Psychonomic Bulietin & Review
1995, 2 (2), 145-173

Negative priming from ignored distractors
in visual selection: A review
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Ignoring a distractor on a prime trial generally impairs responses to that object on a subsequent
probe trial. This negative-priming (NP) effect supports the notion that distracting objects are actively
inhibited during target selection (Tipper, 1985). Alternatively, NP may be caused either by a mis-
match between the features of items across prime and probe trials (Park & Kanwisher, 1994) or by
the episodic retrieval of information from the prime trial which conflicts with the current, correct
response (Neill & Valdes, 1992). These alternative accounts are called the selective inhibition, fea-
ture mismatching, and episodic retrieval hypotheses, respectively. The present paper reviews the
NP literature and considers the evidence for each of the three accounts. Feature mismatching does
produce NP in a limited number of cases, but it is not a necessary condition for NP. In other cases,
NP must be due to either selective inhibition or episodic retrieval of previously ignored distractors.
Though results from critical tests designed to discriminate among these hypotheses have not yet
been reported, such results are crucial for both theoretical and practical reasons.

In the natural environment, we are frequently con-
fronted with multiple visual objects, only a subset of
which are relevant for current behavior. Thus, a central
aspect of coherent perceptual-motor processes is the abil-
ity to select and respond to relevant objects and the abil-
ity to successfully ignore irrelevant objects. The nature
of the mechanisms underlying this visual selective atten-
tion is of enduring interest to cognitive psychologists.

Traditional theories of visual selective attention have
argued that selection of a target from a distractor is pri-
marily an excitatory process. Attention is viewed as a
single process (e.g., a beam of a spotlight), which oper-
ates on attended information (see Allport, 1989, 1993;
Johnston & Dark, 1986; Kahneman & Treisman, 1984;
Lambert, 1985; van der Heijden, 1992, for reviews of
these theories). More recently, however, models of atten-
tion have been proposed that emphasize a dual process
that operates o:i both attended and ignored (irrelevant)
information (e.g., Houghton & Tipper, 1994; Keele &
Neill, 1978; Neill, 1977, 1989; Neumann & DeSchepper,
1992; Tipper, 1985; Yee, 1991). The idea is that visual
selection might best be achieved by the previously de-
scribed excitatory mechanism, which is supplemented
by an inhibitory mechanism that acts to suppress com-
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peting information derived from analysis of irrelevant
stimuli (Houghton & Tipper, 1994). This type of model
has to a large extent been prompted by the phenomenon
of negative priming (NP; e.g., Tipper, 1985). NP is the
demonstration that when an object is ignored, subse-
quent responses to that object are slower or less accurate
than responses to new objects. This NP effect contrasts
with the positive priming (PP) effect, which is the dem-
onstration that attending to an object facilitates subse-
quent responding to that object (e.g., Scarborough,
Cortese, & Scarborough, 1977). NP from ignored ob-
jects indicates that cognitive processes operating on ir-
relevant information may be a critical component of vi-
sual selection. This notion has profound consequences
for our theoretical understanding of attention. It is there-
fore important to gain a fuller understanding of such
mechanisms, particularly since inhibitory processes may
be critical at all stages of cognition (see Dagenbach &
Carr, 1994, for examples). The current paper provides an
empirical review of the NP literature. A primary aim is
to establish whether NP provides compelling evidence
for the selective inhibition of distracting objects during
selective attention.!

In a typical NP experiment, two trials are presented in
rapid succession; the first is generally called the prime
trial, and the second is called the probe trial. In both tri-
als, the subject usually attends to one item and attempts
to ignore distracting material. The critical probe trials
are those in which the previously ignored distractor is
presented as the to-be-responded-to target. Slowing of
response in these ignored repetition trials was first dis-
covered using Stroop tasks in which subjects named the
ink color of color-word stimuli. For example, Dalrymple-
Alford and Budayr (1966) found that the total time to
name colors in a list of Stroop words was slower if each
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color corresponded to the distractor word immediately
preceding it in the list (i.e., in related conditions), rela-
tive to control (unrelated) conditions. To illustrate, it took
longer to respond “red” to the red stimulus green if it
was preceded by the word red printed in blue than it did
if it was preceded by the word yellow printed in blue.
Neill (1977, Experiment 1) has since established that
this distractor suppression effect occurs even when ran-
domized, individually presented Stroop words are used
(see also Lowe, 1979, 1985).

Similar results have been found with line drawings of
familiar objects. For example, Tipper (1985) presented
subjects with displays containing two superimposed pic-
tures; the target picture was printed in red, while the dis-
tracting picture was printed in green. The subject’s task
was to remember the prime target, name the probe target
as rapidly as possible, and then recall the prime target.
When the distractor on the prime trial subsequently be-
came the target on the probe trial (i.e., the ignored rep-
etition condition), naming latencies were slower than
they were when the prime and probe trials were unre-
lated. Subsequent research demonstrates similar NP ef-
fects in selective-attention tasks that require letter nam-
ing (e.g., Tipper & Cranston, 1985), picture naming (e.g.,
Allport, Tipper, & Chmiel, 1985; Tipper, 1985), word
naming (Tipper & Driver, 1988), letter matching (Neill,
Lissner, & Beck, 1990), lexical decisions (e.g., Yee,
1991), letter counting (Driver & Tipper, 1989), matching
of nonsense shapes (DeSchepper & Treisman, 1991),
and target localization (e.g., Tipper, Brehaut, & Driver,
1990). Thus, NP appears to be a robust effect of broad
generality, since it occurs across a range of stimuli
(words, letters, pictures, numbers, and nonsense shapes),
and across a variety of task demands (categorization,
matching, counting, and localization).

THEORETICAL ACCOUNTS OF
NEGATIVE PRIMING

The dominant view is that NP is a reflection of in-
hibitory mechanisms in visual selective attention (e.g.,
Allport et al., 1985; Fox, 1994b; Houghton & Tipper,
1994; Milliken, Tipper, & Weaver, 1994; Moore, 1994;
Neill, 1977, 1979, 1989; Neill & Westberry, 1987; Neu-
mann & DeSchepper, 1991, 1992; Tipper, 1985; Tipper
& Cranston, 1985; Tipper, Lortie, & Baylis, 1992; Tip-
per, Weaver, Cameron, Brehaut, & Bastedo, 1991; Tip-
per, Weaver, & Houghton, 1994; Tipper, Weaver, Kirk-
patrick, & Lewis, 1991; Yee, 1991). This is the selective
inhibition account. Two alternative accounts of NP have
been proposed that make no assumption that ignored
material is inhibited. The first of these concerns the pos-
sibility that attending to the probe target may lead to the
automatic retrieval of information from the prime trial
that conflicts with the information present in the probe
display. This conflict produces an ambiguity that results
in delayed processing on the probe trial (Lowe, 1979;
Milliken et al., 1994; Park & Kanwisher, 1994). This is
the feature mismatching account. A related hypothesis

(Neill & Valdes, 1992; Neill, Valdes, Terry, & Gorfein,
1992) suggests that NP is produced by the memory re-
trieval of an episode in which the current target stimulus
was ignored. This may create a conflict between a do-
not-respond tag encoded with the ignored distractor on
the prime trial, and a respond tag associated with that
item when it becomes a target on the probe trial, thus
producing a delay in responding on the probe trial. This
is the episodic retrieval account. Each of these theoret-
ical interpretations of NP will be briefly considered,; fol-
lowing that, the empirical literature of NP will be re-
viewed.

Selective Inhibition

The selective inhibition account of NP proposes that
selective attention involves two separate mechanisms.
First, processing of relevant information may be facili-
tated or activated—termed amplification by Houghton
and Tipper (1994). Second, processing of irrelevant in-
formation is initially activated, and then may be sup-
pressed or inhibited. The inhibitory mechanism is as-
sumed to operate on postcategorical representations of
ignored items (e.g., Neumann & DeSchepper, 1992; Tip-
per, 1985; Yee, 1991), so that this view is essentially an
extension of traditional Jate-selection theory (Deutsch &
Deutsch, 1963; Duncan, 1980). More recently, it has been .
suggested that an inhibitory mechanism may only be im-
plemented if the activated representations of ignored ob-
Jects are associated with the current behavioral goals of
the organism (Milliken et al., 1994; Tipper et al., 1994)
and/or are likely to disrupt correct responding (e.g., Fox,
1994b; Moore, 1994). A formal connectionist model of
inhibitory mechanisms in selective attention has re-
cently been presented by Houghton and Tipper (1994).

In this account of NP, an important question concerns
what is inhibited. Neill (1979) originally suggested that
the activated mental representations of ignored items
might be “deactivated” by an inhibitory mechanism. If the
mental representations themselves are inhibited, they will
obviously be more difficult to respond to when subse-
quently presented as a target. This conception, however,
cannot account for the finding that ignored distractors
sometimes produce PP on probe trials that contain no dis-
tractor, even though they produce NP on randomly inter-
mixed probe trials that do contain a distractor (e.g., Lowe,
1979; Moore, 1994). Thus, once inhibition is removed, fa-
cilitation emerges that cannot be explained by the deacti-
vation hypothesis. An alternative view is that the mental
representation of an ignored distractor remains activated,
but the links between the activated representation and the
response mechanism are blocked (Tipper & Cranston,
1985). The idea is that as long as a selection state is main-
tained, inhibition will continue. If, however, the selection
state is dropped, PP may occur, since the distractor rep-
resentation is still activated. Both of these explanations of
the NP effect assume that NP is due to the selective inhi-
bition of distracting information during the prime trial.
This inhibition persists to the probe trial, thus slowing re-
sponses to information related to the ignored distractor.



Feature Mismatching

While NP is most often attributed to distractor inhi-
bition, it is possible that a lack of correspondence be-
tween the features of an ignored prime item and those of
a subsequent probe target could by itself produce NP. To
illustrate, Lowe (1979) presented a color-naming task in
which the prime stimulus consisted of a color-word fol-
lowed by unpredictable presentations of another color-
word or by just a color-patch (i.e., not by a conflicting
color-word). Significant NP was obtained when color-
words served as the probe stimulus, but RTs were facil-
itated when the probe was a color-patch. Lowe argued
that in the related condition, in which subjects have ig-
nored a word that names the current target (e.g., red
printed in blue followed by green printed in red), the
color name of the probe stimulus is doubly represented—
once as an ignored distractor, and once as a selected tar-
get color. The color name is therefore highly ambiguous,
and time is required to resolve this ambiguity. In the pre-
vious example, for instance, the subject responded “blue”
on Trial n, which was associated with the identity red. In
the following trial (n + 1), the subject is required to re-
spond “red,” which is now associated with the identity
green. This mismatch elicits a further check of the stim-
ulus before a response is released. On this view, the NP
effect is due to a mismatch between the features of the
ignored distractor and the features of the subsequent
target.

A very similar account of the NP effect has recently
been proposed by Park and Kanwisher (1994). In a spa-
tial NP task, they reported results that suggest that NP is
due to a change in the symbol identity bound to a par-
ticular location, rather than to a change in the status of
that location from distractor to target (see Tipper et al.,
1990). To illustrate, subjects were required to report the
location of an O in a prime display, while ignoring the
location of an X. Then, in a probe display, the subjects
were required to report the location of an X and to ignore
the location of an O. The critical result was that NP oc-
curred when the symbols occupying the probe-target lo-
cation changed between the prime and the probe dis-
plays, but that facilitation was found when the symbols
at that location did not change (e.g., when an X appeared
in the same location on both prime and probe displays,
PP, rather than NP, was observed). These results are pre-
dicted by the mismatching hypothesis because it as-
sumes that NP is produced when the probe target differs
from the item that occupies its position in the prime dis-
play, independently of whether that prime item was a dis-
tractor or a target (Park & Kanwisher). In contrast, the
selective inhibition account would not predict this result,
since it considers NP to be caused by the inhibition of an
ignored item that subsequently becomes a target. In
brief, the feature mismatching hypothesis assumes that
NP is a backward-operating effect caused by a mismatch
between codes on successive trials, instead of by inhibi-
tion of distractors during the prime trial that carries for-
ward to the probe trial.
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Episodic Retrieval

The third account of NP also assumes that it is caused
by the implicit retrieval of information from the prime
trial which conflicts with the current, correct response
(Neill & Valdes, 1992; Neill, Valdes, Terry, & Gorfein,
1992). This account emphasizes the role of the probe
stimulus as a memory-retrieval cue. The idea is that pro-
cessing the probe target in an ignored repetition condi-
tion leads to an automatic retrieval of the previous pro-
cessing episode (i.e., the prime display). Such instances
(episodes) may contain information about the identity
and/or location of items, their status as “relevant” or “ir-
relevant,” and the response they require (respond vs. do
not respond). If there is a conflict in the retrieval
episode, whereby an item previously encoded as irrele-
vant on the prime trial is now coded as relevant on the
probe trial, slower RTs occur because of the mismatch
between processing episodes, not because of inhibition
applied during the prime trial. To illustrate, assuming
the current (probe) target, B, was an ignored distractor
on the immediately preceding prime trial, the B—do not
respond association stored during the prime trial inter-
feres with the B—respond association on the probe trial.
Thus, responses might be slowed on ignored repetition
trials because the nonresponse encoded in the episodic
memory trace conflicts with the appropriate response.
Neill, Valdes, Terry, and Gorfein (1992) also point out
that responses on ignored repetition trials may be slowed
because the lack of correct response information may
force subjects to rely on slower algorithmic processing
to elicit the appropriate response (see Logan, 1988).

It is important to draw a distinction between Neill’s
episodic retrieval theory of NP (Neill & Valdes, 1992;
Neill, Valdes, Terry, & Gorfein, 1992) and the feature
mismatching theory of NP (Lowe, 1979; Park & Kan-
wisher, 1994). While both accounts rely on the notion
that attending to a probe stimulus induces the retrieval of
a previous processing episode, the explanation of the re-
sulting NP effect is different. On the episodic retrieval
account, the probe target’s previous status as a prime
distractor (i.e., a previously ignored object) is necessary
for NP to occur. In contrast, the feature mismatching ac-
count (e.g., Park & Kanwisher) requires not that the cur-
rent target was previously ignored, but simply that it ap-
peared (as a target or a distractor) on a previous trial.
Because of this, Milliken et al. (1994) have argued that
Neill, Valdes, Terry, and Gorfein’s (1992) episodic re-
trieval account of NP is closer to the distractor inhibition
account of NP, since both models assume that the current
target’s previous role as an ignored distractor is the crit-
ical factor in producing NP.

HOW CAN PROCESSING OF IGNORED
INFORMATION BE MEASURED ?

The foregoing overview indicates that the processing of
ignored information appears to be an important compo-
nent of visual selection. On the one hand, processing and
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subsequent inhibition of irrelevant information may be a
critical mechanism underlying selection of target objects
(Houghton & Tipper, 1994). On the other hand, the re-
trieval of previous processing episodes may be an impor-
tant mechanism for maintaining attention to a particular
source of information over time (Neill, Valdes, Terry, &
Gorfein, 1992). For example, Tipper, Weaver, Cameron,
etal. (1991) point out that in the natural environment, rel-
evant stimuli tend to be consistently relevant, and irrele-
vant stimuli are likely to remain consistently irrelevant.
Thus, episodic retrieval of previous processing episodes
would generally allow for unhindered perception—action
interactions. Only when irrelevant stimuli become rele-
vant would a delay be apparent. Whether selective inhi-
bition, feature mismatching, or episodic retrieval turn out
to be the best explanation of NP, the phenomenon itself
establishes that the identities (and locations) of ignored
items are indeed encoded. Thus, the analysis of ignored
information appears to be ubiquitous in information pro-
cessing, and may have important functional conse-
quences. This section briefly describes three paradigms
that have been widely used to index the extent of pro-
cessing of ignored information.

Stroop Task

The traditional Stroop task involves presenting sub-
jects with lists of color-words printed in various colors
(Stroop, 1935). The subject is required to respond to one
dimension of the stimulus (i.e., to read the word or name
the color), while ignoring the other dimension. When
subjects are required to read the word, they encounter
little or no interference from an incongruent ink color,
but when they are required to name the color in which
the word is printed, substantial interference is observed
from an incongruent color-word (see MacLeod, 1991,
for a review). This Stroop interference indicates that
subjects cannot avoid processing an ignored word when
required to name its color. It should be noted, however,
that because both attributes of the Stroop stimulus (i.e.,
ink color and word) are part of a single object, this task
cannot adequately address the issue of mandatory se-
mantic analysis of ignored distractors (e.g., Treisman,
1969).

Flanker Task

To determine more clearly whether ignored items are
automatically processed, a task is required in which the
to-be-attended and the to-be-ignored items are separate
objects. Early work demonstrated that Stroop-like ef-
fects do indeed occur even when the ignored color-word
is spatially separate from an attended color patch (e.g.,
Dyer, 1971; Gatti & Egeth, 1978). A more widely used
paradigm that also meets the criterion of separate target
and distractor objects is the Eriksen flanker task (Erik-
sen & Eriksen, 1974). The usual procedure is that two
letters (e.g., H and K') are mapped to responses from one
hand, and another two letters (e.g., S and C) are mapped
to responses from the other hand. The subjects are re-
quired to categorize a centrally presented target letter

and to ignore flanking letters presented to the left and
right of the target (e.g., SSSKSSS). The typical flanker-
interference effect is the finding that RTs are slower
when the target is surrounded by response-incompatible
flankers than they are when it is surrounded by response-
compatible flankers, indicating that the ignored flankers
had been processed at an abstract level (e.g., Eriksen &
Eriksen; Eriksen & Schultz, 1979; Miller, 1991). Flanker-
interference effects have also been demonstrated with
word stimuli. For example, Shaffer and LaBerge (1979)
required subjects to categorize a centrally located target
word into a particular semantic category (metal, furni-
ture, tree, clothing), while ignoring flanking (distractor)
words presented above and below the target. The pres-
ence of a flanking word in the same response category as
the target reliably speeded up RTs to the target word,
while the presence of a flanking word from a different
response category slowed down RTs to the target word.
A similar pattern of results has been replicated by others
(Broadbent & Gathercole, 1990; Lambert, Beard, &
Thompson, 1988; Underwood, 1981), while, under some
conditions, the presence of same response-category
flankers has been found to slow down RTs to a target
word (Lambert et al., 1988; Underwood, Rusted, &
Thwaites, 1983; Underwood & Thwaites, 1982; White,
in press). For present purposes, the direction of the
flanker effect is not important; what is important is the
demonstration that variations in the meaning of ignored
distractors can influence responding to an attended target.

Negative Priming

The flanker task uses within-trial interference from ig-
nored distractors to index the extent of their processing:
The absence of flanker interference effects is equated
with the absence of semantic processing. There is an im-
portant flaw in this logic, however. As Driver and Tipper
(1989) point out, “it is logically possible that an in-
creased physical distinction between attended and unat-
tended stimuli allows the former to be selected more ef-
ficiently (i.e., with less distractor influence) without any
decline in the analysis of the unattended stimuli”
(p- 305; see Allport, 1989, for a similar view). The point
is that the absence of flanker-interference effects cannot
be taken as evidence for the absence of semantic pro-
cessing of the distractors. To confirm this, Driver and
Tipper found that ignored distractors that did not pro-
duce flanker-interference effects on Trial n did produce
subsequent NP on Trial n+1. The subjects were required
to report the number of red letters and to ignore irrele-
vant black digits in circular arrays during a prime trial.
The ignored black digits were always the same digit re-
peated, and this was either compatible or incompatible
with the number of red items in the display. In agreement
with previous research (Francolini & Egeth, 1980), the
ignored black digits did not produce any within-trial
flanker interference in reporting the number of red items.
The more interesting result, however, occurred on the
subsequent probe trials. On the probe display, the sub-
ject’s task was again to report the number of red letters



and to ignore distracting black letters. It was found that
the latency to report the number of red items in the probe
display was slower when the black items in the preceding
prime display were digits corresponding to the response
now required to the probe. For example, if three letters
were presented on the probe trial, the subjects were
slower to say “three” if they had ignored the digit 3 on
the prime trial than they were if they had ignored the
digit 2. This finding is important because previous dem-
onstrations that the black distractors produce no within-
trial flanker interference had been interpreted as strong
evidence that these distractors had simply not been en-
coded (Francolini & Egeth, 1980; Kahneman & Treis-
man, 1984). Reliable NP on the probe trial from the same
distractors that did not produce flanker interference on
the prime trial shows this conclusion to have been erro-
neous.

To further investigate this issue, Fox (1995) obtained
measures of flanker interference and NP in a variation of
the Eriksen flanker task. Subjects made speeded re-
sponses to a target letter while ignoring a distractor let-
ter on a prime trial followed by a probe trial. In agree-
ment with previous studies, precuing the location of the
prime target attenuated flanker-interference effects (e.g.,
Paquet & Lortie, 1990). Of more interest, however, was
the finding that the magnitude of NP from previously ig-
nored distractors did not decline with target precuing.
Thus, ignored distractors that produce no within-trial
flanker interference can still produce subsequent NP
(Driver & Tipper, 1989; Fox, 1995), indicating that the
distractors must have been processed at least to the level
of identity.

To summarize, two reviews published in 1986 (Holen-
der, 1986; Johnston & Dark, 1986) concluded that there
was little evidence that ignored distractors receive auto-
matic semantic processing in selective attention tasks.
The present paper provides a review of subsequent evi-
dence from the NP paradigm that shows that ignored
stimuli are in fact generally processed to a high level in
visual selection. It is important to note, however, that this
observation does not necessarily support late-selection
models of attention.? The more important question con-
cerns whether the phenomenon of NP offers compelling
evidence for inhibitory mechanisms in selective atten-
tion, or whether NP can be explained without postulat-
ing any inhibitory mechanism.

IDENTIFICATION VERSUS
LOCALIZATION TASKS

Most of the studies investigating NP have used filter-
ing, tasks in which the subject selects a target by means
of some physical characteristic (e.g., color, location),
and then responds to the identity of the object. Indeed,
the vast majority of research on NP has looked at prim-
ing effects arising from the identity of ignored objects.
For example, in Tipper’s (1985) picture-naming task, the
subject selects the target stimulus by means of a physi-

NEGATIVE PRIMING 149

cal feature (color), and then responds to the identity of
the target.

Tipper et al. (1990) point out, however, that the demands
of this type of task are quite different from many everyday
perception—action interactions. They illustrate the point
by considering the problem facing a pike fish pursuing six
stickleback prey: For an attack to be successful, the pike
must first identify its prey and then respond according to
the spatial location of the selected stickleback. Tipper et al.
developed a select—what respond—where task to better
simulate such everyday behaviors. In this task, subjects
are required to respond to the location of a target (O),
which is presented in one of four possible locations. On
some trials, the target is presented alone, while on other
trials, a distractor (+) is presented in one of the remain-
ing locations. Flanker interference is indicated by longer
RTs in distractor-present prime trials than in distractor-
absent prime trials, while NP is indicated by longer RTs
when the probe target appears in the same location as the
prime distractor than when the probe target is in a differ-
ent location. In other words, the subjects are sometimes
required to respond to a location they have just ignored.

Tipper et al. (1992) introduced a variant of the target-
localization task in an attempt to more closely simulate
interactions in a 3-dimensional environment: Their sub-
jects selectively reached toward a target (red light), while
ignoring distracting information (yellow light). The reach-
ing response was substantially slowed if a probe-trial tar-
get location had been a prime-trial distractor location.
However, this NP effect only occurred if the distractor
was in the range of the intended movement; if the dis-
tractor was not in the range of the intended reaching re-
sponse, no NP was observed. Tipper et al. (1992) con-
cluded that the locus of NP in this task is action centered,
insofar as the effect appears to be dependent on the re-
lation of the hand position to the target position. An im-
portant implication of this result is that the reference
frame in which flanker interference and NP are seen may
depend on the brain system responsible for the task per-
formance. Subsequent research has indeed confirmed
that NP is determined to a large extent by behavioral
goals (Milliken et al., 1994; Tipper et al., 1994; see Fox,
1992, for a similar finding with Stroop-like interference).

Results with the original target-localization task (Tip-
per et al., 1990) suggest that the pattern of results ob-
served is very similar to those observed in the traditional
filtering, or select—where respond—what, tasks (e.g.,
Neill, Valdes, Terry, & Gorfein, 1992; Tipper et al.,
1990; Tipper, Weaver, Cameron, et al., 1991; Tipper,
Weaver, Kirkpatrick, & Lewis, 1991). This similarity
across the different tasks is somewhat surprising, since
there is neurophysiological evidence to suggest that ob-
ject identity and object location are processed by sepa-
rate cortical mechanisms (Felleman & van Essen, 1991;
Ungerleider & Mishkin, 1982). It has also been shown
that it is computationally more efficient to segregate vi-
sual processing into two separate systems on the basis of
identity and location than it is to combine identity and lo-
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cation information in a single processing system (Rueckl,
Cave, & Kosslyn, 1989).

Consistent with the view that there are two separate
cortical systems for identity and location selection,
some recent behavioral studies suggest that the pro-
cesses underlying performance on identity tasks may
indeed be somewhat different from those underlying lo-
calization tasks. First, Tipper and his colleagues discov-
ered that although young children do not show the typi-
cal NP effects to the identity of a distractor (Tipper,
Borque, Anderson, & Brehaut, 1989), they do show NP
to its location (Tipper & McLaren, 1990). A similar dis-
soctation between the two tasks has recently been re-
ported for older adults, who generally show little or no
NP in identification tasks (e.g., Hasher, Stoltzfus, Zacks,
& Rympa, 1991; Tipper, 1991). Connelly and Hasher
(1993) confirmed that older adults consistently show no
NP in target-identification tasks, but in target-localization
tasks, reliable NP was found that was similar in magni-
tude to that shown by younger adults. These dissocia-
tions in individual-difference studies will be discussed
in a subsequent section. For the moment, they suggest
that caution should be used in generalizing from local-
ization to identification tasks, and vice versa (see May,
Kane, & Hasher, in press, for a similar view).

Further indications that different mechanisms may
underlie identity and location selection come from a re-
cent series of studies (Milliken et al., 1994; Park & Kan-
wisher, 1994; Tipper et al., 1994). Park and Kanwisher
have provided compelling evidence that feature mis-
matching between prime and probe displays can account
for NP in the target-localization task. As discussed pre-
viously, they found that NP occurred when the symbols
occupying the probe-target location changed between
the prime and the probe displays, but facilitation was
found when the symbols at that location did not change.
These results suggest that feature mismatching, and not
selective inhibition (or episodic retrieval), underlies spa-
tial NP. In marked contrast, using exactly the same logic,
Tipper and Cranston (1985) suggest that selective inhi-
bition, and not feature mismatching, underlies NP in a
target-identification task. They required subjects to
name a red letter and ignore a green letter in an initial
prime display; then, in a subsequent probe display, the
subjects were required to name the green letter and ig-
nore the red letter. Suppose that the letter 4 was pre-
sented in green in both displays. According to the mis-
matching hypothesis, facilitation should occur, since the
ignored prime and the subsequent probe both contain the
same identity and the same color, and therefore there is
no ambiguity. In contrast, according to the selective in-
hibition hypothesis, the response “A” has been sup-
pressed during the prime display, and therefore should
take longer to retrieve in the probe display. Tipper and
Cranston found the latter result, and so concluded in
favor of distractor inhibition as the better explanation of
NP. It should be noted that episodic retrieval can also ac-
count for this result, since it does not require a feature
mismatch across prime and probe displays. Rather, the

critical aspect for this account is that the current target
(in the above case, 4} was previously ignored.

To synthesize these results, then, it seems that selec-
tive inhibition and episodic retrieval provide better ac-
counts of NP when selection is based on identity (Tipper
& Cranston, 1985), whereas feature mismatching pro-
vides a better account when selection is based on loca-
tion. Both the selective inhibition and the episodic re-
trieval hypotheses can explain Tipper and Cranston’s
results, since the current target was recently ignored,
while the feature mismatching hypothesis cannot ac-
count for these results. In contrast, the results of Park
and Kanwisher (1994, Experiment 4) support the feature
mismatching hypothesis but not the selective inhibition
or the episodic retrieval hypotheses. This is because NP
occurred even when the probe target appeared in a loca-
tion that had not been previously ignored. They also found
that NP did not occur when the probe target (O) was pre-
sented in the same location as the prime distractor (O).
Both the selective inhibition and the episodic retrieval
accounts would predict NP in this condition, since the
current target location was previously ignored. The fea-
ture mismatching hypothesis predicts no NP (or even
some facilitation), since there is no mismatch between
location and identity across the prime and probe displays.

Milliken et al. (1994) have recently argued that nei-
ther the Tipper and Cranston (1985) nor the Park and
Kanwisher (1994) experiments provide an optimal
method of testing the feature mismatching hypothesis.
This is because the subjects are informed of the differ-
ent selection cues for the prime and probe displays be-
fore the experiment, and this might lead them to adopt
two shared attention states—one to be used in respond-
ing to the prime display, and one to be used in respond-
ing to the probe display (see Milliken et al., 1994,
note 1). The argument is that the amounts of resources
dedicated to detection of target items in the prime and
the probe displays may be quite different from each
other. In particular, when identifying targets in the prime
display, the subjects may already be diverting resources
to the probe display. In the NP paradigm, this leads to the
further possibility that the subjects may be splitting their
resources between the target and the distractor in the
prime display, which might lead to an atypically high
level of activation of the distractor. To reduce this pos-
sibility, Tipper and his colleagues (Milliken et al., 1994;
Tipper et al., 1994) have developed a new variant of the
target-localization task, in-which the target is selected on
each of the prime and probe displays on the basis of a
color cue. In the new paradigm, a target letter can appear
in one of four possible locations (up, down, left, right),
in one of four colors. A target letter is selected on the
basis of a color cue that appears in the center of the com-
puter screen, either 300 msec prior to the stimulus dis-
play or simultaneously with it. The task is to move a joy-
stick in the direction of the letter that is the same color
as the central cue. The critical test of the feature mis-
matching hypothesis lies in the condition in which the
prime distractor is identical (in color, letter identity, and



location) to the probe target. Feature mismatching would
predict no NP, and perhaps even facilitation, in this con-
dition, whereas selective inhibition and episodic re-
trieval accounts would both predict NP, since the prime
distractor was ignored. The results showed that there
was significant facilitatory priming when the color cue
was presented 300 msec prior to the stimulus display,
supporting the feature mismatching hypothesis. How-
ever, when the color cue was presented simultaneously
with the stimulus display, significant NP was observed.
Since there was no mismatch between the prime and the
probe displays in this condition, the NP effect cannot be
explained by the feature mismatching hypothesis. In-
stead, the NP must be attributed to either distractor in-
hibition or episodic retrieval of the priming episode. On
the former view, NP is attributed to the selective inhibi-
tion of distracting information during the prime display.
On the latter view, NP is attributed to retrieval of an
episode that contains a do-not-respond code for the pre-
viously ignored information. Thus, these results provide
some support for (and against) all three theories. First,
the facilitation with the 300-msec cue can be handled by
the feature mismatching hypothesis, but not by the se-
lective inhibition or the episodic retrieval accounts. Sec-
ond, NP with the simultaneous cue can be handled by
both the selective inhibition and the episodic retrieval
accounts (which cannot be distinguished), but not by the
feature mismatching account.

Thus, it is clear that NP occurs in tasks requiring tar-
get identification and in tasks requiring target localiza-
tion, although the mechanisms producing the NP may dif-
fer between the two paradigms (see May et al., in press,
for a similar conclusion). Specifically, it seems that fea-
ture mismatching is more likely to produce NP in target-
localization tasks (Milliken et al., 1994; Park & Kan-
wisher, 1994) than in target-identification tasks (Tipper
& Cranston, 1985). However, it is important to note that
feature mismatching does not seem to be a necessary
condition for NP in selection tasks based on either iden-
tity (Tipper & Cranston) or location (Milliken et al.).

AT WHAT LEVEL OF REPRESENTATION
DOES NEGATIVE PRIMING OPERATE ?

An important question to consider is that of whether
NP can be accounted for by processes (i.e., selective in-
hibition, feature mismatching, or episodic retrieval) op-
erating at any particular level of representation. It is pos-
sible, for example, that NP reflects processes operating
on responses or visual features associated with ignored
objects; alternatively, NP may have a more central locus,
and operate at the level of semantic representations of
ignored objects. Moreover, recent research suggests that
the locus of NP effects may be flexible and dependent on
the behavioral goals of the task (Tipper et al., 1994). These
issues are addressed in the present section. For ease of
exposition, the results will be discussed from a selective
inhibition point of view, since this is the framework in
which most studies have been conducted. At the end of
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each section, the feature mismatching and episodic re-
trieval hypotheses will then be considered as alternative
explanations of the results.

Responses?

In some experiments, NP might simply be due to the
suppression of a particular response that was activated
by an ignored distractor. For example, if a subject ig-
nores the picture of a dog on a prime trial, the verbal re-
sponse “dog” might then be inhibited, thus producing a
delayed response on ignored repetition trials (e.g., Tip-
per, 1985). Likewise, ignoring the letter B on a prime
trial may lead to inhibition of the manual response to
this letter on a subsequent probe trial (e.g., Tipper, Mac-
Queen, & Brehaut, 1988). However, there are a number
of NP experiments whose results cannot be attributed to
response inhibition. For example, Tipper et al. (1988)
directly investigated whether the inhibition of distrac-
tors is isolated in particular response modalities or
whether NP has a more central locus. The subjects re-
sponded to a target letter (identified by a bar-marker) ei-
ther by naming it (verbal response) or by pressing a but-
ton (manual response). Overall, there were reliable
flanker-interference effects, as well as reliable NP ef-
fects. Importantly, NP was unaffected when the response
mode changed across prime and probe displays (e.g.,
voice response in prime display followed by keypress re-
sponse in probe display), indicating that NP must have a
locus that is independent of response modality.

Neill et al. (1990) also provided evidence that NP can-
not be attributed to response inhibition. They introduced
a letter-matching procedure that allowed for the uncou-
pling of the response (same or different) from particular
target identities. The subjects judged the second and
fourth letters of five-letter strings as being either the
same or different, and NP was indicated by slower re-
sponses to target letters that matched the ignored dis-
tractors appearing in the preceding trial (e.g., AGAGA
followed by SASAS). If an ignored stimulus is denied
access to the response system, rather than to a specific
response, NP should not depend on whether the current
response is the same as that made in the previous trial
(cf. Tipper et al., 1988). In support of this, reliable NP
was found under all possible conditions (i.e., same re-
sponse following different response, same response fol-
lowing same response, etc.), which indicates that NP de-
pends on stimulus identity rather than just on response
inhibition (Neill et al., 1990).

Further research by Neill, Valdes, and Terry (1992)
demonstrates that NP of specific locations is also not
due to response inhibition. In one experiment (Neill, Val-
des, & Terry, Experiment 4), the subjects were required
to identify target letters that could appear in one of four
locations on a computer screen. The prime trials con-
tained one target letter from the response set (4, B, C, or
D) and one distractor letter not from the response set (£,
F, G, or H). On the probe trials, a single target letter was
presented (with no distractor) in one of the four loca-
tions. The subject’s task on both prime and probe dis-
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plays was to press a key corresponding to the target let-
ter as quickly as possible. NP of specific locations was
found both when the target that appeared on the probe
trial (e.g., 4) was the same as the target that appeared in
the previously ignored location (4), as well as when a
new target (e.g., B) appeared in the previously ignored
location on the probe trial. Thus, NP occurred both when
there was an identity switch between the prime-target lo-
cation and the probe-target location and when the same
letter appeared as both the prime target and the probe
target. This NP effect cannot be attributed to response
inhibition, since the responses did not correspond to lo-
cations. Finally, it is noteworthy that NP occurred for lo-
cation in this experiment, even though location was not
explicitly relevant to the task.

The research reported here (Neill et al., 1990; Neill,
Valdes, & Terry, 1992; Tipper et al., 1988) demonstrates
that NP is not restricted to processes operating exclu-
sively at the level of responses. The results of Neill,
Valdes, and Terry (1992) may have been due to feature
mismatching, since the degree of mismatch was
always greater in the ignored repetition condition than in
the control conditions.? This might, in part, explain why
NP occurred for locations even though location was not
directly relevant to the task (Neill, Valdes, & Terry,
1992; Experiment 4). This suggestion finds some sup-
port in the substantially larger NP effects that were ob-
served when the subjects responded to the same stimu-
lus displays but made a localization response rather than
an identity response (—9 msec vs. —16 msec, respec-
tively; Neill, Valdes, & Terry, 1992; Experiment 5).
However, the other results reported in this section (Neill
et al., 1990; Tipper et al., 1988) cannot be explained by
a feature mismatching account. To illustrate, in the stud-
ies reported by Neill et al., the subjects might respond to
the sequence AGAGA followed by SBSBS in a control
condition, whereas the sequence in the ignored repeti-
tion condition might be AGAGA followed by SASAS. In
both conditions, the mismatches between prime and
probe trials are equivalent, and yet NP only occurs in
the ignored repetition condition. Likewise, in the exper-
iments reported by Tipper et al. (1988; see also Fox,
1994b, 1995), the subjects had to respond to a letter with
an adjacent bar-marker and ignore a letter with no bar-
marker on both prime and probe displays. Thus, the de-
gree of mismatch across prime and probe trials was
equivalent for control and ignored repetition probe
trials. The only change is that on the ignored repetition
trials, the subjects are required to respond to a recently
ignored item. Thus, feature mismatching does not pro-
vide a coherent explanation of NP in many target-iden-
tity tasks (e.g., Fox, 1994b; Neill et al., 1990; Tipper
et al., 1988), which is consistent with the finding that
feature mismatching is not a necessary condition for NP
in target identity tasks (Tipper & Cranston, 1985). In
contrast, both the selective inhibition and episodic re-
trieval hypotheses can accommodate the results dis-
cussed in this section quite easily. Selective inhibition

attributes the NP to the suppression of the distractor dur-
ing the prime trial that leads to a lowered activation
threshold for the distractor, resulting in delayed RTs on
the probe trial. Episodic retrieval attributes the NP to the
automatic retrieval of a processing instance that con-
tains a do-not-respond tag for the distractor.

Physical Features?

Instead of being due to response factors, it could be
that NP is due to processes operating on physical attri-
butes or features of an ignored object. For example, if a
picture of a dog is ignored, any stimulus bearing a struc-
tural similarity to that object might produce NP. Recent
experiments reported by DeSchepper and Treisman
(1991) have established that NP can indeed be deter-
mined by physical-shape characteristics. They presented
line drawings of overlapped nonsense shapes which sub-
jects had to match in a subsequent probe display. It was
found that repeating ignored shapes as probe targets pro-
duced substantial NP, and this was true even when the
shapes presented on the prime trial had never been seen
before. This confirmed that the ignored objects had in-
deed been processed, even though there was no oppor-
tunity for across-trial repetition priming (i.e., no shape
was repeated during the experiment; see Johnston &
Dark, 1986). These results are also important in showing
that NP is not dependent on the availability of a prior
perceptual representation of the stimulus.

In DeSchepper and Treisman’s (1991) study, NP ap-
pears to be specific to the physical features of an ignored
object. Neill (1991) also reported an experiment in which
perceptual aspects of the stimuli were critical to NP. Fol-
lowing Neill et al. (1990), strings of five letters were pre-
sented to the subjects, who were required to match the
second and fourth letters as either same or different. The
interesting finding was that NP only occurred when prime
and probe displays were in the same letter case (e.g.,
ABABA-DADAD or ababa-dadad), and did not occur
when they were in different cases (e.g., ABABA—dadad).

In contrast, however, Allport et al. (1985; Experi-
ment 2) presented a letter-naming task and found that
NP was independent of the case of letters across prime
and probe displays; that is, equivalent NP was found for
same-case prime—probe sequences (e.g., A-A4 or a—a) as
was found for opposite-case sequences (e.g., 4—a or
a-A). As pointed out by Neill, Valdes, and Terry (in
press), the discrepancy between the results of Neill
(1991) and Allport et al. might be due to the fact that in
Allport et al.’s study, naming was independent of letter
case, and therefore subjects were likely to base their
judgment on more abstract information, while in Neill’s
study, same matches were physically identical, and there-
fore subjects probably based their judgments on percep-
tual attributes. Thus, once again, the evidence indicates
that the level of representation at which NP is observed
is probably dependent on what level of representation is
required for performance of the task (see also Tipper
et al., 1994).



There are several experiments in which the ignored
distractor bears little or no physical resemblance to the
probe target and in which NP is still observed: (1) In the
original NP studies using Stroop stimuli (e.g., Dalrymple-
Alford & Budayr, 1966; Lowe, 1979; Neill, 1977), the
subjects ignored a distracting word, but NP was assessed
by means of response to the color denoted by the word.
This effect must have occurred at an abstract level of
representation that related the word to the color. (2) Tip-
per and Driver (1988) found that if subjects ignored the
picture of a dog during a prime trial, this slowed a sub-
sequent response to the word “dog” on the probe trial.
This NP effect between pictures and words cannot be at-
tributed to the inhibition (or retrieval) of physical fea-
tures of ignored stimuli. (3) Driver and Baylis (1993)
have found that ignoring a number presented aurally
slows the naming response to the same number when it
is presented visually on a probe trial. This demonstrates
that NP can be observed cross-modally, and once again,
the lack of any physical resemblance between an audi-
tory distractor and a visual target suggests that the effect
must be at an abstract level of representation.

Semantic Representations?

The results discussed in the previous two sections in-
dicate that NP is not simply the result of processes op-
erating either on particular responses or on particular
physical features of an ignored item. Rather, the results
indicate that ignored stimuli are analyzed to the level of
representation required by the task. It is of particular in-
terest to establish whether this remains true when the
task requires a semantic level of representation. Most of
the previous studies investigated what might be called
identity NP, since the ignored distractor was subse-
quently presented as the probe target. In other words, the
ignored distractor and the probe target were the same
stimulus. A key test of whether NP operates at a seman-
tic level is to determine whether ignoring a distractor
item affects subsequent responding to a semantic asso-
ciate of that item, rather than to the item itself. This
might be called semantic NP. The best evidence for se-
mantic NP would come from a naming task rather than
from a categorization task because in the latter, seman-
tic NP could be due to response repetition, which is not
a necessary condition, but may be a sufficient condition
for producing semantic NP. Table 1 summarizes the NP
studies that have investigated semantic NP.

Allport et al. (1985, Experiment 4) addressed the
question of whether NP by ignored distractors can affect
the processing of probe stimuli that were related to them
only in terms of shared categorical or semantic attributes.
To this end, they presented superimposed line drawings
of familiar objects that formed five categorically related
pairs (dog—cat, chair—table, hammer—spanner, trumpet—
guitar, hand—foot). The task was to remember the target
object (cued by color) in the prime display and name the
target object (also cued by color) in the probe display.
The critical finding was that when subjects selected one
drawing in the prime display (e.g., hammer) and ignored
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a distracting drawing (e.g., hand), the naming of a sub-
sequent categorically related drawing (e.g., foot) was
slowed relative to when there was no relation between
prime and probe trials. This NP effect by categorically
related distractors supports the suggestion that NP is not
dependent on physical identity between the prime dis-
tractor and the probe target. NP from categorically
related distractors was replicated in a subsequent ex-
periment (Experiment 5; see also Tipper, 1985, Experi-
ment 3), which also showed that, at 51 msec, identity NP
was numerically larger than semantic NP (31 msec).

A problem in interpreting the results of Allport et al.
(1985, Experiments 4 and 5) and Tipper (1985, Experi-
ment 3) is that objects within a particular category (e.g.,
animals) had greater structural similarity to each other
than they did to objects from different categories. There-
fore, the NP effects might well have been at a structural
level, rather than a semantic level, of representation. To
identify the level of representation achieved by ignored
objects, Tipper and Driver (1988) controlled for the
physical similarities between objects by presenting ob-
jects in different processing domains that had no fea-
tures in common (i.e., pictures and words). The subject’s
task was to select the red item (picture or word) in the
prime display and remember its category, and then to
overtly categorize the red item (word or picture) in the
probe display by giving its superordinate category (e.g.,
animal for dog). As shown in Table 1, the type of stimu-
lus to be ignored was an important determinant of NP.
When subjects ignored distracting pictures, significant
NP occurred for the within-domain condition (ignore a
picture, categorize a picture) as well as the between-
domain condition (ignore a picture, categorize a word).
The between-domain effect demonstrated that NP was
not dependent on the physical resemblance of objects,
confirming that distractors were indeed processed to a
semantic level. However, the same pattern was not found
when words were the stimuli to be ignored. In this case,
neither the within-domain nor the between-domain con-
ditions reached conventional levels of statistical signif-
icance. Since the NP effect in the picture—picture condi-
tion may be due to structural rather than semantic
similarity, the only solid evidence for semantic NP in
this study comes from the picture—word condition. It is
interesting that significant identity NP was observed in
all of the four conditions, which concurs with previous
research (Allport et al., Experiment 5).

A number of other studies have confirmed that se-
mantic NP appears to be a fragile effect when the ig-
nored stimuli are words. First, Tipper and Baylis (1987)
presented pairs of spatially separated words. The sub-
ject’s task was, first, to attend to the target word (cued by
color) in a prime display and to ignore the distracting
word, then to quickly name the category of the target
word (again cued by color) in the probe display, and, fi-
nally, to recall the category of the prime target. The con-
ditions of interest for the present purposes are those in
which the probe target was (1) identical to or (2) seman-
tically related to the previously ignored distractor. The
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Table 1
Summary of Negative Priming Studies Examining Whether Priming Occurs Between Semantic Associates of Ignored Stimuli
Ignored ISI Priming
Authors Distractor Probe Target  (msec) Prime Task Probe Task {msec)
Allport et al. Picture Picture 1,200 Remember target Name target —20%
(1985, Exp. 4)
Allport et al. Picture Picture 1,100 Remember target Name target =317
(1985, Exp. 5)
Allport et al. Picture Picture 1,200 Remember target Name target
(1985, Exp. 8) Easy prime selection —22%
Difficult prime selection —14
Tipper & Driver (1988)  Picture Picture 1,200 Remember category?  Name category -47%
Picture Word 1,200 Remember category Name category —25%
Word Word 1,200 Remember category Name category -19
Word Picture 1,200 Remember category Name category —29*
Tipper & Baylis Word Word 1,300 Remember category Name category -.5
(1987, Exp. 2)
Enright & Beech Word Word 500 Remember category Name category —-27%
(1993b)
Chiappe & MacLeod Word Word 600 Name or categorize Name or categorize -3
(1n press) target target
Yee (1991, Exp. 1) One or two words Letter string  ca. 826  Categorize shape Lexical decision
One ignored word (]
Two ignored words —36%
Yee (1991, Exp. 2) Two words or word-and- Letter string 500 Categorize shape Lexical decision
nonsense string
Ignored word and string +7
Two ignored words +29%
Yee (1991, Exp. 2) Nonsense string Letter string 600 Categorize shape Lexical decision
Ignored word and string -2
Two ignored words —24%
Fuentes & Tudela Two words or word Letter string 850 No overt response Lexical decision
(1992, Exp. 2) and row of Xs
Two ignored words 2° —11*
from fixation
Two ignored words 3.6° +7
from fixation
Ignored word and Xs +20%
2° from fixation
Ignored word and Xs +17¢
3.6° from fixation
Fox (1994, Exp. 3) Two words Letter string  ca. 857  Categorize number Lexical decision —10%

Note—The table shows the type of ignored distractor on the prime display, the type of stimulus on the probe display, the interstimulus interval
(ISI) between the prime and the probe display, the nature of the task required on the prime and probe displays, and the magnitude of priming ob-

served. “Here and subsequently, this refers to task required on the target item.

by-now-familiar result was found: Significant identity
NP occurred but no semantic NP was observed. In con-
trast, when priming from the attended prime target was
investigated, both identity and semantic facilitation oc-
curred. Enright and Beech (1993b), however, have re-
ported contrasting results using an almost identical pro-
cedure to that of Tipper and Baylis. They again found
that identity NP (at 42 msec) was numerically larger than
semantic NP (27 msec), but in this case, the latter was
also significant. It should be noted that all of the subjects
in Enright and Beech’s experiment had a psychological
disorder, so the results may not be typical of the general
population. It is of interest, however, that in this study,
significant semantic NP was found from previously ig-
nored words.

A recent study (Chiappe & MacLeod, in press) di-
rectly compared identity and semantic NP effects from

*v<.10. p<.05. ip<.0l.

ignored words. Chiappe and MacLeod presented prime
and probe trials that consisted of a to-be-responded-to
word printed in blue and a to-be-ignored word printed in
white. In the identity NP condition, the same word that
was ignored during the prime trial was presented as the
probe target. In the semantic NP condition, the probe tar-
get was categorically related to the ignored prime. A
main focus of the experiment was to determine whether
NP was bound to particular tasks. To do so, two tasks
were used that were manipulated factorially on prime
and probe trials. Thus, one group of subjects named both
the prime target and the probe target; another group
named the prime target and categorized the probe target;
another group categorized the prime target and named
the probe target; and the final group categorized both the
prime target and the probe target. It should be noted that
the task shifts in this experiment deal with the issue of



response repetition, which is a problem in categorization
tasks, as response repetition itself may produce the NP
effect. Overall, the results were very similar to those of
previous research (Allport et al., 1985; Tipper & Driver,
1988), in that they showed very reliable identity NP, but
no overall semantic NP. With regard to identity NP, this
did not differ across the four conditions, indicating that
identity NP is not bound to particular tasks. In marked
contrast to the identity NP effects, there was no evidence
for semantic NP.

The foregoing pattern of results (i.e., reliable identity
NP, fragile semantic NP) cannot distinguish among the
three accounts of the NP effect. To illustrate this, in the
task described by Chiappe and MacLeod (in press), the
subject may have ignored the word hatchet (printed in
white) on the prime trial and then responded to the word
hatchet (printed in blue) on the probe trial. On the prime
trial, the word’s identity (hatchet) is associated with the
color white, whereas on the probe trial, the same iden-
tity is now associated with the color blue. This feature
mismatch might produce an ambiguity that results in a
slight delay, hence producing identity NP (see Allport
et al., 1985; Lowe, 1979). However, in the semantic NP
condition, the degree of mismatch between the prime
and probe displays is presumably less, and therefore
there should be less NP, which, of course, is exactly what
happens. Thus, feature mismatching can provide a good
explanation as to why NP is more likely to occur with
identical items than with related items. Against this,
however, it should be remembered that feature mis-
matching does not seem to be necessary for identity NP
in a letter-identification task (Tipper & Cranston, 1985).

The observation of greater identity NP than semantic
NP does not present a problem for either the selective in-
hibition or the episodic retrieval hypotheses. On the se-
lective inhibition account, since identity NP involves a
structural as well as a semantic overlap between the ig-
nored distractor and the subsequent probe, it is reason-
able to suppose that the structural as well as the semantic
features of a stimulus are inhibited. This double inhibition
would lead to a greater magnitude of identity NP than
semantic NP. Similarly, on the episodic retrieval ac-
count, it seems plausible that a probe target provides a
more potent retrieval cue for an identical object than for
arelated object. Once again, this mechanism would pre-
dict more identity NP than semantic NP. Thus, the pat-
tern of more identity NP than semantic NP can be
accounted for by each of the three different accounts of
NP. It should be noted as well that the three theories can
also explain significant semantic NP if it is assumed that
meaning is included in the distractor’s encoded repre-
sentation.

A number of other studies have used word stimuli in
successive distractor—target presentations in order to de-
termine whether priming from ignored words is seman-
tically based (Fuentes, Carmona, Agis, & Catena, 1994,
Fuentes & Tudela, 1992). The general technique is to
present a prime display that contains a to-be-attended word
at fixation (although no overt response is required) and
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a to-be-ignored word in a spatially separate location.
The attended and ignored words are always unrelated to
each other, and are followed by a single probe letter
string at fixation to which a lexical decision is required.
A probe word can be semantically related or unrelated to
either the attended or the ignored prime. Under these
conditions, semantic (positive) priming from ignored
primes has been reported (di Pace, Longoni, & Zocco-
lotti, 1991), and seems to decrease in magnitude as the
ignored and attended primes are moved closer together
(Fuentes & Tudela). Interestingly, Fuentes and Tudela
found that there was a tendency for priming to become
negative at the closest proximity investigated (2.3°), al-
though this did not reach significance. This variation in
NP with target—distractor separation is discussed in a
subsequent section.

The foregoing studies are important because they pre-
clude the possibility that processing of a prime target
may produce spreading activation that itself primes the
distractor’s representations. This is because the distrac-
tors and targets were always unrelated within a trial. An-
other method of preventing spreading activation be-
tween attended and ignored stimuli is to require subjects
to respond to an attended target during a prime display
that is in a different stimulus domain to that of concur-
rently presented distractors. The semantic processing of
the distractors can then be assessed on a subsequent
probe trial. Such a technique was used by Yee (1991),
who required subjects to categorize a geometrical figure
in a prime display while ignoring distractor words pre-
sented 4.5° of visual angle above and/or below the target.
Distractor words were not repeated during the experi-
ment, and appeared 200 msec after the onset of the tar-
get figure. In a subsequent probe task, the subjects had
to make a lexical decision to a centrally located letter
string. No significant effects emerged when a single dis-
tracting word appeared in the prime display; however,
when two distractor words were presented, RTs to a se-
mantically related word in the lexical decision task were
significantly slowed relative to conditions with unre-
lated distractors.* In a subsequent experiment, signifi-
cant facilitation occurred with a prime—probe stimulus
onset asynchrony (SOA) of 500 msec, while significant
NP was found when the SOA was increased to 600 msec
(Yee, Experiment 2).

In an adaptation of Yee’s (1991) task, a small but sig-
nificant NP effect of 10 msec has been observed (Fox,
1994a, Experiment 3). In this study, the subjects catego-
rized a number presented at fixation as either odd or
even, while ignoring spatially separated distractor words
during a prime trial. On a subsequent probe trial, a let-
ter string was presented, to which subjects made a lexi-
cal decision. In agreement with Yee, when the probe-
target word was semantically related to a previously
ignored distractor word, reliable NP was found.

To summarize, it seems that the semantic locus of NP
effects is far from well established (for an alternative
view, see May et al., in press). When subjects ignore pic-
tures, evidence for semantic NP is relatively strong (All-
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port et al., 1985; Tipper, 1985; Tipper & Driver, 1988),
although with the exception of Tipper and Driver’s
(1988) picture-word condition, all of these NP effects
may have been at a structural level of representation. The
evidence is very inconsistent when the distractors to be
ignored are words. While there are some positive results
(Enright & Beech, 1993b; Fox, 1994a; Yee, 1991 [with
two distractor words]), other studies have failed to find
significant semantic NP (Chiappe & MacLeod, in press;
Fuentes & Tudela, 1992; Tipper & Baylis, 1987; Yee,
1991 [when a single distractor word was presented}).

One distinction that might shed some light on the in-
consistencies observed in semantic NP with words is the
contrast between associative and categorical priming. In
Chiappe and MacLeod’s (in press) study, word pairs
were categorically related but were not strong associates,
and this might explain the absence of semantic NP. Some
support for this notion comes from an examination of
the materials used in the studies that did find significant
semantic NP with words. Fox (1994a) and Yee (1991)
both presented highly associated word pairs and ob-
tained semantic NP (at least with two distracting words).
On the other hand, some studies that failed to obtain se-
mantic NP also used word pairs that were both associa-
tively and categorically related (Enright & Beech,
1993b; Tipper & Baylis, 1987; Tipper & Driver, 1988).
As to whether NP is produced by an associative or a cat-
egorical relation between ignored distractors and subse-
quent targets is therefore unclear. A direct comparison
between associatively and categorically related word
pairs in a single experiment would be informative on
this issue. It may also be the case that the type of task re-
quired on the probe trial (e.g., naming vs. lexical deci-
sion) may explain the differences between studies. May
et al. (in press) argue that a lexical decision task on the
probe trial is likely to induce retrieval mechanisms, so
that NP under these conditions may be due to retrieval
mechanisms. Thus the significant semantic NP observed
from ignored words (Fox, 1994a; Yee, 1991) may have
been due to retrieval mechanisms. As pointed out by
May et al., there is a need to investigate more directly the
impact of the type of probe task on the magnitude of NP.

Is the Locus of Negative-Priming Effects Flexible?

To recapitulate, it seems that (1) when the task re-
quired involves feature comparison, NP can be associ-
ated with early perceptual features of ignored objects
(DeSchepper & Treisman, 1991); (2) when the task re-
quires stimulus categorization, NP can be associated
with the semantic properties of the ignored object (Tip-
per & Driver, 1988); and (3) when subjects have to reach
directly for a target object, NP appears to be associated
with action-centered internal representations of the ig-
nored object rather than with perceptual or semantic
properties (Tipper et al., 1992). On the basis of these re-
sults, Tipper and his colleagues (Milliken et al., 1994;
Tipper et al., 1994) have suggested that the processing of
an object leads to the development of multiple percep-

tual representations relating to the various properties of
the object (e.g., color, location, identity, etc.). They
argue that the inhibition of ignored information can then
be directed to any one of these representational domains,
depending on the current goal states. This apparent flex-
ibility of inhibitory mechanisms is consistent with the
recent finding that NP from a distractor’s color, location,
or identity is determined to some extent by the behav-
ioral goal of the task (Tipper et al., 1994). When the
goal was to indicate the location of a target object, the
location, but not the identity, of the ignored distractor
produced an NP effect. Conversely, if the task was to
identify a target object, the distractor’s location did not
produce NP. It is important to note, however, that signif-
icant NP from the identity of ignored distractors was
also not observed when the task required subjects to re-
spond to the identity of a target, which would be pre-
dicted by the hypothesis. Furthermore, Neill, Valdes,
and Terry (1992) found NP specific to a particular loca-
tion even when location was not required by the task, al-
though, as noted previously, this may have been due to
feature mismatching. Nevertheless, these inconsisten-
cies suggest caution in concluding that inhibition is flex-
ible and is applied at the level of representation that is re-
quired for task performance.

The apparent flexibility of NP effects may be because
mismatches between prime and probe displays are more
salient when the mismatch is between a prime and a probe
at the same. level of representation. Similarly, the level of
representation required to respond to the probe target is
likely to provide a more salient memory cue for previ-
ously ignored information at the same level of represen-
tation. Therefore, the results discussed here cannot dis-
tinguish among the three competing explanations of NP.

FACTORS THAT INFLUENCE
NEGATIVE PRIMING

The studies reviewed so far show that each of the three
different explanations of the NP effect (selective inhibi-
tion, feature mismatching, and episodic retrieval) has
some results in its favor. However, none of the theories
can provide a principled account of all of the results dis-
cussed so far. The present section attempts to provide in-
formation about this issue by considering studies that
have manipulated various experimental factors in order
to examine what effect they have on NP. In the most gen-
eral terms, if NP is due to selective inhibition applied
during the prime trial, manipulations on the prime trial
would be most likely to influence the magnitude of NP;
manipulations on the probe trial would be less likely to
have an impact on NP. In contrast, if NP is due either to
a lack of correspondence between features on the prime
and probe trials (i.e., feature mismatching) or to epi-
sodic retrieval of the priming episode elicited by pro-
cessing of a probe item (i.e., episodic retrieval), manip-
ulations on the probe trial might be expected to have
more impact on NP than manipulations on the prime



trial. With this in mind, the current section reviews a
number of factors that are known to influence the mag-
nitude or pattern of NP effects.

An Emphasis on Accuracy Versus
an Emphasis on Speed

A number of studies, summarized in Table 2, have in-
vestigated whether instructing subjects to emphasize
speed, as opposed to accuracy, of responding makes any
difference to the pattern of NP observed. The general
finding is that when subjects are instructed to be as
accurate as possible, reliable NP is observed for manual
responses to Stroop stimuli (Neill & Westberry, 1987,
Experiments 1 and 2), as well as for naming letters (Neu-
mann & DeSchepper, 1992, Experiment 2). In contrast,
when subjects are encouraged to respond as quickly as
they can, giving accuracy a low priority, facilitation, or
PP, from ignored distractors, is the typical result (Neill,
1977, Experiment 2; Neill & Westberry, 1987, Experi-
ment 1; Neumann & DeSchepper, 1992, Experiment 2).

On the selective inhibition account, this reversal of
NP to PP from ignored distractors when speed is em-
phasized supports the notion that there is an initial auto-
matic activation of all stimuli in a display, followed by an
inhibitory narrowing-down process (Keele & Neill,
1978; Neill, 1989). Assuming that distractor representa-
tions are initially activated (e.g., Neill, 1989: Neumann
& DeSchepper, 1992), there is presumably some time
lag before the inhibitory mechanism can be fully imple-
mented. If subjects are forced to respond very rapidly,
the probe target might be presented when the represen-
tations of the previously ignored distractor are still acti-
vated, and hence facilitation is observed. Some support
for this notion comes from the finding that PP is ob-
served from ignored distractor words when the SOA be-
tween the prime and the probe display is 500 msec, while
a 600-msec SOA produces inhibitory priming (Yee,
1991, Experiment 2). Whatever the reason, the degree to
which a distractor is inhibited during the prime trial
clearly depends on the demand for accuracy versus
speed.
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The feature mismatching hypothesis does not seem to
be able to explain this result, since the degree of mis-
match between prime and probe episodes remains con-
stant, regardless of how quickly or slowly the subject
responds. However, it is possible that when subjects re-
spond very quickly, they are less likely to encode irrele-
vant information in episodic memory (Neill, Valdes,
Terry, & Gorfein, 1992). The assumption is that if ig-
nored information is less likely to be encoded, it is less
likely to be retrieved, and NP will therefore be reduced
or eliminated. This suggestion provides a good account
of the effects on NP of speed stress versus accuracy
stress only if priming disappears completely when the
subjects are encouraged to respond quickly. In fact, this
is not what happens. As shown in Table 2, priming does
not generally disappear with speed stress; rather, it be-
comes positive (Neill, 1977, Experiment 2; Neumann &
DeSchepper, 1992, Experiment 2). This result presents
a difficulty for the episodic retrieval account (as well as
for the feature mismatching account). Since distracting
information clearly is encoded, why does this informa-
tion produce PP rather than NP? One possibility is that
the facilitation might be produced by some residual
activation of the ignored distractors. As discussed pre-
viously, the selective inhibition hypothesis can provide a
very plausible explanation for this pattern of results.

Selection Difficulty en the Prime Trial

An assumption of the selective inhibition hypothesis
is that a primary function of an inhibitory mechanism is
to prevent competing distractors from taking control of
thoughts or actions. If this is correct, increased inhibi-
tion of distractors might be expected under conditions in
which selection of the target is particularly difficult.
Thus, increased NP would be expected with increased
selection difficulty. However, under conditions of diffi-
cult selection, it is probable that irrelevant distractors
will receive more extensive processing than they do
under conditions of easy selection. On the assumption
that more extensively processed distractors are more
likely to be retrieved, both the feature mismatching and

Table 2
Summary of Negative-Priming Studies Examining the Effects of Instructional
Emphasis on Speed Versus Emphasis on Accuracy

Priming
Authors Stimuli Type of Task (msec)
Neill (1977, Exp. 2) Color-words Manual response
: Empbhasis on speed +9*
Neill & Westberry Color-words Manual response
(1987, Exp. 1) Emphasis on speed +17
Empbhasis on accuracy —26*
Neill & Westberry Empbhasis on accuracy —13*
(1987, Exp. 2)
Neumann & DeSchepper Letters Letter naming
(1992, Exp. 2) Emphasis on speed +8*
Empbhasis on accuracy -10%

*p<.05. fp<.0l.
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episodic retrieval hypotheses would also expect in-
creased NP with increased selection difficulty on the
prime trial.

Allport et al. (1985, Experiment 8) directly tested
whether the difficulty of target selection on the prime
trial would influence the magnitude of NP observed.
Spatially separated line drawings were presented, and
subjects were instructed to attend to the green object in
the prime display and to ignore the irrelevant red object.
When the subsequent probe display was presented, the
subjects were to name the green object as quickly as
possible, and then recall the green object from the pre-
ceding (prime) display. The line drawings were pre-
sented for 150 msec; then they were pattern masked,
(1) in an easy-selection condition, in which the prime
target appeared at fixation and the distractor appeared
randomly 5° to the right or left of fixation; and (2) in a
difficult-selection condition, in which the prime target
and distractor drawings appeared equidistant from fixa-
tion at the diagonally opposite corners of an imaginary
square separated by approximately 5° center to center.
The probe display consisted of a target (in green) and a
superimposed distractor (in red). Although the overall
interaction between ease of selection and NP was not
significant, reliable NP was found following easy selec-
tion (22 msec), but the NP effect of 14 msec under dif-
ficult selection was not statistically reliable. Thus, there
is no strong evidence from this experiment that difficult
selection increases the magnitude of NP observed.

Another means of examining task difficulty and NP is
to manipulate the activation level of to-be-ignored dis-
tractors, on the assumption that highly activated/primed
distractors are more difficult to ignore than unprimed
distractors. Using this logic, Malley and Strayer (in
press) demonstrated substantial identity NP in a word-
naming task when the to-be-ignored words had been re-
peated many times during the experiment. In contrast,
when a word was presented only twice (once as a prime
distractor and once as a probe target), no identity NP
was observed (which contrasts with DeSchepper &
Treisman’s [1991] results with nonsense shapes). One
interpretation of Malley and Strayer’s results is that NP
only occurs under conditions of difficult selection (i.e.,
when distractors are highly primed). It should be noted,
however, that it is not clear whether it is the difficulty of
ignoring distracting words on the prime trial or on the
probe trial that is responsible for the results. The in-
crease in NP may well have been due to increased diffi-
culty on the probe trial (see Moore, 1994).

Spatial separation of targets and distractors. Sev-
eral studies have shown that the degree of spatial sepa-
ration between target and distractor objects on the prime
trial influences the magnitude of subsequent NF. It seems
reasonable to assume that close target—distractor separa-
tion makes selection of the target more difficult than far
target—distractor separation. DeSchepper and Treisman
(1991) ran one experiment in which relevant and irrele-
vant nonsense shapes (cued by color) shared a contour so
that, perceptuaily, the to-be-attended shape was the “fig-

ure” and the unattended shape was the “ground.” In an-
other condition, exactly the same shapes were presented,
but this time as perceptually separate objects. The ques-
tion was whether NP would occur both when the previ-
ously irrelevant ground became the relevant figure on
the next trial and when the same shapes were spatially
separate. It is important to note that displays were similar
for both the prime and probe trials. The results showed
that NP only occurred when the relevant and irrelevant
shapes were perceptually integrated, while nonsignifi-
cant facilitation occurred when the shapes were spatially
separate objects. In other experiments, however, De-
Schepper and Treisman (1991) established that substan-
tial NP does occur when meaningless shapes are pre-
sented as perceptually distinct relevant and irrelevant
objects that are superimposed on each other. Overall, this
pattern of results indicates that a greater magnitude of
NP is observed when relevant objects are more difficult
to disentangle from irrelevant objects (on both prime and
probe trials).

Some support for this notion was provided by Fuentes
and Tudela (1992), who manipulated spatial separation
of target and distractor items on the prime display only.
The subjects attended to a target word (but made no re-
sponse) while ignoring a spatially displaced distractor
word on a prime trial, and then made a lexical decision
to a single letter string (no distractor) on a probe trial.
When the ignored distractors were presented at more
than 4° of visual angle from fixation, facilitation, or PP,
was observed from the ignored words (Fuentes et al.,
1994; Fuentes & Tudela, 1992; but see Yee, 1991, for
contrasting results); when the distractor was around 2°
from fixation, however, there was a tendency for prim-
ing to become negative, although this just failed to reach
significance (Fuentes & Tudela, Experiment 2). Fox
(1994b) also manipulated the spatial separation between
targets and distractors on the prime trial in a version of
the Eriksen flanker task. Pairs of letters were presented,
with the prime-target letter (cued by an adjacent bar-
marker) being randomly presented to the left or right of
fixation. The spatial separation of the target and dis-
tractor letters on the prime trial was manipulated so that
the distracting letter was either near (i.e., .97° of visual
angle), medium (1.7°), or far (2.6°) in relation to the tar-
get letter (note that 2.6° was a near position in the
Fuentes & Tudela study). In agreement with much pre-
vious research, the magnitude of flanker interference
from ignored distractors increased substantially as the
distractor letter was moved closer to the target letter
(e.g., Miller, 1991). Of more interest, however, was the
finding that NP from ignored distractors also increased
in magnitude with decreasing target—distractor separa-
tion on the prime trial (38 msec at the .97° separation,
compared with 9 msec at the 2.6° separation; see also
Valdes, 1993, cited in Neill et al., in press, for similar re-
sults). These results indicate that the magnitude of NP
increases in a letter-identification task when a target let-
ter is more difficult to distinguish from a distractor let-
ter. As noted previously, NP in this paradigm (Fox,



1994b; Tipper et al., 1988) cannot be due to feature mis-
matching, since the degree of mismatch between control
and ignored repetition trials is equivalent.

Overall, then, it seems that near distractors produce
more NP than far distractors. Indeed, taken together, the
results suggest a monotonic decrease in NP as distractor
eccentricity increases (Fox, 1994b; Fuentes & Tudela,
1992; an exception is Yee’s [1991] result of NP from ig-
nored words at 4°). The selective inhibition hypothesis
attributes this pattern to inhibition’s being responsive to
the increased likelihood of disruption from irrelevant
distractors. On the other hand, the episodic retrieval hy-
pothesis might suggest that near distractors are more
likely to be encoded than far distractors, and hence that
they have a greater potential for producing NP. If NP is
caused by retrieval of an item that is associated with a
do-not-respond tag which conflicts with the current re-
spond tag (Neill, Valdes, Terry, & Gorfein, 1992), why
does facilitation occur when that item is far away (Fuentes
& Tudela)? One possibility is that distant distractors are
too far away for either that item’s features or a do-not-
respond tag to be consciously encoded, and that residual
activation then produces a PP effect.

While the magnitude of NP varies with target—
distractor separation (Fox, 1994b; Fuentes et al., 1994;
Fuentes & Tudela, 1992; Valdes, 1993, cited in Neill
et al., in press), it is also true that well-separated dis-
tractors can and do produce significant NP. This has
been shown when the ignored distractors were letters
(Fox, 1994b, in press; Neumann & DeSchepper, 1991,
1992, Experiment 1; Tipper & Cranston, 1985, Experi-
ment 2; Tipper et al., 1988), pictures (Allport et al., 1985,
Experiments 6, 7, and 8; Tipper, Weaver, Cameron,
etal., 1991, Experiment 1), and words (Fox, 1994a; Yee,
1991). To illustrate, Neumann and DeSchepper (1991)
investigated NP in a color-naming task in which target
and distractor letters were separated by more than 2° of
visual angle on both prime and probe displays and pre-
sented for just 50 msec. Reliable NP, as well as visual
repetition priming (i.e., faster responding when the
prime target became the probe target), were found. More-
over, this facilitation from attended repetition priming
was enhanced if the distractors were also repeated,
which indicates that previously ignored distractors were
less available for producing flanker interference when
they were repeated on the subsequent trial (see also De-
Schepper & Treisman, 1991). The selective inhibition
account attributes this result to the reduced availability
of inhibited distractors to produce flanker interference.
The feature mismatching hypothesis does not seem able
to explain this result since, if anything, the mismatch be-
tween prime and probe displays was less when distrac-
tors were repeated. However, the episodic retrieval hy-
pothesis can account for this result on the basis of there
being no conflict between the retrieved distractor (do
not respond) and the current distractor (do not respond),
so that some facilitation would be expected.
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The relation between flanker interference and NP.
A more direct index of selection difficulty on the prime
trial is provided by the magnitude of flanker interference
that occurs. On a memory retrieval account of NP, it
might be expected that the more extensively they are en-
coded, the more interference distractors would produce.
Thus, the feature mismatching and episodic retrieval hy-
potheses might predict a positive relation between the
magnitude of flanker interference and NP. In contrast, if
NP reflects an inhibitory mechanism that presumably
serves to reduce the amount of flanker interference from
ignored objects, an inverse relation might be expected
between flanker interference and NP. However, an inhi-
bition account could also explain a positive relation be-
tween the two measures, on the assumption that inhibi-
tion might be reactive to increasing interference in the
visual environment (Neill et al., in press). In other words,
an inhibitory mechanism might only be implemented if
flanker interference is high. Thus, a positive relation be-
tween flanker interference and NP is not diagnostic of
what might be causing NP, while an inverse relation would
support an inhibitory account. When flanker interference
and NP have been measured in within-subjects designs, a
number of studies have indeed found a positive relation
between the magnitude of flanker interference and NP
(Fox, 1994b; Neill & Lissner, 1988; Neill, Valdes, & Terry,
1992). For example, in a letter-matching task, Neill and
Lissner found that conditions that induced greater levels
of flanker interference also produced a greater magni-
tude of NP. Further evidence comes from the finding of
increased NP when stimulus-response (S—R) mappings
are incompatible (Neill, Valdes, & Terry, 1992, Experi-
ment 6). In a target-localization task, one group of sub-
jects pressed the rightmost key if a target appeared in the
rightmost position of a display, and the leftmost key if
the target appeared in the leftmost position (for both
prime and probe displays). For another group of subjects,
these response assignments were reversed, so that they
pressed the rightmost key to indicate the leftmost posi-
tion, and vice versa. Incompatible S—R mappings pro-
duced substantially more NP (52 msec) than did compat-
ible S-R mappings (16 msec). Since incompatible S—R
mappings are associated with increased levels of Stroop-
like interference (e.g., Fox, 1992; McClain, 1983), this
pattern suggests that conditions associated with increased
flanker interference are also associated with increased NP.

As mentioned previously, these findings of a positive
relation between flanker interference and NP can be ac-
counted for by each of the three theories of NP. However,
the selective inhibition account leads to a different pre-
diction from that of either the feature mismatching or
episodic retrieval accounts. The logic is that when there
is stronger inhibition (i.e., more NP), /ess flanker inter-
ference should occur, on the assumption that a function
of inhibition might be to reduce the degree of flanker
interference from competing distractors. By the same to-
ken, if inhibition is not applied strongly, greater flanker
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interference would be expected. Neither the feature mis-
matching nor the episodic retrieval hypotheses would
expect such an inverse relation between flanker interfer-
ence and NP. Several individual-difference studies have
indeed found evidence for such an inverse relation be-
tween flanker interference and NP. To illustrate, Beech
and his colleagues (Beech, Baylis, Smithson, & Clar-
idge, 1989; Beech & Claridge, 1987; Beech, McManus,
Baylis, Tipper, & Agar, 1991; Beech, Powell, Mc-
William, & Claridge, 1989) have demonstrated that sub-
jects with high schizotypical personality traits are more
susceptible to flanker interference from ignored distrac-
tors and also show /ess NP from the same distractors. A
very similar pattern has been found both for older adults—
who tend to show heightened distractibility and reduced
NP relative to younger adults (Hasher et al., 1991; Tip-
per, 1991)—as well as for young children (Tipper et al.,
1989). These individual differences in NP will be dis-
cussed further in a subsequent section.

While an inverse relation between flanker interfer-
ence and NP is common in individual-difference studies,
there is no evidence for such a relation within the same
individual. Rather, within-subject designs have shown
either a positive relation between flanker interference
and NP, as already discussed, or a surprising degree of
independence between flanker interference and NP
(Beech, Agar, & Baylis, 1989; Driver & Tipper, 1989;
Fox, 1994b, 1995; Tipper, Weaver, Kirkpatrick, &
Lewis, 1991). For example, while Fox (1994b, Experi-
ment 1) found a positive relation between the magnitude
of flanker interference and NP with decreasing target—
distractor separation on the prime trial, the changes in
the two effects did not appear to be parallel. Flanker in-
terference decreased most from the medium to the far
separations that were used, while NP decreased most
from the near to the medium separations. This apparent
dissociation between flanker interference and NP was
confirmed by the finding that precuing the location of
the prime target led to a significant reduction in the
amount of flanker interference from ignored distractors,
while the magnitude of NP did not decrease (Fox, 1994b,
Experiment 2). This is reminiscent of previous findings
that ignored distractors produce similar levels of NP,
both under conditions in which they produce no Stroop-
like interference, as well as under conditions in which
significant flanker interference is observed (Allport
et al., 1985; Driver & Tipper, 1989; Fox, 1995). Con-
versely, Beech, Agar, and Baylis (1989) found differ-
ences in the magnitude of NP across different types of
stimuli (color-words vs. pseudocolor-words), while the
magnitude of flanker interference remained the same.
Similarly, pattern masking of both targets and distractors
on the prime and probe displays has been shown to re-
duce the magnitude of NP, while leaving flanker inter-
ference unaffected on both target localization (Tipper,
Weaver, Kirkpatrick, & Lewis, 1991, Experiment 2) and
target identification (Fox, 1995) tasks.

The above research indicates that these two indices of
processing of ignored distractors (i.e., flanker interfer-

ence and NP) can be dissociated. As noted by Tipper,
Weaver, Cameron, et al. (1991), however, a dissociation
between flanker interference and NP at the empirical
level need not necessarily imply a dissociation of under-
lying mechanisms. This is particularly true when both
excitatory and inhibitory mechanisms—which act on the
attended and the ignored information, respectively—are
proposed. It might well be the case that precuing prime-
target location, for example, results in changes in the ex-
citatory component of selection but leaves the inhibitory
component unchanged. In this context, it is interesting to
point out that a recent neural network model of in-
hibitory selection (Houghton & Tipper, 1994) shows that
even though inhibition is a mechanism of selection that
determines flanker interference, so that flanker interfer-
ence and NP should be associated, dissociations are also
possible. Tipper argues that this is because there are mul-
tiple mechanisms of selection, not just the one mecha-
nism of inhibition. It is quite possible that activity levels
in other systems might mask any associations between
measures of flanker interference and inhibition (Tipper,
personal communication, July 6, 1994). If there are in-
deed multiple mechanisms of selection, it seems likely
that each of these will be differentially responsive to dif-
ferent aspects of the visual environment. This makes it
extremely difficult to make specific predictions about
what relations would be expected between various in-
dices that are assumed to measure one or other of these
underlying mechanisms. It is therefore of increasing im-
portance to develop mathematically specific models of
selective attention that allow more precise empirical pre-
dictions to be made (e.g., Houghton & Tipper).
Summary. What can be concluded from this section?
On the one hand, there are some indications that when
prime distractors are more likely to elicit a wrong re-
sponse (e.g., when they are closer to the target), a greater
magnitude of subsequent NP is observed (DeSchepper
& Treisman, 1991; Fox, 1994b; Fuentes & Tudela, 1992;
Neill & Lissner, 1988; Neill, Valdes, & Terry, 1992;
Valdes, 1993, cited in Neill et al., in press; see also Mal-
ley & Strayer, in press). Likewise, Milliken et al. (1994)
also found a small increase in NP with increasing diffi-
culty in prime-target selection in their target-localization
task. On the other hand, a number of studies report sig-
nificant NP under conditions in which target selection is
relatively easy (e.g., Driver & Tipper, 1989; Fox, 1995
Yee, 1991), and Allport et al. (1985) found no inter-
action between the difficulty of target selection and the
magnitude of NP. Finally, several studies find no relation
at all between flanker interference and NP (Beech, Agar,
& Baylis, 1989; Driver & Tipper, 1989; Fox, 1995; Tip-
per, Weaver, Kirkpatrick, & Lewis, 1991). As pointed out
previously, an inverse relation between flanker interfer-
ence and NP would, theoretically, be most diagnostic,
since this pattern is only predicted by the selective inhi-
bition account. However, the only evidence for such a
pattern comes from individual-difference studies. In
within-subject designs with healthy young adults, the
two measures are either positively related or dissociated.



Number of Distractors on the Prime Trial

The above section discussed a number of studies that
examined the role of selection difficulty in producing
NP by manipulating variables such as target—distractor
separation or precuing of target location on the prime
trial. All of the foregoing NP studies presented a single
target to be attended to and a single distractor to be ig-
nored during a prime trial. An interesting question con-
cerns what would happen if there were more than one
distractor to be ignored. Increasing the number of dis-
tractors to be ignored on the prime trial might also be
considered a manipulation of selection difficulty, as it is
presumably more difficult to select a target object from
among several competing objects than it is to select the
target from just one distracting object.’ If this is the case,
increased NP might be expected when there are more
distractors to be ignored. The results of Yee (1991) are
in agreement with this hypothesis. As previously dis-
cussed, she found no evidence for NP from ignored words
when just one distractor word was presented, while reli-
able NP was observed when there were two distractor
words to be ignored.

However, 1n a direct investigation of the impact of the
number of to be ignored distractors on subsequent NP,
Neumann and DeSchepper (1992, Experiment 1) found
directly the opposite results. In a letter-naming task, they
observed NP of 11 msec with one distracting letter pre-
sent in the display, which decreased to 7 msec with two
distracting letters, and was eliminated when there were
three distracting letters in the display. However, because
the prime and probe displays always contained the same
number of distractors, it is impossible to determine
whether the variation in NP was due to the number of
distractors on the prime display or whether the results
were due to the number of distractors presented on the
probe display. In a follow-up study, Neumann, Cherau,
Hood, and Steinnagel (1993) found a very similar pat-
tern of results when the number of distractors on the
probe display was held constant. Thus, it seems that the
number of distractors on the prime display is indeed the
critical factor in determining the magnitude of NP. Neu-
mann and DeSchepper (1992) interpreted their results as
suggesting that some form of “spreading inhibition”
might underlie the suppression of distractors observed
in NP tasks. As mentioned previously, Tipper and Driver
(1988) found that if subjects ignored a distracting pic-
ture, subsequent responses to semantically related words
were inhibited. Semantic generalization must be re-
sponsible for this NP effect and, from a selective inhibi-
tion perspective, it seems plausible to suppose that inhi-
bition might be attached to nodes in some kind of
semantic recognition network (e.g., Collins & Loftus,
1975). Following this logic, Neumann and DeSchepper
(1992) argued that inhibition is of limited capacity, anal-
ogous to limited capacity spreading-activation (see An-
derson, 1983; Collins & Loftus, 1975). The basic idea is
that the rate of response to a target that has just been ig-
nored should be a function of the level of inhibition that
its mental representation has undergone. In addition,
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there should be a dispersion of available inhibition en-
ergy among the distractors in a display. Thus, the more
distractors there are to be ignored, the less strength of
inhibition there should be to any one of them.

To summarize, the research of Neumann and his col-
leagues (Neumann et al., 1993; Neumann & DeSchep-
per, 1992) indicates that when there are a number of dis-
tractors in a scene that compete with the target for
control of action (e.g., distracting letters in a letter-
identification task), three or more distractors do not pro-
duce as much NP as one (note the contrast with Yee’s
[1991] data). This result can be explained by the selec-
tive inhibition hypothesis with the assumption that inhi-
bition is of limited capacity, so that one distractor is eas-
ier to inhibit than many distractors. Alternatively, this
result may be because many distractors cannot be en-
coded to the same extent as a single distractor, and there-
fore a single distractor is more likely to be retrieved
(Neill, Valdes, Terry, & Gorfein, 1992). For example, it
is possible that when there are many distractors to be ig-
nored, the attentional system may simply shift into an
early-selection mode, so that the second and subsequent
distracting items are simply not encoded (cf. Lavie &
Tsal, 1994). If this is the case, both the feature mis-
matching and the episodic retrieval hypotheses can ac-
count for reduced NP with more distractors. Neill,
Valdes, Terry, and Gorfein (1992) suggest a second pos-
sible explanation for this result: When there are more
distractors to be ignored, the probability of retrieving
the priming episode may be reduced, since the similar-
ity between the prime and probe trials is decreased by
the increased number of unrelated distractors in the two
trials. Thus, the probe trial would provide a less effective
retrieval cue for the priming episode.

The Presence of Distractors on the Probe Trial

The previous sections illustrate that various manipu-
lations on the prime trial (e.g., target precuing, target—
distractor separation, number of distractors) can influ-
ence the amount of NP observed. It has also been estab-
lished that manipulations on the probe trial may deter-
mine whether or not NP is observed. If an ignored
repetition probe trial contains a distractor that conflicts
with the correct response, NP occurs; if an ignored rep-
etition probe trial does not contain a distractor, NP may
not occur. A summary of the relevant studies is provided
in Table 3.

The discovery that selection on the probe trial may be
critical for NP was made by Lowe (1979). As discussed
previously, he found that NP occurred when there was
conflict (i.e., a distracting word) on the probe trial, but
not when there was no conflict (i.e., a color-patch). A
very similar pattern of results has been found with letter
naming—viz., facilitation from previously ignored dis-
tractors when there is no conflict on the probe trial, and
NP from ignored distractors when there is conflict on the
probe trial (Allport et al., 1985, Experiment 9; Tipper &
Cranston, 1985, Experiment 3). Similarly, Tipper et al.
(1990, Experiment 5) found no NP when there was no
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probe conflict in the target-localization task, while NP
did occur when conflict was present on the probe trial
(Tipper et al., 1990, Experiment 3a). Taken together,
these results indicate that NP is dependent on the pres-
ence of a conflicting distractor on the probe trial.

There are a number of experiments, however, that
show NP sometimes to be independent of probe-trial
conflict. First, Neill and Westberry (1987) required sub-
jects to report the color of letter-string stimuli. Some of
the letter strings were nonconflict (e.g., OO0QO), and
others were conflict color-words (e.g., “blue” printed in
red). These conflict and nonconflict trials occurred ran-
domly, and equivalent NP was observed on both types of
trials. Similarly, Neill, Terry, and Valdes (1994) pre-
sented the target-localization task in which probe trials
sometimes included conflict (a distractor) and some-
times did not. These trials were randomized in the ex-
periment and, once again, the magnitude of NP observed
was independent of probe-trial conflict.

Thus, a number of studies have shown that NP effects
are sensitive to the presence of conflicting information
on the probe trial (Allport et al., 1985; Lowe, 1979; Tip-
per & Cranston, 1985; Tipper et al., 1990), while other
studies have found that NP is independent of probe-trial
conflict (Neill et al., 1994; Neill & Westberry, 1987). In
addition, studies using lexical decision on the probe trial
have found NP effects even though conflict is never pres-
ent on the probe trial (Fox, 1994a; Fuentes & Tudela,
1992, although the NP effect just failed to reach signifi-
cance; Yee, 1991; see also Neill, Valdes, & Terry 1992,
Experiment 4, for similar results in a letter-identity task).

In a recent series of studies, Moore (1994) has set out
to resolve the apparent inconsistencies of the effects of

probe-trial conflict on NP. In an initial experiment, she
established that NP does not occur in a letter-identification
task when no conflicting distractor is present on the
probe trial, while reliable NP was observed when probe-
trial conflict was present. Interestingly, this pattern oc-
curred whether the conflict and nonconflict trials were
presented in separate blocks or were randomly inter-
mixed. In a second experiment, nonconflict probe trials
contained a distracting letter that was not from the re-
sponse set. Thus, distractors on these trials did not con-
tain information that conflicted directly with the correct
response. When conflict and nonconflict trials were ran-
domly intermixed, equivalent NP was observed on con-
flict and nonconflict probe trials, presumably because
subjects could not anticipate when the probe trial might
contain conflicting information. In a particularly infor-
mative experiment (Moore, Experiment 5), it was shown
that NP can occur on nonconflict probe trials that previ-
ously showed no NP (i.e., on probe trials in which only
a target was presented), as long as those nonconflict
probe trials could not easily be identified as nonconflict.
The technique was to present the typical nonconflict
probe trial containing a single target that was cued by
color. However, on some probe trials, rather than a tar-
get, a single distractor was presented. On these trials,
the subjects were instructed to withhold responding. Thus,
they could no longer identify nonconflict trials solely on
the basis of a single letter being presented. As shown in
Table 3, significant NP was observed on both conflict
and nonconflict probe trials under these conditions.
Thus, the indication is that NP will fail to occur on non-
conflict probe trials only when they can be identified eas-
ily as containing no information that might conflict with

Table 3
Summary of Studies Investigating Whether Conflict on the Probe Trial
Is a Necessary Condition for Negative Priming to Occur

Probe Priming
Authors Stimuli Task Conflict (msec)
Lowe (1979, Exp. 4) Color words or Color naming Yes -37%
color patches No +22%
Allport et al. Letters Letter naming Yes —18%
(1985, Exp. 9) No +13
Tipper & Cranston Letters Letter naming Yes -17f
(1985, Exp. 3) No +14*
Neill & Westberry Letter strings Color naming Yes —31*2
(1987, Exp. 1) No —20*
Tipper et al. Oand X Manually report Yes —28%
(1990, Exp. 3a) location of O No +1
Tipper et al.
(1990, Exp. 5)
Neill et al. (1994) Oand X Manually report Yes —16*
location of O No -29%
Moore (1994, Exp. 1) Letters Manually identify Yes —60%>
target letter No 0
Moore (1994, Exp. 5) Letters Manually identify target Yes —15*b
letter; withhold response No —-39%

to certain targets®

Note—2These results are from the “strict accuracy” condition only.

text for further details. *p <.05. fp<.01.

bThese effects are estimates. °See



the correct response. This conclusion is consistent with
the results of several previous studies (Allport et al.,
1985; Lowe, 1979; Neill et al., 1994; Neill & Westberry,
1987; Tipper et al., 1990; Tipper & Cranston, 1985).

As noted previously, however, some results indicate
that easily identified nonconflict probe trials are not a
sufficient condition for NP to fail to occur (e.g., Fox,
1994a; Yee, 1991). In the studies by both Fox and Yee, a
categorization task was required on the prime trial, and
then the subjects made a lexical decision to a single let-
ter string on a probe trial. All probe trials were noncon-
flict, and yet NP was observed. However, in both of these
experiments, fairly complex high-level processing was
required. Thus, from a selective inhibition perspective,
it could be argued that the relative difficulty of the tasks
required in these experiments led to the implementation
of inhibitory processes, even though no conflict was ever
present on probe trials (for an alternative explanation of
NP with probe lexical-decision tasks, see May et al., in
press). For example, Moore (1994) has argued that the
inhibitory process might be engaged by default when
task processing is especially demanding.6

At first sight, the finding that NP sometimes disap-
pears when there is no distracting information present
on the probe trial (Allport et al., 1985; Lowe, 1979;
Moore, 1994, Tipper & Cranston, 1985) would seem to
be inconsistent with the selective inhibition hypothesis.
If inhibition occurs during the prime trial, manipula-
tions on the probe trial should not affect NP. However,
the dependence of NP on probe-trial conflict presents no
difficulty for a selective inhibition model that assumes
that responses are based on relative, rather than absolute,
levels of activation (e.g., Houghton & Tipper, 1994).
According to this type of model, responding is based on
the first stimulus representation to become more acti-
vated than any other stimulus representation. Thus, re-
sponding to a recently ignored item takes longer when
conflicting information is present because residual inhi-
bition delays that item’s representation from becoming
more activated than the probe distractor’s representa-
tion. In contrast, if no conflicting representation is acti-
vated (i.e., if there is no distractor on probe trials), the
probe target might already be sufficiently more activated
than any other representation, and hence no NP would be
observed.

On this basis, Moore (1994) argues that the failure to
find NP under some conditions does not necessarily in-
validate inhibitory-selection interpretations of NP. In-
stead, she argues that NP may reflect inhibition of a spe-
cific process that only sometimes contributes to RT. If
that process is inhibited during the prime trial, NP will
only be apparent if that particular process is also in-
volved on the probe trial. If the process is not involved
on the probe trial, the inhibition may go unnoticed, and
no NP will be observed. This specific-process account
of NP (Moore, 1994) implies that the failure to find NP
under some conditions may be helpful in identifying
which particular process is affected through inhibitory
selection.
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If NP is due to the retrieval of previous processing
episodes cued by processing of the probe trial, the cur-
rent results might be attributed to changes in contextual
similarity between the conflict and no-conflict probe tri-
als and the prime trials. As pointed out by Neill, Valdes,
Terry, and Gorfein (1992), the contextual similarity be-
tween prime and probe displays should be an important
determinant of the probability of retrieval of the priming
episode. Thus, retrieval accounts of NP would be sup-
ported by a demonstration that decreasing the probabil-
ity of retrieval of priming episodes also reduces NP. Pre-
vious episodes are most likely to be retrieved when the
conditions at retrieval are most similar to those at en-
coding (Tulving & Thompson, 1973). In the present con-
text, the time of retrieval is during the probe display and
the time of encoding is during the prime display. Thus,
accurate retrieval of prime-trial information is most
likely to be successful when the prime and probe trials
are very similar to each other. Unfortunately, there are
very little data on this issue. However, the finding that
NP sometimes depends on the presence of probe-trial
conflict (which is similar to the prime trial) could be
construed as support for retrieval-based hypotheses.
This suggestion is constrained, however, by the fact that
Moore (1994, Experiment 5) also found significant NP
under conditions in which the prime and probe displays
were dissimilar (i.e., in which the prime display con-
tained a target and a distractor, while the probe trial con-
tained only a target). A study directly investigating the
effect of the contextual similarity between prime and
probe displays on the magnitude of NP would be a use-
ful test of the notion that NP is due to retrieval, rather
than inhibitory, processes.

HOW PERSISTENT IS NEGATIVE PRIMING ?

The previous sections considered a range of factors
that can influence the magnitude of NP observed. A sep-
arate question concerns how long NP lasts once it has
been established: Does NP persist for an indefinite pe-
riod, or does it decay over time? If NP is a reflection of
an inhibitory mechanism that assists in the selection of
target objects, it seems unlikely that distracting informa-
tion would remain inhibited after a response has been
made to the prime target (but see May et al., in press, for
an alternative possibility). If NP is a reflection of re-
trieval of a previous processing episode, increasing the
time lag between prime and probe displays might be ex-
pected to decrease the magnitude of observed NP be-
cause of a decaying memory function. A number of
studies have investigated the persistence of NP by ma-
nipulating the response-to-stimulus interval (RSI), which
is the time between responding to a prime target and the
onset of the probe stimulus. A summary of studies that
examined NP as a function of RSI is shown in Table 4.
Neill and Westberry (1987) were the first to look at this
issue. They presented a color-naming task (stimuli were
either color-words or strings of Os), and randomly var-
ied the RSI. As shown in Table 4, there was an inter-
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action between RSI and NP, whereby NP occurred at
RSIs of 20, 520, and 1,020 msec, but no NP was appar-
ent at an RSI of 2,020 msec. Neill and Westberry (1987)
concluded that NP persists for about 1 sec, but then dis-
sipates completely by about 2 sec.

Subsequent research, however, indicates that NP may
persist for much longer than 2 sec. First, Tipper, Weaver,
Cameron, et al. (1991, Experiment 1) manipulated the
RSI as a between-subjects factor, and found no dissipa-
tion of NP across increasing RSIs. In this study, a target
picture was presented at fixation, with a distractor ap-
pearing randomly 2.58° of visual angle to the right or the
left. Following the subject’s response, there was an RSI
of 1,350, 3,100, or 6,600 msec before the presentation of
the next stimulus. NP was found at all three RSIs, in con-
trast to Neill and Westberry’s (1987) resuits. As shown
in Table 4, the absence of any RSI X NP interaction was
true both for picture-naming tasks and for target-
localization tasks (Tipper, Weaver, Cameron, et al.,
1991, Experiment 3). In these experiments, then, NP is
still apparent even with an RSI of almost 7 sec. Hasher
etal. (1991) also manipulated RSI as a between-subjects
factor (actually, between experiments) and, for young
subjects, found very similar levels of NP at RSIs of 500
and 1,200 msec.

Neill and Valdes (1992) speculated that the failure of
Tipper, Weaver, Cameron, et al. (1991) and Hasher et al.
(1991) to find a decay in NP at relatively long RSIs
might have been due to the use of a between-subjects de-
sign with relatively low statistical power. In particular,
since Tipper, Weaver, Cameron, et al. used only very
long RSIs (i.e., minimum RSI was 1,350 msec), it is
possible that any decay effects may have been too small

to detect. This is a plausible assumption, given that de-
cay effects are more pronounced at short intervals than
at long intervals. To investigate this hypothesis, Neill
and Valdes (1992) presented the letter-matching proce-
dure developed by Neill et al. (1990), randomly pre-
senting RSIs of 500, 1,000, 2,000, 4,000, and 8,000 msec
in a within-subjects design. An overall NP effect of
24 msec was observed, which interacted significantly
with RSI, such that the magnitude of NP decreased from
about 70 msec at an RSI of 500 msec to about 8 msec at
an RSI of 8,000 msec. It should be remembered that this
NP effect cannot be attributed to feature mismatching,
as the degree of mismatch between prime and probe dis-
plays is similar for control and ignored repetition probe
trials. The decay in NP was most pronounced between
500 and 1,000 msec RSI. When the data from the 500-
msec RSI were eliminated from the analysis, there was
still a significant NP effect, but there was now no NP X
RSI interaction, a finding that is very similar to that re-
ported by Tipper, Weaver, Cameron, et al.

In subsequent studies, Neill, Valdes, Terry, and Gor-
fein (1992) have established that NP also decays with in-
creasing RSI in the target-localization task. They noted
that when RSI is manipulated between subjects (e.g.,
Hasher et al., 1991; Tipper, Weaver, Cameron, et al.,
1991), the RSI between the prime and probe displays is
necessarily confounded with delays prior to the prime
display, and this might explain the absence of decay. In
support of this, Neill, Valdes, Terry, and Gorfein dis-
covered that when the preceding RSI (PRSI) and the RSI
were equated, equivalent NP was observed whether the
RSI was 500 or 4,000 msec (i.e., there was no decay). In
a separate experiment, it was shown that when the PRSI

Table 4
Summary of Studies Investigating the Persistence of Negative Priming
by Manipulating the RSI
Priming
Authors Probe Task Design RSI (msec) Interaction
Neill & Westberry Color naming Within subjects 20 -18 p<.05
(1987, Exp. 2) 520 —~26
1,020 —11
2,020 +5
Tipper, Weaver, Picture naming Between subjects 1,350 —-10 n.s.
Cameron, et al. 3,100 -10
(1991, Exp. 1) 6,600 =22
Tipper, Weaver, Localization Between subjects 1,350 -11 n.s.
Cameron et al. 3,100 -6
(1991, Exp. 3) 6,600 -14
Hasher et al. (1991) Letter naming Between subjects 500 +8.9 n.s.
1,200 -17.5
Neill & Valdes Letter matching Within subjects 500 -72° p<.001
(1992, Exp. 1) 1,000 —15
2,000 —35
4,000 +4
8,000 -4
Neill, Valdes, Terry, Localization Within subjects 500 -32 p<.01
& Gorfein 4,000 -17

(1992, Exp. 1)

Note—Also shown is (1) type of task; (2) whether RSI was manipulated between or within subjects; (3) the
RSI; (4) the magnitude of priming observed; and (5) the significance level of the RSI X priming interac-

tion. “These effects are estimates.



and RSI were deliberately confounded by being pre-
sented in separate blocks (within subjects), there was
still no interaction between NP and RSI (Neill, Valdes,
Terry, & Gorfein, Experiment 2). More important, how-
ever, was the finding that NP effects did decay over RSI
when the RSI was randomized across trials (Neill,
Valdes, Terry, & Gorfein, Experiment 1): When the
PRSI was 4,000 msec and the RSI was 500 msec, the
greatest magnitude of NP was observed, while the low-
est magnitude was observed when the PRSI was 500 msec
and the RSI was 4,000 msec. These results go some way
toward reconciling the conflicting results concerning
RSI and decay of NP. It seems clear that NP decays over
RSI when the RSI is randomized over trials (Neill &
Valdes, 1992; Neill, Valdes, Terry, & Gorfein, 1992;
Neill & Westberry, 1987), but does not decay when the
RSI is held constant (Hasher et al, 1991; Neill, Valdes,
Terry, & Gorfein, 1992, Experiment 2; Tipper, Weaver,
Cameron, et al., 1991).

It is of particular interest that NP is dependent on the
delay prior to the prime display. If it is the case that dis-
tracting information is inhibited during (prime-) target
selection and that this inhibition then passively decays,
it is not at all clear why the delay before the prime trial
should be critical. Thus, the current results present seri-
ous problems for the selective inhibition hypothesis. On
the other hand, the episodic retrieval account attributes
NP to the backward retrieval of previous priming epi-
sodes cued by the processing of the probe display. On
this view, factors that affect the probability of retrieving
the priming episode would have a critical impact on NP.
One potent factor is the temporal delay between the
prime and the probe: The shorter the delay, the greater
the probability of retrieval and the greater the magnitude
of NP. Significant decay of NP over increasing RSI is
consistent with this (Neill & Valdes, 1992; Neill, Valdes,
Terry, & Gorfein, 1992; Neill & Westberry, 1987). A
second factor is the discriminability of processing
episodes: If the priming episode is easy to discriminate
from preceding episodes, the probability of retrieval in-
creases, and hence robust NP is observed. Persistence of
NP over long RSIs, when the delay between the prime
and probe displays and the delay preceding the prime
display are equated, is consistent with this (Hasher et al.,
1991; Neill, Valdes, Terry, & Gorfein, 1992; Tipper,
Weaver, Cameron, et al., 1991). Neill et al. (in press)
have argued that discriminability is most critical when
stimuli are used repeatedly as both targets and distrac-
tors over the course of an experiment. Under these con-
ditions, a previous episode containing the current target
as an ignored distractor must compete with other
episodes in which the item appeared as a target. If an
item has appeared only once in an experiment, that
episode has a high probability of retrieval, and thus
should produce substantial NP. However, if an item has
appeared many times, the probability of retrieval is re-
duced, and the level of NP should also be reduced. The
data on this issue are scarce, although the results re-
ported by DeSchepper and Treisman (1991) provide
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some support, in that they found reliable NP from ig-
nored nonsense shapes that appeared only twice in an
experiment (once as a prime distractor and once as a
probe target). Of particular interest is their finding that
the magnitude of NP was significantly reduced when
items were repeated over and over, relative to when they
were presented only once (31 vs. 55 msec, respectively),
as is predicted by the episodic retrieval hypothesis
(DeSchepper & Treisman, Experiment 2). On the other
hand, however, Malley and Strayer (in press) have found
directly the opposite results with more familiar stimuli
in a word-naming task; they found identity NP from ig-
nored words only when those words had been repeated
many times. Words that had been presented only twice
(once as a prime distractor and once as a probe target)
produced no identity NP. Clearly, the dependence (or
otherwise) of NP on stimulus repetition and/or stimulus
novelty requires further investigation.

CAN NEGATIVE PRIMING SURVIVE
OVER MANY TRIALS ?

An interesting question concerns whether NP still oc-
curs if the ignored item is presented as a target several
trials later. DeSchepper and Treisman’s (1991) experi-
ments with nonsense shapes give some indication that
this may be the case. They found very strong NP effects
from ignored shapes that had been presented only twice.
The authors argued that even a single exposure of an ig-
nored item can set up a temporary representation (i.e., an
object token, Kahneman & Treisman, 1984) that medi-
ates its future perception. These object tokens for ig-
nored items may survive in memory across many trials,
so that the response to them is still delayed if they sub-
sequently become relevant many trials later (see De-
Schepper & Treisman, 1991; Treisman, 1992; but see Mal-
ley & Strayer, in press). The persistence of NP across
many trials is compatible with the episodic retrieval ac-
count of NP because the probability of retrieving an item
that has been presented only once is high even if many
trials intervene. However, from a selective inhibition per-
spective, this finding is more difficult to explain. It is
also difficult to reconcile with the feature mismatching
hypothesis that assumes that NP is due to a mismatch be-
tween individual prime and probe trials. It should be
noted, however, that the stimuli used by DeSchepper and
Treisman may not have been truly novel. For example,
Malley and Strayer have argued that since the nonsense
shapes were very similar to each other, it is possible that
subjects may have developed a prototypic representa-
tion of these shapes. If this were the case, the repetition
of highly similar shapes may be analogous to the repeti-
tion of a limited number of stimuli many times during an
experiment that generally tends to occur in other NP
studies.

Another approach is to investigate whether NP can
survive the processing of an intervening event between
prime and probe displays. Experiments by Tipper,
Weaver, Cameron, et al. (1991, Experiments 2 and 6) in-
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dicate that NP can survive intervening events unless ei-
ther the intervening event is a novel one (i.e., has a low
probability) or the ignored stimulus itself appears as a
target item between the prime and probe displays. If NP
is caused by selective inhibition applied during the
prime trial, it is unclear why the presentation of a low-
probability stimuius, as opposed to a high-probability
event, should reduce the magnitude of NP. As pointed
out by Neill, Valdes, Terry, and Gorfein (1992), however,
it may be that a surprising event changes the retrieval
context, reducing the likelihood that the previous prime
trial will be retrieved. Thus, both the feature mismatch-
ing and episodic retrieval hypotheses can account for
this result.

INDIVIDUAL DIFFERENCES
IN NEGATIVE PRIMING

One of the reasons for the current interest in the NP
paradigm is the finding that individuals with cognitive
deficits frequently fail to show significant NP effects.
This is a rapidly expanding literature, and no attempt is
made here to provide a comprehensive review (see May
et al., in press, for a more extensive discussion). Instead,
some representative studies using standard NP tech-
niques will be discussed. The cognitive failures ques-
tionnaire (CFQ: Broadbent, Cooper, Fitzgerald, &
Parkes, 1982) is assumed to provide a self-report mea-
sure of everyday lapses of selective attention, and in-
cludes such questions as “Do you fail to notice signposts
on the road?” In the experiments reported by Tipper and
Baylis (1987), the subjects were divided into two groups
on the basis of their scores on the CFQ. In the first ex-
periment, the subjects named the category of a target
word that was sometimes accompanied by a distracting
word. The amount of flanker interference due to the
presence of a distracting word was much larger in the
group with high CFQ scores (71 msec) than it was in the
group with low CFQ scores (30 msec). In a second ex-
periment, it was found that the subjects who scored low
on the CFQ showed significant identity NP, while those
who scored high showed a nonsignificant trend toward
positive identity priming. Neither group showed any se-
mantic NP. The authors argue that these results suggest
that individuals who are prone to cognitive failures show
deficits in the ability to inhibit distracting information.
An alternative possibility, of course, is that individuals
who are prone to cognitive failures suffer deficits in the
ability to retrieve previous processing episodes. Thus,
these results cannot shed light on the question of whether
NP is caused by selective inhibition during the prime dis-
play or by feature mismatching or episodic retrieval
cued by the probe display.

The elderly comprise another group of subjects who
are often prone to cognitive failures. One theoretical de-
velopment in this area is the notion that many of these
deficits might be due to reduced inhibitory function in
older age. For example, it has been stated that “the in-
creased presence of irrelevant thoughts in working mem-

ory {and the attendant consequences) may well be the
factors that produce the behaviors that have made it ap-
pear as if older adults have reduced capacity for cogni-
tive functions” (Hasher & Zacks, 1988, p. 216). As men-
tioned in a previous section, there is substantial evidence
that older adults show diminished NP relative to younger
adults in target-identity tasks (e.g., Connelly & Hasher,
1993; Hasher et al., 1991; McDowd & Oseas-Kreger,
1991; Tipper, 1991), but not in target-localization tasks
{Connelly & Hasher). A very similar pattern has been
found for children, who, when very young, show no NP
toward the identity of distractor objects; this NP does,
however, develop with age (Tipper et al., 1989). In con-
trast, even quite young children show reliable NP toward
the locations of distracting objects (Tipper & McLaren,
1990). From a selective inhibition perspective, this pat-
tern of results in both young and old subjects suggests
that inhibition of spatial locations may be a “first-in,
last-out” process (i.e., it is present at an early age and
still apparent in old age), while inhibition of object iden-
tities may be a “last-in, first-out” process (i.e., it-is not
present at a very young age and is easily disrupted in old
age). On the other hand, this pattern of results might in-
dicate that young children and old aduits suffer from fea-
ture mismatching rather than from a breakdown in an in-
hibitory system. Recall that feature mismatching is more
likely to produce NP in target-localization tasks than in
target-identification tasks (see Milliken et al., 1994; Park
& Kanwisher, 1994; Tipper & Cranston, 1985). While
clearly speculative, it might be the case that older adults
(and children) make greater use of matching previous
episodes to assist a slower-than-normal cognitive sys-
tem. If this is the case, individual differences would be
less apparent in localization tasks (in which feature mis-
matching is important) than in identification tasks (in
which feature mismatching is less important). Another
alternative is that the pattern of individual differences
may indicate that young and old people show a deficit in
the implicit retrieval of the identities of previously ig-
nored items, but not in the retrieval of their locations. As
with the selective inhibition account, it may be the case
that the retrieval of information about the locations oc-
cupied by objects is a first-in, last-out process, whereas
the retrieval of information about object identities may
be a last-in, first-out process. While these suggestions
are clearly speculative, it is worth noting that the failure
to find NP in various subgroups is almost universally in-
terpreted as a deficit in an inhibitory mechanism. The
feature mismatching and episodic retrieval hypotheses
raise the possibility that these subgroups may in fact
have a deficit in retrieval mechanisms rather than in in-
hibitory mechanisms (see May et al., in press for further
discussion).

Deficits in the effective inhibition of distracting infor-
mation have also been implicated in the development and
maintenance of a number of psychological disorders, such
as schizophrenia (e.g., Frith, 1979), obsessive-compulsive
disorder (Enright & Beech, 1990; Enright & Beech,
1993a, 1993b), and anxiety (Fox, 1994a). Most of the em-



pirical work has been conducted with schizophrenia. For
example, Beech, Powell, McWilliam, and Claridge
(1989) found that people with schizophrenia show di-
minished NP in comparison with a group of matched
controls. Furthermore, university students who obtain
high scores on questionnaire measures of schizophrenic-
like symptoms tend to show increased flanker interfer-
ence from ignored distractors, but reduced NP relative to
those with low scores on the same questionnaires (Beech,
Baylis, et al., 1989; Beech & Claridge, 1987; Beech
etal., 1991). Once again, it should be noted that these re-
sults may indicate problems with retrieval mechanisms
rather than with inhibitory mechanisms.

Apart from a variety of psychological disorders, lower-
than-usual levels of NP are also associated with poor
comprehension of written text. In a series of experiments,
Gernsbacher and Faust (1991) found that less skilled
comprehenders experienced more disruption from irrel-
evant information and showed less NP than did more
skilled comprehenders. The authors suggest that the poor
comprehenders may be less able to inhibit distracting
material than good comprehenders. An alternative inter-
pretation is that poor comprehenders are less able to re-
trieve previous processing episodes.

Taken together, the results discussed in this section
suggest that the magnitude of NP from ignored distrac-
tors is reduced in a variety of subgroups (e.g., young chil-
dren, older adults, schizophrenics). The most widespread
interpretation of this result is that the ability to suppress
irrelevant information is critical in maintaining effective
cognitive functioning. If this inhibitory system becomes
compromised, a variety of cognitive deficits and lapses
are likely to follow (e.g., Hasher et al, 1991; McDowd &
Oseas-Kreger, 1991; Tipper & Baylis, 1987). This inter-
pretation is, of course, dependent on the selective inhibi-
tion theory of NP. If it is the case that NP is actually
caused by feature mismatching and/or episodic retrieval
of previously ignored items, these theoretical views will
need to be reappraised. Whatever the cause of NP, how-
ever, the work discussed in this section indicates that NP
(or at least the mechanism it reflects) probably has adap-
tive consequences for behavior (Neill et al., in press).

SUMMARY

To recapitulate, NP appears to be a robust effect that
has been demonstrated across a range of stimuli (words,
letters, drawings, numbers, and nonsense shapes) and
across a variety of task demands (categorization, match-
ing, counting, and localization). Having said this, how-
ever, it is clear that the magnitude of NP is generally quite
small (e.g., less than 20 msec is common) and that se-
mantic (but not identity) NP is very inconsistent when
words are used as stimuli. Further, for some of the issues
discussed, the data appear to be in conflict. For example,
in some studies, probe-trial conflict is critical for NP
(e.g., Lowe, 1979), whereas in others, it is not (e.g., Neill
& Westberry, 1987). Nevertheless, the following findings
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have been fairly well established, and any comprehensive
theory of NP would need to account for them.

1. 1t is clear that NP can be associated with any per-
ceptual feature of an ignored object (e.g., color, location,
identity) and that it is apparently flexible, depending on
the behavioral goals of the task (Milliken et al., 1994;
Tipper et al., 1994).

2. The magnitude of NP (sometimes) increases with
increased selection difficulty and/or increased flanker in-
terference during the prime trial (DeSchepper & Treis-
man, 1991; Fox, 1994b; Milliken et al., 1994; Neill &
Lissner, 1988; Valdes, 1993, cited in Neill et al., in press).

3. It has also been shown that NP is frequently inde-
pendent of flanker-interference effects (Allport et al.,
1985; Beech, Agar, & Baylis, 1989; Driver & Tipper,
1989; Fox, 1995; Tipper, Weaver, Kirkpatrick, & Lewis,
1991).

4. The magnitude of NP decreases as the number of
objects to be ignored increases (Neumann et al., 1993;
Neumann & DeSchepper, 1992; but see Yee, 1991, for
contrasting results).

5. NP sometimes depends on the presence (or on the
anticipation) of distracting stimuli on the probe trial (see
Moore, 1994).

6. NP requires time to develop (Allport et al., 1985;
Neill & Westberry, 1987; Neumann & DeSchepper,
1992; Yee, 1991), dissipates over time after it is estab-
lished (Neill & Valdes, 1992; Neill, Valdes, Terry, &
Gorfein, 1992), and is dependent on the delay prior to
the prime trial (Neill, Valdes, Terry, & Gorfein).

7. Under some circumstances, NP can survive the pro-
cessing of an intervening event between prime and probe
displays (Tipper, Weaver, Cameron, et al., 1991, Experi-
ments 2 and 6; see also Malley & Strayer, in press).

8. At least under some conditions, NP does not seem
to require any preexisting mental representations or fa-
miliarity (DeSchepper & Treisman, 1991; but see Mal-
ley & Strayer, in press, for alternative results), and there
is some indication that NP may last over several trials
(DeSchepper & Treisman, 1991; Tipper, Weaver, Cam-
eron, et al., 1991).

The basic phenomenon to be explained is why people
are impaired in responding to an item they have recently
ignored. As should be clear from the foregoing review,
the literature on NP is rather disparate, and it is difficult
to draw many firm conclusions about what might cause
it. It is far too early to decide between selective inhibi-
tion, feature mismatching, and episodic retrieval ac-
counts, in terms of explanation of the NP effect. Sub-
stantially more empirical data are required before such a
distinction can be made. Such a distinction is of critical
importance, however, on both theoretical and practical
grounds. Theoretically, it is important to establish
whether NP is telling us something about the mecha-
nisms underlying visual selective attention, those under-
lying the automatic retrieval of previous processing
episodes, or both. Given the clear individual differences
that have been found in NP, it is also of practical impor-
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tance to establish whether these differences are due to a
failure to inhibit irrelevant processing or whether they are
due to a failure to adequately encode or retrieve ignored
information. This final section of the paper summarizes
the strength of the overall evidence for and against each
of the three main accounts of the NP effect. A summary
of the evidence for and against each of the three accounts
1s provided in Table 5, which inctudes only those empir-
ical phenomena that cannot be explained equally well by
each of the theories. As discussed below, a range of phe-
nomena can be explained by all three theories.

Evidence For Selective Inhibition

Selective inhibition theory (e.g., Houghton & Tipper,
1994; Neumann & DeSchepper, 1992) proposes that the
selective inhibition of distracting information is one of
the mechanisms that allows for efficient selection of tar-
get objects from distracting objects. As the foregoing re-
view has shown, many of findings in the NP paradigm
have been interpreted as supporting the existence of in-
hibitory mechanisms in visual selection. These findings
are as follows:

(1) When subjects are required to respond to recently
ignored stimuli, their responses are usually slower and
less accurate than their responses to new stimuli. In other
words, the NP effect itself is predicted by the hypothesis
that target selection occurs—at least in part—through the
selective inhibition of the processing of ignored stimuli.
(2) Short SOAs between stimulus displays and a pattern
mask produce PP, and this reverses to NP with longer dis-
play-mask SOAs (Allport et al., 1985; Neill et al., in
press). This pattern of results indicates that ignored ma-
terial is initially activated and that, given sufficient time,
further processing of ignored stimuli is inhibited. (3) The
finding that individuals who are prone to heightened dis-

tractibility also show less NP (e.g., Beech, Powell, et al.,
1989; Hasher et al., 1991; Tipper, 1991; Tipper & Baylis,
1987) supports the notion that the suppression of un-
wanted information may be an important component of
efficient selection. (4) The finding that NP sometimes in-
creases in magnitude when target selection is more diffi-
cult (Fox, 1994b; Milliken et al., 1994; Valdes, 1993, cited
in Neill et al., in press) again suggests that the suppres-
sion of irrelevant processing may be a critical component
of efficient selection. (5) There is some neurophysiolog-
ical evidence that suggests inhibitory processes in selec-
tive attention (see Houghton & Tipper, 1994; Posner &
Driver, 1992, for further discussion); for example, single-
cell recording studies show that the neural activity gen-
erated by a distractor stimulus may be internally sup-
pressed. Investigations of neural activity in Area V4 and
infero-temporal areas of monkey visual cortex have
found that cells in these areas respond vigorously when
a particular type of stimulus falls within their receptive
fields. However, firing rates are strongly suppressed
when the same stimulus appears as an ignored distractor
(e.g., Chelazzi, Miller, Duncan, & Desimone, 1993;
Moran & Desimone, 1985). These findings indicate that
inhibitory mechanisms may be a critical part of the pro-
cess of visual selection.

Evidence Against Selective Inhibition

Most of the foregoing results, while consistent with
the selective inhibition hypothesis, can be accounted for
without assuming any form of distractor inhibition.
These results (with the possible exception of the neuro-
physiological data) therefore cannot provide strong evi-
dence either for or against the notion of selective inhibi-
tion. Moreover, there are two pieces of evidence, both
from the target-localization task, that provide evidence

Table 5
Summary of the Empirical Evidence For and Against Each of the Three Theories of NP

Evidence For Theory

Evidence Against Theory

Selective Inhibition

Short SOAs between stimulus displays and pattern mask
produce PP; longer SOAs produce NP.

Inverse relation between flanker interference and NP in
individual-difference studies.

Mismatches across prime and probe displays can cause
NP even when the probe target was not previously
ignored.

Ignored prime distractors produce facilitation when
there is no mismatch across prime and probe displays.
The delay prior to the prime display is critical for NP.

Feature Mismatching

NP occurs when the probe target differs from the item that
occupied its position in the prime display, independently of
whether the prime item was a target or a distractor.

Ignored prime distractors can produce facilitation (and not NP)

when there is no mismatch across prime and probe displays.

NP can occur when the prime distractor and the probe
target are identical (in terms of identity, color,

and location).

NP can occur on tasks in which the degree of mismatch
is equated for control and ignored repetition trials.

Episodic Retrieval

The persistence of NP depends on the discriminability of the
priming episode.

Delays prior to the prime trial are critical to NP.

Mismatches across prime and probe displays can cause
NP even when the probe target was not previously
ignored.

Ignored words only produce identity NP if they are
repeated over and over during an experiment.

Note-—Only those phenomena that cannot be explained by all three theories equally are included here. See text for further

details.



against the selective inhibition hypothesis. First, Park
and Kanwisher (1994) demonstrated that when the
probe target was the same symbol that appeared in the
same location in the prime display, facilitation occurred.
Since the probe target had previously been an ignored
distractor, this result effectively rules out the selective
inhibition hypothesis (as well as the episodic retrieval
hypothesis). In addition, when the probe target was a
different symbol from the one that appeared in that lo-
cation in the prime display, reliable NP occurred, even
though both prime items were targets. Further, Park and
Kanwisher (Experiment 5) also found facilitation from
a match and NP from a mismatch between the prime and
probe displays, even when no task at all was required in
the prime display. None of these results can be easily ex-
plained by the selective inhibition account, since it as-
sumes that NP is caused by the necessity of responding
to a target that was recently ignored.

Perhaps the most persuasive evidence against a selec-
tive inhibition account of NP is the apparent dependence
of NP on the similarity of the RSI between the prime and
probe displays and the RSI preceding the prime display
(Neill, Valdes, Terry, & Gorfein, 1992). If NP is indeed
due to active inhibition of distracting information ap-
plied during the prime trial, it is difficult to explain why
the delay before the prime trial should have any influ-
ence on the magnitude of the subsequent NP.

Evidence For Feature Mismatching

It is possible that it is a lack of correspondence be-
tween the features of an ignored prime item and those of
a subsequent probe target that causes the NP effect. This
mismatching hypothesis holds that NP is caused by a
change in the bindings of symbol identities (to objects or
locations) between prime and probe trials, irrespective of
whether the prime symbol is a target or a distractor (Park
& Kanwisher, 1994). In the target-localization task, for
example, this notion proposes that NP will occur when
the probe target differs from the items that occupied its
position in the prime display, independent of whether that
prime item was a distractor or a target. The most com-
pelling evidence for the feature mismatching account of
NP comes from the target-localization task (Park & Kan-
wisher), as discussed in the preceding section.

Evidence Against Feature Mismatching

Feature mismatching cannot explain NP effects under
conditions in which the prime distractor is identical to
the probe target. There have been two reported cases of
NP occurring under these conditions. First, in a task re-
quiring the naming of letter identities cued by color, Tip-
per and Cranston (1985) reported significant NP even
when the prime distractor (e.g., a red 4) was identical in
terms of both color and identity to the probe target (i.e.,
also ared A). This result effectively disconfirms the fea-
ture mismatching account. Second, in a variant of the
target-localization task, Milliken et al. (1994) found that
NP occurred even when the prime distractor and probe
target were identical in terms of identity, color, and lo-
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cation (but only when a color cue was presented simul-
taneously with the prime and the probe displays). Once
again, this result cannot be explained by the feature mis-
matching account of NP.

In addition, NP has been observed in a number of par-
adigms in which the degree of mismatch in control and
ignored repetition trials was equivalent (e.g., Fox, 1994b;
Neill et al., 1990; Tipper et al., 1988). NP in these para-
digms must, therefore, be caused by something other than
feature mismatching across prime and probe displays.

Evidence For Episodic Retrieval

The episodic retrieval account of NP also attributes it
to the implicit retrieval of previous processing episodes.
However, this account is fundamentally different from
the feature mismatching account, in that it explicitly ar-
gues that the current (probe) target’s previous role as a
distractor is critical to the NP effect. Thus, many of the
studies in which the mismatch was equated across con-
trol and ignored repetition trials can be accommodated
by this account. The episodic retrieval theory of NP ex-
tends Logan’s (1988) theory of automaticity to situations
in which previously ignored information is retrieved. In
this sense, the episodic retrieval account is somewhat
similar to the selective inhibition account, in that it as-
sumes that the necessity of responding to previously ig-
nored information is critical for NP.

The primary evidence for the episodic retrieval theory
is that the persistence of NP depends on the RSI be-
tween the prime and probe display being similar to the
RSI immediately preceding the prime trial (Neill, Val-
des, Terry, & Gorfein, 1992). This finding indicates that
the temporal discriminability of the priming episode is
critical to NP, and suggests that NP is due to the retrieval
of the processing episode in which the current target was
ignored. This is based on the assumption that when re-
tention intervals are blocked, discriminating between suc-
cessive episodes is constant, regardless of the retention
interval (e.g., Baddeley, 1976). In the NP paradigm, the
probability of retrieving an episode in which the current
probe target had been previously ignored may be con-
stant if RSI is manipulated between subjects or in sepa-
rate blocks of trials (Neill, Valdes, Terry, & Gorfein). A
decay function may only emerge if RSI is randomly in-
termixed across trials. This is exactly the pattern that has
been found in studies investigating decay effects over
RSI (see Table 4). According to the episodic retrieval hy-
pothesis, long-term persistence of NP reflects the rela-
tive permanence of processing episodes in memory, but
the probability of retrieving such episodes may still de-
cline with increasing RSI.

The episodic retrieval hypothesis predicts that the
greatest magnitude of NP should occur at a short RSI that
is preceded by a long RSI, since the priming episode is
relatively recent and competition from previous episodes
is reduced. In contrast, a lower magnitude of NP is ex-
pected at a long RSI that is immediately preceded by a
short RSI, since in this case, there is increased competi-
tion from previous episodes and the priming episode is
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more distant. The pattern of data reported by Neill, Valdes,
Terry, and Gorfein (1992) conforms to these predictions,
providing strong support for the episodic retrieval hypoth-
esis. In contrast, it is difficult to see how either the feature
mismatching hypothesis or the selective inhibition hy-
pothesis can account for this pattern of results.

As well as temporal separation and discriminability, the
contextual similarities between prime and probe displays
should also be an important determinant of the probability
of retrieval of the priming episode. Unfortunately, how-
ever, there are no data directly relating to this issue.

Evidence Against Episodic Retrieval

Since the episodic retrieval account of NP is fairly re-
cent, there have been no direct attempts to disprove it.
However, some of the evidence reviewed here is incon-
sistent with this hypothesis. First, the finding of Park
and Kanwisher (1994) showing that feature mismatch-
ing can cause NP even when the probe target was not
previously ignored is not consistent with the episodic re-
trieval hypothesis. Second, some difficulty is presented
for an episodic retrieval account of NP by the finding
that, under some conditions (e.g., speed stress, rapid pat-
tern masking of prime distractors), ignored distractors
produce facilitation on the probe trial. If NP is caused by
the retrieval of an item that is associated with a nonre-
sponse, which conflicts with the current response, how
can ignored distractors produce PP? However, as pointed
out previously, the theory may be able to accommodate
this facilitation if it assumes priming from perseverative
activation. Third, the results of Malley and Strayer (in
press) are not consistent with predictions from the epi-
sodic retrieval hypothesis. To illustrate, since the
probability of retrieving a novel stimulus should be
higher than the probability of retrieving a highly acti-
vated stimulus, the episodic retrieval hypothesis would
predict a greater magnitude of NP with novel stimuli.
However, in a direct manipulation of stimulus repetition
with word stimuli, Malley and Strayer found the oppo-
site results.

CONCLUSION

In conclusion, none of the three accounts of NP can
provide a complete explanation for all of the extant data.
In some limited tasks (e.g., target localization), feature
mismatching between prime and probe displays can
cause an NP effect (Park & Kanwisher, 1994), although
it is not a necessary condition for NP (Milliken et al.,
1994). In a wider range of tasks, NP occurs when sub-
jects are required to respond to previously ignored items
(e.g., Milliken et al., 1994; Neill et al., 1990; Tipper &
Cranston, 1985; Tipper et al., 1988), even when they are
identical to the current target (i.e., even when there is no
mismatch; Milliken et al., 1994; Tipper & Cranston,
1985). The challenge for future research is to establish
whether this effect is due to selective inhibition applied
during the prime trial or whether it results from the
episodic retrieval of previously ignored stimuli cued by

the current processing episode (i.e., the probe trial). It is
also, of course, quite possible that NP is codetermined
by processing in both prime and probe displays, so that
both inhibitory and retrieval processes may interact to
produce it (e.g., Milliken et al., 1994).

Both the selective inhibition and episodic retrieval ex-
planations of NP have a high degree of psychobiological
plausibility. On the one hand, NP may reflect the sup-
pression of distracting information during target selec-
tion, thus allowing for uninterrupted behavioral actions.
On the other hand, it may reflect the operation of the re-
trieval of a previously encountered instance or episode,
which helps to allow the development of rapid reactions
to environmental stimuli to occur. Either way, the clear
individual differences that have been demonstrated sug-
gest that NP has adaptive consequences for future pro-
cessing. It is therefore of particular importance for re-
search to identify the mechanism that underlies NP. On
the one hand, the individual differences that have been
observed may reflect differences in inhibitory mecha-
nisms of selective attention. On the other hand, the indi-
vidual differences may be due to differences in the effi-
ciency of retrieval processes. This issue is therefore an
important focus for future research in this area. One of
the aims of the current review was to determine whether
the phenomenon of NP provides compelling evidence
for the inhibition of distracting objects during visual se-
lection. As should be clear by now, while much of the
empirical evidence is certainly consistent with such in-
hibition, almost all of the NP priming results can be ex-
plained without recourse to inhibitory mechanisms. It
must therefore be concluded that the evidence for selec-
tive inhibition in NP tasks is not conclusive (for an al-
ternative conclusion, see May et al., in press). An im-
portant focus for future research would be an attempt to
provide converging evidence for inhibitory mechanisms
from other paradigms.

Newell (1990) has argued that regularities in immedi-
ate-response performance are particularly important for
cognitive theory, since this is the level closest to the ar-
chitecture of cognition “where the mind’s work shows
through” (p. 25). The robustness and regularity of NP ef-
fects across a range of experimental situations suggests
that NP may reflect a fundamental mechanism or con-
straint of human information processing. As such, a the-
oretical understanding of NP could provide a useful
focal point for cognitive psychology.

First, NP provides an ideal means with which to study
the relation between attention and memory (e.g., Neu-
mann & DeSchepper, 1992; Treisman, 1992), two areas
that are often not considered together at the empirical
level. In particular, an important new theory of informa-
tion processing, the instance theory (Logan, 1988), seems
to be capable of accounting for a broad range of cogni-
tive phenomena, such as episodic memory, semantic mem-
ory, automaticity, judgment, repetition priming (see Lo-
gan, 1988, 1990), and now, NP (Neill, Valdes, Terry, &
Gorfein, 1992). Thus, NP effects can be incorporated
into a more general theoretical framework. In particular,



the coexistence of distractor inhibition and episodic re-
trieval processes may explain the apparently effortless
performance of humans in situations that require a series
of selective actions (Milliken et al., 1994). Second, NP
is of relevance to investigators in both clinical psychol-
ogy and neuropsychology, since it provides an objective
measure of cognitive functioning that seems to reliably
differentiate groups of subjects differing in their degree
of cognitive functioning. Neill, Valdes, Terry, and Gor-
fein suggest that NP is a unique indicator of individual
differences, because it is a performance deficit (i.e.,
more errors or slower RTs) that is associated with nor-
mal cognitive functioning. Therefore, diminished NP
cannot easily be attributed to a more general slowing of
cognitive processing. In conclusion, given that attention
can determine the course of many other cognitive pro-
cesses (see Neill, 1989), an advance in the theoretical
understanding of NP is likely to provide an important
step toward a more comprehensive understanding of
human cognition.
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NOTES

1.1 became aware of another review of the NP literature (May,
Kane, & Hasher, in press) after the final version of the present manu-
script was completed. Points at which the two reviews come to similar
and/or dissimilar conclusions are noted in the text.

2. It is quite possible that ignored stimuli are processed by means of
some early-selection mechanism, such as repetition or schematic prim-
ing (Johnston & Dark, 1986). Alternatively, it is possible that ignored
stimuli are processed at some point after target selection (Gathercole
& Broadbent, 1987). As Driver and Tipper (1989) point out, this is
very different from the original early-selection assertion that distrac-
tors are completely filtered out: It is now claimed that they are not to-
tally excluded from semantic processing but, rather, that processing is
delayed relative to processing of target material. Thus, NP cannot be
taken as conclusive evidence either that selection of relevant objects
occurs early in information processing or that it occurs late in infor-
mation processing. What it does indicate is that processing of ignored
stimuli (at whatever point) appears to be unavoidable in many visual-
selection tasks.

3. It should be noted that even though NP was not dependent on an
identity switch between the prime-target and probe-target locations,
there was always a mismatch between the identities appearing in the
prime-distractor location (e.g., G) and the probe-target location (e.g.,
B), so feature mismatching may still have caused the NP effect.

4. This result is in contrast to other research (with letter stimuli)
which shows that the magnitude of NP decreases as the number of dis-
tractors increases (Neumann et al., 1993; Neumann and DeSchepper,
1992).

5. It should be noted that this assumption might depend on the het-
erogeneity of the distractors (see Duncan & Humphreys, 1989).

6. It is interesting to note that the recent perceptual load hypothesis
put forward by Lavie and Tsal (1994) would make directly the oppo-
site prediction. Lavie and Tsal argue that perceptual load is a major de-
terminant of the locus of selective attention. When perceptual load is
very low, late selection is observed, whereas early selection is ob-
served when perceptual load is high (see Lavie, in press, for relevant
data). If this view is correct, when task processing is very demanding,
a decrease in NP would be predicted, rather than an increase, as sug-
gested by Moore (1994). Results consistent with the perceptual load
hypothesis have recently been reported by Engle, Conway, Tuholski,
and Shisler (in press). In a letter-naming task, they found that NP was
diminished as memory load increased.
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