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Regarding the relation between negative priming
(Dalrymple-Alford & Budayr, 1966; Neill, 1977; Tipper,
1985) and stimulus familiarity, the results of past studies
have been discrepant in that Malley and Strayer (1995;
Strayer & Grison, 1999; see also Grison & Strayer, 2001)
reported a positive correlation between them whereas
DeSchepper and Treisman (1996; see also Treisman &
DeSchepper, 1996) reported a negative correlation. The
purpose of the present article was to examine differences
between these studies and then to present new evidence
to suggest what caused these researchers to obtain oppo-
site results.

In the experimental paradigm of negative priming for-
malized by Tipper (1985), participants are required to re-
spond selectively to a target stimulus while ignoring a dis-
tractor stimulus on every trial. What is crucial here is the
relation between the targets and the distractors of two suc-
cessive trials (the former is called the prime; the latter is
called the probe). In the baseline condition,or control, no
relation exists between the targets and the distractors of
the prime and probe trials. On the other hand, in the ex-
perimental condition,or ignored repetition, the distractor
stimulus ignored on the prime trial is presented as the tar-
get stimulus on the probe trial. In general, responses to

the probe target in the ignored-repetition condition are
slower than those in the control condition. This delay ef-
fect is referred to as negative priming, which has been re-
ported with a variety of tasks and a variety of stimuli (for
reviews, see Fox, 1995; May, Kane, & Hasher, 1995;
Neill, Valdes, & Terry, 1995; Tipper, 2001).

According to Malley and Strayer (1995; Strayer & Gri-
son, 1999), stimulus repetition is necessary for the occur-
rence of negative priming. In the word identification
(naming) task of Malley and Strayer, negative priming
failed to occur in response to novel words that were pre-
sented only twice as the prime distractor and the probe tar-
get (Experiments 1 and 2), whereas words that were used
repeatedly throughout the experiment produced negative
priming (Experiments 3 and 4). Even when the familiarity
of words (novel/repeated) was manipulated as a within-
subjects variable (Experiment 5; Strayer & Grison, 1999,
Experiments 1 and 2), these results were replicated. That
is, the results of Malley and Strayer showed that the more
familiar stimuli were, the larger negative priming became
(i.e., a positive correlation).

On the basis of these results, Malley and Strayer
(1995; Strayer & Grison, 1999) developed an “activa-
tion” hypothesis of negative priming. In this hypothesis,
it is assumed that repeated presentation of stimuli in-
creases the level of activationof their representations that
have been stored preexperimentally. When the represen-
tations of the distractors are activated enough to cause
interference with selecting and responding to the targets,
the inhibitory mechanisms of attention work reactively
and result in the emergence of negative priming (if the
preceding distractors become subsequent targets). The
activation hypothesis is a variety of the distractor inhibi-
tion theories of negative priming (e.g., Houghton & Tip-
per, 1994; Neill, 1977; Neumann & DeSchepper, 1992;
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There has been a discrepancy among past studies with regard to the relation between negative prim-
ing and familiarity of stimuli. That is, Malley and Strayer (1995; Strayer & Grison, 1999) reported that
the more familiar the stimuli were, the larger negative priming became (i.e., a positive correlation),
whereas DeSchepper and Treisman (1996; Treisman & DeSchepper, 1996) reported that the less famil-
iar the stimuli were, the larger negative priming became (i.e., a negative correlation). These studies dif-
fer not only in their experimental tasks (identification vs. matching) but also in their respective man-
ners of arranging unfamiliar stimuli (pure vs. mixed). In the present study, using an identical set of
stimuli, we examined whether these factors caused the opposite results. An identification task with a
pure arrangement produced a positive correlation,and a matching task with a mixed arrangement pro-
duced a negative correlation. These results suggest that the past opposing results are both replicable
and that they have reflected the different causal mechanisms of negative priming.
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Tipper, 1985) in that it postulates inhibitorymechanisms
of attention that are associated with the preexisting rep-
resentations of the distractor stimuli.

On the other hand, according to DeSchepper and Treis-
man (1996, Experiment 2; Treisman & DeSchepper, 1996,
Experiment 1), novel stimuli produced larger negative
priming than did repeated stimuli. In the same–different
matching task of DeSchepper and Treisman (1996; Treis-
man & DeSchepper, 1996), nonsense shapes were em-
ployed as stimuli and their repetition was manipulated in
the same manner as in the experiments of Malley and
Strayer (1995). However, negative priming did occur in re-
sponse to even novel shapes that appeared only twice, and
the effect was significantly larger than that produced by
repeatedlyused shapes. That is, the results of DeSchepper
and Treisman (1996; Treisman & DeSchepper, 1996)
showed that the less familiar stimuli were, the larger neg-
ative priming became (i.e., a negative correlation).

The results of DeSchepper and Treisman (1996; Treis-
man & DeSchepper, 1996) can be interpreted as evi-
dence for the episodic retrieval theory of negative prim-
ing (Neill, Valdes, Terry, & Gorfein, 1992), rather than
for the distractor inhibition theories. The distractor inhi-
bition theories suggest that if novel nonsense shapes are
presented as the distractors, negative priming should fail
to occur because there are no preexisting representations
of the distractors to be inhibited.The occurrence of neg-
ative priming in response to novel nonsense shapes sug-
gests that negative priming depends not upon the preex-
isting representations of the distractors but upon their
episodic representations, created each time they appear.
According to the episodic retrieval theory, the episodic rep-
resentation of a previous distractor (the “do not respond”
tag) will be automatically retrieved when it matches a
current target, and it will then produce conflict with re-
sponding to the current target because its previous status
differs from the current requirements. This conflict is con-
sidered to be the cause of negative priming (DeSchepper
& Treisman, 1996; Neill et al., 1992).

The discrepancy between the results of Malley and
Strayer (1995; Strayer & Grison, 1999; Grison & Strayer,
2001) and DeSchepper and Treisman (1996; Treisman &
DeSchepper, 1996) is important not merely phenome-
nally but also theoretically. One likely cause of these re-
searchers’ opposite results is the difference in task re-
quirement: Malley and Strayer (1995; Strayer & Grison,
1999, Experiments 1 and 2) required their participants
to identify words, whereas DeSchepper and Treisman
(1996; Treisman & DeSchepper, 1996) required theirs to
match nonsense shapes. We believe that the difference in
tasks was important, because participants’ behavioral
goals were different as a result of the differing tasks to be
performed. According to Tipper, Weaver, and Houghton
(1994; Milliken,Tipper, & Weaver, 1994), negativeprim-
ing is dependent upon the behavioral goals (e.g., iden-
tity, color, or location), even though the visual displays
for selection were identical. The results of Tipper et al.
indicate that negative priming is associated with only
those representations that are relevant to the current be-

havioral goal. There is a possibility that the difference in
task-relevant representations between the identification
and the matching tasks caused the positive correlation in
the identification task and the negative correlation in the
matching task.

In Experiment 4 of Strayer and Grison (1999), however,
a positive correlation was obtained even in the shape-
matching task with both familiar and nonsense shapes. In
this experiment, only 10 shapes were repeatedly presented
in each block of 128 trials. Then each block was divided
into quartiles, and the effect of within-block stimulus rep-
etition was examined. Whereas negative priming was not
obtained in the first quartile, it became reliable in the sec-
ond, third, and fourth quartiles.That is, in line with the re-
sults of Malley and Strayer (1995), the results showed a
positive correlation between negative priming and stimu-
lus familiarity. Furthermore, in Strayer and Grison’s Ex-
periment 5, negative priming was not obtained in the
matching task with novel nonsense shapes, in which all
shapes were presented only once or twice. Why Strayer
and Grison failed to reproduce the results of DeSchepper
and Treisman (1996; Treisman & DeSchepper, 1996) re-
mains an unsolved problem.

Given such puzzling circumstances, in the present
study we focused on the difference between the identifi-
cation and the matching tasks on the basis of the behav-
ioral goal hypothesis of Tipper et al. (1994). Following
their methodology, we examined the influence of task
difference directly using identical stimulus displays. For
this purpose, we developed a new type of stimulus dis-
play, as illustrated in Figure 1A. In each trial, two same-
identity targets and two same-identity distractors were
presented, and in half the trials, one of the targets was
presented in its mirror image. Two types of task require-
ment, identification and matching, were applied to these
identical stimulus displays. The identification task re-
quired identifying the targets, and the matching task
required deciding whether the two targets had the same
image (i.e., one was presented in the mirror image). Be-
cause the two targets had the same identity regardless of
whether one was mirror imaged, the same–different
matching task should be performed by means of shape
representations rather than identity ones. If the difference
of relevant representations between the identification
and the matching tasks was critical, we would obtain op-
posite results between the two tasks regarding the corre-
lation between negativepriming and stimulus familiarity.

The familiar and unfamiliar stimulus sets used in the
present study are illustrated in Figure 1B. The familiar
stimuli were created as digits, and the unfamiliar ones
were their respective deformations. Whereas familiarity
was operationally defined by stimulus repetition in the
past studies, we defined it on the basis of familiarity of
shapes. Although there are a variety of ways to manipu-
late the concept of familiarity, it is unclear whether these
operations are compatible with one another. Unlike the
past studies, the present study used a limited number of
stimuli repeatedly in both conditions (high/low) of fa-
miliarity. The results yielded new evidence of the effects
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of stimulus familiarity on negativepriming independentof
stimulus repetition.

EXPERIMENT 1A
Identification Task

In Experiment 1A, we examined whether the familiar
stimuli would produce larger negative priming than the
unfamiliar stimuli in the identification task.

Method
Participants . Twenty-four native Japanese students (6 women

and 18 men, between 18 and 23 years old) were tested. None of
them took part in other experiments of the present study. All par-
ticipants reported normal or corrected-to-normal visual acuity and
normal color vision.

Stimuli and Apparatus. The stimuli were eight visual forms
consisting of 10 squares (see Figure 1B). Four of them were shaped
like the digits 3, 4, 6, and 7 (the familiar set), and the other four
were their respective deformations with an arbitrary shift of one
square (the unfamiliar set). They were displayed in green or red
(system palette numbers 2 and 4) on a dark background of a 17-in.
CRT monitor. The targets and the distractors were differentiated by
the assignment of color, which was counterbalanced across partic-

ipants. Each form subtended approximately 0.7 º 3 0.5º from a
viewing distance of 57 cm.

In each trial, four forms (two targets and two distractors) were
presented simultaneously as a 2 3 2 matrix (see Figure 1A). The
centers of each form were positioned at the corners of an imaginary
rectangle, which subtended approximately 1.0º 3 0.8º. The two
forms at diagonally opposite corners were the same in color and
shape. The targets’ diagonal was chosen randomly on every prime
trial, and it was another diagonal on the following probe trial. To
use the same stimulus displays in the matching task, in half of the
trials one of the target forms was presented in its mirror image (the
corner was chosen at random). Trial events and data collection were
controlled by an NEC PC-9821 computer.

Task. The task was the identif ication of the target forms by
means of a four-alternative forced choice. For each participant, the
four numbers (3, 4, 6, and 7) were randomly assigned to four keys
(D, C, M, and K). The participants were told that the stimuli were
shaped as the digits (3, 4, 6, and 7) or their respective deformations,
and then asked to make a key response that corresponded to the tar-
gets, while ignoring the distractors. As for the deformed version,
the participants were instructed to judge which of the four digits
was the original form of the targets. Answering speed and accuracy
were equally emphasized.

Design. A 2 3 2 mixed design was used. The between-subjects
variable was stimulus familiarity (high, low), which was manipu-
lated by arrangement of the forms. In the high-familiarity condi-
tion, the forms were always chosen from the familiar set; in the low-
familiarity condition, they were from the unfamiliar set. On the
other hand, the within-subjects variable was trial type (ignored rep-
etition, control), which was defined by the relation between the
prime and probe trials (odd-numbered and even-numbered trials,
respectively). Ignored-repetiti on trials were those in which the
prime distractors reappeared as the probe targets and no other forms
were in common between the two trials. Control trials were those in
which the two trials shared no common forms. Examples of the two
trial types in the high-familiarity condition are schematically illus-
trated in Figure 1A.

Procedure. The participants were tested individually in a single
session lasting about 30 min. After receiving instructions about the
task, each participant completed the practice phase, which con-
sisted of three blocks of 24 trials. The choice of targets and dis-
tractors was random in each practice trial, with the restriction that
each form appeared equally often both as a target and as a distrac-
tor. The displays containing the mirror-image targets (the different
displays) appeared as many times as the displays not containing
them (the same displays). The data from the practice phase were
not collected.

Next, each participant completed the test phase, which consisted
of six blocks of 64 trials (32 prime–probe pairs). Within each block
of the test phase, an equal number of ignored-repetition and control
trials was presented in a random order, with the same restriction as in
the practice phase. Moreover, each of same–same, same–different,
different–same, and different–different sequences of the prime–probe
displays appeared with equal frequency within each condition of
the trial type.1 Both in the practice phase and in the test phase, the
participants took a 10-sec rest after completing each block. During
this rest period, mean response time (RT) and percentage of correct
trials from the previous block were displayed on the monitor. In the
test phase, if errors were over 5% on a given block, a message to “be
careful and reduce your errors” (in Japanese) was displayed. After
the rest period, the participants initiated the next block by pressing
the space bar when they were ready to continue.

Each trial began with the presentation of a white fixation plus
(0.2º 3 0.2º) for 250 msec at the center of the monitor, followed by
a blank screen for 100 msec. Then the 2 3 2 matrix of the forms
was presented at the center of the monitor and remained in view
until the participant’s first response. After the presentation of a
150-msec blank screen following the offset of the stimuli, the fixa-

Figure 1. (A) Examples of control and ignored-repetition trials
in the high-familiarity condition. Although targets are shown
here as unfilled forms and distractors as filled ones, they were ac-
tually presented in their assigned colors. (B) The eight visual
forms used as stimuli. The four forms of the familiar set were
shaped as digits; the four of the unfamiliar set were respective de-
formations of those of the familiar set.
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tion plus of the next trial appeared. If an erroneous response was
made, a beep was presented during the 150-msec blank, and then a
2,000-msec interruption was added before the next fixation.

Results and Discussion
If there was an error response within a prime–probe

trial pair, the data concerning that pair were excluded
from the analyses of RT. For each combination of inde-
pendent variables (2 3 2), median RTs of the prime and
probe trials and an error rate (ER) were calculated. The
ERs were percentages of all prime–probe pairs where an
error response was made on the prime trial, the probe
trial, or both (i.e., percentages of the excluded pairs).
Throughout the present study, an alpha level of .05 was
used for all of the tests.

Negative priming. Mean median probe RTs and ERs
are shown in Table 1. A 2 (familiarity: high, low) 3 2
(trial type: ignored repetition, control) mixed analysis of
variance (ANOVA) was conducted on the probe RTs.
The main effect of trial type [F(1,22) = 7.59, MSe =
1,656, p < .05] and the interaction [F(1,22) = 4.50, MSe =
981, p < .05] were significant, but the main effect of fa-
miliarity was not [F(1,22) = 3.31, MSe = 17,787,p > .08].
The significance of the interaction suggests that nega-
tive priming depended on stimulus familiarity. Panel A
of Figure 2 shows the negative priming obtained in Ex-
periment 1A. Individual tests of simple main effects con-
firmed that significant negative priming occurred in the
high-familiarity condition (21 msec) [F(1,22) = 11.89,
p < .01], but not in the low-familiarity condition (2 msec)
[F(1,22) = 0.20]. These results indicate that larger nega-
tive priming was obtained in the high-familiarity condi-
tion. The same 2 3 2 mixed ANOVAs conducted on the
prime RTs and the arcsine transformations of the ERs
showed no significant effects at all.

Although it was a between-subjects variable, the main
effect of familiarity did not reach significance in either
the prime or the probe trials. Generally speaking, the
more familiar stimuli are, the shorter the responses to
them become. The nonsignificance of the main effect of
familiarity raises a question about whether the manipu-
lation of familiarity was valid in the present study. To ex-

amine this question, we designed a test, Experiment 1B,
where familiarity was a within-subjects variable.

EXPERIMENT 1B
Within-Subjects Replication of Experiment 1A

Method
Except for the aspects described below, the method was identical

to that of Experiment 1A.
Participants. Twenty-four native Japanese students (7 women and

17 men, between 18 and 23 years old) were tested. None of them took
part in other experiments of the present study. All participants reported
normal or corrected-to-no rmal visual acuity and normal color vision.

Design and Procedure. In Experiment 1B, both familiarity and
trial type were manipulated as within-subjects variables. Because the
two familiarity conditions were mixed into the same blocks, both
the responses to a digit-shaped form and those to its deformation
were made by the same corresponding key. Because the test phase
was lengthened to 12 blocks of 64 trials, the session lasted about
50 min. Within each block of the test phase, ignored-repetition and
control trials of the two familiarity conditions appeared equally
often in a random order.

Results
Negative priming. Mean median probe RTs are

shown in Table 1. A 2 (familiarity: high, low) 3 2 (trial
type: ignored repetition, control) repeated measures
ANOVA conductedon the probe RTs revealed significant
main effects of both familiarity [F(1,23) = 59.67, MSe =
15,772, p < .001] and trial type [F(1,23) = 13.89, MSe =
3,261, p < .01]. As in Experiment 1A, the interaction was
also significant [F(1,23) = 7.12, MSe = 1,024, p < .05].
Panel B of Figure 2 shows the negative priming obtained
in Experiment 1B. Individual tests of simple main effects
confirmed that significant negative priming occurred in
the high-familiarity condition (18 msec) [F(1,46) =
20.93, p < .01] and not in the low-familiarity condition
(6 msec) [F(1,46) = 1.67]. That is, larger negative prim-
ing again occurred in the high-familiarity condition. The
same 2 3 2 repeated measures ANOVA conductedon the
prime RTs showed that only the main effect of familiar-
ity was significant [F(1,23) = 20.52, MSe = 17,496, p <
.001]. Both in the prime and probe trials, shorter RTs
were obtained in the high-familiarity condition.

Table 1
Experiments 1A and 1B: Means and Standard Errors of Median Probe

Response Times (RTs, in Milliseconds) and Error Rates (ERs, in
Percentages) as a Function of Trial Type and Stimulus Familiarity

High Familiarity Low Familiarity

Trial Type RT SE ER SE RT SE ER SE

Experiment 1A
Control 583 12.8 23.2 0.5 631 18.2 23.2 0.5
Ignored repetition 604 12.4 24.1 0.5 633 16.9 23.3 0.6
Difference 221** 20.9 22 20.1

Experiment 1B
Control 573 9.3 23.9 0.3 605 10.0 22.8 0.3
Ignored repetition 591 9.6 24.3 0.3 611 9.9 23.0 0.4
Difference 218** 20.4 26 20.2
**p < .01.
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Error rates. Mean ERs are also shown in Table 1. Ac-
cording to the same 2 3 2 ANOVA done on the arcsine
transformations of the ERs, the main effect of familiar-
ity was significant [F(1,23) = 23.74, MSe = 0.03, p <
.001]. In contrast to the RT results, smaller ERs were ob-
tained in the low-familiarity condition.

Discussion
The results of the ER analysis suggest the possibility

that the significant main effect of familiarity on RTs was
due to a speed–accuracy tradeoff. That is, shorter RTs in
the high-familiarity conditionmay have been obtained at
the cost of accuracy. However, there are other possibili-
ties. One is that the participants were so careful to re-
spond in the low-familiarity condition that the RTs be-
came longer and the resulting ERs were smaller than in
the high-familiarity condition. Another is that the repre-
sentationsof the familiar distractors were activated more
strongly and then produced larger interference than those
of the unfamiliar ones, so ERs became larger when the
familiarity was high. The latter possibility seems compat-
ible with larger negative priming in the high-familiarity
condition. In any case, the ER values were overall so
small (less than 5%) that the RT results may be consid-
ered as reliable. Of course, the validity of the manipula-
tion of familiarity in the present study must also be ex-
amined in the following experiments.

The results of Experiments 1A and 1B were consistent
in that larger negative priming was obtained in the high-
familiarity conditionthan in the low-familiarity condition.
In other words, the results showed a positive correlation
between negative priming and stimulus familiarity, sim-
ilar to the results of Malley and Strayer (1995; Strayer &
Grison, 1999). However, our results are distinct from
those of Malley and Strayer (1995; Strayer & Grison,
1999) in that we used a limited number of stimuli re-
peatedly in both conditions of familiarity. That is, even

when repeatedly presented, the unfamiliar stimuli never
produced negative priming in Experiment 1. Although
we conducted internal analyses dividing the data into the
first and the second halves, no significant difference was
found on negative priming between the halves in either
Experiment 1A or 1B. These results suggest that stimu-
lus repetition is not sufficient to cause negative priming
in the identification task when the stimuli are unfamiliar.
Recently, using the word identification task, Grison and
Strayer (2001) reported that negative priming was in-
clined to diminish even with stimulus repetition, when
the prime distractors were perceptually degraded. It is
likely that the identity representations of less perceptible
distractors will not be activated enough to produce
negative priming, even though they are presented re-
peatedly.

On the other hand, Strayer and Grison (1999, Experi-
ment 4) reported the occurrence of negative priming by
both familiar and unfamiliar shapes that were repeated in
the matching task. Their results suggest that the shape
representations of both the familiar and unfamiliar stim-
uli can be activated strongly if they appear repeatedly. In
Experiment 2, we used the same stimuli as in Experi-
ment 1 and examined the effects of stimulus familiarity
and repetition on negative priming in the matching task.

EXPERIMENTS 2A AND 2B
Matching Task

The primary objective of Experiment 2 was to exam-
ine whether the unfamiliar stimuli would produce larger
negative priming than the familiar stimuli in the match-
ing task, as in DeSchepper and Treisman (1996; Treis-
man & DeSchepper, 1996). The secondary objective was
to examine whether the repeated use of stimuli in the
matching task would result in the occurrence of negative
priming, as in Strayer and Grison (1999).

Figure 2. Experiments 1 and 2: Priming scores as a function of stimulus fa-
miliarity. Error bars reflect the standard errors of the mean.



374 NAGAI AND YOKOSAWA

Corresponding to Experiments 1A and 1B, respec-
tively, familiarity was manipulatedas a between-subjects
variable in Experiment 2A and as a within-subjects one
in Experiment 2B.

Method
Participants . Forty-eight native Japanese students were tested,

half in Experiment 2A (10 women and 14 men, between 18 and
25 years old) and half in Experiment 2B (4 women and 20 men, be-
tween 19 and 23 years old). None of them took part in other exper-
iments of the present study. All participants reported normal or
corrected-to-normal visual acuity and normal color vision.

Stimuli and Apparatus. The stimuli and apparatus were iden-
tical to those used in Experiment 1.

Task. In Experiment 2, the task was matching of the dual targets
by means of a two-alternative forced choice. The participants were
instructed to decide whether the two targets had the same image or
not (i.e., one was mirror imaged) and to respond with the “C” key
if they were the same or the “M” key if they were different, while
ignoring the distractors. Answering speed and accuracy were
equally emphasized.

Design and Procedure. Except for the change of task require-
ments from identification to matching, the design and procedure in
Experiments 2A and 2B were identical to those in Experiments 1A
and 1B, respectively.

Results
The means of the median probe RTs were first calcu-

lated separately for same–same, same–different, different–
same, and different–different response sequences of the
prime–probe pairs. ANOVAs including the factors of re-
sponse difference (same vs. different) in the prime and
probe trials were then conducted. In all the matching ex-
periments of the present study, although the main effects
of the response difference in the prime and probe trials
were significant, these response differences showed no
significant interaction with negative priming. Thus, fol-
lowing DeSchepper and Treisman (1996; Treisman &
DeSchepper, 1996), we pooled the four patterns of re-
sponse sequence in all future analyses of the data from
the matching task.

Experiment 2A. Mean median probe RTs and ERs
are shown in Table 2. A 2 (familiarity: high, low) 3 2
(trial type: ignored repetition, control) mixed ANOVA
conducted on the probe RTs revealed that the main ef-
fects of familiarity [F(1,22) = 5.27, MSe = 46,532, p <

.05] and trial type [F(1,22) = 4.63, MSe = 497, p < .05]
were significant, but the interaction was not [F(1,22) =
0.44, MSe = 47, p > .50]. Panel C of Figure 2 presents the
negative priming obtained in Experiment 2A. As in De-
Schepper and Treisman (1996; Treisman & DeSchepper,
1996), the size of negative priming was larger in the low-
familiarity condition than in the high-familiarity condi-
tion. However, individual tests of simple main effects re-
vealed that there were no significant differences between
control and ignored-repetition trials in either condition
of familiarity—high (4 msec) [F(1,22) = 1.11] or low
(8 msec) [F(1,22) = 3.96]. The same 2 3 2 mixed
ANOVAs conducted on the prime RTs and on the arcsine
transformations of the ERs showed that only the main ef-
fect of familiarity on the prime RTs was significant
[F(1,22) = 6.25, MSe = 52,934, p < .05], and that no other
effects reached significant levels.

Experiment 2B. In Experiment 2B, data from 2 par-
ticipants were excluded from analyses because their
overall ER exceeded 10%. Mean median probe RTs and
ERs are shown in Table 2. A 2 (familiarity: high, low) 3 2
(trial type: ignored repetition,control) repeated measures
ANOVA conducted on the probe RTs showed that only
the main effect of familiarity was significant [F(1,21) =
94.14, MSe = 72,364, p < .001], but that the main effect
of trial type [F(1,21) = 0.04, MSe = 8.59, p > .80] and the
interaction [F(1,21) = 0.14, MSe = 26.73, p > .70] were
not. As shown in panel D of Figure 2, negative priming
was not observed at all in Experiment 2B. The same 2 3 2
repeated measures ANOVAs conducted on the prime
RTs and on the arcsine transformations of the ERs
showed that the main effect of familiarity on the prime
RTs [F(1,21) = 92.40, MSe = 71,677, p < .001], and that
on the ERs [F(1,21) = 10.53, MSe = 0.04, p < .01] were
significant. Because the ERs were larger in the low-
familiarity condition (Table 2), this main effect does not
indicate a speed–accuracy tradeoff.

Discussion
The results of Experiment 2 showed that negative

priming was very slight or did not occur in the matching
task regardless of familiarity, even when the stimuli were
repeated. Because the RTs were shorter in the high-

Table 2
Experiments 2A and 2B: Means and Standard Errors of Median Probe

Response Times (RTs, in Milliseconds) and Error Rates (ERs, in
Percentages) as a Function of Trial Type and Stimulus Familiarity

High Familiarity Low Familiarity

Trial Type RT SE ER SE RT SE ER SE

Experiment 2A
Control 577 15.2 23.2 0.4 637 23.8 24.2 0.7
Ignored repetition 581 14.1 23.6 0.5 645 22.2 23.7 0.5
Difference 24 20.4 28 20.5

Experiment 2B
Control 582 14.4 23.1 0.4 641 17.3 24.6 0.5
Ignored repetition 584 14.3 23.2 0.4 640 16.1 24.8 0.6
Difference 22 20.1 21 20.4
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familiarity condition in both the prime and probe displays
without a speed–accuracy tradeoff, the manipulation of
familiarity appears valid in Experiment 2. Why, then, did
negative priming fail to occur in this experiment?

One possible reason is that the participants made the
same–different judgment on the basis of the stimulus
configuration. That is, because the judgment could be
made on the basis of whether the stimulus display had a
symmetrical configuration, it would have been possible
for the participants to neither attend the targets nor ignore
the distractors; the use of this strategy could have resulted
in the absence of negative priming in the matching task.
However, if the participants used this strategy exhaus-
tively, we would have obtained no significant main effect
of trial type in Experiment 2A. In any case, the possibil-
ity of the symmetry-based strategy in the matching task
will be considered in the following experiment.

Another possibility is that the target and distractor stim-
uli did not overlap spatially. In the shape-matchingexper-
iments of the past studies (DeSchepper & Treisman, 1996;
Strayer & Grison, 1999; Treisman & DeSchepper, 1996),
the target and distractor shapes were presented in the over-
lapped manner, which very likely caused strong activation
of the distractor representations, resulting in negative
priming. Indeed, even without overlapping,negativeprim-
ing has been obtained in past letter-matchingexperiments
in which the distractor letters were flanked with the target
ones (Neill, Lissner, & Beck, 1990; Neill & Valdes, 1992).
However, it is possible that the representations relevant to
the letter-matching task, which are presumably the letter-
identity representations, could be activated enough only
with flanking, whereas the shape representations could
not be activated without overlapping.

The results of Experiment 2 are puzzlingnot only in that
negative priming itself failed to occur, but also in that the
stimulus familiarity had no effect on negative priming.
Why were we unable to reproduce the results of De-
Schepper and Treisman (1996; Treisman & DeSchepper,
1996)? With respect to this issue, we took notice of the
peculiarity of stimulus arrangement by DeSchepper and
Treisman (1996; Treisman & DeSchepper, 1996). In
Malley and Strayer’s (1995; Strayer & Grison, 1999) ex-
periments, all stimuli of each prime–probe pair were ei-
ther familiar (i.e., repeated stimuli) or unfamiliar (i.e.,
novel stimuli). In Experiments1 and 2 of the present study,
we followed this “pure” arrangement of familiarity (Fig-
ure 3). In DeSchepper and Treisman’s (1996; Treisman
& DeSchepper, 1996) experiments, on the other hand,
only the prime distractors and the probe targets of the
low-familiarity condition were unfamiliar, whereas the
other stimuli were familiar. That is, unfamiliar distrac-
tors were mixed with familiar targets in the prime trials,
and unfamiliar targets were mixed with familiar distrac-
tors in the probe trials. Is it possible that the use of this
“mixed” arrangement of familiarity caused the negative
correlation between negative priming and familiarity in
DeSchepper and Treisman’s (1996; Treisman & De-
Schepper, 1996) experiments?

Related to this issue, it has been reported that unfa-
miliar stimuli “pop out” from the display when sur-
rounded by familiar ones. For example, Johnston, Haw-
ley, Plewe, Elliott, and DeWitt (1990) reported that it
was easier to localize an experimentally novel word
among repeated words than to localize the repeated one
in the same display. Although this finding is well known
as novel popout (for a review, see Johnston, Schwarting,
& Hawley, 1996), similar results have been obtained
even with nonnovel unfamiliar stimuli (Frith, 1974; Rei-
cher, Snyder, & Richards, 1976; Richards & Reicher,
1978; Wang, Cavanagh, & Green, 1994). For example,
Wang et al. (1994) reported a visual search experiment
in which only four stimuli (letters and digits) and their
mirror images were used repeatedly. In this experiment,
the search was eff icient when the target was a mirror
image (unfamiliar) and the distractors were normal im-
ages (familiar), whereas it was inefficient when the as-
signment was reversed. That is, even when repeatedly
presented, an unfamiliar target surrounded by familiar
distractors popped out from the display. These findings
suggest that the representations of relatively unfamiliar
stimuli within the visual field tend to be activated more
strongly than those of the surrounding ones, whether
they are novel or repeated.

On the basis of this “unfamiliar popout” phenomenon,
there may be two ways to explain why DeSchepper and
Treisman (1996; Treisman & DeSchepper, 1996) ob-
tained negative priming by novel shapes with the mixed
arrangement. In one explanation, because the prime dis-
tractors were less familiar than the targets, they popped

Figure 3. Examples of the two types of stimulus arrangement
(pure vs. mixed) in the low-familiarity condition. Whereas all
stimuli are unfamiliar under the pure arrangement, only the
prime distractors and the probe targets are unfamiliar under the
mixed arrangement. Although targets are shown here as unfilled
forms and distractors as filled ones, they were actually presented
in their assigned colors.
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out and their representations were activated strongly
enough to trigger the causal mechanisms of negative
priming. In contrast, our failure to obtainnegativepriming
in Experiment 2 was due to the use of the pure arrange-
ment where the unfamiliar stimuli never popped out. The
results of Strayer and Grison’s (1999) Experiment 5 are
consistent with this explanation. In this shape-matching
experiment, in which all of the stimuli were novel
shapes, negative priming did not occur. Although Strayer
and Grison claimed that they were unable to replicate
DeSchepper and Treisman’s (1996; Treisman & De-
Schepper, 1996) results, they used the pure arrangement
rather than the mixed arrangement.

In another explanation, because the novel probe tar-
gets in the control condition had never appeared on the
preceding prime trials, they might be more novel and so
pop out more than those in the ignored-repetition condi-
tion. It is possible that the negative priming in the mixed
arrangement was due to the speedup from more popout
in the control condition than in the ignored-repetition
condition.However, if there was an effect of relative nov-
elty in the control probe targets relative to the ignored-
repetition ones, the same effect should have been mani-
fested by novel probe distractors in Strayer and Grison’s
(1999) Experiment 5. Namely, in the experiment where
all stimuli were novel shapes, the probe distractors in the
ignored-repetition condition should have popped out be-
cause they were more novel than the targets that ap-
peared for the second time. However, though the popout
of distractors should have become a cost in selecting tar-
gets and caused a delay in responding to them, Strayer
and Grison (Experiment 5) have never obtained slower
RTs in the ignored-repetition condition than in the con-
trol condition. This suggests that the difference of nov-
elty between the control and the ignored-repetition probe
targets was insignificant and negligible.

In sum, the former explanation appears more plausi-
ble than the latter. In the following experiments, we in-
troduced the mixed arrangement to examine this “unfa-
miliar popout” explanatory framework.

EXPERIMENTS 3 AND 4
Rearrangement of Stimuli

In Experiments 3 and 4, the stimulus arrangement was
changed from pure (Malley & Strayer, 1995; Strayer &
Grison, 1999) to mixed (DeSchepper & Treisman, 1996;
Treisman & DeSchepper, 1996) in both the identifica-
tion task (Experiment 3) and the matching task (Experi-
ment 4). With regard to the matching task, larger nega-
tive priming should be observed in the low-familiarity
condition than in the high-familiarity condition. On the
other hand, we have no clear prediction regarding the
identification task. However, if the identity representa-
tions of the unfamiliar distractors are activated as
strongly as are those of the familiar ones due to unfa-
miliar popout, large negative priming will be observed in
both conditions of familiarity in the identification task.

Method
Except for the aspects described here, the methods of Experi-

ments 3 and 4 were identical to those of Experiments 1B (identifi-
cation task) and 2B (matching task), respectively.

Participants. Ninety-two native Japanese students were tested,
half in Experiment 3 (21 women and 25 men, between 18 and
27 years old) and half in Experiment 4 (20 women and 26 men, be-
tween 20 and 24 years old). None of them took part in other exper-
iments of the present study. All participants reported normal or
corrected-to-normal visual acuity and normal color vision.

Design and Procedure. Although the same 2 (familiarity: high,
low) 3 2 (trial type: ignored repetition, control) within-subjects de-
sign was used as in Experiments 1B and 2B, there was a change in
the arrangement of stimuli. That is, in the low-familiarity condi-
tion, only the prime distractors and probe targets were chosen from
the unfamiliar set; the prime targets and probe distractors were from
the familiar set (Figure 3). In the high-familiarity condition, on the
other hand, all stimuli were chosen from the familiar set.

Results and Discussion
Experiment 3: Identification task. In Experiment 3,

data from 1 participant were excluded from the analyses
because the overall ER exceeded10%. Mean median probe
RTs and ERs are shown in Table 3. A 2 (familiarity: high,
low) 3 2 (trial type: ignored repetition, control) repeated
measures ANOVA conducted on the probe RTs revealed
that the main effects of familiarity [F(1,44) = 77.02,MSe =
63,431, p < .001] and trial type [F(1,44) = 37.68, MSe =
6,372, p < .001] were significant, but that the interaction
was not [F(1,44) = 0.26, MSe = 56, p > .60]. Panel A of
Figure 4 presents the negative priming obtained in Exper-
iment 3. Individual tests of simple main effects showed that
significant negative priming occurred in both familiarity
conditions—high (11 msec) [F(1,88) = 13.64, p < .01] and
low (13 msec) [F(1,88) = 19.84,p < .01]. That is, under the
mixed arrangement, negativepriming was newly observed
in the low-familiarity condition. The same ANOVAs con-
ducted on the prime RTs and the arcsine transformationsof
the ERs showed no significant effects.

Experiment 4: Matching task. Mean median probe
RTs and ERs are shown in Table 3. A 2 (familiarity:
high, low) 3 2 (trial type: ignored repetition, control) re-
peated measures ANOVA was conducted on the probe
RTs. The main effects of familiarity [F(1,45) = 114.29,
MSe = 186,150, p < .001] and trial type [F(1,45) = 9.26,
MSe = 2,494, p < .01], and the interaction [F(1,45) =
4.54, MSe = 750, p < .05], were significant. The signifi-
cance of the interaction suggests that negative priming
depended upon stimulus familiarity. Panel B of Figure 4
presents the negative priming obtained in Experiment 4.
Individual tests of simple main effects revealed that sig-
nificant negative priming occurred in the low-familiarity
condition (12 msec) [F(1,90) = 13.76, p < .01], but not
in the high-familiarity condition (3 msec) [F(1,90) =
1.17, p > .05]. As in Experiment 3, negative priming in
the low-familiarity condition was newly observed by the
use of the mixed arrangement. The occurrence of reli-
able negative priming in Experiment 4 indicates that the
absence of negative priming in Experiment 2 was not due
to the symmetry-based strategy for the matching task in
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the present study. Moreover, the results showed that
larger negative priming was produced by less familiar
stimuli, analogous to the results of DeSchepper and
Treisman (1996; Treisman & DeSchepper, 1996).

According to the same 2 3 2 ANOVA conducted on
the ERs, the main effect of familiarity was significant
[F(1,45) = 21.78, MSe = 0.06, p < .001]. Since the ERs
were larger in the low-familiarity condition (Table 3), this
main effect does not indicate a speed–accuracy tradeoff.
Besides, in the same ANOVA done on the prime RTs, the
main effect of familiarity was significant [F(1,45) =
26.59, MSe = 5,082, p < .001]. The mean prime RTs (in
milliseconds) and standard errors (in parentheses) for
control and ignored-repetition trials were 573 (7.4) and
572 (7.3) in the high-familiarity condition, and 581 (6.9)
and 585 (8.2) in the low-familiarity condition, respec-
tively. In the low-familiarity prime displays, only the dis-
tractors were unfamiliar shapes, whereas the targets were
familiar ones, as in the high-familiarity primes (Fig-
ure 3). The longerRTs for the low-familiarity primes prob-
ably reflected the popout of the unfamiliar distractors,
which caused interference in the prime trials and signif-
icant negative priming in the probe trials.2

Interestingly, when the mixed arrangement was used,
negative priming occurred anew in the low-familiarity
condition of both Experiments 3 and 4. In the prime tri-
als under the mixed arrangement, the unfamiliar distrac-
tors must have popped out because they were presented
with the familiar targets (see Johnston et al., 1990; Rei-
cher et al., 1976; Wang et al., 1994). It seems that the
representations of the unfamiliar distractors were acti-
vated so strongly that negative priming occurred in both
tasks. Does this suggest that the identification and the
matching tasks used the same relevant representations?
The answer is probably no. If the task-relevant represen-
tations were common to the two tasks, the same results
should have been obtained in the two tasks universally.
The different pattern of negative priming due to the task
difference throughout the present study indicates that the
task-relevant representations were differentiated by the
behavioral goals (Tipper et al., 1994). It is more likely
that the activationof the high-level representations of the

distractors is dependent on the activation of their low-
level representations (see also Grison & Strayer, 2001).
The occurrence of negative priming in the low-familiarity
condition of Experiment 3 (the identification task) may
have reflected the strong activation of the identity repre-
sentations of the distractors following that of their shape
representations, which caused negative priming in Ex-
periment 4 (the matching task).

GENERAL DISCUSSION

The goal of the present study was to resolve the dis-
crepancy concerning the relation between negative prim-
ing and stimulus familiarity (Malley & Strayer, 1995;
Strayer & Grison, 1999; DeSchepper & Treisman, 1996;
Treisman & DeSchepper, 1996). Toward this goal, we
evaluated the following factors in past studies: (1) the
task requirement that determines the behavioral goal
(identificationvs. matching) and (2) the stimulusarrange-
ment in the low-familiarity condition (pure vs. mixed).

Table 3
Experiments 3 and 4: Means and Standard Errors of Median Probe

Response Times (RTs, in Milliseconds) and Error Rates (ERs, in
Percentages) as a Function of Trial Type and Stimulus Familiarity

High Familiarity Low Familiarity

Trial Type RT SE ER SE RT SE ER SE

Experiment 3
Control 587 10.9 24.1 0.2 623 12.5 3.9 0.3
Ignored repetition 598 9.9 23.8 0.3 636 13.4 3.9 0.3
Difference 211** 20.3 213** 0.0

Experiment 4
Control 576 7.8 23.0 0.3 635 10.7 4.8 0.4
Ignored repetition 579 8.0 23.5 0.3 647 12.2 4.4 0.4
Difference 23 20.5 212** 0.4
**p < .01.

Figure 4. Experiments 3 and 4: Priming scores as a function of
stimulus familiarity. Error bars reflect the standard errors of the
mean.
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Corresponding to the combinations of these factors (2 3
2), four experiments were conducted using identical
stimulus sets. In Experiment 1, we used an identification
task with a pure arrangement and obtained a positive
correlation between negative priming and stimulus fa-
miliarity, similar to the results of Malley and Strayer
(1995; Strayer & Grison, 1999). On the other hand, in
Experiment 4, we used a matching task with a mixed
arrangement and obtained a negative correlation, similar
to the results of DeSchepper and Treisman (1996; Treis-
man & DeSchepper, 1996). That is, using the identical
stimuli, we were able to obtain opposite results analo-
gous to the past discrepant results. Our results suggest
that the discrepancy in the past studies was caused by the
combination of the factors of task requirement and stim-
ulus arrangement in the low-familiarity condition.

Although the present study obtained results similar to
those of past opposing studies (DeSchepper & Treisman,
1996; Malley & Strayer, 1995; Strayer & Grison, 1999;
Treisman & DeSchepper, 1996), our results are distinct
from them regarding the effect of stimulus repetition. In
Experiment 1 (the identification task with the pure
arrangement), the repeated stimuli did not produce nega-
tive priming when they were unfamiliar shapes. Accord-
ing to the activationhypothesis developed by Malley and
Strayer (1995; Strayer & Grison, 1999), repetition of
stimuli leads to the activation of their stored representa-
tions, which triggers the inhibitory mechanisms of at-
tention and results in the occurrence of negative prim-
ing. The results of Experiment 1 suggest that when both
the target and distractor shapes were unfamiliar, the
identity representations of the latter would not be acti-
vated enough to produce negative priming regardless of
repetition. Besides, in Experiment 2 (the matching task
with the pure arrangement), the repeated shapes never
produced negative priming regardless of whether they
were familiar or unfamiliar, contrary to Strayer and
Grison’s Experiment 4. A crucial difference between the
two experiments appears to be that the target and dis-
tractor shapes were spatially overlapped in Strayer and
Grison’s Experiment 4, whereas they were not in our Ex-
periment 2. It is likely that unless the target and distrac-
tor shapes are overlapped and their segmentation is dif-
ficult, the shape representations of the distractors will
not be activated sufficiently to cause negative priming
irrespective of their repetition.

On the other hand, in our Experiment 4 (the matching
task with the mixed arrangement), even the nonover-
lapped distractors produced negative priming when they
were unfamiliar and mixed with the familiar targets. As
previously discussed, negative priming in this case seems
to have reflected the popout of unfamiliar distractors in
the prime displays. It has been suggested that relatively
unfamiliar stimuli within the visual field tend to pop out
(e.g., Johnston et al., 1990; Reicher et al., 1976; Wang
et al., 1994). It is likely that because the relatively unfa-
miliar distractors popped out, their representations were
activated so strongly that negative priming occurred in
Experiment 4 even without overlapping. The occurrence

of the popout of unfamiliar prime distractors is plausible
in that the prime RTs were longer in the low-familiarity
condition than in the high-familiarity condition. Within
this unfamiliar popout framework, it can be explained
why DeSchepper and Treisman (1996; Treisman & De-
Schepper, 1996) obtained negative priming by novel
shapes with the mixed arrangement, whereas Strayer and
Grison (1999, Experiment 5) failed to obtain this effect
with the pure arrangement in the matching task.

More recently, Loula, Kourtzi, and Shiffrar (2000) re-
ported a series of shape-matching experiments in which
novel shapes produced negative priming even with the
pure arrangement. Although the results of Loula et al. ap-
pear inconsistentwith those of Strayer and Grison (1999),
the procedure of Loula et al. was unusual in that the par-
ticipants were not required to respond to the prime dis-
plays, which were presented for a rather long duration
(1,000 or 1,500 msec). When the duration of stimuli is
long, a large amount of attention can be allocated to them.
There is a possibility that more attention to the distractors
due to their long duration caused stronger activation of
their representations, so that Loula et al. could obtain
negative priming despite their use of the pure arrange-
ment. Regarding the effect of attentional allocation,
Houghton, Tipper, Weaver, and Shore (1996) and Mac-
Donald, Joordens, and Seergobin (1999) also reported re-
sults suggesting that more attention to the distractors led
to larger negative priming. In future research, the effects
of attentional allocation as well as unfamiliar popout on
negative priming should be examined more precisely.

Finally, regarding the theoretical controversy about
negative priming, the present results provide no decisive
evidence, because it is suggested that the results of both
Malley and Strayer (1995; Strayer & Grison, 1999) and
DeSchepper and Treisman (1996; Treisman & De-
Schepper, 1996) are replicable. The former provide evi-
dence that supports the distractor inhibition theories
(e.g., Houghton & Tipper, 1994; Malley & Strayer, 1995;
Neill, 1977; Neumann & DeSchepper, 1992; Tipper,
1985), whereas the latter provide evidence favorable to
the episodic retrieval theory (Neill et al., 1992). The
most essential difference between the two theories ap-
pears to be that different types of representations are as-
sumed to be associated with negative priming. That is,
distractor inhibition theories assume that the reactivation
of preexisting representations of the distractors triggers
the inhibitory mechanisms of attention: These represen-
tations are not specific to individual appearances of the
stimuli, but reflect more abstract information about
them. On the other hand, the episodic retrieval theory as-
sumes the encoding and retrieval mechanisms of
episodic representations that represent particular experi-
ences about the stimuli. Then, with the behavioral goal
hypothesis of Tipper et al. (1994) in mind, we can sup-
pose that the inhibitory mechanisms of attention will
work when the abstract representations are relevant to
the current task, whereas the memory retrieval mecha-
nisms will work when the episodic representations are
relevant. Recently, it has been proposed (Kane, May,
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Hasher, Rahhal, & Stoltzfus, 1997; May et al., 1995;
Milliken, Joordens, Merikle, & Seiffert, 1998) that both
attention and memory mechanisms are involved in neg-
ative priming. Although the relation between these
mechanisms and the present results is not yet clear, it
will be helpful for future research to consider what type
of representation (abstract or episodic) is relevant to the
current task and associated with negative priming.
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NOTES

1. Although the difference between the same and different displays
had no correspondence to responses in the identification task, we ex-
amined whether the difference of displays had any influence on nega-
tive priming by the same method as is usually applied in matching stud-
ies (e.g., DeSchepper & Treisman, 1996; Neill et al., 1990). Namely,
we first calculated the means of the median probe response times (RTs)
separately for same–same, same–different, different–same, and different–
different display sequences of the prime–probe pairs, and then con-
ducted analyses of variance (ANOVAs) including the factor of display
difference (same vs. different) in the prime and probe trials. Through-
out the identification experiments of the present study, although the
main effect of display difference in the probe trials was always signifi-
cant (i.e., shorter RTs for the same probe displays), this effect showed
no significant interaction with negative priming. Therefore, we pooled
the four patterns of display sequence in all future analyses of the data
from the identification task.

2. The relation between distractor interference and negative priming
has been controversial (see Fox, 1995; Neill & Valdes, 1996; Neill et al.,
1995). Although it is outside our current scope to deal with this issue,
the results (a positive correlation between them) appear in favor of the
view that the mechanisms of negative priming function reactively to
protect relevant information processing from distractor interference
(Neill & Valdes, 1996; Neill et al., 1995).

(Manuscript received July 17, 2000;
revision accepted for publication October 15, 2002.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


