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Abstract

Some studies of negative priming and other tasks assumed to reflect inhibitory functions suggest a decline in
inhibitory processes in Alzheimer’s disease. However, none of the measures used in previous studies can be
interpreted as an unambiguous reflection of distractor inhibition. The present study investigates whether reductions
in negative priming associated with Alzheimer’s disease reflect reduced distractor inhibition, rather than perceptual
review processes. Individuals with early Alzheimer’s disease were predicted to show reduced negative priming on a
spatial localization task designed to provide an unambiguous measure of distractor inhibition. Sixteen clinical
participants showed significantly less negative priming than old and young healthy control groups, which is
interpreted as evidence for reduced distractor inhibition in early dementia. A second analysis indicated that, within
the clinical sample only, negative priming effect size was significantly correlated with prime trial response speed.
Clinical participants showing the least negative priming were slower to respond to an initial stimulus. The results
may mean that people with early Alzheimer’s disease have a reduced capacity to use excitatory as well as inhibitory
processes in selection. (JINS, 2006, 12, 416–423.)
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INTRODUCTION

Recent studies and literature reviews indicate that atten-
tional impairments develop earlier in Alzheimer’s disease
(AD) than was previously recognized, after the onset of
memory difficulties but before aphasic, apraxic, agnosic,
and visuospatial deficits are detectable (Parasuraman &
Haxby, 1993; Perry & Hodges, 1999, 2000). Furthermore,
progressive changes in attentional capacity correlate with
other cognitive impairments and functional decline (Rizzo
et al., 2000). These findings have implications for the neuro-
psychological assessment of early AD and our understand-
ing of the cognitive processes that are compromised.

Some forms of attention are affected more than others in
early AD. Parasuraman and Haxby (1993) reported that selec-
tive attention, divided attention, and the movement of spa-

tial attention are all altered at an early stage. Perry and
Hodges (1999) reached a similar conclusion, and later
reported evidence that impairments of selective attention
and the shifting of attention develop before impairments of
sustained and divided attention (Perry et al., 2000). Perry
and Hodges (2000) conclude that selective attention and
semantic memory tests are the most likely to detect cogni-
tive changes (other than episodic memory problems) during
the earliest stages. Studies of executive function in early
AD also indicate selective attention difficulties. For exam-
ple, Collette et al. (1999) obtained widespread evidence of
executive dysfunction and found “inhibition abilities” to be
particularly affected.

It is widely assumed that the capacity to attend to one
salient feature while ignoring others is facilitated by active
inhibitory mechanisms that suppress irrelevant information
(Houghton & Tipper, 1994). Opponent processes of activa-
tion and inhibition are thought to operate throughout the
central nervous system (e.g., Rafal & Henik, 1994) and to
play a fundamental role in the control of cognitive process-
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ing (Dagenbach & Carr, 1994). It may be then that the
capacity to inhibit irrelevant information in order to attend
selectively deteriorates in AD from an early stage.

Much of the evidence for selective attention impairments
in AD has been obtained using neuropsychological mea-
sures, such as Stroop interference and Trailmaking errors
(e.g., Grady et al., 1988; Haxby et al., 1990). Unfortu-
nately, such data do not reflect inhibitory mechanisms
directly and unambiguously (Mead et al., 2002). As Para-
suraman and Haxby (1993) and Perry and Hodges (1999)
have pointed out, performance on this type of selective atten-
tion task will reflect, but not distinguish between, a range
of component operations, including distractor inhibition.

More recent research has attempted to identify the com-
ponent operations involved in these tasks and to determine
whether the selective attention impairments associated with
AD represent an inhibitory impairment. Spieler et al. (1996)
demonstrated that AD Stroop data, subjected to the process
dissociation technique devised by Lindsay and Jacoby
(1994), were consistent with the inhibitory hypothesis. Sim-
ilarly, Amieva et al. (1998) analyzed Trailmaking errors
and attributed most of the AD group’s errors to an inhibi-
tory deficit. Fewer healthy participant errors were related
to inhibition. The results of other AD studies, in which the
suppression of ambiguous word meanings (Faust et al.,
1997), word reading, and rhyme decision measures (Balota
& Ferraro, 1993) were interpreted as inhibition indices, were
also consistent with impaired inhibition. The results of the
Faust et al. study suggested that facilitatory processes
remained intact.

The negative priming (NP) paradigm may shed further
light on inhibitory changes in early AD. NP tasks present
recently ignored distractor stimuli as targets; the slower
responses made to targets that were recently ignored are
attributed to inhibitory processes. It is assumed that target
stimulus selection occurs partly by means of the inhibition
of the internal distractor representations that compete for
the control of action. If distractor representations are inhib-
ited, then the processing of a subsequent stimulus requiring
the recently inhibited representations will be impaired.

In the following NP example from Tipper (1985), the
participant’s task is to identify red drawings while ignoring
simultaneously presented green distractor drawings. In a
prime display, the red to-be-named drawing could be a “dog,”
while the green to-be-ignored distractor might be a drawing
of a table. In the subsequent probe display, the same “table”
drawing would appear in red and another object would be
depicted in green. If inhibitory mechanisms act on the inter-
nal representations of the green to-be-ignored “table,” the
subsequent probe trial processing of this object, which
requires access to the inhibited representations, will be
impaired. In this example, the probe trial responses to a
target picture of a table will be slower than in a control
condition where the target was not recently ignored.

NP effects are frequently interpreted as a measure of dis-
tractor inhibition, couched within the selective attention
model proposed by Houghton and Tipper (Houghton & Tip-

per, 1994; Houghton et al., 1996). This model seeks to
explain the capacity to select and process relevant aspects
of the environment while ignoring currently irrelevant fea-
tures. Inhibitory processes suppress the representations of
objects not selected for further processing, whereas excit-
atory processes activate relevant representations. Without
inhibition, irrelevant representations would compete for fur-
ther processing and slow the processing of relevant objects.
Houghton and Tipper (1994) argue that the simultaneous
use of excitation and inhibition produces fast and efficient
object selection.

Most NP tasks involve the presentation of pictures, words,
or letters for the participant to name, often with color used
as the marker for target selection. For example, several stud-
ies obtained NP effects using a modified Stroop task
(Dalrymple-Alford & Budayr, 1966; Lowe, 1979, 1985;
Neill, 1977). More recently, tasks requiring a spatial response
have been developed. In the “O-X” spatial localization task
described by Tipper et al. (1990), participants pressed a key
to indicate the spatial location of an O-shaped target, while
ignoring an X-shaped distractor. Longer response times were
measured when the O target was presented in the location
occupied by the X distractor on the preceding trial.

Tipper et al. (1994) proposed that the inhibitory selection
mechanisms in spatial and identity forms of NP are equiv-
alent, in that both are determined by the behavioral goals of
the task. Essentially, only the properties of the distractor
that compete for control of the action are inhibited. In a
naming task, only the identity of the distractor would be
inhibited, whereas in a spatial task, only the representation
of the distractor’s location would be inhibited. Conse-
quently, different distractor feature representations are inhib-
ited in different tasks, and this inhibition is directly related
to behavioral goals.

There have been few studies examining inhibitory pro-
cesses in AD by means of NP procedures, and these studies
have produced inconsistent results. Sullivan et al. (1995)
used picture and word naming tasks to compare NP in older
adults and people with AD. The AD group showed no evi-
dence of NP. Similarly, Amieva et al. (2002) found no evi-
dence of NP in an AD group using a picture naming task. In
contrast, Langley et al. (1998) concluded that young adults,
healthy older adults, and people with AD were equivalent
on measures of NP on a letter naming task.

Although people with AD may have an inhibitory deficit
that causes reduced NP, it may not be possible to use this
type of identity-based NP task to identify these deficits
because identity NP effects are not consistently observed in
healthy older adults. Several studies (Connelly & Hasher,
1993; Hasher et al., 1991; McDowd & Oseas-Kreger, 1991;
Stoltzfus et al., 1993; Tipper, 1991) have reported reduced
identity NP in normal aged populations. Hence, reductions
in identity NP cannot be an unequivocal marker for AD.

A solution to this difficulty may be found in spatial NP
tasks, such as the O-X task described above, in which par-
ticipants indicate the spatial location of the target. Younger
and older adults produce identical levels of NP in these
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tasks (e.g., Connelly & Hasher, 1993), and young children
show adult levels (Tipper & McLaren, 1990). As age-
related declines are not observed, spatial NP could provide
a robust marker for changes associated with AD.

Indeed, declines in this NP measure are quite striking.
Using one such technique, Simone and Baylis (1997) have
shown that individuals with AD produced significantly less
NP than healthy older adults, who in turn produced levels
similar to healthy young adults (see Verhaeghen & De Meers-
man, 1998, for a meta-analysis study).

There is, however, a more important reason why previ-
ous measures of NP in individuals with AD may not accu-
rately reflect levels of inhibitory control. An alternative to
the inhibition account of NP is based on the perceptual
review processes described by Kahneman et al. (1992).
They suggest that an automatic review of very recent per-
ceptual events is a part of perceptual processing that is
critical for the integration of successive perceptual events.
This process accesses features of objects that are no longer
in view and links current and past information together to
produce a coherent picture of the world. Park and Kan-
wisher (1994) suggested that this process could account
for spatial NP effects if the perceptual differences between
the prime distractor and the probe target (which occur at
the same location on NP trials) were recognized. The de-
tection of discrepancies could evoke time consuming
checking processes, lead to an increase in response time
on NP trials, and produce a NP effect that is unrelated to
inhibition.

For example, in the traditional identification tasks (e.g.,
Tipper, 1985), there is an inevitable perceptual mismatch
between the ignored distractor in the prime display (e.g., a
green table) and the target in the subsequent probe display
(e.g., a red table). Park and Kanwisher (1994) argue that
this color mismatch could slow down processing of the
probe; hence, the observed longer reaction times may not
reflect inhibitory processes. This confound also exists in
the spatial localization tasks. For example, in the Tipper
et al. (1990) task, the distractor identity “X” mismatches
with the probe target’s identity of “O”; or in the Simone and
Baylis (1997) task, the distractor was green and the sub-
sequent target was red.

Consequently, previously reported NP effects obtained
using traditional tasks may be ambiguous. NP effects can-
not be assumed to reflect distractor inhibition alone, and
the reduction of NP levels reported for some clinical groups
(e.g., people with schizophrenia; Beech et al., 1989; Laplante
et al., 1992) might instead reflect a reduced capacity to
review recent perceptual events.

The spatial localization task used in the present study
was designed to remove this confound. That is, it was devel-
oped specifically to elicit NP effects that can be assumed to
reflect distractor inhibition rather than perceptual review
processes (see, Milliken et al., 1994; Tipper et al., 1995).
The critical aspect of the task is that the prime distractor
and the subsequent probe target are perceptually identical,
so that no distractor–target mismatch can be perceived.

In summary, there are several reasons for undertaking
this study. First, almost all previous studies examining
declines in inhibition in AD by means of NP techniques
have used a target identification task. Unfortunately, healthy
older adults also show declines in NP in this task, so it may
not be an unequivocal marker for AD. Second, all previous
studies contain the perceptual mismatch confound. Reduced
NP in people with AD may reflect impairments in detecting
such mismatches, whereas inhibition may be normal. The
procedure to be described here avoids these confounds and
provides a more unequivocal measure of inhibitory process-
ing in AD. Furthermore, the task is simple and relatively
short to administer and, therefore, may be of potential use
in detecting early onset AD in the clinic. The hypothesis
addressed here is that people with early AD use less inhibi-
tion in target selection. It is predicted that participants with
AD will show reduced NP in a task for which perceptual
differences between the prime distractor and probe target
are eliminated.

METHOD

Ethical approval for this study was obtained from the
Research Ethics Committees of the School of Psychology,
University of Wales, Bangor, and the North West Wales
NHS Trust.

Participants

There were 16 individuals (5 women, 11 men) who fulfilled
the NINCDS-ADRDA criteria for probable AD (McKhann
et al., 1984), 16 healthy older adults (12 women, 4 men),
and 16 young healthy adults (11 women, 5 men) participated.

The AD group had been assessed for possible dementia
by a psychiatrist and clinical psychologist from a North
West Wales NHS Trust multidisciplinary older adults team.
Half of the AD group was seen at home, half in the Day
Hospital. All participants lived independently.

The older adult control group (OA) was selected to match
the clinical sample on age and estimated premorbid ability.
These participants were recruited either through the Uni-
versity of Wales Bangor School of Psychology participant
panel or with the help of a local medical practice. The latter
were contacted by their family doctor and responded if they
wished to take part. Most OA participants were seen at
home; a small number were seen at the university or in the
medical practice. The young adult control participants (YA)
were recruited by means of the School of Psychology stu-
dent participant panel and assessed at the university.

Mean (and SD) age in years was 76.9 (5.7), 76.4 (4.9),
and 20.6 (2.9) for the AD, OA, and YA groups, respectively.
Mean (and SD) estimated premorbid Full-Scale IQ values
were 107.5 (11.8), 113.1 (10), and 114.3 (4.6), respectively
(Nelson & Willison, 1991). The older groups did not differ
significantly in age (F(1,30) 5 .03). Estimated premorbid
ability did not vary significantly across the three groups
(F(2,45)5 2.4, not significant [ns] ).
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All participants were able to see, hear, and use their dom-
inant hand well enough to comply with the task instructions
and were able to complete the task making fewer than 5%
errors. Individuals were excluded if they had a mental ill-
ness, a psychiatric or neurological history, or were taking
prescribed psychoactive medication other than sleeping
tablets.

Dementia severity was characterized using the Clinical
Dementia Rating (CDR) scale (Hughes et al., 1982). Rat-
ings are based on the clinical assessment of memory, orien-
tation, judgment, community affairs, home and hobbies,
and personal care. An overall CDR score of 1 indicates
mild dementia, whereas a score of 0.5 indicates very mild
dementia. Half of the AD sample obtained an overall CDR
score of 1; half obtained an overall score of 0.5. All OA
participants obtained a CDR of 0.

Apparatus

The NP data were collected using an IBM-compatible 486033
portable microcomputer attached to an SVGA color moni-
tor. Responses were made with a Kraft KC30 joystick linked
through the game port. Response times (RTs) were com-
puted to the nearest millisecond (ms).

Design

The task was to select the larger of two circles (see Fig-
ure 1). On the prime trial, a smaller distractor circle (size 2)
always accompanied the larger target circle (size 3). On the
probe trial, the previous distractor (size 2) was always pre-
sented with a smaller circle (size 1) and so was selected as
the target. The probe trials were divided between control
and ignored repetition trials. On control trials, the probe
target was physically identical to the prime distractor but
appeared in a different location. The two circles appeared
in the two locations that had not been occupied on the prime
trial. On ignored repetition trials, the target (a size 2 circle)
appeared in the location previously occupied by the identi-
cal prime trial distractor. In an attempt to conceal the NP
manipulation, only one third of the probe trials were ignored
repetition trials.

Procedure

All participants provided written consent. Participants com-
pleted the NP task followed by the Cambridge Contextual
Reading Task (Beardsall & Huppert, 1994), which pro-
vided an estimate of premorbid ability. The NP task was a
modified form of the procedure described by Watson and
Tipper (1997). In the modified form, the stimuli remained
on the screen until the participant made a response, and
initial practice was unrestricted. The task was demon-
strated, and the investigator provided verbal instructions.
These instructions indicated that two circles would be pre-
sented simultaneously and that one circle would be larger

than the other. Participants were asked to indicate the loca-
tion of the larger circle as quickly as possible by making a
spatially compatible joystick movement (up, down, left, or
right). Participants practiced the task until they could make
fluent motor responses. The AD participants did not require
significantly more practice than the controls. The task com-
prised 90 prime-probe pairs of trials with a compulsory
30-second rest halfway through. Data collection lasted
approximately 10 minutes.

The stimuli were solid dark gray circles of three different
sizes (1, 2, and 3). At a viewing distance of 70 cm, the
diameters of the circles (in degrees of visual angle) were
0.49 degrees for size 1, 0.74 degrees for size 2, and 0.98
degrees for size 3. The circles appeared on a light gray
background in two of four possible locations, with four
dark gray arrows (pointing up, down, left, and right from
the center of the screen) used to mark the four possible
locations. The distance from the tip of the left pointing
arrow to the tip of the right pointing arrow and from the tip
of the upward pointing arrow to the tip of the downward
pointing arrow was 3.03 degrees. Each circle was centered
on a point 1.06 degrees from the tip of its arrow marker.

The investigator initiated each trial pair sequence. The
four arrow markers appeared on the screen and remained
visible throughout each trial. The first trial display was pre-
sented 1500 ms after the arrows appeared. One circle was
displayed at the tip of each of two arrows. The prime trial

Fig. 1. Examples of negative priming task stimuli for control and
ignored repetition trials. Note that the numbers denote the circle
sizes and were not included in the stimulus display. IGN REP5
ignored repetition.
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display remained on the screen until a response was made.
After the response, the display vanished, leaving only the
arrows on the screen for 357 ms. The probe trial display
was presented and remained on the screen until the response.
The screen was cleared, and the prompt to initiate the next
trial appeared.

An accurate response and the associated response time
were recorded if the joystick was moved to within 45 degrees
to either side of the correct position. An error was recorded
if the joystick was moved in any of the three nontarget
directions or if the joystick did not immediately spring back
to its central position after the response.

RESULTS

Analysis 1: The Effect of Early Alzheimer’s
Disease on Distractor Inhibition

The RT data comprised three individual median RT values:
the prime trial median RT, the control probe trial median
RT, and the ignored repetition probe trial median RT
(Table 1). A raw RT value was included in the median cal-
culation only if correct responses had been made on both
the prime trial and the probe trial of the pair of trials in
question.

Prime trial RTs were examined in a one-way analysis of
variance (ANOVA), which revealed significant group dif-
ferences (F(2,45) 5 13.9; p , .001). Bonferroni post hoc
comparisons indicated that the YA group made signifi-
cantly faster responses than the older groups (both p ,
.001).

A two-way mixed ANOVA examined median control probe
trial RTs and median ignored repetition probe trial RTs. The
NP manipulation was represented by a within-subject
repeated measures factor, referred to as Trial Type (Control
Trial vs. Ignored Repetition Trial). The between-subject fac-
tor was Group (AD vs. OA vs. YA). There was a significant
Group effect (F(2,45)5 10.9; p , .001) but no Trial Type
effect (F(1,45)5 1.05, ns). However, the critical Group3
Trial Type interaction was significant (F(2,45)5 5.7; p ,
.01), indicating group differences in NP.

Bonferroni post hoc comparisons indicated that the YA
group differed from both older groups (AD vs. YA p , .01,
OA vs. YA p , .001). Young participants made faster
responses than the older groups. The Group 3 Trial Type
interaction was examined using paired t tests to compare
control and ignored repetition probe RTs within each
group. There was no significant priming effect in the AD
data (t 5 1.46, ns). However, replicating previous studies
(e.g., Tipper et al., 1995; Watson & Tipper, 1997), there
were significant NP effects for the controls (OA t523.5,
p , .005; YA t522.4, p , .05). Although the overall AD
priming effect was nonsignificant, a large proportion (110
16) of the group showed individual positive priming effects.
In contrast, 12 OA participants showed individual NP effects
(x25 6.2; p , .03).

The interaction was examined further by comparing the
groups in terms of the magnitude of the priming effects
they obtained. A one-way ANOVA of the RT difference
scores representing priming effects (mean control probe trial
RT minus mean ignored repetition probe RT) indicated
significant group differences (F(2,45)5 5.7; p, .01). Fur-
ther analysis indicated that the AD group differed signifi-
cantly from the OA group (t 5 2.8; p 5 .01) and the YA
group (t 5 2.3; p , .05). The OA and YA groups did not
differ (t52.9, ns). To control for age-related slowing (e.g.,
Faust et al., 1999), the same analyses were performed on
proportion transformed priming effects. The difference scores
described above were divided by the mean control probe
trial RT. The ANOVA indicated significant differences
(F(2,45) 5 4.4; p 5 .02), and the t test results mirrored
those above (AD vs. OA t5 2.5; p5 .02; AD vs. YA t5 2.2;
p5 .04; OA vs. YA t52.3, ns). Given the small effect sizes
obtained in NP studies, it was recognized that the statistical
power may not have been sufficient to detect real underly-
ing differences. However, a power calculation for the com-
parison of the AD and OA NP effects revealed power to be
.86 (at .05).

Errors were analyzed in the same way as the RT data, but
there were no significant effects. The effect of gender on
RT data was also examined, as the AD and the control groups
had unbalanced opposing distributions. The t tests (within

Table 1. Group mean of median response times (RTs; ms) and RT priming effects (ms)

Prime trial Probe control
Trial type

Ignored repetition
Priming effect

(raw and proportional)

Group M SD M SD M SD M SD

Clinical 671 98 716 137 696 111 120.00 55.00
1.02 .08

Older adults 660 94 703 160 726 156 223.00 26.00
2.04 .04

Young adults 521 84 525 84 540 84 215.00 24.00
2.03 .05
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and between groups) indicated that gender had no signifi-
cant effect on NP.

Analysis 2: Does Distractor Inhibition Mean
More Efficient Selection?

A further objective was to examine the impact of reduced
distractor inhibition on the efficiency of target selection. If
the size of an NP effect reflects the degree to which distrac-
tor inhibition is used during selection, such that target selec-
tion efficiency improves with increased inhibition, then larger
individual NP effects may be associated with faster prime
selection responses.

Here, the correlation between individual NP effect size
and prime trial RT measures were examined within each of
the three participant groups described above. Only the AD
group correlation was significant (r5 .61; p5 .01). For the
clinical group, faster prime trial response times were asso-
ciated with larger NP effects. This finding suggests that
individuals with AD who had retained the capacity to inhibit
distractor representations were also able to select targets
more efficiently.

DISCUSSION

Increasing evidence of attentional impairments in early AD
has been reported over the past 10 years. Selective attention
deficits have been a predominant feature, consistent with
the possibility that early AD involves difficulty with the
inhibition of irrelevant information. Unfortunately, previ-
ous techniques used to measure inhibition by means of NP
have contained possible confounds (e.g., identity inhibition
may decline in normal ageing; identity-based NP tasks pro-
duce perceptual mismatches). Therefore, new techniques
were required to test the hypothesis that declines in inhibi-
tion are a feature of early AD. The results obtained provide
direct evidence in support of this hypothesis.

The NP effects obtained by the OA and YA control groups
were statistically significant and of a similar proportional
magnitude. This finding is consistent with previously
reported evidence that spatial NP effects are retained in old
age, whereas identity-based NP effects may decline. The
present results indicate that people with early AD do not
show significant spatial NP. This finding is consistent with
results reported by Simone and Baylis (1997), who found
equivalent spatial NP in young and older adults on a selec-
tive reaching task but no NP in patients with AD. Further-
more, due to the elimination of perceptual discrepancies
between the prime distractor and probe target in this study,
our results can be more clearly interpreted as evidence for
reduced distractor inhibition in early AD. Given that the
present results were obtained using a spatial localization
task rather than a higher-level semantic or naming task,
they also suggest that early AD affects the use of inhibition
at relatively low processing levels.

Before considering theoretical accounts that describe
inhibitory selection mechanisms, it is worthwhile consider-

ing an alternative account at this point. Neill et al. (1992)
proposed that NP might not result from inhibition of dis-
tractors but rather from retrieval from the prime display of
mismatching information. For example, it was proposed
that the prime distractor is encoded as “do not respond to
me”. When this same stimulus is encountered in the probe
display, it is labeled “respond to me,” as it is now a target.
During processing of the probe, the prior processing epi-
sode of the prime is retrieved, and the “do not respond to
me” label is activated: this information conflicts with the
current encoding of the target (“respond to me”), resulting
in slower response times. Although Tipper (2001) acknowl-
edged that the notion of retrieval of prior processing epi-
sodes was extremely important, as such retrieval was
probably taking place in priming procedures, it was noted
that the mediating neural processes of such verbal labels as
“do not respond to me” would probably be inhibition
processes.

Furthermore, we are not convinced that retrieval of
response tags can explain the reduced NP in our clinical
group. In the Neill et al. (1992) account, the absence of an
NP effect would be attributed to a failure to retrieve the
prime distractor’s “do not respond to me” tag when the
stimulus was presented as the probe target. Failure to retrieve
the tag would not result in priming of any sort.

The AD and OA groups varied in terms of the direction
of the priming effects they showed. Whereas most OA
participants exhibited negative priming, 73% of the clini-
cal group made faster responses to previously ignored stim-
uli than they did to neutral stimuli. These modest but
prevalent AD facilitation effects may reflect something
other than the absence of a NP effect caused by a failure to
retrieve a tag. We suggest instead that they reflect the
absence of distractor inhibition, and the facilitatory effect
of the distractor activation on subsequent selection. In the
inhibition model, distractors can be associated with either
inhibition or excitation and an inhibition failure would
predict the faster processing of previously ignored (but not
inhibited) distractors. Therefore, the effects obtained are
more compatible with the inhibition model than with the
retrieval account.

Furthermore, there was a correlation between efficiency
in selecting the target in the prime display and the pattern of
priming. This correlation would not be expected from occa-
sional failures to retrieve “do not respond” tags, but as noted
below, it would be a natural consequence of an account in
which NP reflects an inhibition mechanism acting on dis-
tractors with different levels of efficiency.

Therefore, our preferred theoretical framework for inter-
preting these data is the computational model developed by
Houghton and Tipper (1994). An important feature of this
model is that selection of a target is achieved by means of
two parallel mechanisms. The first is excitation, which feeds
back to the internal representations of the target, boosting
activation states. Simultaneously, a second mechanism of
inhibition feeds back to the distractor’s representations and
suppresses these. By means of this dual mechanism, very
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efficient selection is achieved. Importantly, Houghton and
Tipper (1994) suggested that these mechanisms could be
independent, being mediated by separate neurotransmitter
systems. Thus, a decline in the efficiency of one mecha-
nism need not be observed in the other mechanism. Indeed,
a decline in one mechanism could be compensated for by
increased efficiency of the other selection mechanism. There-
fore, it is not surprising that a decline in NP does not always
result in less-efficient target selection (see Houghton et al.,
1996; Tipper, 2001, for further discussion) and that, consis-
tent with these previous observations, the control groups
showed no correlation between NP and prime trial RT in the
present study. For the controls, selection efficiency would
depend upon intact and mutually compensating facilitatory
and inhibitory processes. Transient reductions in inhibition
would be counteracted by increased excitation (and vice
versa), and reductions in NP would be unrelated to response
speed.

However, a different pattern was observed in the AD
group. Here, less-efficient selection of the prime target
(reflected by means of slower prime reaction times) was
associated with declines in levels of inhibition, as measured
by means of NP. This association is an intriguing observa-
tion. It is proposed that both inhibitory and excitatory sys-
tems may be failing in early AD. There may be not only a
decline in inhibition, but also a decline in the ability to use
excitation to compensate for reduced inhibition. Under these
conditions, NP effects would be correlated with selection
efficiency (prime RT). If both systems fail to some degree,
then individuals with less inhibitory capacity will be less
efficient. Note, however, that there was no significant dif-
ference between the AD and OA groups on prime trial
response speed. This finding is important given that the
prime display remained visible until the response. It indi-
cates that the less-efficient prime target selection observed
in some AD participants was not caused by the participants
responding so slowly that they shifted their attention overtly
and processed the distractor actively.

The NP task used here is short and easy to implement.
However, although we obtained significant group differ-
ences in NP, a small number of individuals with AD did
show NP effects, and so the task is not sensitive enough to
be used as a diagnostic test. Nevertheless, NP evidence
may be useful in identifying individuals with inhibitory and
selection impairments, who might benefit from attentional
training (e.g., Graf et al., 1990) and the environmental reduc-
tion of extraneous distraction (Woods, 1996).
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