrence in the
language, number of lettets and number of syllables" (Neely, 1977, p. 235).
To distinguish such nonwords from words in one’s vocabulary might require

looking at each letter carefully. Howener, the method does generate a

14
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.

hetérogenous set of nonwords in the sense that the basic orthographic

e

structures: .are derived from all different sorts of words. The case for

words" in Neely’s study is different. They all belong to airelatively

~

homogeneous set. All instances are from the categories of birds;,body‘j

“

.parts, and huilding parts. This might allow correct responding with less

than complete stimulus information. ?orlexample, 1if the target}word was
. . ) . ‘
"SPARROW" a subject would probably only need to process a few of the lettérs

to be able to respord correctly>because he already knows that birds are to

1

be expected. As 1ong_as the nouwords in the study:do not carry many of the

orthographic features of words that are known members of the three expected

]

categories, subjects need only obtain the Structural aspects of the letter

-string which would allow it to be distinguished as a member of one of the

[«

expected categories. It is true that similar redundancy exists 1in everyday

.reading-situations; However, it is theoretically important to know to what

extent it is responsible for priming effects. Consequently, in themnresent
study nonwords were either derived from an expected target word or derived'
from an unexpected word.. Aside from controlling this possible effect of
redundancy,.this technique produces information about how cues are used for i
nonword targets.

Conceptualizations of the cued~ 1exica1 decision task can be separated
into three different classes of models: (a) semantic comparison, (b) memory.

a

search; (c) discrimination. Semantic comparison suggests that the
H *

_facilitation found in these semantic priming studies is produced by subjects

responding on the basis of the similarity between the semantic features
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‘ - ¢ : »
activated by the target letter string and the semantic features included in

the subject s cue derived expectations (Neely, 1977) This assumes that cue

-

and target are processed to some level of“meaning. "Meaning” in the sense
- used here 1is representaﬁle as a set of semantic featufes (e.é:, Smi th,
-Shoben, & Rips, 1974).‘ A high‘degree of feature overlap creates a tendency
to respond "YES," the string is s—&frd, thus facilitating word decisions. |
. If the semantic features were dissimilar, the tendency would be to say "NO,"
the string is not ‘a word thus facilitating nonword decisions. . éuch a
nonword facilitation effect has "been found (Neely, 1976, 1977; Schubert &

Pl /
Eimas, 1977) 'This model must assume that‘semantic features are présent

‘brior'to knowing the item is a word. There are some studies that}argue that
such semantic knowledge is present at what might be called an unconscious .
level (Wickens, 1972' Marcel in press). Marcel (in press) has found a
semantic priming effect even when subjects are at chance level on detecting
the presence of the cue. It has also been found that the probability of a
facilitation effect isiinversely related to the probability of cue recall‘
(Fischler & Goodman, 1978).

The second conceptualization of lexical decision processes is memory
searcht This approach is closely associated with network theories of memory.ﬁ
(e.g., Collins & Loftns, 1975; Collins.d Quillian, 1969). .These models
assume that memory is struttured such that semantically relsted'items'are‘in
some analogical sense spatially closer to each other. Proximity thenr
predicts speed of shifting location'or the amount of activation which in

A

turn determines the degree of semantic priming from the cue. This model -

13 | ,
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seems to be a userul’way to think about the kind of effeets.that exist in an
associative memory. However, the model lacks an& strong asshmptfons'about

.processing.: .

The disciimination approach conceives of,lexical decision as a
disorimination task where the words in the study mnst'be discriminated from
the nonwords. A second important. assumption is that word identirication, g

. independent of lexical decision tasks; can be considered a'discrimination

) task._ Words can be considered either as forms or as groups of forms (e.g.,
letters or syllables) Whatever the functional level of representation,
"identifying a word“is viened as discriminating a form or set of forms from ;
other .sets of forms (i e;, other ‘words). A cognitive‘representation based
'on features of the letter string must be distinguishable from those h )

' representations with which it could be confused. This processing.routine ,
ucanhalso be nnderstood using common sPatial analogies. Addressing’fhat_
memory location which‘corresponds”to a word ianemory“requires an address
sufficient to.arrive at that location.' An adequate address points to the-
correct‘location out of a set of possihle locations.' Ihis set of possible
.locations is less for vaiid'than for neUtral cues. "Thus, the discrininatipn.
task with the-valid cue is in some sense easier. The'itemsJin the cued
population‘are the only"items that the target string would be confused with
it the cne was valid. Once again a gpatial analogyLmight be used.to'
describe how the cuenonerates. The cue points to a vicinity (or

neighborhood) Addressing the exact location within the neighborhood can be

accomplished with an address sufficient to distinguish places in that

ERIC
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vicinity. "The above model does.not necessarily assume that the'facilitation.
effect is due to fewer features being extractedvfrom validly.primed targets.
It does assume, however,'that.the cue-word_directs how‘those'features that
are extracted should-be used to calculate the memory location.

: S s }

Whatever exact form a discrimination model sssumes,\it must somehow
include a mechanism by which cueing allows a mcre efficient use of the
stimulus information in the tdtget. There are three~specific ways 1in which
this efficiency couid'be gained. The_first is like' a sophisticated guessi
model and has been giuen ajmathematical'describtion in Morton (1969) « It'is
referred to as the,bogogen Model.:‘Without going into_the:mathematical.

detail, this model is a criterion bias model and suggests that the context

A-]

provided§by the cue.allows us to determine.what the target 1s with feuer__
sensory'features than we'wouid need without a cue. - o
The second way in which target processing efficiency might be increased .

is by assuming that some of ,the basic feature extraction processes can be .
by-passed when a semantic cue is provided.” According to this Verification
model feature extraction provides only enough information to suggest
possible word;lthat the target might be (Becker & Killion, 1977). It does
not provide sufficient information to determine what the target is exactly.
The featural information‘suggests a number of possibiiities in lexical

‘ memory. These possible words are like prototypical representations-for
words and‘each possibility is compared to the stimulus representationnin a

visual information store until a match'is found. -When a valid semantic cue

-1s provided, possibilities‘for the target are derived f rom the cue rather

- - B -
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“than rrom the target stimulus, thus-feature analjsis may be by-passed. : '\\\\
According to this model, feature analysis operates in parallel with testing
cue—derived possibilities. If there is no quick match between the cue’

_ derived possibilities and the low level representations, the possibilities

suggested by the extracted features are tested. - . e
Directed feature analysis is a third way by which the target stimulus_
could be processeg more’ efficiently. It assumes that the cue allows a more
efficient use of the information extracted from the—target stimulus itself. .
_The cue could be useful as soon as feature extraction begins if expectations “
were strong or after some primary features.have been extracted for weaker
expectations. :For“example; iflthe <ue was "FRUIT" and the first letter of.
the target was "A" we might look for "PPLE." This approach is similar to : *i
.Verification because those things that are looked for in the target stimulus
must be ‘derived from some sort of lexical memory. The‘main difference Lot
between;thesewmodels;is that while both models assume cue and target
information to be;independent, Verification considers them'to_contribute!_‘
independentlf towards~the,selection of possibilities. ~The directed analpsis
ffapproach_suggests they work interactively. According tosthe Verification
model, a cue will facilitate target processing only if the cue allows thish
by—passing of feature extraction. Consequently, target recognition is

either based on.cue information or target information but not both at the-

-

same time. According to the directed feature approach, the cue information

can make target information more useful in the selection of possibilities.

J . b
. :
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The .above three discrimination models can be divided into two types._

'_with‘respect to how they suggest valid cues increase processing efficiency

of the-target' (a) those models which assume a better use "of . the available

\'cues (1.e., Verification and directed feature analysis), and (b) those which

-

. assume we use less stimulus information altogether (i.e., Morton 8 Logogen
model)ﬂ, Théﬂpresent study will provide evidence to'distinguish which of

these'two assumptions is most useful. This will be‘accomplished by making

fthe discrimination between words and nonwords in a. lexical decision task.

" such thst\a subject is logically required to look at the entire string to 1
- make a\correct decision- Iﬁ<valid cues produce facilitation under these
: — :
conditions, then-Morton 2] model is not\completely\adequate, .since it
suggests that a u%lid cue allows recognition with less»stimulus information\;\\

- R e - ) . ' T—
than is required with no cue. nMorton's.model and criterion bias.models 4in

Y > -
H

general argue that cues. decrease the amount of target information that is
-processed before correct responding- ,The lexical decision task allows this

model to be tested. The target can have many of-the characteristics of the

A ' . -

_.expected Word and still not be. a word. By replacing a letter in the

\expected word so that the replacement letter has features similar to the

a

. 1etter it replaces, the subject is forced into a fairly complete processlng

of- the target, regardless of the cue. If under these circumstances priming

is. produced, criterion bias models are questionable. If criterion bias

models are correct, there should be at least/a severe reduction in priming.

- -
/

The study will also’ test the adequacy of the Verification as compared

-

to the direct feature-analysis models. Thé Verification model has trouble

*
-
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in'providing a good account of cost.- Jt predicts that the effects of an

—

‘invalid cue ate very similar to the effects of the neutral cue, since both

-

of then merely wait for the more discriminating features of the target

string to becone available. The model appears to have no easy way to -

" explain the increase -in ‘cost as a function of cue time. The model might

ERIC

hold that if a wrong cue based verification was in progres that the

Lt

featural based verification would have to wait. -However, that putsla’

° e

invalid-cue targets no more: than one verificaLiop behind the neutrally-cued

e

targets, while validly primed targets must be one or more verifications

Q a =

ahead. - This predicts that cost: should never surpass benefit. That is,*

valid cues can put target recognition way ahead of non-cued targets, but

-

invalid cues are not hypothesized to slow down normal non-cued feature

-

extraction. Neely (1977) reports that cost can be of larger magnitude than

benefit at the longer cue times. The directed analysis hypothesis merely

~

assumes that the separation of the three cueing conditions will be a -

. Y, .
function of the strength with which the subject uses a cue—directed encoding

-

strategy. ) » .

o

In summary, Experiment 1 was designed basically to determine whether.

v

8

¢




Lexical Decision‘

18

. S Experiment 1

‘Method for Cost /Benefit Task

Ty
v‘"

-General = E - _ ' o

Each subject was placed in one of five cue time conditions and

participated in two or three 50 min sessions. Session one consisted of:

BN

instructions and one stimulus set of 252 items, 52 practice, and' 200

experimental. Session two consisted of instructional review’ and two 252

[N

cue-target stimulus sets with as min rest period be’ween sets,'except in

the 700 msec cque time condition where subjects were run for three sessions,

Y

one atimnlus set per session. B I . i

)

Subjects initiated_each trial by_ﬁressing'a button which hrought‘some
cue to.the center of-a‘CRT screen. The cue remained.visihie for a time
period_specified by the group the‘snbject was in. Cue termination was\
coincidental with target string presentation.' That is,'cue duratiOn and SOA

nere confounded and the terms will be used interchangeably. The target

'_remained on the screen dntiltthe subject responded. Word;nonword responses

" .were made with the right and left index fingers that rested over response

“ -y

keys. Hand to response assignment was counterbalanced across subjects. The

* “word "CORRECT" or "INCORRECT" appeared on the screen following each

"ERIC

response, informing subjects of their response accuracy. Also, during the
practice trials only, the: decision 1atency in milliseconds was diSplayed

following correct responses.

The cue'word was either an instance from the categorj'suggested by the

target, a valid cue (V); an instance from some other nonrelated category, an-

&
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invali cue (I); or a neutral cue (Neut), the word "NEUTRAL " Since these |

cueing conditions could occur in conjunction with Word (W) and nonword (NW),

six cue-target conditions can be specified: V-W, I-W, Neut-W, V~NW, fENW,

Neut-NW. Half the targets were words ‘and half were nonworsds. Half the cues
were category instances (1.e., V oor I):and half were neutral (1.e.,

"NEUTRAI-I" ) o’

v

Letter strings for the experimental conditiOn were derived from 30

L}

different categories, thosen from the Battig and Montague (1969) norms. All

_category labels were single wovrds. The 30 categories were divided into

three sets of 10'categories each, creating stimulus sets I; 11, and II1I.

. Ten instanceu were chosen from each category. All instances were chosen to

ERIC -

\

be instancas reiatively typical of. their. category. Although typicality is

not known exactly it probably does not vary much across instances. Half of

>

\
the instances were used as cues in the W conditiOn and half were used as -

cues in the NW condition. Five nonwords were generated from each category

T 5 rl

label by changing one letter in the word such that the letter string

Eprodnced was a_pronounceable nonword and such that the featurys of the

substituted Jetter were usually close to the features or the original’
. . 1 . B ' AN

letter.  For example, the word "FRUIT" could be ﬁade to be the nomword

- - ]
.

"FROIT." This was done to conpel the subject to fully process each letter

-

string in order to make a correct response. The cue in the neutral
- * : . . . - - ; ]

condition wasfalways the word dNEUTRAL."

__.
> o
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"Half of the cues were instanceg.inQBOme category and half were the word
“NEUTRAL."'The word "NEUTRAL" was used here instead of the commonly used
plus signs or X“s to control the.tendency subjects disblayed in a pilot

study - to respond to the second 1inguistic event. Subjects reported, and the

o

data confirmed _that when X’s were used as the neutral cue they showed a

tendency to regard the target as a cue ‘and wait for a letter string to

follow the target. This tendency was nost prevalent when the cue time was
hsnort, and tended to artifactually increase the—RTs for the neutrai

condition. The cue was displayed in the}center'of_the screen and remained .

Veup

. " ' v v .

vigible for 700, 500, 400, 300, or 200 msecs, depending on which group the

subject was in.

s
.

L

'The ratio of'words to nonwords was one -to one for all cueing

.conditions. Cue and target were presented in the same central screen

-
i

location in order that subjects would fixate on that position for the

< ~

duration of*the cue. It was also felt that there would be little
integration or masking of the cue and target and that if there was any it

) would not be substantially different between critical cueing conditions.'"

.

e

When the cge word was a category instance, it .was followed by its l
category label. (V-W) or nonword generated ‘rom its category label (V—NW) 802
of the time and by a nonrelated: category label (I—w) or a nonword generated
vfrom a nonrelated category label (I-NW) 202 of the time. Subjects saw a

given category label 10 times, 4 times with-a valid instance cue, 5 tines

with the neutral'cue,and once with an invalid cue. They saw the-S different
. . L A ‘ A :

v

CERIC - 2
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lead to expect 80% valid ‘cues, while ‘not thinking any particular

" Lexical Decision

nonwords;generated from .the same category 1abel_on 10 different trials, &

with instance cues, 5 with neut;al cues, and one with an invaiid'cue.

- —

Withir cue time groups, stimulus sets 1 and II were counterbalanced with

resp ct to sessions- Except for subjects in the 700 msec conditiOn,

4

stimulus set ITI was presented as the second stimulus set in the second

sessiOn. Stimulus set III was presented last because aeecording to pilot
£

work it was the most difficult, and a fully counterbalanced design including

N "

(o8 .- o

this set would have_required more Subjects than were needed for .each -cue~

-time condition. For subjects in the 700 msec c0ndition, stimulus set was

.\ . o . -!- . i
fully counterbalanded.: .

N = s v \

- The 52 practice items that preceded each experimental stimulus set

exposed subjects to the four conditions V—W, v-nw, N-W; N-NW, for each of
the 10 categories used in experimental trials. Stimuli only for conditions

kA - .

I-W and T-NW werevﬁeveIOped.from categories not used in the expetimental

[

trials. ‘This practice'was designed to familiarize subjects with.all the -

potential categories from which targets were derived. Also, subjects were

“

experimental category was more likely to be preceded by an invalid cue. All

-

cues in the practice trials were.presented for the same period of time as

the experimental cuesa Ea~h™ subject received a different random ordering of

-

- -

cue-tatget pairs.

-

i1

)
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Subjects : '1 .

Subjects were 79 right—handed University of Illinois undergraduates,

'participating for. course credit. Approximately equal numbers of maies .and

females took part.- There’were 24 subjects in the 700 msec condition and 14

subjects in every. other cue time conditxon except the 200 msec condition

-

where there were»13-subjects.\

Procedure

* Instructions“included-a thorough description of the stimulus events,

required subject responses, ‘and .a characterization of ‘the stimulus. They.

. were told to focus their attention on the cue word ‘because it might help

them in their lexical decision on the target string, but that they were

never to make any button press to .the cue word.
' "a

Subjects were run on a eomputer system capable of handling multiple

.subjects siﬁultaneously. Each was seated in front of his own CRT ADDS

\

terminal with two thumbs” resting lightly on the space bar and their right

and left index fingers over the ot and "R" keys respectively.' The space

oo

bar was used to initiate a newﬂtrial, so,subjects could begin a new trialfat
their own discretion after readingitheir'feedback from the previous trial.

' There was a 500 msec blank screen.time prior.to the cue display and about a

750‘msec delay after the}subject*s response to-the target before feedback

was presented. Targéts were presented for 100,w200 300, 400 500, or 700

'msec,-depending on group. Thus, the-shortest possible intertrial time from

termination of target display to presentation of a new cue, would be about

one and a‘quarter seconds. Letter stringS‘presented on the screen subtended
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. approximately 1.5 degrees of .visual angle"horizontally and a third of a
Q v . ‘ : : ’
degree vertically.

-

" Results of Cost/Bénefit"Study-

General

2 * . iy

'fable 1 displays thé RTs and errors for_the yalid, neutral, and invalid
. 1 a - "‘ . - T :

Insert'Table 1 about here"

— . ’

‘cue conditions at each of the five cue'durations. A, global analysis of
. 2 ‘
- variance on latencies showed no main effect £or the between subjects factor

of cue duration, minF = 1. This factor in an error’ analysis was also not
- - ' &
_significant, minF’ = 1.76. The decision latencies fgr word, tg;gets were
i

significantly shorter than for nonWord targets, minF (1, 88) = 8 9, p < .01,

a common finding_in lexical decision_tasks. There were also feWer_errors on ,
words than nonwords minF'(1A35) =.4.16,_2 < .05, . ., L

NV

Cue type, one of the main factors of interest, did show a significant

2

'effect on latenqies, minF‘(Z 77) = 12 6,_2 < -Ul indicating an overall

effect in the’expected—direétion- That is, in general the latency anaiysis

showed that relative to the neutral cue, a valid cued decreased lexical

&

.,decisign latency, whereas an'invalid cue'ﬂnh;eased that latency. As can be

7 .
<  seen in Table 1, percent errors as a function of cue type showed the -Same

relative orderings as“the 1atencies in the words, but the differences were

nonsignifichqt. The.ordering for nonwords was less systematic anddalso

nonsignificant. The exact"nature and degree of effect that a giVen type of

v

B - < e ‘ L

o - Q _‘.. . o _ : . .
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cue had on target d®ision latencies depended upon lexicality of the target

. and duration of the cue. The interaction of cue type with lYexicality was

of an éffegt-on nqnwordé. -The/anélysis for interaction Qf cue type by cue
time showed significance, minF®(8,32) = 4.3, p < .0l. Although this -

function;was.compléx, it was generally characterized by a decrease in effect
of cue fype with decreasing cue duratibn} Table 2 shows the.qffectéwof the

/

e ®

Insert Tabiev2 about here

a - . - ———
R N

.
-

.
A i

valid ‘and invalid cue in terms of benefit and cost. Benefit is the

difference in latency or perceﬁt'erro: between the neutral and valid cue

\

éonditioné.fgcééf,is the differénce:bet;een the invalid and the neutral_che

“conditions. As can be seen in Table 2, cost &tarted relaEively high'and

| dropped .rapidly, particulariy for word targets as the cue duration decreased

to 400 mséc. Cost fhen reméins.constapt,uincregsiﬁg sligﬁfly a? ZOOtmseé,
for words. | |

'lFor each of ;he‘five gréups.defingd By cue_duration, an énalysié of
variance was peffofméd-td test for the'gignificance of cost and benéfft;

This was done_fdr both la;ency and percent error as théidependent‘measure.

.. Any main effects or interactions that are not'speCifically ﬁentioﬁed,were"
° not significant. The exact F-ratios for the cost and.benefi; effects are

nr

presented in Table 2.
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700 msec Cue Durationm - N ;. L
As can be seen in Table 1, average latencies ordered by cue type was as

expected: VALID < NEUTRAL < INVALID, minF’(2,86) = 14.8, p < .0l. For

‘nonwords{ the ordering was VALID = NEUTRAL < INVALID, but the difference -in

errors was nonsignificant.' Although-the ordering  of latencies "as'the same
N .
for words and nonwords the magnitude of the difference was less in nonwords.

ThlS interaction was significant in both the RT and error data, o

'minF (2,88) = 4.46, 2'< .05, minF’ (2, 44) = 7.65, ﬁ'< .01 respectively. The

relative differences in amount. of variance accounted for by type Oof cue can

be estimated by comparing F-ratios from separate analyses of words and

[

nonwords, since these two analyses are identical in form. For words_
minF”’ (2 71) = 30.6, p < .01, for nonwords minF (2,43) = 3. 3, P < .05. Im

the: error analysis of words there were no significant differences, type of

2

-cue just failed, minF’ (2,13) = 150. TFor the nonwordverror analysis, type of

-~

cue was significant ninF'(2,37) =“11.0,'_1;3'< .0l. In nonwords there were

actually fewer errors in the invalid condition compared to the valid and

neutral condition.which-were equal, ’ ' S ' ’

As can be seen in Table 2, the analyses’ for benefit and cost were
gignificant in,botn words and nonnords-; In general, for all grOuos, che
yarfance of - the benefit distribution is lowef than that of. the cost

distribution-and the variance of these difference distributions in words is_

less than in .nonwords. THe greater variance in the cost distributiom could

" be due to the smaller sample size.for.invalid cueing.
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"500 msec_Cue Duration L o

At a cue duration of 500 msec the ordering of cueing conditions by

Ay

latencies was the same as it was for the 700 msec cue duration. Word

-

.
3

targets were responded to faster than n0nwofd targets*;mth'(l,58) = 8.8,
p < .05.  Table: 2 shows"thgt cost and benefit were both found sigﬁificaﬁé.

Nothipg reached significance in the error“gnalysisyfdr words althouéhiihe

- invalid cue condition: as shown in Table 1 has an appérently higher error -

significant minF’ (1,40) =~3;7.

\;Ete'éhah the other types of cues. For nonwords, Table .l shows a-gféatér

percentage errors for the valid cue type; however, the differencg“is not

L,

Non-significant cue effects for. the nonword targets may be an

indication that a gréater amount of cue processing time. is required fdréthe

cue to be useful in nonwords. The fact that the magﬁitude of the cost

- effect was more than cut in half for words is noteworthy. . A simple t-test

foundfthié costffeduction significant £(35) = 2.5, p. < .OS.VAEﬁis sharpj'

decreaéé in cost occurs with little or no .decrease in benefit. Decreasing

cue- time to 400 msec reduces cost again.

400 msec Cue Duration

-There was an overall significant effect for lexicality, 1atén¢iés to

words weré-éhorter than.to nonwords, minF'(1,47y = 7.93, p < .05. However,

- the interaction of.type of cue and lexicality showed that cues were having

ERIC

I
S

their effect in words, minF’ (22, 80).= 3.7, p < .05. . As can be seen-in

a

Table'g,-thé direct test of benefit ﬁas significant; cost was not

significant.

3
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The-interesting aspect of th{e cue duration 1s that not oniy have'all
' 31gn1E1cant que effects except benefit in words dropped out, but the level
of effect for benefit has not dlminished with the drop 4n cue time from 500
msec to 400 msec: The magnitude_of the Efratios for word benefit ;h the 400
''msec and—SOO msee”ébnditions can- be ditectly compared to see the constant

percent of variance accounted for by valid cueing. This cqmparison is

possible since the two analyses are identical with the séme number of

'subjeets and items. It ougHt to be noted, however, that eleven out of

fourteen subjects showed some cost effects. -

300 msec ‘and 200 msec Cue Dutatiens
At 300 msec of cue time, there were no significant_effects in ,

-~

flatencies{ The only significant effect in the error analysis was type of
cue for nonwords, minF (2,36) - 10.59, p < .05. The.trscore fqr the
difference betweeh 1nvalid and neutrel cue conditiohs is £(13) ='i.8§; for
qubjects and £(29) = 1.38 for items. This e%fectjdbee not reach
'3:efgnfticence at conﬁeﬁtiohel alhha levels. 'However, even theugh‘cost does:
pot feech sighificahee at 300 msec, ;teumagnitude ebsetved'in cenjenctign
with what .occurs at 200 meec may suégest{that some.eost‘is preeeht at these
shortet cue times. Inltaet, if the cest cqhd{tion in words for'4b0, 300,
,ah3.200~hsee conditidns'ere combined for statietical'analysis, the reeult:is
~significant coSt,‘ggng(l,GA) ='6.96, p < .05. o
* At a cue duration of 200 msec, type.of‘eue_was signifieant,

‘minF’(2,64) = 4.67, p < .05. Table 2 shows that for words the leﬁeliof cost

. J
v

: . - . “A . -
was significant at this SOA, but that benefit was not. Neither cost-nor -

) .
- : e
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benefit was significantlin nonwords, but there appears to be a general

inhibition which occurs for both valid as well as ‘iavalid-cues+ -Nothing was __
significant"in the error analysis’for words;_ In the nonword latency
L I )

analysis, type of cue was significant, minF (2 48)-= 3. 40, B.< .05. Type of

cue was also significant in the nonword error analysis, minF (l 39) = 6.34,

.b < .05. - If cost and benefit are: considered together as an estimate of some

cost factor, conventional levels of significance can be reached

minF (1,67) = 6-77} P <'-0'_l-.'

Accost for invalidly cued words is»hinted at in the 300 msec cohdition

«

,and statistically significant in the. 200 msec conditiona -Unlike the cost at

g considered together with subject reports of the relative difficulty of the

'anilysis of the effect~of a duration on decision latency is nonsignificant

'non—neutral cues may indicate that processing of the cue is incomplete when

longer cue durationms this cost has little cost in errors associated with it.

v

:Alsp, both invalid-and valid cues-appear to produce some Cost,in nonwords' in

P - L . . N [N . :

the 200 msec condition. . It is apparentythat the overall-response latencies
i o oo : ° ! : © . N ‘__ R - 1“ &
in the 200 msec and 300 mséc conditions are somewhat Tonger.than those at .

~

longer cue durations. A léok at Table 1 shows the overall increase.in

LY - ) n . - , L
reSponsevlatencies present at 200 and 300 msec. However, the global S
ST o , .
(’ as .
so no legitimate post—hoc analyses were applied. This sudden increase when
* _

_the target string arrives: ‘This might suggest'that gpmerof'the cost at the

~ ERIC

shorter cue durations is due to the neutral cueing conditiOn.Suffering less

from its close'temporal'contiguity with the target string. : Lo
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Discuasion

\ ’

: : L, .
The fact that priming exists at all in this study appears to indieate

-

T . -

accounting for these context affects. In order for subjects to make a*

correct response, they had to process éach letter in the‘target string,

regardless.of the'cueing condition._ Also, the position within tne nonword

. where the incorrect letter occurred was varied 80 subjects would not learn '

to check one location for the error.- Thus, even if the cue was valid it

doeg not allow an- accurate reSponse without complete processing.

!Consequently, any significant benefit produced by. a valid cue when the

”target ‘was.a word is evidence against models that claim that‘the only effect

~— -

of context is to allow cdrrect target decisions with less information. The Lo

(—»

case might be brought against this analysis by suggesting that subjects

'process fewer features of each letter in the word when that word is validly

.0 1

primed. However, in many caseSuthe 1etter that was substituted in the word

-
-

) to genetate the nonword target had similar features. "For example, from the

wordl"ANIMAL" the nonword "AMIMAL"'was derived. Thus, a strict criterion

: bias model without additional assumptions, seems unable to explain the

ERIC

effects present in this study even at the featural level. :

Even a wholistic pattern recognition’model_would have trouble'using

such criterion. bias modéls“to explain4the results. " The,way in which

nonwords were generated would make the validly cued nonword look like the

i, -

expected word. Such a~similarity in pattern would force-longer target

A ' . . . . - -

stimulus processing. This would at least reduce the degree.of the
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'facilitatign effect. However, if the:results.found-inzthis study'are

compared to those of"a similar experiment,where,the nonwords were-nob

a generatea to force such detailed processing,_there is’ little difference. In

f—— o - >
N -

both Neely s study and the present One, ‘the difference in response latency

<

between ’ the valid and invalid cueing cOndition was about 90 msec at 700 msec

SOA .

The results from the 700 msec condition demOnstrate that facilitation’

occurs even whien the target string is a nonword, s0 1ong as the nonword has

A3

a high degree of likeness te the word suggested by, ‘the cue word. _Thus, both

"YES" and "NO" lexical responses can be facilitated." Furthermore, this

o

occurs with the accuracy in the valid'cue conditiOn‘approximately equal-ti

the’ accuracy in the neutral condition, suggesting that the benefit in
/"

'\Z

decision time ‘cannot simply be attTibuted to a lower criterion for validly
l 3
primed targets. This result indicates’ that some benefit gained with a valid

. cue: must be due to an.increased processing efficiency at some level before'
_ the response system. However, this.does not mean that a valid prime has no

effect on ‘the response system. It may well be the case that when a target is

1

validly primed, a subject determines early in processing ‘that the

5
orthographic structure of the target is c0ngruent‘to a great extent with the .

-expectationslgenerated by the cue. This may 1ead to an- initial priming of a -
positive response which after further processing is executed when ' the target
is a word and inhibited when the target is a nonword. 'This would suggest

greater benefit for words than nonwords. The difference in amount of benefit

for words and nonwords is in the expected direction, “the t—tests for

[

o e 74
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subjects and items produced t—values of about 1. 76 but this fails to reach

e . ‘

conventional levels of statistical §ignificance. However, it is the case in

N general, across the other cue duration conditions that benefit is more

~gome - incréase in processin

: bias-' Whether or  not resPonse\bias also Operates in facilitation is not

- tied to the;responsejsystem}< There is q?latency cost for invalidly cued

[

'clear. o R S

. predominant.in words than-nonwordsi_ As a summary, the results do indicate

e e e

-

)
o ~ /
. . ; :

Costfin the 760 ‘msec condition giyes/a-stronger appearance-of being .

words, but the increased latencynfor nonwords, while significant, is much

‘less’ so than for woxds.,-The fact that the degree_of cost is_linked to the

« i,

type of response being madeﬂseems to implicate the response system.' The
cost in terms of errors is . not significant in words. In nonwords, there iwuaw

signifiCant benefit in the invalid condition with respect to errors. ThiS“

-

decrease in errors for invalidly primed nonwcrds might indicate that there.
is a general response bias of "NO" when the graphical structure of the .

target is other than what was expected by the cue. Consequently, when -‘the

invalidly cued target turns Out to be a word, not only might there be a

-

decrease in efficiency to.process the structure that exists, but the

”vnegative respoense must be inhibiteg and the'positivefor "YES" response made.

. \} N . . . . . ~ - ] : é,.«.._r.
ERIC B | . s

If the target is alnonword such response'type Switching is~unnecessary.
The results of the present study, particularly for word targets, are inﬂ
many ways similar to Neely s (1977) results. In fact, Neely s study, in

A

general. and the present study from the 700 to -the 400 msec SOA ‘condition

A

“t
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are‘consistent,with the Posner-Snyder (1975a,'1975b) explanation of cost and

benefit.: In the present study, benefit in word targets is- fairly constant

™ 3

. and significant at 700, 500 and 400 msec of cue time. ,Cost, however, shows

a rapid decrease'as cue time is shortened and is significant in the 700hand :

500 msec conditions, but ism

not. gignificant at 400 meec of cue time.

‘Neely’s pattern of results was quite similar. 'The SOA at which benefit

without c0st was found however, was shorter (i.e., 250 msec)}. The results
. s

of the two studies up to this point are similar. However, two findings in

~

. the present study are counter to Neely s findings.- (a) In word processing,

o

cost’ occurs without benefit at the cue times below 400 msec, particularly at’

.200 msec. (b) In nonword processing, cost is evident for some cueing

conditions. . -k o _ I ' \

‘The appearance~of cost:without benefit at short cue-durations, and to SN

function of the present experiment ‘8 design.: Both of the counter results

some extent, the cost found in ‘nonword target processing, appear to be a .- ./-
L
)

indicate:a.tendency toward' a greater'cost.in processing. ln terms of the

"fosner—Snyder framework this wguld suggest that target processing is to a

“ERIC

s N\ .
great degree, controlled by a limited-capacity attentional component. This

might be the resultﬂof at least four characteristics of the present study:

. . . . , . .. ) )
(a) A relatively small number of‘possib e targets are repeated frequently.'

Such repetition and learning .of the targets might increase the subjects use

of an-attentional mechanism (Neely, 1976) . fb)

N

Category instances were
used to prime category labels. This allows the targets to be almost

completely predicted from the valid cue.. Increasing the target
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-predictability in such a manner might be 1H£é increasing the cue's-validity,

_‘(c) The more srandard type of cue validitA that is, the percentage of -
valid"to invalid cues was 802. Neely '8 (1%77) study had a cue validity of

677., (d5 Nonwords were constructed‘so that cue_validity could be

manipulated in nonword processing. Th*c inercasedath

~
= - .a.n.\-l.\-un.’\_ aAve

of theatask. " Even if the cue.was a valid,cue'and_thus'provided some
information about the target the response requirement ‘was not necessarily‘

to respOnd "YES" as in Neely s (197ZL‘study.' 1f it is the case that a cue’s

"/

' validity can be successfully tested prior to complete target processing, ‘the
present study does notlallow correct responding based -on: that early test.’
., The importance of the above fourth characteristic of the present study
increases when it is: examined in the light of the concept of at*ention :
. pr0posed by Posmner and Snyder (1975a). Their c0ncept of attention suggests

that attention might have an important‘inhibitory»function. ,One function of

¢

. ,attention might be to inhibit irrelevant responding. In the present study,

where the orthographic d1fference between words and nonwords is: slight and

A

~where responding can not " simply be linked to initial tests of cue validity,

-

"attention could be necessary to inh1bit premature reSponses..‘When the
respOnse is tied to an eXpected stimulus and a nonexpected stimulus occurs a
"shifting of attention is”necessa}y.

.:‘lhe failure to find benefit in the absence of cost is notrnecessarily.
~evidence against autbmatic facilitation.— Automatic facilitation effects‘

‘might "have been overshadowed. by the strong attentional task requirements

"noted above. Given'the.ppssibility of this overshadowing, it is likely that

ERIC. ~ . ¢
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the way in which the cost/benefit methodology was applied in the present
study did not allow a sensitive measure of automatic facilitation. The

] .
basic thrust of'the cost/benefit approach ‘as designed by Posner and Snyder

. was’ that whatever exact experimental technique is used the technical goal is

. to

[»)
n
]

e

3

J

o

“r

{d

T

(o2

Manipulating cue duration might not be an adequate way to achieve that goal

in the present-study., It is also possible that ‘some tasks (i.e., lexical

.-

'idecision),because of a complex relationship between stimulus and response,'

/’.Z

yor for ‘whatever reason, require a significant amount of attention. And on
-‘that account the attention level cannot be adequately manipulated.
"Some aspects of word processing do.appear to be automatic and without

inhibition. According to Posner and Snyder (1975&) the Stroop phenomenon is

an example of automatic, inhibitionless word recogniti However, the

-~

-~

question of whether or not semantic priming has an automatic component is an

S£

independent question. Automaticity, of some'nature, ‘appears to be a
:characteristic of the'facilitation. Fischler and Goodman (1978) find
»significant priming with only a 40 msec cue duration. At least two studies
have found priming effects when the cue- word could not be reported (Fischler I
& Goodman, 1978; Wickens, 1972) Marcel (in press) finds priming occurring

when subjects are at ‘chance level on detecting the presence of - the cue..

f]

While these two findings point to automaticity in one sense of- the word, . *

they do -not provide support for inhibitionless facilitation. This is

because~neither study uses a cost[benefit approach, so the facilitation
cannot be separated from the inhibition.' .i
' e Q . . . ) :' ' QQ ,» ] o ) , .
ERIC ‘ = . . |
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'Neely’s (1977) study-is the only cost/benefit analysis of primed

v

.this account, it is important to know if that study really does find

S

: significant benefit without cost. . The RT data from Neely ‘s study supports_

ceetlege {inhibi 1onle's).fa =il itdclon- However, as pointed out earlier,
’ [

none of the cueing conditions in his study show facilitation without some

’

cost in errors. If subjects traded—off accuracy for! Speed in Neely s study,

. his data does not support inhibitionless facilitation..

The following study is an attempt to determine if subjects can trade- -

. off speed for accuracy, and if so, what the empirical relationship is

beLween the two measures. Trade—of £ functions for RT and speed/accuracy

-

studies are not necessarily the‘same.‘ There is. the possibility of a

fundamental di'ference between these two types of studies. Howevér,'the

_speed/accuracy experimentwstill'represents-a kind of estimate of the trade-

off function'infthe RT study. The speed/accuracy study will also provide

data concerning the utilization of the cue . information. For example, it. can

’

‘possibly provide clues as to what point in time cue information is

integrated or active in target processing.

3 : ¥
Experiment 2 will also provide a direct look at the degree to which _

response—bias is active in the priming effect. Explanations ba'sed on RT

‘data alone easily neglect the.contribution of response—bias.l Such

T response-biases become more obvious when-performance variability is forced

o

r -

out‘of RT and ‘into accuracy. In doing this ‘the nature of the task changes

-to some extent., such that speed/accuracy tasks cannot be taken as proof of

" ERIC
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what is occurring in an RT task.. -However, the information gained in

/‘e'

.speed/accuracy tasks can provide valuable insights into what might be

T

occurring. S R,

—o

Experiment 2 ‘_ ' o J

Method for Speed/Accuracy Task

> 5

" General . - v e ' : S L

“included 52-warm—up trials followed,by 200 experimentalltrials.

Each-subject participated in ten sessions. Session one consisted of 40

response-timing practice trials dnd a block of decision practice trials.': D

e
-

Sessions two through ten each consisted of two blocks of experimental
decision ‘trials with a 5 min rest between blocks.;_A block of trials
) . : -

' The basic trial procedure was as in Experiment 1 except the cue word.

was always displayed for 800 msec._ The target string was displayed for 100

‘ .
200, 300, 450, or 600 msec. ‘These target times were mixed randomly -across
trials. The termination of the target was coincidental with a, tore’

presented through earphones.f Lexical decision rasponses had to be made"i-

f within 250 msec after target display termination and the initiation of a

'clearly audible 100Hz response signal tone., If'thcir signalled respons;/

latency was longer than 250 msec, the message '"TOO LONG!!!"™ blinked o L.

» - -

repeatedly on the screen and a, tone was presented several times through the

i A, T . N . e . R
earphones. Likewise, i1f the subject made a response prior to the.response . ey

EEEN

signal he got: the same series offtonés'with.the flasHing visual information

- "'You JUMPED THE.GUN!!!".‘After each response’the subject made, except gun

ERIC

.

jpmps,»signalled response latency was'diSplayed on the screen in '

ey
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milliseconds. At the end of each set of warm—up trials and after ever 25

9 ©

experimental trials subjects were shown their number of gun Jjumps and their ~
average signalled response latency. Also, in the experimental trials,

subjects were presented informatiOn stating the percentage of trials they

had completed.

-

The cue word, as in the first series of experiments was either: an
instance from the-category suggested by the target, a‘yalid cue;-anﬁinstance

from some other n.nrelated category, an 1nvalid'cue' or a neutral cue, the
\]

word "NEUTRAL." All these cueing conditions occurred in conjunction with

[

. word and nonwo'd targets. Cue validity was 80% as in_Experiment/l.

-
- X -
-

Materials T
-~ - \-

Letter-strings for: the experimental sessions were. generated from the
same 30 categories used in Experiment l. In addition to the. three groupings
«of 10 categories each. formed for the cost/benefit’ study, two other such
dfset groupings were formed-randomly from the same pool‘of 30 categories.
For each set in each grsetngrouping, a replicatiOn of that set Qas produced
by rearranging uhich instances cued nonwords. For example, two'or.three'of.
the. instances used to cue a particular category word in replication one of a

"set were' used to cue nonwords 'in replicatiOn two. Likewise, some nonword_
,cues in the first replication were word cues in the second replication.
Also, which cue word was used as an' invalid cue was‘usuallyadifferent'for
the.two replications- In general, this re-ordering of cues in the;secOnd

replication was done to keep subjects from,being.able to predict anything

about the target string due to their expérience with a particular_ cue word.

ERIC o oW -
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Consequently, even for between set groupings a cue was as- 1ike1y to ‘precede -

a word as a nonword.

All the nonwords used in the cost/benefit study(were also used in this

3

speed/accuracy etudy. Set replications utilized the same nonwords, (i.e.,

five differeot nonwords for each category in the set). However, each

———

. different grouping had a different set of nomwords. Thua, 300 new nonwords,

10 derived from each category target, were added to the 150 uaed in the

previous etudy. The same 300 category instances, ten from each of the 30
categories used in the coSt/beﬁéfit'study were also used in the’

-~

epeed/aocuracy study. A give;’inatenoe over . the experiment cued ooowords=?
about as often as 1t-9ued wprdE- Each instance was also about as oqoally
likﬂly to|be used as the invalid cue.i

For the first aeesion,-which was entirely practice,.items were
genereted;from a set of ten categories distinct from tﬁose osed in the

experimental saessions. The practioe session was exectly like an

)

'erperimental session in all reepects except for thie'difference in word

materials.

'The.netore and . reletive frequeancy of‘eaoh or the three cueing
eonditione. neutrel, velid, .and invalid, were. the same as epecified for the
cost/benefit teek. In the epeed/eccurecy experiment. however. the cue
preeentetion time was not. veried. it wvas always 800 maec. This time was ,
chosen because it wae coneidered to provide adequate time for cost and

benefit to develop as well as give adequate ‘time for the subject to prepere_‘

to meet the reeponee requiremente of the task.

we 1
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The five target" display times occurred equally often for each category
target and for each cueing condition. For a particular category, within a
A‘set ofymaterials, each of the five target display times wasused for one=of
the five non-neutral word target.displays and one of the five non-neutral
nonword target disnlays. The same sort of distribution was true for the
neutrally cued presentatiOn of those same targets. Thus, each particular
category word-target set- and each oarticular category nonword -target set
"included two replications ofleach of the five display times, one under word

)

cueing conditions and one under neutral cueing conditions.

T In one set of materials each of the five target display ‘times occurred
20,times, 16 times in the nonword target condition. They_occurred 16 times
in the valid cueing condition; 8 times for words, 8 times-for nonwords. They
occurred 4 times for inyalid cues, twice in words‘and twice 'in nonwords.
‘Also, each category target occurred twice in_conjunction mith an inyalid
_Cue, onceiin words and once in nonwords. This.number of,replications of the
invalid cue condition;.thus, renresents an overall ZDZ'invalid_or SQZ'valid.
cue‘distribution, as it was in the previous study. -

. The three major stimulus groupings were defined by what . ten categories

were grouped together for each set 1in the grouping.' If the letters A, B,
and C stand for the three groupings and a prime indicates-the.replication of °
that grouping, the folloWingAgroup“sequences were used for two subjects
each: AA'BB;CC‘; BBTCCoAAo; CC*AA’BB’ . Since each primed and unprimed letter

represents 3 sets and two sets of stimuli were present each experimental, .

session, there were nine sessions. All other aspects of the design such as

.

%))
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the warm-up sets that preceded each set of experimental trials was identical

L]

to the design specified in the previous experiment.

Subjects .

Subjects were five female and  one male, University of Illinois

undergraduates. They were paid $2.25 per session and’ all participated for

10 sessions. . : _ .4 —

]

N

Procedure

Instructions to the subjects'were similar to those for the cost/benefit

~

study. However,. subjects were given speed/accuracy instructions in line o

-with the response signal methodology being used. They ‘were told to make the

|

best response they could based on the information they had at the time they
received the response signal. They were further told that if they did not

have adenuate information to make a judicious response, to guess, or at

" least ‘to make some response‘within the 250 msec time allowed.

[

RS

ERIC

Ix)
" H

The same computer system 4escribed ih the preyious study‘was used in
the,present task. The 500 msec blank‘screen prior to cue display and the

750 msec delay between the subject’s response and feedback was identical to

the previdﬁs experiment. An experimental session lasted about 45 min.

Y
-
)

Regsults of Speed/Accuracy

Figure 1 shows‘the latency of-response following the response signal

(l.e., signalled response latency) as a function of target display time’

separately for each type ‘of cueing condition. Latencies to word and noanrd

N ' R
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. Insert Figure 1 about here

.
targets were combined since an analysis of variance found no significant
" effect on signalled response 1atency for lexicality. As can be seen in'the
figure the differences in signalled response latency for different types of
cues 1is negligible.- The main aspect of the figure is the inverse
relationship between signalled response latency and display time.' This
finding is consistent with other speed/accuracy studies that use this same
reSponse-signal methodology‘(Dosher, 19763 Reed 1973, 197§;_Wicke1gren,;
1977). To take into accOunt the slight_variation in signalled response
.'latency.between.type_of coe conditions and target display time, accuracy
measures are_plotted against total latency. This includes target display
,qtime plus average signalled response latency for the condition being plotted
d(see Reed, 1?73).
_Figores 2,and 3'show percent'correct as o function of total.response

»

3

Insert Figures 2 and 3 about here

latency for each cue type for words and“nonwords’respectively- The data

points in these figures are averages across all six subjects; individual
. . . IR R . - . s
subjects all producéd similar results. L ' ety T

'~

The mean percent correct in words for valid, neutral, and invalid cue:

~.

" conditions are:" 79.0%, 76.3%, and 71.9%; for nonwords they are: 76.5%,

_ERIC
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77.5%, and 79.1%. The main effect for target display time was highly

1

--significant, minF (4 50) 5‘96.14,”2 < .01. Type'of cue was also significant

minF’ (2 10) = 4.4, E.< .05, as was the interaction of cue type with .

- . -

.lexicality minF (2, 39) = 4 99, p <= 05. Using the pooled error term, a

difference of 3.8% or greater is necessary for a significant difference in ‘
pairwise comparisons. Accordingly, no significant-differences occur’ in the
nonwords;A In the words, there is a significant difference between valid and

invalid cues‘and between neutral and invalid cueing conditions. Comparing :

. this percent correctﬁmeasure to the RT measure used in the first experiment

'

there are some similarities as well as differences., In terms of performance

fon.word targets, the‘effect of cue type on performance is the same for both

experiments. Valid cues produced the best performance, neutral the next

lbest and finally invalid cues. As shown in Figure 2, this relative ordering

seems to fit across the entire range of response latencies. For nonwords’

* the percent correct measure derived from the speed/accuracy eXperiment shows

that the. best performance is in the invalid priming condition, the worst
performance is in the«galid conditi. a. While this ordering is not unlike

the'accuracy mdasures colleCted‘in the cost/benefit study, it is not-

. consistent with the overall shorter latencies found in the valid nonword

condition of Experiment l. ' Figure 3 shows that the relationship_betneen cue’

types is less clear for nonwords than it was for words. Finally,‘the

overall performance in- terms of latencies for the first study showed shorter

latencies for words whereas this speed/accuracy study found" the percent

- correect a bit_higher in nonwords, although not'significantly SO.

ERIC
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Figures 2 and 3 also provide evidence about” the time course of.target- :
‘information extraction. TAt abdut 300 msec of total target time, responding
is. still at chance level. Percent correct‘across-wordsvand nonwords‘is not
significantly different from chance. There”is a tendency toward"a'"NO"'
response. Some subjects cJaimed to have usually respOnded 'NO"”when a |
judicious response could not be made; some subjects reSponded more randomly.
More than 300 msec .of total target time is necessary before enough target "

information has accumulated for above chance responding.

Figure 4 shows d as a function of total reSponse latency. For the

—— s ——— o S0 ot —— —

3 . -

Insert Figure 4 about here

!t ——— s i S S ——

purpose of calculating d° in this study nonwords were assumed to represent
the noiseVdistribution placed'on a decision axis representing a continuum of
‘ wordness. Subjects were assumed to be making judgements of how much like a

word the target string was. The mean d’ scores across all latencies for all =
subjects were 1.92, 1. 85 and 1.67, for valid: neutral, and.invalid cue

. types. This patteenr of results'is generally truelacross'subjects.'_A target
displayltime by cue type analysis of variance yielded a nonsignificant-main
'effect*for Cue type, F < 1. The main effect‘for target display time was
significant ‘3(4,20) = 150.71, p < 01. Also, significant was the interaction
of the two variables F(8,40) = 2. 83,_2 < .02. In individual c0ntrast

ratios, cue type was found significant at target display times- of 300 and

600 msec,“§(2,10) = 4.3, p < .05, and_E(Z.lO) =.7'343 2.? .02, respectively.

ERIC R o -
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It can be observed in Figure 4 that the only notable difference at the ahove
target display times is between the invalid cue condition and the other two

conditions. The reduction of the cue type effect that occurs when the

entire decision axis is considered, strongly suggests that response bias is
'an active component in the/yekical‘decisiOn process. The analysis of ‘beta

M

seems to support this suggestion. The main effect for' type of cue just
N .
'failed significance F(4 20) = 2, 5. The interaction, of cue type and ‘target
time, however, was significant F(8,40) ?“2-73, p-< .02. 1In individual |
contrasts,’only the 400 msec target display condition,showed a_significant.
cue effect E(Z,lb) =‘9.6, p < .0l. The difference again is due to a higher
beta score for invalid cueing; whereas the valid and neutral condition are
abou't the same. <This;beta analysis demonstratestthat there is aagreater
ftendency to say "NO" in the invalid as compared to the valid and neutral
cueing conditions. The response’ bias involved here must be distinguished
frem criterion bias. Response-bias‘is a propensity to execute39ne‘response
'rather than another, The execution may or may not be 'based onicomplete
_stimulus:information; The term criterion bias as used here is a prOpensity-
to decide something is the case independent of the task-response

requirements. ‘The present speed/accuracy study suggests thatzat least. part

of the valid cue’s facilitation effect is due to a bias to respond "YES"

when the cue is valid, regardless of lenicality. Also; part of the )

inhihition in the invalid cusing condition~is;due to a tendenc?.to say:“dé"
when the cue is.not valid. The probability of being correct ié_greater in
the-valid cueing condition than the invalid ching condition for words,jthe

, reverse is true for nonwords. : 48 oo - .
\ .

ERIC - e

s

ard”



o :
‘Lexical Decision
B _45

a -

The'responsefbias present in the lexical decision task cannot be a

- simple kind of response=bias. If valid cues create. a response tendency to

say "YES" this bias can only have been geneérated after some processing of . .
the. target. That is, the supject must have some information about the cue’s

”;ﬁvalidity before he know5»for sure:whether or not the target*isﬁa word.rAlso,f

Iy
B

the response bias that appears to be’ present in the speed/accuracy study

cannot account “for a11 of the RT study s results,'since valid cues-did prime

IS

nonwords (i.e., "NO" responses). A o E

Many of the lexicalzdecision studies currently in the'iiterature.fail
to take into account the whole decision -axis when formulating models of the .

Y

decision process. An accurate representation of how decisions are being
'.1made,for word targets;can onlv he hoped for if‘the nonword decisiOns are
.taken into account. Thejpresent speed/accuracy studv demonstrates the
advantage attached to using speed/accuracy 3tudies in conjunction with RT=-
derived facilitation .and inhibition scores to infer the nature of ‘the

lexical-decision process. The speed/accuracy data'suggestfthat facilitation

and inhibition might be partially a “function of response-bias based on.

o

partial information. The partial information is gained only in cases where

b

there is a cue, since the information is based on the degree to which cue
derived expectations match early target information. This would lead one to

say that .the cue might have no effect on lexical access, but allows one to

" ~ . ~

_make ' preliminary decisions about lexicality. Then. the degree of-cosg or

beherit produced may- represent the degree to which this preliminary decision
; : 7
! ) Lo
was -allowed to influence the response system. :
: . X .
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The degree to which response-bias contributes to priming effects is

%

difficult to determine ffodef studies. The speed[acburagy'daga in the
-present stddy Sugge;té that what hgvé beehlcalled.atténtional effects may be
. due to a response-bias. Tbis is not .to say that-because_reépoﬂée;bias:is'
involved that‘thé'conqepgrof-aptention hasfho_place.;quité‘to t@é cpntréry,[
attention'is?néeded to tie the résponée'system iptp thé'preiimiﬁary_decisio;

and at the same time 1nhibit~response-éxecution until complete stimulus .= -
information is obtained. ;

<

Because .speed can be traded for accuracy, caution mist be exercised in

]

the 1négfpre£gtion of RT studies when errors are inyersely related to RT.
For ex;mple, at 250 msec SdA;.in the ﬁatural pfimiﬂg c0nditign, Veely (1977)
- reported 33.msec.of benefit for valid cues and no éost for inval;d cues.
HoWever, as mentioned earlier, thefe Q&B'still a\4.3% coét ini?grms:df ,?}
errors on valid cues at 250 msec. It would be infdrmati?e to know what.thét
4.3% cost is in_term§ of latency.. How much w;uld subjecté in.Neely’s'study

have had to slow down in the invalid cue conditiqn‘sd that they would make

T

the same number of errors in that condition as in the neutral condition? It

must be noted tﬁat the present Speed/accuragy study is a very different .kind

of study than Neely’s (1977) RT study. On this account, any estimates of
o ' SN o :
latency costs ffomwaccdracy costs occuring in an RT\ptudy are only

suggestive of what might have been the case. The trédé—off function for

¥

Neely‘ s dadta could be different. Speed/accﬁracy data éhould_not be a

N
correction procedure for RT experiments (Pachella,'1974)>\;The-

Speéd/accpracy study here, however, does seem to correSpond'to?the RT study

o
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reported in Experiment l. For example, for validly cued word targets in ‘the

.700 msec condition, the average RT was- 687 msec and the average per cent

’error was 2%. In Figure 2 a line drawn from the ordinate at 98% correct

-y -

_ comes close to . intersecting a perpendicular drawn from the abscissa at - 685

'msec.- If we assume the speed/accuracy function in Neely s experiment to be

'approximated by Figure 2, "an estimate of what a 4.3% cost in errors means in

ERIC

RT can be calculated. ,Neely s overall error rate for the study was 2. 4%

In Figure:4 two lines, perpendicular to the ordinate, one at 95% and one 42
v

lower are extended to the valid cue’s trade—off curve. Reflecting ‘the

points of intersection onto the abscissa shows a difference in RTs of 65

N

msec. Even though it is not known how well this estimates the trade~-off

v

~functionwin Neely's study, it is known that the asymptotic performance for

the valid cuelconditiOn_is.about the same for both studiesa .Asymptotic
performance in Neely's study was 94.8% and in the present study 94.4%.
Also, the estimatior here 1is kept conservative because the valid rather than
the neutral or inyalid curves are used. The neutral and and invalid curves
asymptote more quibkly and would thus give larger trade-offs. The point,to
be made here is not that the speed/accuracy experiment.can accurately

- . v

correct RT data. .The .point is that a small cost in terms of errorS'

'occurring when performance is close to asymptotic can very possibly

represent a éignificant latency effect.

| | . . 4
. - M ' ¢ e
! e . : . - . . .
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General Discussion' _///,//’//ir:/i/i~ .

N

| In summary,. the two experiments reported here have found ‘the following.
(a) substantial priming effects in an experiment that forced complete

stimulus processing, (b) a benefit and a cost in nonword processing for

valid and invalid cyes; (c) cost in invalidly cued ﬁord processing at 200
msecé (d) cost in nonword processing at 200 msec for both valid”and invalid

cueing conditions, (e) subjects were able to trade—off speed and accuracy in -

-

. a lexical decision task; (f) acquisition of sufficient target information
)} !

-for above chance responding required more than 300 msec of target

b

processing; (g) both a’ and.beta were found significant at certain'target

durations in.the_speed/accuracy experiment. - " )

~

The general assumption of verificationy originally set forth bleecker

.__/\_

J(1976) will be. restated here and—used to help integrate the above findings.

The recognition of a word occurs over time. When a letter string is

presented, preliminary feature analysis generates robes for searching-

Al

lexical memory- Such probes select a lexical ent 'which_on_some
Determination of

'probabilistic basis is the correct lexical memor /

correctness occurs on verification by comparinj/lexical~memory information
. with the lower level representations of the prlsented lettfr string.
The focus on the above assumption that rdhognition'occurs'over time is

motivated hy three factors: {(a) ‘ﬁecker and %4llion (19?7) found“a
verification process helpéul in understanding\the results that show an

f'increase-in.priming.effects'when encodability of{the letter-string is

decreasedlhy partial masking or contrast reduction (Meyer, Schvaneveldt &

v @*
| A

l|
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Ruddy, 19743 Becker & Killionﬁ 1977). (b) The present study finds
substantial priming when accurate lexical discriminations can on1y be made

after detailed analysis. Such fine discriminations_suchfas spelling would. -

-

seem tofréduire a.memory driven stimulus analysis. Here, "memory driven' -
means an analysis that is based on. information from lexical memory. (c}
Stable coding of a . given word probably requires feedback from, memory. o

_ According to the’ discrimination approach stated earlier, a word must have a

coding that allows it to be discriminated from 1etter strings with which it~

might be’ confused. Even under this constraint there are many ways to code
a presented letter string. The preliminary coding.that is not -driven by
" lexical memory most likely has some stabilizing aSpects connected with it

: such as are produced by characteristics of the visual system. “Further

-

o reductions in variability are likely to come from some lexical memory.that

is suggested by preliminary coding-. The.verifdcation assumption suggests

that\we have recognized an item only if a lexical memory for that item can

make valid predictions about the to-be-recognized word. . I
{ -

Up to this point the question of what kind of information is stored in

lexical memory has been neglected.. It is assumed that'among.other
QO
y.information.about our experience with mords, lexical memory has habitually
~applied coding or'processinglroutines. These routines might be considered
instructions'on how to-code the orthography in the.letté% string. Such.
information would allow the generation and testing of hypotheses about type_“

and location of features in the target stimulus. If such routines when“

applied to the target point'unambiguously back to the same le;ical memory

ERIC . s
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.from which the routines weredderived,hthe word might be said to be formally

recognized. ‘ -\

o
3
\

In accordance with the above assumptions and the- findings in this

\

study, a good picture of the possible processes* involved«in cued and noncued

>

lexical decision can be obtained.' How the cue operates’to affect the

"lexical decision process:is the crucial question. Two clear possibilities

exist underjkhe above assumptions. First, a valid cue may increase the -

-

:Speed of accessing the lexical coding routine. Second, as target

information accumulates its reiatiodship to the cue-derived expectations

biases ;a response. Tne present study appears to show evidende of both types

of processes.. i

.
S0

In the present study, where a singie definite word is suggested by a

cue word, the lexical memory for the target may be accessed'even before.

target presentati6n. In studies where cue words do not point to just a
~ . / .
single word ’accessing lexical memory requires some features from

preliminary target analysis.' Neither valid nor invalid cues are thought to
change'the,rate at which target features are extracted._-Instead, it is

assumed that a valid cue allows faster accessing of the“lexical'memorf- It

“is a type of criterion bias selection of the lexical memory. However,

ERIC

.

because the memory, once located, has all the necessary information for

complete accuracy, the_finalireSponse-is not based-on an incomplete analysis

of the target. . . , - |
hThe-main supporting ebidence for this.facilitation inilexical access is

the fact that nonword processing can be facilitated even when the nonwords
g .

5 & - .
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significant dﬁfferences in d7 that do occur indicate xhat the invalid cue,

.
. . : A * . : -

Lo - \'
© dn ( . S - - - .
l -

lodk very simflar‘to the word expected. Response-bias cannot explain this

2 -

finding because "NO' responses were facilitated. Another way\to state thisL

cue effect is to say that the cue temporarily reduces the noise in selecting

U

lexical routines. This type of facilitation might predict a greater da° for
the valid than for the neutral condition. Although the difference in da° for

the valid and neutral conditions found in this study is in the right
I p

direction, it is not large enough- to directly support the model.v The

4
possibly by its inapprOpriate restriction of" the noise distribution, o "f :

P

decreases(target discriminability. The design of the speed/accuracy SEESZ,efj

presented hexre may not be adequate to fully test this d prediction. The -

reduction in th noise distribution due to a valid cue is probably not large;

in the present esign.. Each block of’ materials had only ten word-targets

and the subject was familiarized with these before the experimental trials.

Being ﬁamiliar with these ten possibilities already reduces the potential

\

: noise'population because the target must be derived from this set of ten’

known items. Along similar lines, if the lexical routine is obtained more’

1quickly, information about the target should accumulate faster for validly

ERIC

- . ¢ , -~

cued than for neutral or invalidly cued: items. A look at Figure 4 shows

that the slope of the neutral and valid curve are approximately equal.' The -

slope of the invalid cue line may be a little lessfthan the other two. A

Howéver, the differences in slope are not.large. What is needed to clear up

these points is a speed/accuracy study in which the cue causes a greater-

relative decrease in - the noise distribution.

A

“' 5

Gy



. . ;/// ' . ' v Lexical_Decision-
52

4

Response-bias definitely plays a'role.in:the facilitation effect. .The
pattern of error rates in Experiment 1 showed a tendency to respond -"YES" to
valid y cued targets and "NO" to. invalidly cued rargets, independent of
mlexicality. Further evidence of response bias was found in Experiment 2.
Using proportion correct as a dependent measure- yielded a sign‘ficant

1‘.F-value in an analysis of variance.. When response-biaS~was controlled‘for

.

_with'd the differences between. cueing conditions did not appear as large.

In’ addition, the aaalySis of beta. scores was significant when the target
display time was 400 msec. This suggests that valid cues bias a "YES"
response and invalid cues bias a "NO" response.i_

Figyre 51is a flow chart of the proposed sequence of processing events

- . ' . . . -~

et

Insert Figure 5 about here

- B - -

* . Lo <
in the lexical decision task. At longer SOAs (e. g., 700 msec) lexical

‘memory of- the expected target can be accessed, except in the neutral.
H .
condition where processing must wait for target presentation. Becaus\\the
“ cue words in .the present experiment suggest only one target word, lexical N

“\
BN

access of the exact expected word in memory is possible. As the target
¢ ) |

information becomes available a  response bias for "YES" develops if thé cue

<

valid, and a response bias for "NO" develOps if the cue is invalid. The

' 0

eXact placement of response!bias in the processing sequence is not Well
' : i ' :

‘specified.> Figure 5 has'the bias before the memory driVen-analysisvof the
I !

target. It is possible, however, that response’ bias develops all’ along the

| » |

. Sy . 4

F . ‘ Eit) | i

|
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response may be executed.

'having to inhibit. using the cue—accessed memory..

ﬂ o . © ' .Lexical Decision
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proéessing route as a function of the congruence between the tue and target
based information. For words; any reSponSe‘bias for MYES" is executed for
nonwords it must be inhibited. This predicts less facilitatiOn for validly
cued nonwords than for validly cued words, which is obtained.' For invalldly
cued words the cost is relatively" large because the subject must inhibit the.
use .of lexical memory accessed by the cue as well as inhibit a: "NO"— :

2

respOnse. Less inhibition is predicted for the invalidly cued nonword

‘because only the selected memory needs to be inhibited the Biased "NO"

» : ' 2

A9

“In summary, . the valid cue’s effect on the Speed of target processing is.

through both- increased speed of 1exica1 access and.early preparation of the

response system. Inhibition Droduced by the valid cue is not thought to be‘

an inhibition of target—baSed lexical access,\but is thought to be due to

\\ . : ° [ ) .
Any explanation of what occurs at 200 msec SOA in the present study is
\ 2

tenuous.. In terms of the flow chart model, it could be assumed that cue-
. \

based and target-feature-based memory access occur independently. It“then

might‘be the case that the two sources of infarmation being moved closer in
. . ' . . , N . . \\\

time cause some confusion bétween which 'is cue and which is target;\\lf

< )
~.

accessing the‘expected target'S“memory location takes x msec, it is

reasonable that it takes X minus some number of milliseconds to access the

1

target s memory 1ocation from the target. This assumption is independent of

.cue validity. These assumptions,would suggest that moving the cue closer in

 time to the target might make the cue and target based information available

ERIC
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rat the same time. 1If this close temporal‘relationship-is coupled with a

u

loss in the source by which lexical memory was accessed, the subject may

have difficulty in distinguishing cue—based lexical ‘access from target—based

. lexical access. This confusion could increase the need for attention to.

‘keep responses tied to the target. As a result there would be cost in all

‘benefit. Maybe, merely having to process the cue words creates a. general

- response latencies-for validly primed words in the 200 msec‘condition and

ERIC

'requ!Eed in the present experiments.. In most lexical decisidn Studies

-
‘

conditions where there was incongruence between the cue and the target'

'information,_which is every word cue condition except validlv primed words.

The fact that subjects forget the source of the priming information (i.e.,

the cue word) is substantiated by Fischler and Goodman (1978).. The effects ,

P’

at 200 msec might also be due to some general processing deficit in word

targets and the lack of cost found for validly cued words might represent a -

cost which is nullified by facilitation for validly cued words. : E ..
. If the second general deficit explanation were true, ‘one’ would expect
response latencies to the targets to- be correlated with measures of the

~

difficulty of processing difficulty.ﬂ However, the correlations-between‘

word length, number of syllables, and Kucera—Francis (1967) frequencies of

,-the cues were: .03 .03, and .12, respectively. These correlations do not’

substantiate aﬂgenerallinterference’explanation. . ' . .
The flow chart in Figure 5 was. designed basically to help integrate the

findings in Experiments 1 and 2. Other lexical decision studies in the

-literature have not required the completeness of target processing that was

b ¥l

a3
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jnonwords have no valid .prime and target words are not so readlly predicted
. from valid cues. In such studies reSponse can be tied somewhat.more

directly to the congruence between cue-based expectations and target-based
' expectations;- If there is a high degree of congruence,'a "YES""response

will always be correct. 'High congruence never occurs_when'the‘target is a .

. .
nonword.

- If the cue word does not permit access of. an exact memory, then the

‘*preliminary target. informati0n becomes more actiVe. As stated above,
invalid cues are hypothesized not to inhibit target-based lexical access.
Because of this, the invalid Cue may have less of an effect in studies that

prime instances with category labels.

<.

The design of -this study was not conducive to ‘the demonstration of

- LS
-

automatic attention-free facilitation effects. Evidence was found for two -

different types of facilitation, inc1ease An lexical access and reSponse
bias. TheSe two types of facilitations are possibly orthogonal to the
automatic/attentional distinction. However, facilitating lexical access has

“the possibility of being described by some automatic spreading—activation
\ .

: model and response-bias may be an attentional effect.

ERIC
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Conditioﬁ © 700 msec . 'x500 msec ‘400 ﬁsecl‘ '300 mseé

Average Response Latencies an

for Valid, Neutral, and Invalid\gués |

‘ vTable 1

\e
Cue duration '
. L
\
\
\\

\

\

\\

d Errors

Il

200 nsec  Average

Words
)
Valid
) Neutral

’ Invglid

Average

Nonwords

. ATTRE
Neutralv'
Tnvaiid"

* Average

721 (3.07)

687 (2.00)
76 (2.00)

79 (5.00)

T

729 (4.75)

750 (2.01)

2 730 (3.92)

668 (2.33)
688 (2.71)
17 (5.00)

“691 (3.59)

1 0

1 (5.11)

T3 (2.84)

152 (3.86)

650 (2.08)

674 (2.53)

.692 (3.83)

672-(2.81)

719.(4,65)
107 (4.05)
113 (3.56)

713 (4.09)

750 (1.90)

134 (2.67)

775 (2.14)

760 (2,24)

u

191 (4!17)

783.(1.43)

788 (3.57)

187 (3,0)

- LI

T

a

.
A
\\¢

75'2\ (1.86) ~ 701 (1.86)

\

755\@21) e

767 2.22). 13 (2.78)

\
\
v

. \\
ooy
\

191 (6,55) " 748 (4.66)

762 (3.43) \143 (3.30) .

789 (2.57) 758 (3.11)

B35 750 (3.71)

\,

9% Q.389) 751 (37)

19
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Table 2 -

o Avergge Cost and Benefit‘,*

in Response Latency and Percent Errors

".Cue duration - -

. N ..
' [
’ A
< R
-
> - n

./‘

- =2 ‘-(1‘.36)

"EﬁaTtype 700 msec - 500 mséc 400 msee 300 msec 200 msec g Average
Hords | | | . o
Benefit 29%(0.00) 20% (0.38) . 2447 ,(0,45) 6 (0,57). 3 (:35) 16.(0.39) ”
minf™ (1,600 17,4 (1,21) 6,27 - (1,25 6.67. S
B Wi - 12y 6/14 93
LAYV I N 1Y LLES 1 153
Cost 6, (3.00) 29 (09 18 (1.30) A -(0.53) 39
maf (LI 200 (L) 45 (L) L8 (L) 16 (1,20) 4
E 10/14 11/14 0 . 1003
N 634 91 JHE g
 Nonwords® . ’ |
Benefit - B -(0.09 7 ~(2.21) -12°-(0.06) ¢ -(2474) =29 -(1.12)
ComnE o (151) b2 o o 'l (1,26) 3.8 .
T T | TR 314
N LUz L% e 1,610 1,506
Cost. . 2% -(016) 18 (L0Q) 6 -(0.49) 5 Q) 2 -(0.8)
CMaET(1,50) Al <t (L36)
R 01 " . 91 10/13 1
N 62 ° Wk N
Vo mn e
o Degrees of freedom presented in parentheses rounded to nearest degree,
R wuéNumber of subjects showing effect/possible number of subjects. . S
\<;.. © . Number of observations ‘after ertofs remgved that the, comparison is based on,
b ﬂ

9 (0.9 "W (1) L
S |

<9
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Figure Ceptions

e

Figure 1. Mean response 1atency in milliseconds as a function of

1
&

target display time for each type of cue. Lag times-for both words .and

.nonyords are averaged together. All six subjects are included.

Figure 2. Mean proportion correct for word targete as 'a function of
; A :

total target‘process;ng time, shown separately fer each cue type. All six

squects are included.,

)

Figure 3. Mean proportion correct for nonword targets as a function

~of total target processing time, shown separately for each cue’ type. All
six eubjects‘are included. | a
| Figure 4.,-5} shown as a function of milliseeonds(éf cue:processing
time. All six subjects are,ineluded. A

Figure 5. Flow chart of hypothesized information processing routine

used to make word—nonword decisions.
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