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Retrieval Dynamics of Priming in Recognition Memory:
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We investigated semantic priming effects on item recognition from short (8-word) lists in one
reaction-time and three interruption speed-accuracy trade-off (SAT) experiments. SAT priming
conditions included modest (0.35-s) prime durations; prime as a final list member; and long (1.5-
s) prime durations with special instructions. Analyses tested for constant increment (bias) priming
(an equivalent increase in both hits and false alarms) and enhanced discrimination priming
(differential priming for targets and lures). Constant increment (bias) priming was ubiquitous,
but some subjects showed enhanced early discrimination in restricted conditions, In constant
increment (bias) priming, the semantic relations between prime and test either additively increase
familiarity or lower criterion. Only enhanced discrimination must imply an interaction between
the prime and the retrieval process, due to either interaction or use of compound cues.

This article analyzes the nature of semantic priming in item
recognition, focusing on the relative contributions of bias and
discrimination enhancement. The retrieval dynamics of se-
mantic priming in item recognition are measured with the
interruption speed-accuracy trade-off (SAT) method and with
standard reaction times. The interruption method measures
accuracy at various times during retrieval (by cuing subjects
when to respond) and separately assesses the speed of retrieval
and accuracy late in the retrieval interval,

Standard Priming Paradigms

Priming is an extensively investigated phenomenon in some
semantic and episodic memory domains. It has been used as
a method for investigating a variety of issues in representa-
tion and retrieval, including such disparate topics as the struc-
ture of the lexicon (Becker, 1980; Forster, 1976; Meyer &
Schvaneveldt, 1971, 1976; Morton, 1969; Warren, 1977), the
nature of sentence representation (Ratcliff & McKoon, 1978),
the separation of semantic and episodic stores (McKoon &
Ratcliff, 1979), the separation of verbal and visual stores
(Kroll & Potter, 1984), the existence of subliminal perception
(Marcel, 1983), and interactions with attentional orientation
(Neely, 1977; Ratchiff & McKoon, 1981; Tweedy, Lapinski,
& Schvaneveldt, 1977). In the classic paradigms, the subject
might be asked, for example, to verify that orange is a word
or that it appeared on a study list. A priming effect is said to
obtain when processing a related word like apple immediately
prior to lexical decision or recognition speeds the response to
the target item. Trals on which orange follows either no
prime or an unrelated word like horse provide the baseline
for the assessment of priming.
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Context, or priming, has been considered a major factor in
memory retrieval. Providing context for recognizing an event
or fact may facilitate retrieval from a memory of enormous
capacity. Semantic priming effects on item recognition have
been used as a key argument for the interactivity of semantic
and episodic information in the memory system (McKeon &
Ratcliff, 1979; McKoon, Ratcliff, & Dell, 1985, 1986). Re-
cently, priming in item recognition has more generally re-
ceived treatment in the literature (Johns, 1985; Lewandowsky,
1986; Macht & O’Brien, 1980; McKoon & Ratcliff, 1986;
Neely & Durgunoglu, 1985; Neely, Schmidt, & Roediger,
1983). Semantic and episodic priming in recognition memory
has provided a new focus for the testing of general quantitative
models of memory retrieval (Dosher & Rosedale, 1989; Rat-
cliff & McKoon, 1988). Our goal here is to examine the
mechanism(s) underlying semantic priming of item recogni-
tion.

Related-item, or semantic priming, effects have been given
a number of different accounts. Consider, by way of illustra-
tion, the case of lexical decision. One class of models of which
the logogen model is an example (Morton, 1969) claims that
processing a related element either lowers the threshold on
the word detector (logogen) for the target word or, equiva-
lently, adds activation to that word detector. Norris (1986),
in a more elaborated variant, claims that semantic context
operates as a change in criterion in a postlexical-access check-
ing phase. We label mechanisms of this type constant incre-
ment (or bias) explanations of priming. Other models (e.g.,
Becker, 1976, 1980; Forster, 1976) claim that the prime
actually changes the processing of the subsequent target word.
For example, in Becker’s model of lexical decision, the prime
word constrains a list of possible words to be matched with
the visual presentation of the target word; this may result in
the target word’s actually being checked and verified earlier.
We labet mechanisms of this type discrimination enhance-
ment explanations. For more complex computational models,
such as Cottrell and Small’s (1983) model of parsing disam-
biguation or Seidenberg and McClelland’s (in press) mode! of
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lexical decision and naming, the nature of a prime’s effect
depends on the specifics of implementation.

The bias versus discrimination issue has been given several
treatments in the lexical decision domain (Johnson & Hale,
1984; Norris, 1986; Schvaneveldt & McDonald, 1981). We
reference the lexical decision literature here not to provide a
resolution to the bias versus discrimination issue in that
domain nor to suggest that a resolution in the domain of
lexical access would necessarily constrain conclusions in the
domain of short-term recognition. In fact, Neely and Durgun-
oglu {1985) have explicitly analyzed the dissociation between
lexical decision and episodic recognition. Rather, we point
out that very similar questions naturally arise when one
considers possible mechanisms of priming in both lexical
decision and recognition memory. Happily, in recognition
the situation may be simpler than in lexical decision because
the target and lures for recognition can be precisely equated
either by presenting the same word or a controlled equivalent
{whereas the words and nonwords of lexical decision can not).
An answer to the bias versus discrimination question can
place strong constraints on well formulated models of prim-
ing,

Constant Increment (Bias) Hypothesis

One possible explanation of semantic priming of item
recognition is that priming adds a constant increment to the
familiarity or strength of both related targets and lures or
lowers criterion equally for targets and lures. Although adding
equal strength increments or changing criterion equally are
different mechanisms in a model description, they are essen-
tially indistinguishable empirically.

Whether an increment or bias effect, exactly balanced for
targets and lures, accounts for all of priming can be examined
with the appropriate selection of controls. This is schemati-
cally illustrated in Figures | and 2, which outline hypothetical
strength distributions for several conditions with the standard
assumptions of signal detection theory. The four critical con-
ditions include baseline target {true) and lure (false) tests, as
well as tests of targets and lures following a related prime.
Baseline conditions here measure performance following an
unrelated prime. Given the difficulties in interpreting “neu-
tral” primes (deGroot, Thomassen, & Hudson, 1982; Lewan-
dowsky, 1986), we did not attempt to separately assess facili-
tation and inhibition.

The means of the hypothetical strength distributions shown
in Figure 1 assume that priming simply adds a constant
increment to the strength of both targets and lures. Thus,
when the target following a related prime (RY, or related yes)
condition is compared with the target following an unrelated
prime (UY, or unrelated yes) condition, a higher strength
value is indicated. This benefit for the RY condition, however,
need not reflect any true improvement in discrimination of
targets from lures, either in the ultimate discrimination per-
formance or in the speed of discrimination (see Discrimina-
tion Enhancement Hvpothesis below).

Here we introduce some mathematical formulations of the
constant increment,/bias mechanism, which preview the equa-
tions used in model-fits of data in the speed-accuracy exper-
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Figure 1. Top panel presents hypothetical strength distributions
according Lo a “constant increment” formulation, along with a sche-
matic illustrating accompanying processing assumptions. {According
to this formulation, semantically primed targets [RY] and lures [RN]
differ from unprimed targets [UY] and lures [UN], respectively,
simply by a constant increment in the memory strength. The accom-
panying flow chart illustrates that memory strength is an additive
combination of the independent assessment of semantic relatedness
of prime and test item and episodic retrieval operations performed
solely on the test item.)

iments. We can formalize the constant increment hypothesis
as follows:

fam =S (1) + S(K), (LY, N, KER UL (1)

A decision is based on an overall familiarity variable, fam,
which combines a retrieved memory strength component S,
and a pure relatedness based component S, The memory
component S, differs for targets (/ = ¥) and lures (/ = N),
while the component S, depends on whether the prime and
target are related (k = R) or not {k = U}. Priming and episodic
retrieval are independent because the relatedness component
S, is not a function of list status of the test, /, nor is the
memory strength component S, a function of the kind of
prime k. By convention, S,(N) = 5(U) = 0, in order for the
unprimegd false condition to have a mean of zero. This as-
sumes a pure common increment mechanism.

The increment formulation is interchangeable with a cri-
terion formulation in which prime condition affects the setting
of criteria, but not the evaluation of familiarity:

Sam = Sm(l) AND C(k), IE]Y,N}, ke|R,UJ. (1b)

Here, fam depends only on memory strength S,,, while crite-
rion C, depends on prime relatedness. We cannot discriminate
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Figure 2. An analog criterion formulation of-the model presented
in Figure 1. (According to the criterion formulation, memory strength
is determined by episodic processing of the target item. However, the
criterion is lowered when prime and test item are semantically related
[C(R)] relative to when it is unrelated [C(U)].)

between these two formulations in these experiments. For
simplicity, we use the increment formulation in formal model
fitting of the experimental results.

In either the increment or criterion shift formulation, the
priming effect does not interact with the retrieved memory
strength. Retrieval from episodic memory might be com-
pleteily independent of the prime. This point is illustrated in
the accompanying flow charts of Figures 1 and 2. Semantic
relatedness between the test item and the prime might be
evaluated by completely separate access to semantic infor-
mation in a lexical store. These two separate pieces of infor-
mation, S, and S,, might then be integrated subsequent to
retrieval (the increment formulation schematically repre-
sented in Figure 1), or S, might be used to adjust the criterion
applied to S,, in the decision process (the criterion formulation
schematically represented in Figure 2). An additive priming
effect could occur following or outside episodic retrieval of
the test item. Completely separate processing can never be
rejected, given an empirical finding of additivity between
memory and retatedness strengths. Independent effects do,
however, place a temporal constraint on the process: It is
necessary for semantic relatedness between the prime and test
to be processed quickly enough relative to episodic retrieval
to affect the response on a reasonable proportion of trials. It
is not necessary for the semantic information to be processed
consistently earlier than the episodic information, but the
processing time distributions must overlap substantially.

Discriminative Enhancement Hypothesis

In the constant-increment/bias model above, the prime
does not enhance discrimination of targets from lures. En-
hanced discrimination (eitherin ultimate accuracy orin speed
of retrieval) could result if the prime allowed a more efficient
retrieval from -memory. This could be analogous to earlier
matching of the correct word against the visual encoding in
Becker’s {(1976) model of lexical access. There are a number
of ways of expressing discriminative enhancement formally.
It would be possible to simply make memory strength a
function of both list status / and kind of prime k: fam = S.(/,
k), /e{Y N}, k€{R,U}. Enhancement in this form requires
that S.(Y,R) — Sa(N,R} > S,(Y,U) — 5,(N,U). We choose
a modification of Equation 1 above which maintains an
estimate of the effect of prime relatedness on lures and treats
the interaction of memory access and relatedness explicitly:

Jam-= S,(D) + S{k) + Sue (LK), IEIY N}, kERUL.  (2)

Enhancement. in this form would find S,,(Y,R) larger than
all other S,... Discriminative enhancement suggests that the
prime has an effect on the process of list retrieval.

In order to assess the effect of a prime on discrimination,
it is necessary to compare the UY versus UN difference (hits
compared with false alarms following an unrelated prime)
with the RY versus RN difference (hits compared with false
alarms following a related prime). These comparisons can be
contrasted with those in an increment/bias analysis which
compares RY with UY (difference in hits following related
and ‘unrelated primes) and RN with UN (difference in false
alarms following related and unrelated primes). These two
kinds of analyses—a constant-increment/bias analysis and a
discrimination analysis—are used in examining data from the
SAT experiments presented here. A discrimination analysis
by itself would reveal retrieval enhancement {or decrement)
following a prime. However, a failure to find discriminative
effects may reflect either a constant increment mechanism of
priming or the lack of priming effects of any kind. Hence, we
also perform a bias analysis because it highlights the presence
and size of basic priming effects even if discriminative effects
are minimal.

Combinatorics and Specific Models

Pure increment and discriminative enhancement hy-
potheses outline mechanisms of information integration at a
very general level (e.g., Anderson, 1981). They specify the
nature of the combination of information about list status
and prime relation. At a more specific level are models of
memory representation and the retrieval process. Specific
retrieval models may be of either the additive or interactive
type. For example, CAS (Dosher, 1982) is a quantitative
model based on a metaphor of (continuous) activation spread.
Reading a prime activates the concept corresponding to the
prime word directly, and (semantically) related words indi-
rectly through spread of activation. When a test word is read,
activation from that word adds to the residual activation from
the prime. The residual activation is equal for the represen-
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tation of targets and lures. Because of the strict linearity of
the activation decay and cumulation in CAS, an equal initial
prime increment for targets and lures is carried through to
equal effects on final strength. (Spreading activation models
that include a nonlinear transform prior to response would
viclate the independent combinatorics of the increment/bias
model.) Alternatively, a medel like CAS could equally well
propose that priming does not affect the activation levels of
the episodic representations, but instead affects the response
criterion by an entirely separate process. Quantitative models
may choose to describe an additive effect of semantic primes
either as a criterion mechanism or as an early increment
mechanism in the episodic memory system. This rewrite
possibility is characteristic of increment/bias combinatorics.
One quantitative model that 1s an example of nonadditive
combinatorics of episodic strength and prime relation is the
SAM model (Gillund & Shiffrin, 1984; Raaijmakers & Shif-
frin, 1981). In this model, a prime is treated as an additional
cue in memory access, and the recognition familiarity depends
on the product of the strength of association between the
prime and the memory image of a list item and the strength
of association between the test and that memory image. In
recall, or in a possible recall component of recognition, the
product rule determines the search priority of possible list
items. The SAM rule is a more restrictive version of the
mteractive formulation, in which the nature of the interaction
is multiplicative.'

SAM is one example of a class of models that explain
priming as the consequence of combined action of access cues
at the time of retrieval—cue combination {Dosher & Rose-
dale, 1989; Murdock, 1982; Ratcliff & McKoon, 1988). Many
recent quantitative models of memory most naturally account
for priming as cue combination; each such model must be
separately categorized as additive or interactive depending on
the details of the model.

Priming in Item Recognition

In this section we briefly review some previous findings in
the literature, primarily using standard reaction time methods.
McKoon and Ratchff (1979} found that a semantic associate
presented as a prime affected the recognition of a previously
learned target item compared with the case where the retrieval
prime was neither a semantic nor a newly learned associate
of the target item. The semantic associate caused an increase
in the error rate (nonsignificant difference in reaction time)
to related items which were not on a learned list (semantically
primed RT = 738 +/— 16 ms; error = 20% +/— 3%; un-
primed control RT = 743 +/— 7 ms; error = 14% +/— 1%).
(On the basis of this finding, McKoon and Ratcliff concluded
that semantic information could affect episodic tasks, which
does not argue for the separability of semantic and episodic
memory stores, See Durgunoglu & Neely, 1987; McKoon &
Ratcliff, 1986; Neely & Durgunoglu, 1985; for subsequent
findings and discussion.} In a delayed-recognition list para-
digm, Macht and O’Brien (1980} found that preceding a target
test item by a categorically related prime sentence resulted in
faster reaction time, while it lengthened reaction time to lures

in some but not all experiments. Neely, Schmidt, and Roe-
diger (1983) report mixed effects of priming on lures in
successive item recognition trials for categorized lists, depend-
ing on the number of prior “primes” in the test list. Johns
{1985), also using categorized lists, found that priming from
successive recognition trials yielded faster reaction times in
rejecting lures. Lewandowsky (1986) proposed a taxonomy of
priming tasks to account for these conflicting findings, He
suggesied that priming in item recognition would facilitate
rejection of lures (refative to unrelated prime baselines) when
the prime is analyzed episodically but would inhibit lure
rejection when the prime is analyzed semantically.

Reaction Time

In a standard reaction time paradigm, when priming im-
proves performance (shortens reaction time and lowers errors)
on both targets and lures, then priming almost surely reflects
a discriminative enhancement. We know from the results of
Johns (1985) and Lewandowsky (1986) that priming causes
discriminative enhancement for item recognition from cate-
gorized lists. However, other patterns of effects are less clearly
interpretable. In the literature, lures are most frequently in-
hibited by semantic primes (see the review above). Even
inhibition of lure rejection may be compatible with discrimi-
native enhancement if improvement in performance on tar-
gets is sufficiently large. The presence of discriminative prim-
ing may be difficult to determine precisély in the context of a
reaction time experiment. For example, does 20 ms of facili-
tation in target reaction time at approximately 800 ms and
85% correct exactly offset 20 ms of inhibition for lures at
approximately 1,000 ms and 95% correct? Direct compari-
sons of facilitation and inhibition in reaction times for targets
and lures (respectively) with different base reaction times and
different error rates require very strong assumptions about
the linearity of reaction time with difficulty and about the
relation between times and error rates. An answer to the bias
versus discrimination guestion requires just such a compari-
son. Speed-accuracy methods offer a collateral means of
assessing the equivalence (or nonequivalence) of inhibitory
and facilitatory effects.

Speed-Accuracy Trade-Off

Several of the priming experiments described here use the
response-signal speed—accuracy trade-off (SAT) method. This
method reveals the full time course of retrieval of the test
item. Note that the time course of retrieval as measured by
SAT 1s not the same time course typically measured by
varying the prime duration (stimulus onset asynchrony, SOA),
The former measures information availability following test
onset, whereas the latter often claims to measure the conse-

! Increasing variances of the SAM strength distributions for primed
targets might offset some of the extreme interactivity of the model;
however, it is unlikely that variance increases exactly offset the
product rute in just such a way as to mimic additivity.
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quences of processing the prime prior to test onset (but see
Koriat, 1981).

The SAT method allows the comparison of facilitation and-

inhibition in error rates at a wide range of fairly precisely
controlled processing times and also allows the independent
assessment of ultimate accuracy levels and speed of process-
ing. The subject is interrupted unpredictably by a tone at
some time following the onset of the test item. The subject is
trained to respond as quickly as possible after the interruption
tone. Retrieval time is manipulated by interruption, and
accuracy of the recognition judgment can be measured as a
dependent variable. An idealized graph of recognition accu-
racy {here measured in &’ units) against total processing time
(time to interruption plus response latency) is shown in Figure
3. There are typically three aspects to these SAT curves: the
intercept, or langest processing time when accuracy is at
chance; a parameter reflecting speed of rise to ultimate accu-
racy levels; and the asymptote, or final level of accuracy given
ample retrieval time. (In the short-term memory domain,
there has been some evidence [Reed, 1973] that SAT curves
may show declining accuracy at very long processing times.
Also, other priming studies such as Dosher & Rosedale, 1989,
have found more complex dual-process functions.)

If the presence of a prime affects the speed with which
information becomes available, priming would affect early
portions of the functions, while changes in ultimate accuracy
of the memory would be reflected in the asymptotic perform-
ance. This distinction between prime effects early and late in
the time course of recognition are easiest to discover in the
context of the speed-accuracy paradigm. For a more complete
discussion of the speed-accuracy trade-off method, see Dosher
(1979, 1982).

Summary

We examine evidence for constant increment/bias or en-
hancement mechanisms in priming of judgments of item
recognition by semantic (extralist) primes. This requires a
comparison of the speed and accuracy of both lure and target
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Figure 3. ldealized speed-accuracy trade-off function iltustrating

the three phases of retrieval: a phase prior to the availability of
memory information, a phase of rapid accrual of information, and
an asymptotic phase limited by the strength of the information in
memory. (Circles represent possible observed points from a response-
signal experiment, while the x represents a likely observation from a
reaction time experiment.)

judgments following related and unrelated primes. The ques-
tion centers on whether primed targets are affected differently
than primed lures. In Experiment 1, we perform a reaction
time (RT) variant of the priming paradigm, using a range of
prime durations, which demonstrates large priming effects on
mean RT. The patiern of priming effects is generally consist-
ent with a constant increment mechanism: Improvement in
targets is approximately equally balanced by damage to lures,
subject to the various assumptions concerning the trade-off
of speed and accuracy in RT. Experiment 2 is an SAT variant
of Experiment | {at a single intermediate prime duration) that
directly supports the constant increment result across the
entire time course of retrieval, although the effects of primes
are shown to be greatest early in retrieval, Experiment 3
attempts to produce a discriminative effect of the prime via
direct instructions to use the prime to generate the most likely
list element during a long prime duration. Under direct
instruction, some subjects showed an elevation of accuracy
very early in retrieval for the single case where a target could
be generated and matched—the matching signature. Experi-
ment 4, another SAT experiment, extends the general results
to a nonstandard priming experiment in which the prime is
an ¢lement near the end of the learning list. Even here, where
the subject could easily have generated the target on many
trials, only a subset of subjects show any evidence of a
discriminative component over and above the large priming
increments for both targets and lures.

Experiment 1: Priming in Reaction Time

Experiment 1 used a study-test explicit priming paradigm.
Subjects studied eight-word memory lists, under successive
presentation. Test trials presented a prime word followed by
a list word {target) or nonlist word (lure). The prime word is
read, but no overt response is required. The test word is
judged for list membership. Semantically related primes are
contrasted with two types of unrelated primes: those that are
unrelated to any list member and those that are semantically
related to a list member but not to the test word. These are
labeled related, umrelated, and misleading (other-related)
primes.

Comparisons of target and lure performance with related
primes 1o performance with unrelated primes index the dis-
tinction between constant increment (bias) and enhanced
discrimination mechanisms in priming. Comparison of other-
related primes to unrelated primes may help to identify
whether primes have their effect by making contact with a list
member. If other-related primes cause subjects to think of the
related list element, they may be inclined to reject both the
(unrelated) targets and lures which follow.

For reasons outlined above, precise conclusions concerning
the presence or absence of discriminative enhancement are
difficult in reaction time experiments. However, the reaction
time results {a) should document the existence of standard
priming effects on reaction time, (b) may suggest a tentative
answer to the increment/discrimination question, and (c)
provide a point of comparison to subsequent SAT experi-
ments. Finally, (d) the experiment determines whether the
pattern of priming depends strongly on the amount of time
available for prime processing, the prime duration or SOA.
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Method

Subjects. Ten subjects were paid for their services. All subjects
had normal or corrected-to-normal vision and hearing and were
native speakers of English. Each served for two 55-min sessions.

Design and stimuli. There were six stimulus conditions in the
experiment, illustrated in Table 1. The six types were targets and
lures following related primes (RY and RN), targets and lures follow-
ing unrelated primes (UY and UN), and targets and lures following
misleading (other-related) primes (MY and MN).

All lists were eight words long. Nine tests followed each list in such
a way that each of the six test types occurred three times every two
trials, in pseudorandom order which excluded multipie display of
any word. Each condition was tested at seven prime durations, or
SOAs: 0.10, 0.25, (.35, 0.50, 0.70, 1.00, and 1.50 s, yielding 42
experimental conditions, The SOAs were assigned pseudorandomly,
subject to the constraint that each condition was tested equally at
each SOA in each block. Each session had five blocks of 14 study
lists, each with 9 test trials, for 630 test trials per session. Subjects
participated in two experimental sessions, for a total of 1,260 trials,
or a sample size of 30 in each of the 42 conditions.

The study and test lists were constructed from lists of related word
pairs based on the list used by Dosher (1984b). Words were no longer
than 16 characters, judged by three undergraduates to be familiar,
and the pairs were judged to be related. Because of the required length
of the list, there were many bases of relatedness (synonyms, antonyms,
strong associates, etc.) for the pairs. Random reorderings of the list
were used in each session, so lures had not been seen within the same
session. Words were assigned to conditions randomly and differently
for each subject.

Procedure. Stimulus presentation and response collection for all
trails was controlled by an 11-03 microcomputer with a Matrox
MLSI-2428 video generator for display of alphanumeric characters
on a Sanyo YM4209 screen. Words were centered on the screen, and
characters were approximately 6 X 4 mm, viewed at a distance of
approximately 40 cm.

Each session consisted of 630 trials, divided into five blocks. The
subject initiated each block and was free to take a minute or so break
between blocks. The following events occurred during the list study
period.

1. A warning stimulus (+) appeared centered on the screen for 1 s,
followed for | s by a blank screen.

2-9. The eight words of the short-term memory study list appeared
in succession for 0.6 to 1.2 s each, depending upon subjects’ prior
performance.

10. A brief pause of 0.5 s followed presentation of the last list item.

Following the study period for each list, nine test trials appeared,
each of which included: (a) A 0.5-s warning signal (+) appeared
centered on the screen. (b) The prime word appeared for a variable

Table 1
Experimental Conditions in Experiment 1
Condition Prime Test

Related target (RY) couch sofa
Related lure (RN) trousers pants
Unrelated target (UY) apple sofa
Unrelated lure (UN) apple pants
Misleading target (MY) tortoise sofa
Misleading lure (MN) tortoise pants

Note. The study list consisted of the following words: hermit, curfew,
turtle, dogma. candle, sofu, welfare, and tennis. In the experiment,
prime and test items were not repeated.

SOA between 0.1 and 1.5 s (listed above). (c) The test word appeared
on the screen and remained until the subject responded. (d) The
subject executed a ves—no recognition response under instructions to
respond as quickly as possible consistent with good accuracy. (e) The
screen was blank for a 1-s intertrial interval.

Results

Average reaction times and the proportion correct for the
six main conditions at each value of prime duration or SOA
are listed in Table 2. Because items were assigned to condi-
tions differently for different subjects, subject variance in-
cludes item variance. Considering the reaction times, there
was a significant effect of SOA, K6, 54) = 3.952, p = .002:
Reaction time was fastest at midrange SOAs (see the average
column on the right of Table 2). However, SOA did not
interact with list status (target/lure), 7(6, 64) = 1.203, ns, or
prime condition, F{12, 108) = 0.939, #s, or with the interac-
tion of list status (target/lure) by prime condition, F(12, 108)
= (.705, s, Hence, the pattern of priming did not depend on
SOA in this experiment.?

The significant priming effects are summarized by the
means shown at the bottom of Table 2 and graphed in Figure
4. Mean reaction time depends on the interaction of prime
type with list status (target/lure}, F(2, 18) = 10.556, p = .000.
Neither prime type nor list status by themselves cause differ-
ences in reaction time, F(2, 18) = 0.381 and F(1, 9) = 0.011,
respectively. The presence of a related prime speeds the reac-
tion time for targets relative to unrelated primes but slows the
reaction time for lures by an approximately equal amount.
(When other-related primes are excluded from the analysis,
1, 91 = 14.900, p = .004). Misleading (other-related) primes
appears to have the opposite effect relative to unrelated
primes; however, these differences were not significant. (When
related primes are excluded from the analysis, F11, 9] = 3.325,
p = .100.) The proportion correct was quite different for
targets (.81) and lures {94), (1, 9) = 14.636, p =~ .004.
Further, prime condition interacted with list status (target/
ture), F(2, 18) = 5.553, p = .013. These interactions reflect a
pattern where presence of a related prime increases the pro-
portion of “yes” responses (increases proportion correct) for
targets but also increases the proportion of “yes” responses
(decreases the proportion correct) for lures.

Discussion

This experiment demonstrates significant RT priming ef-
fects of moderate magnitude in this item recognition task.
This is not surprising, given the literature on priming in item
recognition reviewed above. A semantic relation between the

2 Although it appears from the RT data that priming of targets
may be weak at SOAs of less than 500 ms, the same is not true in the
error data nor in data for lures, and priming does not significantly
interact with SOA. Although this may reflect a lack of power to detect
complex interactions, we believe this is unlikely because 350-ms SOA
produced large and stable priming in the expected direction in Ex-
periment 2.
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Table 2

DOSHER, McELREE, HOOD, AND ROSEDALE

Experiment 1: Average Reaction Times (RTs, in Seconds) and Propertion Correct (PC)

Targets Lures
Related Unrelated Misleading Related Unrelated Misleading Average

SOA RT PC RT PC RT PC RT PC RT PC RT PC RT PC
0.10 0.865 .81 0.831 78 0.870 .85 0.898 .90 0.882 94 0.874 .95 0.870 .87
0.25 0.838 .84 0.828 .80 0.864 .79 0.869 92 0314 97 0.834 94 0.841 .88
0.35 0.814 .80 0.801 .82 0.874 .82 0.841 91 0.831 97 0.822 95 0.831 .88
0.50 0.803 85 0.837 .85 0.844 .80 0.889 .94 0.847 .95 0.835 96 0.843 .89
0.70 0.842 .80 0.880 .78 0.853 .79 0.826 .03 0.866 94 0.805 96 0.845 .87
1.00 0.811 .86 0.886 .78 0.930 79 0.874 .93 0.878 97 0.863 93 0.874 .87
1.50 0.838 .86 0915 .80 0.903 78 0.906 .93 0.847 94 0.871 .94 0.880 .88
Aver 0.830 .83 0.854 .80 0.877 .80 0.872 .92 0.852 .95 0.845 95

Note. Aver = average; SOA = stimulus onset asynchrony.

test word and the prime improves speed and accuracy in
responding to targets but decreases speed and accuracy by
approximately the same amount in dealing with lures. This
can be seen as, averaged across SOA and list status (target/
lure), mean reaction times for the three prime conditions were
essentially identical (related primes, 0.851 s; unrelated primes,
0.853 s; other-related primes, 9.860 s). Proportion correct for
the three prime conditions was identical (0.88).

There was a nonsignificant tendency for other-related or
misleading primes to speed responses to lures and slow re-
sponses to targets. Percent corrects for unrelated (U) and
misleading (M) conditions did not differ. It seems likely that
this nonsignificant difference would not replicate because
unrelated and misleading primes are shown to be equivalent
in the following SAT experiment.

The pattern of latency savings and error rates strongly
suggests that priming is the result of constant increment (bias)
mechanisms, with no visible enhancement of discrimination
performance. We may be on firmer ground in this conclusion
here than is usually the case because of the comparability of
RT to targets and lures. Nonetheless, this conclusion requires
the assumption that comparable RT differences do not de-
pend on the error levels for targets and lures, which are very
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Figure 4. Mean reaction time (proportion correct in parentheses)
for priming conditions in a reaction time paradigm (Experiment 1).
(Related [R], unrelated [U], and misleading [M] primes have com-
pensatory effects on performance for targets and lures.)

different here (81 vs. .93), and the assumption that a differ-
ence between .83 and .80 proportion correct for targets exactly
offsets a difference between .92 and .95 proportion correct for
lures. This conclusion requires a model that specifies how RT
and error rates interact, whether errors should be compared
in raw values or as differences in z scores, and so forth.

Finally, prime effects were not dependent on SOA. Exper-
imental conditions with comparable SOA ranges and prime
types reported in Ratcliff and McKoon (1981) and Neely and
Durgunoglu (1985) show a similar independence of prime
and SOA. If we had reduced SOA well below 0.1 s, limited
processing (and ultimately limited visibility) of the prime
would surely have eliminated differential priming effects.
However, the important fact here is that the pattern of priming
was not significantly different for SOAs normally associated
with *automatic” priming (below 0.4 s; see McKoon and
Ratcliff, 1979) and those where strategic priming is deemed
possible (above 0.4 s). Although an experiment with greater
power might have subtle differences at varying SOAs for
different conditions, there is no particular reason on the basis
of our data to suppose that discriminative priming would
develop, given a longer time to process the prime. This
suggests that we could select any midrange SOA in the sub-
sequent SAT experiment, and it would be typical of a wide
range of SOAs.

Experiment 2: Priming in SAT

This experiment was comparable to Experiment 1, except
that it examined the time course of priming by the use of the
interruption SAT methodology. SAT controls the time of
response and measures accuracy as a dependent variable. This
allows direct comparison of the elevation in the probability
of a yes response for primed targets and lures at a whole range
of times during recognition. Thus, SAT provides a more
controlied test of the increment {bias) hypothesis, as well as
localizing prime effects to particular times during retrieval.

Method

Subjects. Six subjects participated in the study. Two of subjects
(BM and GR, the second and fourth authors) volunteered their
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services, while the other four were paid for their participation. All
had normal or corrected-te-normal vision and hearing and were
native speakers of English. They participated in five 50-min sessions,
including practice.

Design, stimuli, and procedure. This experiment was formally
equivalent to Experiment 1, except that the prime duration factor
(SOA) was replaced by a point of interruption factor. The point of
interruption (lag) controlled the time of the subject’s response. The
seven SOAs were replaced in the design by seven lags: at 0.1, 0.3, 0.5,
0.7, 1.0, 1.5, and 2.5 s, again yielding 42 experimental conditions.
Here, subjects participated in four experimental sessions, for a total
of 2,520 trials, or a sample size of 60 in each of the 42 conditions.

The list presentation in Parts 1-10 was identical to that of Exper-
iment 1. The test procedure was identical to Experiment 1 except for
Parts a-f below, which were modified for the SAT methodology.
Following the study period for each list, nine test trials appeared,
each of which included: (a) A 0.5-s warning signal (+) appeared
centered on the screen. (b) The prime word always appeared for 0.35
s, one of the midrange SOAs of Experiment 1. (c) The test word
appeared on the screen. At 0.1,0.3,0.5,0.7, 1.0, 1.5, or 2.5 s following
the onset of the test item, the screen was erased and a tone, the cuc
to respond, sounded for 25 ms. {(d} The subject executed a yes-no
recognition response as quickly as possible folfowing the onset of the
tone cue-to-respond, (¢) Latency feedback appeared centered on the
screen for 0.5 s to allow the subjects to monitor their performance.
Subjecis were instructed that times under 120 ms were anticipations
and that times over about 270 ms were too long. (f) The screen was
blank for a 1-s intertrial interval.

Subjects typically require one session of practice in the SAT
method to bring their latencies to the response cue at short interrup-
tion times within acceptable limits. The accuracy levels at asymptote
are reviewed every few sessions in order to inform the suhject about
performance levels.

Results

Main data summaries. The latency and proportion-yes
data from the six conditions of the experiment are listed in
Table 3 for the average over subjects. (Individual subject data
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comparable to all tables and figures are available from the
authors.) Tnals with latencies under 120 ms or over 500 ms
were omitted from the analyses. The two analyses of interest—
the constant increment {bias) analysis and the discrimination
analysis—were derived by appropriate comparison from the
data for these main conditions. All important analyses dis-
cussed below were based on individual subject data and only
summarized by data averaged over subjects. Note that because
different subjects saw different stimuli in each condition,
subject measures include item variation.

Interruption (lag)-latency analysis. An examination of the
latencies shown in Table 3 shows the equality of latency
across prime condition, F(2, 10) = 0.52, ns), as well as the
typical dependence of latency on point of interruption, F(6,
30) = 32.1, p = .0000. Additionally, latency varied with
response type, F(1, 5) = 8.95, p = .030, with targets producing
shorter latencies than lures. Although lag differences in latency
affect absolute time estimates, they do not impact upen the
comparison of various conditions (Dosher, 1976, 1981, 1982,
1984a, 1984b). By convention, the speed-accuracy trade-off
curves will be graphed as accuracy against total processing
time (interruption time plus latency).

Summarizing retrieval functions. The pattern of the ob-
served points on the retrieval functions (SAT curves) are
summarized by using descriptive equations. We use a retrieval
function (Equation 3a) which assumes a time-bounded ran-
dom walk process (Ratcliff, 1978). One possible alternative
assumes that the retrieval function is an exponential approach
to a limit, consistent with sampling without replacement (see
Dosher, 1979; Wickelgren, 1977). For simple retrieval func-
tions, the two formulations are essentiaily interchangeable.
We use the random walk here because it is easy to generalize
to a two-process variation (Ratcliff, 1980).

P S
0= Ty

> 6. (3a)

Table 3
Experiment 2: Average Latency and Proportion of Yes Responses
.. Lag
Condition,
latency, and proportion 0.1 0.3 0.5 0.7 1.0 1.5 2.5

RY
RT 0.240 0.180 0.161 0.163 0.156 0.155 0.155
plyes) 0.647 0.786 0.878 0.892 0.872 0.867 0.881

Uy
RT 0.240 0.185 0.168 0.160 0.156 0.152 0.156
plyes) 0.614 0.700 0.828 0.822 0.864 0.836 0.828

MY
RT 0.241 0.196 0.163 0.158 0.152 0.151 0.156
p(yes) 0.595 0.678 0.842 0.861 0.842 0.861 0.845
RT 0.243 0.196 0.170 0.163 0.134 0.156 0.149
plyes) 0509 0322 0175 0147  0.114  0.147  0.083
N
RT 0.251 0.196 0.167 0.164 0.161 0.152 0.155
plves) 0.517 0.303 0.100 0.100 0.069 0.078 0.075

MN
RT 0.246 0.198 0.168 0.162 0.155 0.152 0.155
p(yes) 0.494 0.286 0.117 0.092 0.070 0.058 0.072

Note. RT = reaction time; p(ves) = proportion of yes responses; RY = related target; UY = unrelated
target; MY = misleading target; RN = related lure; UN = unrelated lure; MN = misleading lure.
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In Equations (3a—c), X is the asymptotic accuracy level and &
is the intercept, the time before which accuracy is at chance
level. The parameter +* is a combined random-walk variance
term that indexes the speed with which accuracy rises from
chance to asymptotic level.

The data in Figure 5 show that the impact of priming was
larger earlier than later in retricval (see later discussion). In
order to summarize these data satisfactorily, it was necessary
to consider two-process models, where the information being
integrated changes sometime during retrieval.® The equation
assumes that the effective strength of information driving the
random walk changes at some time * mid retrieval (1* > 8).
Prior to #*, the effective strength is A,, and after ¢* it is h>. The
resulting formulas are in Equations 3b and 3¢:

A

d'(t)=W,ﬁ<t<t* {3b)
and

A (G = (2= 8)/ - 8)
N1+ £/ - 8)

The quality of a model fit was summarized by the statistic

d@) = ,i> k. (3c)

d — d Y/ - k)

i

R=1- “

e s 1 =

@=F/n-1y

where tlle d; are aobserved d’ values, the c}, are the predicted
values, 4 is the mean, # is the number of data points, and &
is the number of free parameters. This is the goodness of fit

adjusted for the number of free parameters, or the mean
square error accounted for by the model.
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Figure 5. Observed speed—accuracy trade-off (SAT) curves for the
increment analysis for priming in an SAT paradigm (Experiment 2).
(All conditions are scaled against the unrelated lure [UN] baseline
condition. Positive d’s for RN or MN conditions represent decreased
accuracy relative to the baseline. Smooth curves are the best fitting
additive increment model. Unrelated and misleading primes do not
differ.)

Constant increment (bias) analysis. The first analysis ex-
amined empirical speed-accuracy trade-off curves with the
“accuracy” measure, 4’, reflecting the difference of each con-
dition from a single baseline condition, here taken to be lures
following an unrelated prime (UN). In the case of related
lures (RN vs. UN) and misleading lures (MN vs. UN), any
positive 4” indicates an increased tendency to say yes to lures
relative to the unrelated lure (UN) condition. In the case of
RN versus UN, it reflects an increment (bias) that depends
on the semantic relation between the prime and the lure.
Positive d’s to lure conditions actually reflect worse than
baseline performance but are convenient because they can be
taken 1o illustrate the relative ordering of the various strength
distributions, with the normal lure or UN condition located
at 0. If the SAT curve for RY versus UN lies above the curve
for UY versus UN, it may be due either 1o a priming incre-
ment (bias), true improvement in discrimination perform-
ance, or both.

Figure 5 shows the average {over subjects) SAT curves for
this increment/bias analysis. Here and elsewhere, average data
is based not on pooling but represents the average of d’
computed separately for each subject. There are three main
points concerning these data. There is a noticeable impact of
a related prime on lures, seen in elevated 4's for the RN
versus UN condition (solid squares). For some subjects, ele-
vation of false alarms on lures is very substantial. The effect
of the prime appears to increase early yes responses, followed
by late correction. Because there is a substantial effect of a
related item on responses to lures, it is not surprising that
there is an effect of the priming stimulus on the response
pattern to target (true) items as well (open diamonds). Thus,
the constant increment analysis has served one of its purposes,
which was to reveal the size and temporal pattern of changes
in performance consequent 1o priming.

Whether this pattern of priming in fact reflects discrimi-
native enhancement over and above bias is determined in the
following discrimination analyses. Finally, there is no notable
difference between unrelated and other-related primes. This
is seen both in performance to targets and lures: The UY
versus UN (open circles) and MY versus UN (open stars) data
do not differ systematically, and the comparison of MN versus
UN vields ¢’s which fall near zero (solid triangles).

These results were quantified by examination of sets of
descriptive model fits applied to individual and average data.
(In the descriptions below, recall that all conditions in this
analysis were scaled against unrelated lures.) Models that
ignored differences between related targets and unrelated or
mislcading targets or between related lures and misleading
lures yielded lower R?s and introduced systematic deviations
between the model and data. A model that ignored priming
differences allowed only two asymptotes (one for true condi-

* The fitted random-walk function has an intercepl that excludes
the stightly above-chance initial points. This is due to an asymmetry
between intercept and rate under this model. The exponential yields
slightly better fits, but the random walk is used because of the necessity
for the two-process form.
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Table 4

Experiment 2: Parameter Estimates for Constant Increment/Bias and

Discriminative Models

Subject
Parameter Average AK BS BM CL GR LB
Bias model
ARy 3.16 3.06 2.55 2.76 3.09 2.46 4.34
Aory 2.78 2.19 2.47 2.45 2.68 3.06 3.48
Arn 0.49 0.65 0.22 0.45 0.61 ~-0.23 0.69
MmN 0.11 ~0.21 0.14 0.14 0.20 0.36 =0.17
AUy - My 2.67 241 2.32 231 248 2.69 3.65
v? 0.064 0.016 0.111 0.054 0.071 0.068 0.073
& 0477 0477 0.463 0.487 0.482 0.487 0.430
* 0.668 1.166 0.500 0.500 0.500 0.500 0.619
Rr? 0.984 0.827 0.944 0.851 0.930 0.924 0.954
Discriminative model

A 273 2.21 2.53 2.55 2.54 2.69 3.86
2 0.074 0.022 0.186 0.193 0.065 0.095 0.087
8 0.473 0.477 0.471 0.370 0.482 0.480 0.424
R’ 0.939 0.801 0.938 0.580 0.914 0.881 0.875

tions and one for false), one “rate” parameter, and one
intercept (2X, 1»°, 13) vielding average R* of .973.}

The common increment (bias) hypothesis is that familiarity
is an additive combination of a memory strength §,, and a
relatedness increment .5, where S, (N) = .5, (U) = 0. If this
were true, the unrelated lure condition UN would have mean
familiarity zero, related lures RN would have mean familiarity
S, unrelated targets UY would have mean familiarity S.,., and
related targets RY would have mean familiarity S, + S.. This
specifies a model in which Agy = Ayuy + Arn. Thus, Agn
estimates .S, Auy estimates S,,, and Agy embodies the additive
rule. Further, Avy = Ay and Ayn = 0(=An). These final
assumptions are supported by nonsignificant differences be-
tween conditions UY and MY and between UN and MN in
the analysis of the proportion yes data, F(1, 5) = 0.091, ns
and F(1, 5) = 0.241, ns, respectively. This simple increment
model yielded a reasonable fit. However, the data were better
described by a somewhat more complex, two-process model.

The model which perhaps best accounts for the retrieval
curves under the bias analysis assumes that relatedness
strength increment S, is higher early in retrieval. This leads to
elevated false alarms for lures following a related prime but
also to elevated hits for targets. However, the relation between
prime and test is not properly part of the judgment that the
test was from the study list. [t appears that some suppression
of this information (correction) occurs late in retrieval.

In order to generalize the increment analysis to both the
early and late phases of retrieval, we constrained the model
so that Mgy = Auv + Mg, Asey = Auy + Azaw. In this pure
increment account, elevation in targets exactly equals eleva-
tion in lures both early and late in retrieval. This model, like
the simple one, assumes that unrelated targets are equivalent
to misleading targets, A\uy = Amy, and that misleading lures
are equal to unrelated lures and hence have ¢ approximately
of zero, Jun = 0. This account of the data is summarized in

the parameter estimates listed in the bias (top) part of Table
4. Two asymptotic parameters each are listed for related true
and for related false conditions. The model assumes that the
effective strength driving the random walk accumulator shifts
at time £* (dual process), as summarized in Equations 3b and
3c. This reflects suppression (or decay) of priming increments
midway through retrieval. Unrelated conditions are fit with a
single asymptote (single process). If the additional complica-
tion of the dual asymptote fits were unnecessary, then the
estimates of the two asymptotes would show no stable pattern
over subjects and would differ by a small random amount
within subjects. Examination of the bias (top) model of Table
4 shows a pattern of late decrements in asymptote of 5 of the
6 subjects.’

* R* indexes the quality of fit corrected for the number of estimated
parameters. Even models that ignore systematic differences between
conditions may have quite high R’ because they accommodate the
overall rising character of retrieval functions. Condition differences
are by definition small relative to the large range of d’ from chance
to asymptote. Additional estimated parameters always maintain or
improve 7, but may lower R? if the gains do not outweigh the
parameter correction.

® In data for primed lures, we use a two-process model, with early
and late asymptotes, because it can account for nonmonotonicity in
speed-accuracy trade-off curves. In order to observe strong nonmon-
otonicity with Equations 3b and 3c, A, => X\, and the achieved &’
level by time #*, a(i*), must be noticeably higher than the final
asymptotic level A;. When nonmonotonicity is strong, one is forced
to a dual-process account. In the data for primed targets, nonmono-
tonicity cannot be observed unless 4(*) > \,, a state of affairs that
is very unlikely unless #* is quite late in the retrieval interval, when
a(r*) = A,. Hence, it is usually possible to account for dual-process
performance on targets by a single-process model that allows rate ()
differences. This aiternative would have been possible here. We could



878 DOSHER, MCELREE, HOOD, AND ROSEDALE

In this case, the discrimination analysis discussed below
suggests that the pure increment model is the proper account
of the data.

Discrimination analysis. In the complementary analysis,
d’s are computed in order to assess the ability of the subjects
to discriminate between targets and lures, given identical
priming information. If both a target and a lure were presented
following a related prime, was the target retrieved faster—that
is, discriminated faster—than when an unrelated prime was
present? Figure 6 shows the d’s for the discrimination analysis
averaged over subjects. In this analysis, RY is scaled against
RN, UY versus UN, and MY versus MN. If the constant
increment hypothesis were true, prime type would have no
effect on these discrimination measures. In fact, the discrim-
ination data do not differ significantly with priming condition,
F{(1, 10) = 0.788, ns. The parameter estimates for individual
subjects of the simple three-parameter (no condition differ-
ences) fit are listed in the discrimination (bottom) part of
Table 4. Priming does not enhance discrimination. This con-
clusion helds for all individual subject analyses, except Subject
CL, who may have shown a modest discrimination enhance-
ment resulting from related primes, restricted to early re-
trieval. CL’s best model estimates an early asymptote for
related prime conditions of 4.16, the late asymptote equal to
that for unrelated and other related primes of 2.54, +* of
0899, 5 of 483, r* of .526 (R* = .923).°

Discussion

In this item recognition experiment there were large and
significant increases in yes responses (both hits and false
alarms) following related primes. However, constant incre-
ment (bias) resulting from a semantic relation between prime
and test word appeared to be the only mechanism of priming:
The increments in hits to targets were purchased at the cost
of an exactly equivalent increment in false alarms to lures.
With the possible exception of one subject, there was no
evidence for discriminative priming.

The increment in strength based on prime-target relatedness
apparently underwent either suppression or decay sometime
after recognition information began to be available. The
model we used to summarize the retrieval functions assumes
that suppression occurs quantally, at a particular time * (t*
> §), but we cannot actually distinguish this from a more
gradual elimination of semantic relatedness information. Late
retrieval suppression or decay of priming may be obligatory

have treated lures following related primes with a dual-process equa-
tion, and targets following related primes with a single-process equa-
tion, where the early elevation due to priming was captured by a
faster rate parameter for the related targets. The same qualitative fact,
early elevation in proportion yes responses, is simply being accounted
for, approximately equally well, in somewhat different ways. We
elected to treat both related targets and related lures with a constrained
form of dual process model; this choice allowed a theoretically
coherent treatment of the data.
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Figure 6. Observed speed-accuracy trade-off (SAT) curves for the
discrimination analysis for priming in SAT (Experiment 2). (Targets
are scaled against lures matched on priming condition. The three
conditions do not differ significantly, consistent with the pure incre-
ment model.)

or may be strategic, reflecting a lack of cue validity between
prime relation and correct response.

The notion that pure increment (bias) priming is independ-
ent of retrieval of items from the list was supported by the
equivalence of unrelated and misleading primes. If subjects
used the prime to retrieve or generate a list item, unrelated
and misleading primes might function differently. Although
misleading primes are not related to the subsequent test
(whether target or lure), they are related to a list member;
unrelated primes are not related to the test, but neither are
they related to a list member. Hence, misleading primes could
have resulted (but apparently did not) in the generation of an
expectation for a particular list member, which might have
made subsequent targets harder to retrieve. Because of the
lack of discriminative effects and because of the equivalence
of unrelated and misleading primes, it appears that priming
effects in these experimental circumstances are not mediated
by active, list-based expectations.

Experiment 3: Instructed Priming

In Experiment 3 we investigated whether it is possible to
find evidence of discriminative priming when the subject is
exphlicitly instructed to process the relation between the prime
and list members. Subjects were instructed to use the prime
to try to generate a related word on the study list. We used a
lengthy prime duration (1.5 s) in order to allow full processing
of the prime. As in Experiment 1, we measured full retrieval

¢ In the case of discriminative priming, the theoretical motivation
for choosing a dual-process account (A, > X;) over a simpie speed of
retrieval explanation (v’ < »%y) is less strong than for accounts of
common increment effects. We choose the dual-process account for
convenience.
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functions to precisely estimate constant increment (bias) and
discrimination effects.

Method

Subjects. Six subjects participated in the experiment. Five were
paid for their participation while 1 (BM, the second author) volun-
teered his services. None of subjects, except BM, served in any of the
other experiments. All had normal or corrected-to-normal vision and
hearing. They participated in five 55-min sessions, including practice.

Design, stimuli, and procedure. The design, stimuli, and proce-
dure were identical to Experiment 2 with two exceptions. (a) The
prime duration was 1.50 s rather than 0.35 s (see Part b in procedure
of Experiment 2). (b) The subjects were explicitly instructed to use
the prime to make contact with a semantically related list element.

Results

Data summaries. Latency and proportion-yes data for the
six main conditions of the experiment are listed in Table 5,
averaged over subjects. All important analyses were per-
formed on individual subject data.

Lag-latency functions. The latencies listed in Table 5 de-
pended on point of interruption {lag), F(6, 30} = 27.5, p =
.0000, but not on prime condition, F(2, 10) = 0.970, ns.
Latency marginally varied with response tvpe, F(1, 5) = 4.05,
p = .10. Again, retrieval functions plot accuracy (d’) against
average total processing time {lag plus latency).

Increment (bias) analysis. The increment analysis was
performed exactly as in Experiment 2. The 4° measure scaled
all conditions against the unrelated lures. As previously, pos-
itive d's for RN and MN lure conditions reflect worse per-
formance than the UN baseline. The speed—accuracy trade-
off functions based on 4’s from the increment analysis are
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shown in Figure 7. As in Experiment 2, when the prime and
test words are semanticaily related, the effective strength was
higher than unrelated prime conditions; this elevation was
especially prominent early in retrieval. Parameter estimates
for the same model which summarized the increment data in
Experiment 2 (Table 4) are shown in the bias (top) part of
Table 6. This model was a generalization of the pure incre-
ment {bias) hypothesis to accommodate differences between
early and late effects. The model assumed that A gy = Ayy +
Aan, Azry = A Ly + Aarn, Auy = }‘MY, and Ayw = 0. The 4’
value for related lures (RN vs. UN) and the ¢’ difference
between related targets (RY vs. UN) and unrelated targets
(UY vs. UN) were assumed to estimate the same additive
relatedness increment, .S,. The pure increment model gener-
ated the smooth curves seen in Figure 7. Two things deserve
comment. First, ali 6 subjects showed asymptotic increments
following related primes, as well as late suppression or decay
of this semantic relatedness factor. Second, the estimated
intercept of the model fit excludes a significantly above-
chance point for the related target condition RY (which is
circled in Figure 7). These earliest responses to targets follow-
ing a related prime {d’ for the average data of 0.65; and of
0.77, 1.18, 0.25, 0.35, 0.67, 0.68 for individual subjects)
represent a systematic deviation from the modei fit. As the
subsequent discrimination analyses show, the pure increment
model reported in Table 6 is an oversimplification of the data.

Discrimination analysis. The discriminative analysis
scaled targets against lures in the same priming condition.
Retrieval functions based on discrimination d’s are shown in
Figure 8. There are two effects of a related prime. First, related
primes significantly lowered the asymptotic discrimination
level, F{(2, 10} = 6,471, p = 015, in an analysis of &’ for
longest three lags. Forcing subjects to attempt to penerate a
list member related to the prime damaged their overall mem-

Table 5
Experiment 3: Average Larency and Proportion of Yes Responses
. Lag
Condition,
latency, and proportion 0.1 0.3 0.5 0.7 1.0 1.5 2.5
RY
RT 0.219 0.180 0.168 0.166 0.162 0.159 Q.156
{yes) 0.604 0.743 0.812 0.794 0.786 0.795 0.817
uy
RT 0.244 0.192 0.173 0.162 0.157 0.160 0.154
plves) 0.411 0.628 0.785 0.776 0.805 0.771 0.775
MY
RT 0.238 0.192 0.170 0.164 0.161 0.158 0.159
Plyes) 0387 0567 0765 0754 0787 0788  0.824
RN
RT 0.239 0.202 0.180 0.164 0.158 Q.164 0.160
plyes) 0.393 0.337 0.254 0.168 0.175 0.140 0.167
UN
RT 0.248 0.206 0.167 0.163 0.161 0.158 0.161
plyes) 0.368 0.263 0.118 0.105 0.104 0.092 0.097
MN
RT 0.241 0.196 0.167 0.165 0.164 0.156 0.161
plyes) 0.366 0(.270 0.115 0.125 0.089 0.097 0.072

Note. RT = reaction time; p{yes) = proportion of yes responses; RY = related target; UY = unrelated
target; MY = misteading target; RN = related lure; UN = unrelated lure; MN = misleading lure.
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Table 6

Experiment 3: Parameter Estimates for Constant Increment/Bias Model and

Discriminative Model

Subject
Parameter Average AM BM Dw RS PJ PW
Bias model
ARy 3.00 3.77 3.95 2.20 3.29 2.35 3.55
Mary 2,37 2.41 224 1.73 3.52 1.65 2.89
MRN 0.73 1.69 1.38 0.50 0.37 0.58 0.060
Aarn 0.09 0.33 ~0.34 0.03 0.60 —=0.12 —0.06
Auy = MY 2.28 2.08 2.58 1.70 2.92 1.77 295
e 0.061 0.048 0.035 0.065 0.019 0.470 0.096
& 0.481 0.516 0.488 0.465 0.481 0.522 0.476
* 0.625 0,522 0.661 0.588 1,199 1.200 0.662
R? 0.966 0.885 0.859 0.825 0.926 0.861 0.883
Discriminative model

Ary 2.06 1.38 2.34 1.68 2.68 1.36 2.95
AUy = my 2.37 2.38 2.68 1.74 3.04 1.63 3.26
vt 0.705 0.068 0.051 0.192 0.029 0.304 0.237
8 0.478 0.507 0.479 0.443 0478 0.449 0.437
R? 0.930 0.740 0.747 0.713 0.906 0.748 0.776

ory performance when the prime was related to the test
element. In particular, related primes damaged performance
on lures more than they improved performance on targets
(see Table 5). Second, related primes caused differentially
improved performance at the earliest point of interruption,
even in discrimination performance. This point (circled in
Figure 8), as discussed above, is excluded by the model fit
shown by the smooth curves. The RY versus RN Lag | 4 is
significantly greater than the UY versus UN Lag L ¢’ (A =
0.47, 1[5] = 7.455, p = .001). We believe this to be a matching
related increment. This was not seen in the discrimination
data of Experiment 2, where the comparable &' difference
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Figure 7. Observed speed-accuracy trade-off (SAT) curves for the
increment analysis for priming in the SAT paradigm under instruc-
tions to generate a list element from the prime (Experiment 3).
(Smooth curves are the best fitting additive increment model. The
circled data point of condition RY vs. UN at Lag | represents a
systematic misfit of the increment model that is attributed to a match
between the test and the generated list element.)

was nonsignificant (A = 0.10, {[5] = 0.838). (The difference
between these differences in the two experiments was also
significant; F[1, 10] = 5.702, or equivalently, {10] = 2.391,
p = 038, This is the same test as the interaction between
prime type and experiment performed directly on the 4’ data.)

Discussion

In this experiment we examined list recognition perform-
ance when subjects were instructed to think of a list element
that was related to the prime, if one existed. As in the earlier
uninstructed experiment, a related prime caused an increment
in strength that was larger earlier in the retrieval interval. This
is shown by the elevation of related lures (RN vs. UN) above
zero and by the elevation of related targets (RY vs. UN)
compared with unrelated targets (UY vs. UN). Additionally,
however, using the prime to try to think of a list member
caused an especially high Lag | discrimination ¢’ and late
damage to asymptotic performance following related primes
(RY vs. RN).

The Lag 1 elevation of RY versus RN d's was localized to
related targets by the increment (bias) analysis. We believe it
is the consequence of a fast matching strategy. This is the
only condition in which the subject can generate a related list
member that matches the test word.

The related prime (RY vs. RN) discrimination decrement
in performance at asymptote relative to unrelated primes (UY
vs. UN) was an unexpected finding. It resulted from an
elevation of false alarms to lures greater than the elevation of
hits to targets, especially later in retrieval. During the prime
processing interval, subjects must engage in several activities.
First, the prime word must be read. Next the list is searched
for a related word. In the case of related lures, the prime is
unrelated te any list word. Perhaps during this process the
prime acquires some episodic status and, when the subsequent
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Figure8. Observed speed-accuracy trade-off curves for the discrim-
ination analysis for instructed priming (Experiment 3). (Because the
conditions differ significantly, the pure increment model fails. The
smooth curves represent a modified model with differential effect of
a related prime. The circled data point again represents a very early
accuracy increment that reflects successful generation of the test
word.)

lure is related to the prime, a low level of episodic strength
attaches to the lure via semantic generalization. This would
loewer asymptotic performance. This is, of course, merely a
post hoc elaboration and restatement of the observed pattern
of the data.

There are two important aspects of the failure of the pure
increment hypothesis in this experiment. First, active gener-
ation of the test word from the prime (a match) has a clear
“signature™—a very early accurate response to the test. We
take this as a signature of an early matching strategy because
it was notably absent in the uninstructed (short SOA) study.
Second, generation may also be associated with late episodic
confusion between related tests and lures when active gener-
ation of a list member is impossible. Again, this pattern of
late decrements was not observed in the uninstructed priming
experiments.

Experiment 4: Priming From List Elements

In Experiment 4 a priming manipulation is emploved in
which the “prime” is not identified as such but occurs in the
terrhinal positions of the study list. We report this experiment
here because it generalizes our findings to a situation where
the prime has higher validity and to a different, somewhat
unusual, priming paradigm. The “prime” here is never mis-
leading. If it is related to an earlier list item, then—with the
exception of a few filler trails—the following test word was
always the matching target. In principle, subjects could have
programmed a yes response prior to test presentation, Hence,
the matching strategy would have been especially valuable,
We demonstrate that some subjects, though not all, sponta-
neously use matching strategies under these circumstances.

Method

Subjects. Five subjects were paid for their participation. All had
normal or corrected-to-normal vision and hearing. They participated

in from ten to sixteen 33-min sessions, including practice, depending
on scheduling constraints.

Design. All study lists were eight words in length. A related
“prime” word (or unrelated word) appeared in either the 7th or 8th
list position. There were six main experimental stimulus conditions,
illustrated in Table 7. Labeling of the conditions is analogous to that
in the prior experiments, except that related conditions are indexed
by the list position of the related “prime”. Because primes appear in
terminal positions of lists, only one test trial follows the learning of
each list.

In the experimental trials, the tested targer words were studied in
Position 4. The six stimulus conditions were crossed with seven points
of interruption at 0.1, 0.3, 0.5, 0.7, 1.0, 1.5, and 3.0 s, yielding 42
main experimental conditions. [n addition, there were a variety of
fillers that varied both the positions of the target and of related words
(primes), tested randomly at one of the seven interruption times.
There was one filler for every six experimental trials. (In debriefing,
no subject reported strategic focusing on Position 4 of the study list
or, except MH, awareness of the special status of Position 4.} Tokens
of the 42 experimental conditions and seven filler conditions (one
replication of the experimental design) were presented as one black
of 49 trials in a random order, subject to the constraint that no more
than four target or lure trals appear in sequence, Each session had
five blocks of 245 trials. Sample sizes were as follows: for Subject SO,
n per cell = 75, total trials N = 3,150 (plus 525 fillers), for GR, nn =
70, N = 2,940 (+490); for YL and TI, n = 70, N = 2,940 (+490).
MH ran Prime Position 7 and § trials in separate experiments. For
MH, n = 40 for each related condition and n = 80 for unrelated
conditions, N = 2,240 (+560).

Stimuli. The study lists were constructed from two word lists,
one a list of 3,450 unrelated words (see Dosher, 1984a) and the other
a 300 pair subset of the related word list used in the previous
experiments. The targets and primes were drawn from the related
word list (if used on any given trial’s list), and all other background
words were selected from the unrelated word list. This allowed us to
minimize stimulus repetition in the experiment despite the low ratio
of test to study trials. There were four random reorderings of each of
these lists, pseudorandomly paired in a different way for each session.

Procedure. The apparatus was identical to prior experiments, and
the procedure was very similar. Study lists were displayed as in the
prior experiments, one over the other for 1 s per word, with a | s
pause between the last study item and test. Test items, enclosed in
brackets five character positions 1o the left or right, appeared one line
below the list items. The procedure was otherwise identical to that of
Experiments 2 and 3,

Table 7
Main Trial Types of Experiment 4
Tral type
Position Uy UN RY8 RNE8 RY7 RN7
1
2
3
4 TABLE TABLE TABLE
5
6
7 CHAIR  CHAIR
8 CHAIR  CHAIR
Test TABLE TABLE TABLE TABLE TABLE TABLE

Note. Position tefers to the eight elements of a study list; UY =
unrelated target; UN = unrelated lure; RY8 = related target with
prime in List Position 8; RN8 = related lure with prime in Position
8; RY7 and RN7 are equivalent for prime in Position 7. Tahle and
chair are examples of related items, and blanks represent filler items.
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Results

Data summaries. The latency and proportion-yes data
from the six main conditions of the experiment are listed in
Table 8§, averaged over subjects.

Lag-latency analysis. The latencies in Table 8 differed
little across stimulus condition, {24, 96) = 1.352, p = 08,
and, typically, depended on point of interruption, F(6, 24) =
70.5, p = (.

Constant increment (bias) analysis. The RY and RN data
from Prime Positiens 7 and 8 showed approximately the same
pattern of priming effects when analyzed separately, so we
shorten and simplify presentation by reporting a single com-
bined condition. Figure 9 shows the average SAT curves based
on d’s for the increment or bias analysis, This compares all
conditions with the baseline UN condition. The average re-
sults are strikingly similar to those of Experiment 3. A seman-
tic relation between “prime” and test increases yes responses
to both targets and lures early in retrieval. Smooth curves
represent the fit of the pure increment model, with parameters
appearing in the bias (1op) part of Table 9. In this experiment,
late suppression of the relatedness-based increment, S,, is
nearly complete. The potential match process can be seen as
a substantial elevation of the Lag 1 4’ for RYSs that is system-
atically misfit by the smooth curves.

In this paradigm, there is some nonmonotonicity, even in
unrelated prime conditions, which we ignore in the smooth
fits. This nonmonotonicity probably reflects forgetting during
the retrieval interval—tests in this expertment appeared just
after list presentation. A similar pattern of nonmonotonicity
was observed by Reed (1973) in a Peterson-Peterson para-
digm. The nonmonotonicity causes small systematic devia-
tions from the fitted function which lower R2,

Discrimination analysis. Figure 10 shows the results of
the discrimination 4’ analysis. In this case, final asymptotic
levels were independent of priming. Discrimination &’s for
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Figure 9. Observed speed-accuracy trade-off curves for the incre-
ment analysis for list element priming (Experiment 4).

the longest three lags showed no significant effects of condi-
tion, lag, or the interaction, F(2, 8) = 0.699, F(2, 8) = 1.089,
£(4, 16) = 1.342, respectively. The list variant of the priming
experiment also shows early discriminative (matching) im-
provement following related primes. This is largest at Lag 1
(circled), with perhaps a small effect at Lag 2. Best fitting
parameters for each subject are listed in the discrimination
(bottom) part of Table 9. In this case, most of the discrimi-
native enhancement (the match process) is not captured by
the model fit. Again, high early primed peints and slight
function nonmonotonicity lower the quality of the fits.
Unlike the previous experiment, however, the matching
increment in discrimination performance did not occur for
all subjects. On the basis of a set of competitive model fits,
we identified 3 subjects (GR, SO, and YL) who appear to
exhibit discriminative priming. The remaining 2 subjects (T
and MH) do not appear to exhibit discriminative enhance-

Table 8
Experiment 4: Latency and Proportion of Yes Responses
Condition, Lag
latency, and proportion 0.1 0.3 0.5 0.7 1.0 1.5 3.0
Uy
RT 0.204 0.184 0.165 0.160 0.156 0.157 0.154
plyes) 0.364 0.537 0.786 0.795 0.828 0.803 0.766
UN
RT 0.207 0.191 0.164 0.159 0.158 0.156 0.153
Hyes) 0.266 0.234 0118 0.079 0.074 0.083 0.065
RYS
RT 0.200 0.189 0.173 0.162 0.162 0.158 0.158
Pyes) 0.562 0.643 0.737 0.699 0.740 0.755 0.737
RN8
RT 0.213 0.196 0.170 0.167 0.162 0.161 0.158
p(yes) 0.268 0.293 0.164 0.107 0.065 0.073 0.055
RY7
RT 0.183 0.173 0.159 0.155 0.153 0.158 Q(.152
plyes) 0614 0,742 0.836 0.848 0.755 0.794 0.821
RN7
RT 0.201 0.179 0.160 0.155 0.153 0.154 0.155
plyes) 0312 0312 0210 0.112 0.103 0.125 0.071

Note. RT = reaction time; p(yes) = proportion of yes responses; UY = unrelated target, UN = unrelated
lure; RY8 = related target with prime in List Position 8; RN8 = related lure with prime in Position §;
RY7 and RN7 are equivalent for prime in Position 7.
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Table &
Experiment 4. Parameter Estimates for Constant Increment/Bias and Discriminative
Models
Subject
Parameter Average S0 YL GR TI MH
Bias model
Airy® 3.21 3.36 4,22 2.55 2.74 3.51
Aoyt 2.88 3.16 3.82 2.47 2.11 2.45
Airn 0.30 0.20 0.40 0.05 .62 1.02
P —-0.03 -0.10 0.00 =0.03 -0.01 —0.04
Auy 2.91 3.26 3.82 2.50 2.12 2.49
2 0.420 0.523 0.546 0.562 0.125 1.136
§ 0.260 0.283 0.211 0.250 0.297 0.419
t* 0.764 0.840 0.400 0.665 0.685 0.793
R? 0.934 0.892 0.879 0.773 0.913 0.830
Discriminative model
Ay 3.10 3.44 4.25 2.66 2.10 1.97
AUy = 2RY 2.84 3.20 161 246 2.18 2.47
2 0.436 0.571 0.547 0.614 Q.100 0.125
8 0.269 0.276 0.231 0.250 0.303 0.264
> 0.856 1.167 0.84¢6 0.855 0.547 0.400
R’ 0.727 0.650 0.594 0.580 0.689 0.774

2 Ary and A gy jointly estimated such that Agy = Ayy + Air.
P Asrv and Aspn jointly estimated such that Asgy = Auv + Aorn-
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ment at all. (In fact, they may show slight estimated decre-
ments due to priming.) Using the model fits to partition the
subjects into two sets, we verified the conclusions of those
fits. Discrimination d’s for the enhancement group indicate
a marginal effect of priming condition, F(2, 4) = 4.604, p =
.09, an effect of lag, F(6, 12) = 60.727, p = 0, and, most
important, a Prime X Lag interaction, £(12, 24) = 3.026, p =
.01. The mteraction is a meaningful measure here because
the three conditions do not differ in asymptote. Net priming
scores (d’ for related prime conditions minus ¢’ for unrelated
condition for each lag) vield significant effect of lags, F(6, 12)
= 3.308, p = .03, but no significant effect of prime position
(List Position 7 or 8) or Position x Lag interaction. Direct
comparison of net priming scores at Lags 1 and 2 to zero
indicate significant priming {mean = 0.669 ¢’ units, F =
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Figure 10. Observed speed-accuracy trade-off curves for the dis-
crimination analysis for list element priming (Experiment 4).

31.604, p = 0). Equivalent analyses for the no-enhancement
subjects vield no effect of prime condition on discrimination
scores.

Discussion

When the prime item is included as a terminal or penulti-
mate list member, and the test item follows the list directly,
some subjects showed discriminative enhancement as well as
common increment effects on item recognition. However,
increment effects are the more basic because they are observed
for all subjects. No misleading primes were included in this
experiment. With the exception of a very small number of
fillers, the presence in a list of a related word pair was always
followed by the first member of the related pair (a target) as
a test. This sitvuation, then, was conducive to the use of an
accurate matching strategy on those occasions when a related
pair appeared on the list. In this situation, subjects could
essentially “precompute” the answer. As in the prior experi-
ment, it is our belief that this kind of simple matching strategy,
or something like it, was the basis of discriminative enhance-
ment. This would explain the unusually high 4’ values at the
shortest lag for targets following related primes (the elbow in
the retrieval functions): It was shown by Wickelgren and
Corbett (1977) that yes/no recall matching could be accom-
plished within 0.2 s or so, well within the range of responses
on even the earliest interruption point.

The lack of effect at asymptote means that the presence of
a related item in the list neither causes special interference
with the target item nor does it elicit special rehearsal of the
target item. Intuitively it might seem that the presence of a
highly related prime on the study list should increase false
alarms even at asvmptote due to similarity-based confuston.
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However, these factors may be especially weak at short reten-
tion intervals where the surface information about words is
still strongly represented. For comparison, Gillund and Shif-
frin (1984, Figure 4) report a set of recognition experiments
where false alarms to synonyms of list members was approx-
imately at control levels.

General Discussion
Empirical Summary

When a semantically related prime precedes a test item
presented for a recognition (list-membership) judgment, we
consistently observed an improvement in performance on
targets but also a decrement in performance on lures. A
decrement in performance on lures, by itself, does not exclude
the possibility of a prime-based enhancement of retrieval
(discrimination). However, with some exceptions, the im-
provement was not larger than the decrement, and little or
no discrimination enhancement was observed. The pattern of
priming did not appear to depend strongly on the prime
duration, Generally, then, we conclude that in the absence of
specific generation instructions, semantic priming in item
recognition leads to bias (increment) effects but not to im-
provement in discrimination (Experiments | and 2).

Effects over and above increment effects were limited to
situations in which the subjects were instructed to process list
elements with reference to the prime (Experiment 3) and, less
frequently, occurred spontaneously when a list-prime relation
had high cue validity with the response (Experiment 4).
Subjects in Experiment 3 were instructed to find a list member
that was related to the prime, and they complained that this
generation strategy was frequently unproductive because of
the inclusion of misleading primes. Misleading primes were
related to list elements but unrelated to the tagets or lures
which followed. Instructed generation and matching led to a
characteristic elevation of discrimination at the earliest inter-
ruption point following releated primes. This is a form of
discriminative enhancement that we labeled the matching
signature. Some (but not all) subjects in Experiment 4 spon-
taneously processed the prime in such a way as to lead to
enhancement in discrimination measures at the earliest inter-
ruption point. A spontaneous generation strategy may have
been more likely in this experiment because of the exclusion
of misleading primes, which would have allowed subjects, at
the cost of a very few errors on fillers, to entirely precompute
the response on those trials where they remember that a
related element was present earlier in the list. Even when this
simple strategy was available, subjects did not always utilize
it. We conclude that bias or increment effects are ubiquitous
in semantic priming of item recognition and that any discrim-
inative enhancement is small and task specific. Judging from
the current studies and previous reaction time reports, this
conclusion may hold for many situations involving semantic
priming of episodic judgments, with the special exception of
retrieval from short categorized lists. Preretrieving the related
list element (which is associated with discriminative matching
enhancements) may be maore likely when a semantic prime
and target are studied together, but because studying a prime
and test word together guarantees that the test is a target,
appropriately controlled lure conditions are problematic.

Enhanced discrimination may reflect generate-and-match
strategies that are specialized to a particular experimental
situation. That the pattern of priming effects may depend on
details of experimental design has been documented in other
situations (i.¢., Durgunoglu & Neely, 1987). The matching
benefit appears to be restricted 1o the earliest portions of the
retrieval functions. By fairly early in retrieval, the generated
information would typically be replaced or exceeded by in-
formation from direct recognition. It is not unexpected that
this is so because cued generation of a list member by the
prime (cued recall) would almost never be followed by a
failure to recognize that list member (recognition).

Prime May Not Interact With Item Retrieval

Pure increment mechanisms are at least compatible with
the notion that the mechanism of semantic priming in simple
item recognition does not change the process of episodic
retrieval. The increment model can always be recast as a
criterion shift model in which semantic relatedness 15 evalu-
ated by lexical access processes and is integrated with the
output of a separate episodic memory process. If this view is
correct, the interpretation of some priming effects in very
similar task situations is called into question. For example,
the fact that semantic primes affected episodic list-member-
ship judgments (McKoon & Ratcliff, 1979) was used to argue
against the separability of episodic and semantic stores. How-
ever, if the semantic component were the consequence of late
integration of semantic and episodic information, one might
conclude that information from both semantic and episodic
stores is accessed in an episodic task, but not that semantic
information interacted with episodic retrieval. (McKoon &
Ratciiff, 1979, acknowledged this possibility.) The results also
call into question the multiplicative strength rule of the SAM
model (Gillund & Shiffrin, 1984) as applied to priming in
these paradigms (see Dosher & Rosedale, 1989; Raicliff &
McKoon, 1988). One explanation is that the multiplicative
rule obtains, but the larger increment for targets happens to
be exactly offset by increases in strength variability. Alterna-
tively, the SAM model could treat semantic and episodic
associations as occurring in separate systems whose output
undergoes additive integration late in the recognition process.

Late Suppression

We accounted for the biphasic nature of priming seen in
the increment analyses by assuming a midretrieval shift in
the treatment of the prime. We assume that a relation between
prime and target causes a (probably unavoidable) increment
in familiarity early in recognition, We suggest that the subject
recognizes the relation between the target and the prime and
attempts to correct for the likely familiarity increment. Often
the suppression of the relatedness increment is nearly com-
plete late in retrieval. In a bias account of the data, the initial
familiarity increment and its subsequent suppression occur in
the same way for targets and lures.

Late-retrieval correction might be specialized to this exper-
iment and others where the existence of a prime-target rela-
tion is not a perfectly valid cue to a yes response. In most
standard priming paradigms, such as lexical decision, a related
prime and target occur only when the subject should say
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yes,” and hence there is no reason for a correction mecha-
nism (see Neely, 1977). A similar late-retrieval suppression of
semantic relatedness between members of a test pair was
observed by Dosher (1984b) in episodic judgments of associ-
ation. In that situation, semantically related pairs could be
either episodic pair targets or lures, A related example was
reported by Ratcliff and McKoon (1982).

Enhancement in Item Recognition

As described earlier, there have been several reports of
semantically (categorically) related primes resulting in facili-
tation of both targets and lures, and hence discrimination
enhancement. All of these cases (Johns, 1985; Lewandowsky,
1986; Macht & O’Brien, 1980; Taylor & Juola, 1974) involve
sequential item recognition from categorized lists. Lewan-
dowsky (1986) proposed that facilitation of lures would result
following episodic processing of a related prime stimulus and
that inhibition of lures would result following semantic proc-
essing of a related prime stimulus, relative to the case of
unrelated primes. This proposition, at least in simpie form, is
violated by the results of Experiments 3 and 4. In these
experiments the prime stimulus, either by instruction or by
requiring study, was processed episodically. In both cases,
there is substantial inhibition to lures following a semantically
related prime.

In episodic priming, Neely and Durgunoglu (1985) and
others either find no effect or find inhibition to single item
targets following intralist episodic primes. Yet when episodi-
caily related primes precede episodic judgments of associa-
tions, Dosher and Rosedale (1989) observed pure discrimi-
native priming: substantial prime effects which were limited
to targets and no effect of prime relation on lures. It is
apparent that the definition of boundary conditions for bhias
versus discriminative priming in recognition needs further
work. More research will be required to determine whether
response characteristics—semantic or episodic nature of the
prime—or list characteristics, or all of these, are critical in
determining whether bias or discriminative priming will op-
erate in other priming paradigms.

Facilitation on targets and lures virtually guarantees dis-
criminative priming. However, inhibition on primed lures
may still be compatible with discriminative priming if facili-
tation on targets exceeds inhibition on lures. Thus, the dis-
tinction we draw between bias and discriminative priming is
logically related to, but not identical with, the distinction
between lure inhibition and lure facilitation (e.g., Lewan-
dowsky, 1986). We describe some data that show discrimi-
native enhancement in the face of lure inhibition. However,
this may reflect matching strategies that may be distinct from
enhancement of normal retrieval processes. Further work on
semantic priming of item recognition may indicate that the
observation of nonmatching-based discriminative priming is
equivalent to the observation of lure facilitation, at least
within the domain of item recognition.

Related Results in Lexical Decision

Both constant-increment/bias and retrieval enhancement
are reasonable mechanisms of priming in lexical decision
experiments. Consider the experiments by Meyer and Schvan-

eveldt (1971) which demonstrate an interaction in reaction
time between semantic priming of lexical decision and visual
masking of the test string. They found that the semantic
priming effect was smaller {in milliseconds of reaction time)
for unmasked test strings than for masked test strings. Meyer
and Schvaneveldt proposed that semantic primes lowered the
threshold for related words and that masking slowed the rate
of accumulation of evidence. These assumpticns are sufficient
to account for the observed interaction. Norris (1986), on the
basis of the interaction of word frequency and semantic
context, also argues that context operates as a change in
criterion, although in this case the criterion change occurs in
a postlexical checking operation. In contrast, Becker {1976,
1980) supposed that the prime altered the order in which
words were top-down compared with the visual representa-
tion of the test item. Discriminating between these two re-
quires finely detailed and theorv-dependent observations hav-
ing to do with sizes of primed sets of words (Becker, 1976,
1980). Seidenberg and McClelland (in press) do not treat
semantic context effects in their model of word recognition
and naming, and it is not clear how semantic context would
be incorporated. They do treat orthographic and phonemic
priming as changes in state of the learned weights in the
internal memory representation. In either case, a simulation
aimed at the issues of bias and discrimination is necessary to
determine the status of such a complex system.

It is difficult to construct pure discrimination versus bias
comparisons in lexical decision comparable to those reported
here for item recognition. In lexical decision, it is possible to
test primed nonwords in a variety of ways (Schvaneveldt &
McDonald, 1981), but the difficulty is that the nonwords by
definition differ from words in a number of complex respects.
Further, the performance patierns may depend critically on
the judgment required of the subject. The closest analog to
the current study in the lexical domain is that of Johnson and
Hale {1984), which examined same—different matching per-
formance between a briefly presented and masked word and
a matching word, where the correct prime was a self-preex-
posure. In this context, priming primarily altered bias. Only
when short, low-intensity unmasked stimulus presentations
were used did priming appear to affect discrimination per-
formance in addition to bias.

Although it is not obligatory that bias and enhancement
mechanisms operate identically in the lexical and recognition
domains, the parallel between these domains is suggestive. In
both domains, it appears that a bias mechanism is fundamen-
tal, with some subjects or circumstances allowing retrieval
enhancement mechanisms to operate as well,
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