JOURNAL OF MEMORY AND LANGUAGE 38, 401418 (1998)
ARTICLE NO. ML 972557

Does Pizza Prime Coin? Perceptual Priming
in Lexical Decision and Pronunciation
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In six experiments we investigated priming for perceptually related word pairs (i.e., words
that refer to objects with the same shape such as pizza—coin), trying to replicate earlier findings
by Schreuder, Flores d’ Arcais, and Glazenborg (1984) while avoiding some of the methodological
problems that were present in that study. Under standard conditions no perceptual priming was
obtained. However, in all experiments priming for associated pairs was found. Only after activa-
tion tasks that focused on perceptual features was priming for perceptualy related word pairs
found in pronunciation. Perceptual priming was also obtained in lexica decision after activation
tasks, but only when strong associates were not presented in the experiment. The results show

that priming for perceptually related word pairs is not a general finding.

A well-known finding, often reported in the
literature, is that a response to a word (e.g.,
bread) isfaster and more accurate if the target
word is presented in the context of a related
word, the prime (e.g., butter), than if it is pre-
sented in the context of an unrelated prime
(e.g., chair). This associative priming effect
wasfirst obtained by Meyer and Schvanevel dt
(1971) and has been replicated many times
in both pronunciation (Seidenberg, Waters,
Sanders, & Langer, 1984; Balota & Lorch,
1986) and lexical decision (McNamara, 1992;
Zeelenberg, Pecher, de Kok, & Raaijmakers,
in press). Most priming studies have used as-
sociatively related prime—target pairs. In the
present study we investigated priming effects
for prime—target pairs. In the present study we
investigated priming effects for prime—target
pairs that refer to objects that share physical
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attributes (e.g., pizza and coin are both round
and flat). Such a perceptua priming effect
has been found by Schreuder, Floresd’ Arcais,
and Glazenborg (1984; Flores d'Arcais,
Schreuder, & Glazenborg, 1985). Severd re-
searchers have argued that this finding pro-
vides evidence for the hypothesis that auto-
matic semantic priming effects can be ob-
tained for word pairsthat are not associatively
related. This contrasts with the claim made by
Shelton and Martin (1992) that nonassociative
semantic priming effects are not supported by
automatic processes. However, the interpreta-
tion of the Schreuder et a. resultsis seriously
complicated by their experimental procedures.
In the present study we reexamined priming
for perceptually related pairs using more com-
mon and better controlled procedures.
Associative priming effectsare traditionally
explained by spreading activation (Anderson,
1983; Coallins & Loftus, 1975; McNamara,
1992; but see Masson, 1995; Ratcliff &
McKaoon, 1988). According to spreading acti-
vation theory, memory isrepresented by a net-
work of concepts. The nodes representing re-
lated concepts are connected in the network.
For example, the node representing bread is
connected to the node representing butter. If
the word bread is presented, the bread node
will be activated. The activation then spreads
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out across the links to al nodes that are con-
nected to the bread node. This process leads
to activation of related nodes such as the but-
ter node. If the word butter is then presented,
the butter node is already somewhat activated,
and less additional activation is needed to
reach the threshold for responding.

An issue that has received much attention
is the difference between associative priming
and nonassociative semantic priming. Asso-
ciative priming is priming for word pairs that
are associated according to free association
norms (e.g., sun—moon). It is often assumed
that data from free association norms reflect
the structure of the network (Balota & Lorch,
1986; de Groot, 1983; McNamara, 1992).
Nonassociative semantic priming is priming
for **semantic only’’ pairs (i.e., pairs that are
semantically related but are not associated ac-
cording to free association norms, e.g., sun—
Venus). Semantic relatedness is usually de-
fined by category membership (Lupker, 1984;
Shelton & Martin, 1992, but see Moss, Ostrin,
Tyler, & Marden-Wilson, 1995, for adifferent
view). A number of studies found priming ef-
fects for semantic only word pairs (Fischler,
1977; Seidenberg et a., 1984; Lund, Bur-
gess, & Atchley, 1995), but others questioned
the source of this priming effect (Lupker,
1984; Shelton and Martin, 1992). The main
issue is whether nonassociative semantic
priming effects are the result of automatic
priming or of strategies. Two types of strate-
gies that have been proposed to play arolein
priming are expectancy generation and relat-
edness checking (Neely, 1991).

According to the expectancy generation ac-
count, participants generate expectancies
about the target after reading the prime
(Becker, 1980; Neely, 1977; Posner & Snyder,
1975). Theresponseto thetarget will be facili-
tated if the target matches the expectancy gen-
erated by the participant. However, if the tar-
get does not match the expectancy the re-
sponse to the target will be inhibited. This
strategy is assumed to be effective only at
longer SOAS, when participants have enough
time to generate expectancies (Neely, 1977,
den Heyer, Briand & Dannenbring, 1983).
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Usually the expectancy that is generated will
be an associate of the prime. Therefore, it
might seem that the influence of expectancy
strategies on the occurrence of priming for
pairsthat are semantically related but not asso-
ciated is minimal. However, if primes are of-
ten followed by semantically related words
such as words from the same semantic cate-
gory, an expectation may be generated not
for a specific target, but for all members of a
category (see Becker, 1980, for a detailed
model of expectancy based strategies for asso-
ciates and category members).

The second type of strategy, relatedness
checking, can aso explain nonassociative se-
mantic priming effects. According to the relat-
edness checking account a relatedness check
is made after recognition of both prime and
target but before responding (Balota & Lorch,
1986; de Groot, 1983; Seidenberg et al.,
1984). If arelation between prime and target
is discovered this necessarily means that the
target is a word because a nonword cannot
be semantically related to a word. This will
facilitate responding to the target. If no rela-
tion between prime and target is found there
will be abiasto respond ‘‘nonword’’ and thus
responses will be slower. Because participants
will usually detect a relation even for seman-
tic-only pairs this strategy will result in a
priming effect for pairs that are semantically
related but not associated.

Shelton and Martin (1992) have argued that
nonassociative semantic priming effects are
due to strategies and that only priming for
associated word pairs is supported by auto-
matic processes. They argued that the nonas-
sociative semantic priming effect that had pre-
viously been obtained in lexical decision by
Fischler (1977) was the result of relatedness
checking. In the lexical decision task that was
used by Fischler a response had to be made
to the word pair instead of to the target alone,
and this paired presentation procedure may
promote relatedness checking. Shelton and
Martin studied priming in a single presenta-
tion procedure, in which participants respond
to each stimulusin along continuous sequence
of stimuli. In this procedure the stimulus on
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the preceding presentation acts as a prime for
the stimulus on the present presentation. This
procedure is assumed to eliminate relatedness
checking strategies because the ‘‘pairing’’ is
less salient (Shelton & Martin, 1992, Experi-
ment 1 and 2; McNamara & Altarriba, 1988).
Using this procedure Shelton and Martin ob-
served priming for associates but not for se-
mantic-only pairs. They concluded that auto-
matic priming occurs only for word pairs that
are associatively related.

Further support for Shelton and Martin's
claim comes from studies that show that non-
associative semantic priming effects are usu-
aly small or absent in pronunciation (Lupker,
1984; Seidenberg et a., 1984). In this task,
relatedness checking strategies are assumed to
play no role (Balota & Lorch, 1986; de Groot,
1985; Seidenberg et al., 1984) because the re-
quired response is pronunciation of the target,
and noticing arelation between prime and tar-
get does not provide information about what
response should be given. The small effects
that have sometimes been obtained can be at-
tributed to strategic processes. In the Seiden-
berg et a. experiment and in two of Lupker's
experiments the SOA between prime and tar-
get was 500 ms or longer and in the Seiden-
berg et a. study al targets were presented
twice, oncein the related and oncein the unre-
lated condition. These procedures may have
led to expectancy generation. In addition, ac-
cording to Shelton and Martin, the priming
effects for semantic-only pairs found in these
studies could be the result of mediating associ-
ates. For example, words that are members of
the same category may both be associated to
the category name. If the prime is activated,
activation may spread to the mediating con-
cept and then from the mediating concept to
the target. In studies that used mediated asso-
ciations that have no obvious semantic rela-
tion (lion—stripes, which is mediated by tiger)
priming has been found (Balota & Lorch,
1986; McNamara & Altarriba, 1988).

Thus, there is ho strong evidence that auto-
matic priming effects can be found for seman-
tic-only word pairs. In lexical decision prim-
ing for semantic-only pairs can be explained
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by relatedness checking. The obtained prim-
ing effects for semantic-only pairs in pronun-
ciation might have been due to expectancy-
based strategies or to mediating associations.
Thus, Shelton and Martin concluded that
priming for semantic-only word pairs is not
supported by automatic processes.

One finding reported in the literature, how-
ever, poses problems for the above conclu-
sion. Schreuder et a. (1984) found priming
for ‘‘perceptually related’” word pairs, i.e,
pairs of words that are related because they
refer to objects with the same shape, such as
pizza—coin.! This can be considered a particu-
lar type of semantic priming because the phys-
ical appearance of aword’s referent is part of
the semantic information stored about a word.
Schreuder et al. differentiated between two
types of semantic information, which they re-
ferred to as perceptual and conceptual infor-
mation. A perceptual relation isarelation that
is based on the physical attributes of the con-
cept that the word refers to. For example, or-
ange and ball are perceptually related because
they have the same shape. A conceptua rela-
tion is defined by more abstract features of a
word. For example, skipping rope and ball
are conceptually related because they are both
toys. In the Schreuder et a. study perceptua
and conceptual relatedness were systemati-
cally varied, so that word pairs could be per-
ceptually related (orange—ball), conceptually
related (skipping rope—ball), both perceptu-
aly and conceptually related (balloon—ball),
or unrelated (hoe—ball). Schreuder et al. ob-
tained additive effects of conceptua and per-
ceptual relatedness. Moreover, priming due to
the perceptual relation between prime and tar-
get was obtained in both pronunciation and
lexical decision. These effectswere later repli-
cated by Flores d’ Arcais et al. (1985).

The finding of priming for perceptualy re-
lated words is important because it contrasts
with the above conclusion that no automatic
priming effects are found for semantic-only
pairs. Priming effects for perceptually related

1 Note that the words themselves are not perceptually
similar.
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word pairs are not easily explained by strate-
gies, because the rel ation between these words
is rather subtle. Priming for perceptually re-
lated pairs can aso not be explained by medi-
ating associations, because there are no medi-
ating associations for these pairs. Therefore,
several researchers have argued that these re-
sults provide evidence for automatic nonasso-
ciative semantic priming effects (Chiarello,
Burgess, Richards, & Pollock, 1990; Moss et
al., 1995; Neely, 1991; Shelton & Martin,
1992; Williams, 1996). Because perceptually
related word pairs do not have direct associa-
tions, apriming effect for perceptually related
word pairs poses problems for the view that
no automatic priming is found for semantic-
only word pairs.

However, many researchers (Moss et d.,
1995; Shelton & Martin, 1992; Williams,
1996) have pointed out methodological prob-
lems that complicate the interpretation of the
results obtained by Schreuder et al. (1984).
These methodological problems are problems
with both the materials and the procedure. A
first problem with the materials is that the
primes in the unrelated condition came from
a different set than the primes in the related
condition. This means that the conditions dif-
fered not only in the type of relation between
the prime and target but also in the identity
of the primes. This introduces a confounding
between materials and experimental condi-
tions. A methodologically better way of creat-
ing unrelated word pairs would be to recom-
bine prime—target pairs so that the pairs be-
come unrelated. For the design used by
Schreuder et a. in which two types of relat-
edness are systematicaly varied it may be
quite difficult to use the same primes in all
conditions, but then a better solution might
be to have an unrelated recombined control
condition for each type of relatedness condi-
tion. A second problematic aspect of the
Schreuder et al. study is that some words were
used both as prime and target and that some
primes were used twice (with different tar-
gets). For example, the word pijp (pipe) was
used as a prime for steelpan (saucepan) and
as a prime for saxofoon (saxophone).
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Additional points concern the procedure
that Schreuder et al. (1984) used. First, an
SOA of 400 ms was used and the prime re-
mained on the screen while the target was
presented. The presentation of the prime and
target together may promote the use of strate-
gies, because attention is drawn to the relation
between the prime and target (Shelton & Mar-
tin, 1992; see also Williams, 1996). However,
the lexical decision task is more sensitive to
strategies than the pronunciation task and
Schreuder et a. also obtained an effect in pro-
nunciation. Second, each target was presented
four times, each time with a different type of
prime. This may also have promoted the use
of strategies (Shelton & Martin, 1992). Fur-
thermore, the results may have been affected
by target repetition. Third, if an incorrect re-
sponse was made, the word pair was repeated
later in the experiment. Because error rates
may differ for different conditions, and repeti-
tion of atarget affects reaction time, this pro-
cedure may influence priming effects. A final
point concerns the response latencies that
Schreuder et al. obtained. In lexical decision
the mean response time for unrelated word
pairs was 694 ms, and in pronunciation the
mean was 629 ms. These response times are
rather long, especialy for targets that are pre-
sented four times in the experiment.

These methodological problems consider-
ably complicate the interpretation of the re-
sults obtained by Schreuder et al. (1984) and
Floresd’ Arcais et a. (1985). Nonetheless, the
notion of perceptual relatednessis interesting,
because it provides us with atype of semantic
relatedness that is not immediately obvious
and thus may be less sensitive to strategies. It
is also unlikely that the perceptual-only word
pairs have mediating associates that can have
caused the priming effect. A possible finding
of perceptual priming would therefore provide
evidence against the claim of Shelton and
Martin that nonassociative semantic priming
effects are the result of strategies or mediating
associations. More generally, it can also pro-
vide us with information about the representa-
tion and retrieval of semantic knowledge. The
spreading activation theory of Collins and
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Loftus (1975) assumes that there is a direct
relationship between the strength of an associ-
ation in the semantic network and production
frequency in a free association task. Auto-
matic priming effects should also be related
to the strength of connections in the semantic
network. This follows from the theory, be-
cause the production of aresponse in the free
association task and the associative priming
effect in lexical decision and pronunciation
are both explained by the same spreading acti-
vation process. Therefore, spreading activa-
tion theories assume that free association
norms predict for which word pairs automatic
priming effects will be found (McKoon &
Ratcliff, 1992). Thus, a priming effect for
word pairs that are not associated according
to free association norms would pose a prob-
lem for spreading activation theories of se-
mantic memory.

The aim of the present experiments was to
investigate whether we could replicate the
priming effects for perceptualy related word
pairsinlexical decision and pronunciation that
were found by Schreuder et al. (1984). We
performed a replication with procedures that
are less problematic than those of the
Schreuder et al. study. In our experiments
primes and targets were presented consecu-
tively with an SOA of 350 ms. Since we were
interested in automatic priming effects a
shorter SOA might seem preferable. However,
the use of a shorter SOA entails the risk that
the prime is not fully encoded when the target
appears. The priming effect might therefore
be underestimated if avery short SOA isused.
Following McNamara (1994) we chose a 350
ms SOA. The prime disappeared before the
target appeared, so that prime and target were
never presented together on the screen. An-
other important difference from the procedure
used by Schreuder et a. was that we created
the unrelated condition by recombining
prime—target pairs. This ensured that any dif-
ference between the related and unrelated con-
dition would be due to the relation between
prime and target. Finally, a new set of 18 per-
ceptualy related word pairs was selected in
order to maximize the power of the experi-
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ment and to see if a possible priming effect
would generalize to other word pairs. A sepa-
rate set of associates was used to assess the
sengitivity of the procedure for priming ef-
fects.

The aim of Experiment 1 and 2 was to
investigate whether we could replicate
Schreuder et a.’s (1984) finding of priming
for perceptually related word pairs. Perceptual
priming can be considered a special form of
nonassociative semantic priming. The present
experiments therefore also provide data rele-
vant to the claim of Shelton and Martin (1992)
that nonassociative semantic priming effects
are the result of strategies. In Experiment 1 a
lexical decision task was used. Experiment 2
investigated perceptua priming in apronunci-
ation task.

EXPERIMENT 1
Method

Participants. Thirty-four students of the
University of Amsterdam participated in the
experiment. They received course credit for
their participation. No student participated in
more than one of the present series.

Apparatus and materials. A set of 60 word
pairs was created. This set consisted of 36
perceptually related word pairs and 24 asso-
ciatively related word pairs. To select the per-
ceptually related word pairs a norming study
was done. A separate group of 40 students
rated the perceptual similarity of 48 perceptu-
aly related word pairs. Of these pairs 18 were
taken from Schreuder et . (the origina set
consisted of 20 word pairs, but after removal
of words that appeared more than once, only
18 pairs remained) and 30 were newly con-
structed by the authors and one of their col-
leagues. A word pair was considered perceptu-
aly related if the objects to which the words
of the pair refer overlap in physical attributes,
such as pizza—coin (which are both round and
flat). No word appeared more than once in the
set. Unrelated word pairs were constructed by
recombining words within the set. The 40 par-
ticipants rated the perceptual similarity of the
word's referents on a scale of 1 to 5. On the
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TABLE 1
Mean Ratings for Perceptually Related Word Pairs

Related Unrelated
Schreuder et a. pairs 3.36 1.40
New pairs 3.73 1.29
Selected new pairs 4.05 1.29

basis of these ratings we selected 18 of the
newly created pairs with the highest ratings.
The mean ratings are presented in Table 1.
The perceptual relatedness ratings for the
newly created pairs were higher than those for
the pairs taken from the Schreuder et a. study.
Therefore, any failure to replicate the percep-
tual priming effect in the present study cannot
be ascribed to our stimuli having weaker per-
ceptual relations than the stimuli used by
Schreuder et al.

The associatively related word pairs were
selected from published word association
norms (de Groot, 1980; Lauteslager,
Schaap, & Schievels, 1986; van der Made-van
Bekkum, 1973; van Loon-Vervoorn & van
Bekkum, 1991). In the stimulus list word pairs
were recombined so as to create unrelated
word pairs. Two versions of the stimulus list
were created in order to counterbalance the
targets over conditions. In each version half
of the pairs (18 of the perceptual pairs and 12
of the associate pairs) were unrelated and the
other half were related. All words appeared
only once on the list. Each participant saw
only one version of the stimulus list.

An additional set of 40 word—word fillers
and 100 word—nonword fillers was created.
The word—word fillers consisted of unrelated
word pairs. The nonwords were pronounce-
ableletter strings that were permissable by the
rules of Dutch orthography. No stimulus was
presented more than once. Stimuli were pre-
sented on the screen of a Macintosh SE com-
puter.

Procedure. A tria started with a warning
signal that was displayed for 450 ms. This
was replaced by a blank screen for 50 ms.
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Then the prime was displayed for 300 ms,
followed by ablank screen of 50 ms, resulting
in a SOA of 350 ms. Then the target was
displayed on the same location where the
prime had appeared, until the participant made
a response. After a 1000 ms interval the next
trial started. Participants responded word by
pushing a button marked ‘‘yes’ with their
right hand and nonword by pushing a button
marked ‘‘no’’ with their left hand. If an error
was made the word *‘FOUT"’ (‘‘error’’) was
presented. If aresponse exceeded the deadline
of 1000 ms the word ‘‘LANGZAAM”
(“'dow’”) was presented. Stimuli were pre-
sented in blocks of 100 trials. After every
block there was a short break and feedback
was given on the number of correct responses.

Participants were told that they would see
two letter strings on the screen and were asked
to decide as quickly and as accurately as possi-
ble on each trial whether the second letter
string represented a word. They were in-
structed to read the first letter string (the
prime) but to respond only to the second letter
string (the target). The experiment started with
30 practicetrials, followed by 200 experimen-
tal trials. At the end of the experiment partici-
pants were asked whether they had noticed
anything about the type of relation between
primes and targets.
Results

Only correct response times shorter than
1000 ms were included in the analyses. This
resulted in exclusion of 1.2% of the reaction
times because they were outliers. The mean
reaction times and error rates of the conditions
arepresented in Table 2. The 39-ms difference
between the related and unrelated pairs in the
associative condition was significant, t(33) =
495, p < .001. In the perceptua condition
there was no significant difference between
the related and the unrelated pairs, t(33) =
0.03, p = .98.2 For the error rates none of

2 Separate analyses of the data for the word pairs taken
from Schreuder et a. (1984) and for the newly created
word pairs were performed for this and all subsequent
experiments. In all experiments the results were the same
for the Schreuder et al. word pairs and for the newly
created set of word pairs.
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TABLE 2

Mean Response Times (in milliseconds) and Percentage
Errors for Experiment 1 and 2

Associated
pairs

Perceptual
pairs

RT PE RT PE

Exp. 1. Lexical decision

Related 494 12 581 7.7

Unrelated 533 25 581 74

Priming 39 13 0 -03
Exp. 2: Pronunciation

Related 481 05 515 0.8

Unrelated 496 05 516 11

Priming 15 00 1 0.3

the differences was significant. None of the
participants had noticed the perceptua rela-
tion of some of the word pairs, whereas most
participants had noticed the relationship for
associated word pairs.

EXPERIMENT 2

In Experiment 1 we found no priming effect
for perceptually related word pairs in the lexi-
cal decision task. In the next experiment we
again investigated priming effects for the per-
ceptually related word pairs from Experiment
1, but instead of lexical decision we used pro-
nunciation. Schreuder et a. (1984) found a
rather small priming effect for perceptualy
related word pairs in lexical decision. They
obtained a larger effect using a pronunciation
task.

Method

Participants. Thirty-four students of the
University of Amsterdam participated for
course credit.

Procedure and materials. From the set of
stimuli used in Experiment 1 the nonwords
and the word filler trials were removed. This
resulted in alist of 60 word—word pairs, 24
in the associative condition and 36 in the
perceptual condition. Unrelated word pairs
were created as in previous experiments and
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different listswere created to ensure counter-
balancing.

The presentation procedure was similar to
that used in Experiment 1, with the exception
that instead of alexical decision task apronun-
ciation task was used. Participants were asked
to read the target aloud as quickly and as accu-
rately as possible. A voice key was used to
measure the time between the onset of the
target and the beginning of the response.

Results

Reaction times for errors, voice key fail-
ures, or responses that were longer than 1000
ms were excluded from the analyses. This re-
sulted in the removal of 2.1% of the reaction
times because of voice key failures and re-
moval of 0.2% of the reaction times because
they were outliers. Table 2 gives the mean
reaction times and error rates of all conditions
in Experiment 2. The 15-ms difference be-
tween the related and unrelated word pairs in
the associated condition was significant, t(33)
= 4.69, p < .001. The 1-ms difference be-
tween the perceptually related and unrelated
word pairs was not significant, t(33) = 0.26,
p = .80. For the error rates none of the differ-
ences were significant. None of the partici-
pants had noticed the perceptual relation of
some of the word pairs.

DISCUSSION OF EXPERIMENTS
1 AND 2

In Experiments 1 and 2 we investigated
priming effectsin lexical decision and pronun-
ciation. Significant priming was obtained for
associated word pairs, but no priming effect
was obtained for word pairs that have a per-
ceptual relation. The absence of a priming ef-
fect for the perceptually related word pairs
was not due to a lack of sensitivity of our
procedure, because there was significant prim-
ing for associates.

Schreuder et al. (1984) did obtain priming
effects for perceptually related word pairs in
pronunciation and lexical decision. A differ-
ence between our data and those of Schreuder
et al. isthat in our experiments responses were
faster. Can this difference in response times
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have affected the priming effect for perceptu-
aly related word pairs? Williams (1996) com-
pared several studies that investigated priming
for semantic-only word pairs. He listed the
mean response times in the unrelated condi-
tion for each study, together with the priming
effect that was obtained for semantic-only
word pairs in that study. There seemed to be
atrend that studies with longer response times
in the unrelated condition produce larger
priming effects. According to Williams this
might be explained by assuming that longer
response times leave more room for top down
processes. Priming would be the result of a
top down spreading activation process. When
it takes longer for bottom up processes that
trandate the stimulus into a response to com-
plete, for example if targets are degraded, the
effect of top down processes increases.

If this hypothesis is correct, priming for
perceptually related pairs might be absent in
our experiment because response latencies
were about 100 ms shorter than in the experi-
ments of Schreuder et al. (1984). However,
Schreuder et al. (1984) argued that perceptual
information becomes available earlier in pro-
cessing than conceptual information. Ac-
cording to them, priming for perceptually re-
lated pairs reaches its maximum effectiveness
earlier than priming for conceptually related
pairs. In order to test this hypothesis, Flores
d’Arcais et a. (1985) investigated the effect
of response latency on the amount of priming.
In lexical decision responses were sped up by
giving participants a short deadline for re-
sponding. In contrast, pronunciation latencies
were slowed by degrading the target with a
visual mask. Their results show that response
latency did affect the amount of priming for
conceptually related words but did not affect
the amount of priming for perceptually related
word pairs. Therefore, itisunlikely that differ-
ences in response latencies can explain the
difference between our results and those of
Schreuder et al.

Thus, contrary to Schreuder et al. (1984)
and Flores d’Arcais et a. (1985), we did not
obtain priming for perceptually related word
pairs. In the next two experiments we further

PECHER, ZEELENBERG, AND RAAIIMAKERS

investigated priming effects for perceptually
related word pairs. Priming for such word
pairs might be obtained if participants are in-
duced to process the perceptual properties of
the words. If the perceptual features of words
have aready been activated prior to the prim-
ing task overlap in perceptua features might
facilitate responding to the target. It has been
suggested that the context in which a word
has previously been presented affects what is
retrieved about that word on a subsequent pre-
sentation (Barsalou, 1993). Thus, if the previ-
ous context has led to activation of perceptual
features, these features will be more likely
activated again on subsequent presentation.
Perceptually related words then have some ac-
tivated features in common and this overlap
may result in a priming effect.

In order to activate perceptual information
we presented the words individually in two
activation tasks. In the first task participants
were asked to judge whether the words re-
ferred to oblong objects. In the second task
the same words were presented again, and par-
ticipants were asked to judge whether the ob-
jects had a flat surface. After these activation
tasksthe priming task was presented. Asin the
previous experiments priming for perceptually
related word pairs was investigated. Experi-
ment 3 used lexical decision and Experiment
4 pronunciation.

EXPERIMENT 3
Method

Participants. Thirty students participated in
the experiment. They received course credit
or asmall monetary fee for their participation.

Procedure and materials. The same experi-
mental stimuli were used as in Experiment 1
except that from the set of filler stimuli all
word fillers and 40 word—nonword fillers
were removed. This resulted in a list of 60
word—word and 60 word—nonword pairs.

The lexical decision procedure was identi-
cal to that used in Experiment 1. Before the
lexical decision task we presented two other
decision tasks. In these tasks al 72 words
from the set of perceptually related word pairs
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were presented one at a time on the computer
screen. In both tasks a decision had to be made
about the perceptual features of the object to
which the word referred. The first task was to
decide whether the word referred to an oblong
object. The second task was to decide whether
the word referred to an object with a flat sur-
face. For both decision tasks the stimulus set
could be divided into two parts of about the
same size for each response. Responses were
made by pressing the ‘‘yes’” or ‘‘no’’ buttons
that were also used for the lexical decision
task. The words remained on the screen until
a response had been made, or until 5 s had
elapsed. The instruction explained the kind
of decision that was to be made, but did not
mention speed or accuracy. These decision
tasks were followed by the lexical decision
task.

Results

Mean reaction times and error rates for the
lexical decision task are given in Table 3.
Only correct response times shorter than 1000
ms were included in the analyses. This re-
sulted in exclusion of 0.9% of the reaction
times. For the associative condition there was
a significant 30-ms priming effect, t(29) =
3.97, p < .001. Responses to the perceptually
related word pairswere 5 ms slower than those

TABLE 3

Mean Response Times (in milliseconds) and Percentage
Errors for Experiment 3 and 4

Associated
pairs

Perceptual
pairs

RT PE RT PE

Exp. 3: Lexica decision

Related 517 17 574 37

Unrelated 547 5.6 569 4.8

Priming 30 39 -5 11
Exp. 4: Pronunciation

Related 469 05 500 1.0

Unrelated 496 15 509 1.6

Priming 27 10 9 0.6
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to the unrelated control condition, but this dif-
ference was not significant, t(29) = 0.64, p =
.53. For the error rates the difference between
the associated pairs and their unrelated control
pairs was significant, t(29) = 2.54, p < .05,
but the difference between the perceptualy
related pairs and their unrelated control pairs
was hot, t(29) = 0.81, p = .42. Six of the 30
participants had noticed the perceptua rela
tion of some of the word pairs.

EXPERIMENT 4

In Experiment 3 we again did not obtain
priming for perceptually related word pairsin
lexical decision. In Experiment 4 we used the
same decision tasks to focus the participants
attention on perceptual properties. These tasks
were followed by a pronunciation task in
which we investigated priming effects for per-
ceptually related word pairs.

Method

Participants. Thirty-four students partici-
pated in the experiment. They received course
credit or asmall monetary fee for their partici-
pation.

Procedure. The same set of stimuli as in
Experiment 2 was used. Unrelated word pairs
were created as in previous experiments and
different lists were created to ensure counter-
balancing. The procedure was similar to that
used in Experiment 3, except that instead of
a lexical decision task a pronunciation task
was used. Participants were asked to name the
target as quickly and as accurately as possible.
A voice key was used to measure reaction
times.

Results

Mean reaction times and error rates for the
pronunciation task are given in Table 3. Reac-
tion times for errors, voice key failures, or
reaction times that were longer than 1000 ms
were not included in the analyses. This re-
sulted in the removal of 2.9% of the correct
reaction times because of voice key failures
and 0.1% of the reaction times because they
were outliers. For the associative condition
there was a significant 27-ms priming effect,
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t(33) = 5.90, p < .001. The 9-ms priming
effect for the perceptually related word pairs
also was significant, t(33) = 2.61, p < .05.
None of the effects in the error rates reached
significance. Five of the 34 participants had
noticed the perceptual relation of some of the
word pairs.

Discussion

The results of Experiment 4 show that it
is possible to obtain priming for perceptualy
related word pairs if those words are first pre-
sented in a task in which participants make
judgments about the perceptual attributes of
the referents of the words. This finding sug-
gests that perceptual priming can be obtained
if the perceptual properties of aword are pro-
cessed prior to the priming task.

Before concluding that activation of percep-
tual featuresis necessary to obtain priming for
perceptually related word pairs, an aternative
explanation has to be excluded. There is a
possibility that the priming effect for percep-
tually related word pairs is the result of word
repetition alone. The activation of perceptual
features of the wordsis not the only difference
between Experiment 2 and Experiment 4. In
Experiment 2 the words had not been pre-
sented at al prior to the pronunciation task.
Therefore, the priming effect for perceptually
related word pairsin Experiment 4 may some-
how have been caused by repetition of the
words. In the Schreuder et a. (1984) experi-
ments targets were presented four times; so if
the priming effect for perceptualy related
word pairsisthe result of word repetition, this
would explain the difference between their re-
sultsand ours. In Experiment 5 this possibility
wasinvestigated by presenting the words prior
to the pronunciation task, but unlike in Experi-
ments 3 and 4, participants were only asked
to read the words aoud.

EXPERIMENT 5

Method

Participants. Thirty-two students partici-
pated in the experiment. They received course
credit for their participation. None of them had
taken part in any of the previous experiments.
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Procedure. The stimuli and procedure were
the same as in Experiment 4, with the excep-
tion that instead of the activation tasks, all
words from the set of perceptually related
word pairs were presented on the computer
screen and participants were instructed to read
each word aoud. The order of the words was
randomized, and each word was presented
twice (as it was in Experiments 3 and 4). To
make presentation of the words as similar as
possible to that of the activation tasks of Ex-
periments 3 and 4, the words were presented
for 1250 ms each, because this was close to
the mean decision times (and thus the mean
presentation times) in the activation tasks of
the previous experiments.

Results

Mean reaction times and error rates are
given in Table 4. Reaction times for errors,
voice key failures, or reaction times that were
longer than 1000 ms were not included in the
analyses. Thisresulted in the removal of 1.0%
of the reaction times because of voice key
failures and 0.1% of the reaction times be-
cause they were outliers. For the associative
condition there was a significant 20-ms prim-
ing effect, t(31) = 5.38, p < .001. The 1-
ms priming effect for the perceptually related
word pairs was not significant, t(31) = 0.11,
p = .92. None of the effectsin the error rates
reached significance. None of the 32 partici-
pants had noticed the perceptua relation of
some of the word pairs.

TABLE 4

Mean Response Times (in milliseconds) and Percentage
Errors for Experiment 5

Associated
pairs

Perceptual
pairs

RT PE RT PE

Exp. 5: Pronunciation

Related 474 0.3 486 1.0
Unrelated 494 0.5 487 14
Priming 20 0.2 1 0.4
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DISCUSSION OF EXPERIMENTS
3,4, AND 5

In Experiments 3 and 4 we investigated
whether apriming effect for perceptually re-
lated word pairs could be found after activa-
tion of perceptual information of the indi-
vidual words. Prior to the priming task we
presented decision tasks that were intended
to activate this perceptual information. In
lexical decision (Experiment 3) there was
still no priming effect for perceptually re-
lated word pairs, but in pronunciation (Ex-
periment 4) there was. The presence of per-
ceptual priming in pronunciation suggests
that prior activation of perceptual features
of aword makes those features more avail-
able on subsequent presentations and this
may have led to priming effects for percep-
tually related words. However, an alterna-
tive interpretation was that the perceptual
priming effect was somehow caused by
repetition effects. Thiswas tested in Experi-
ment 5. We obtained no priming for percep-
tually related pairs in Experiment 5. There-
fore, the presence of priming for perceptu-
ally related pairs in Experiment 4 cannot be
ascribed to the mere presentation of the tar-
get stimuli prior to the pronunciation task.
Instead, the absence of priming in Experi-
ment 5 shows that in order for such a prim-
ing effect to occur it is necessary to give
a task in which perceptua information is
activated. Thisis an interesting finding that
suggests that the experimental context in-
fluences what features of a word will be re-
trieved.

A somewhat problematic aspect of the
data, however, isthat no perceptual priming
was obtained in Experiment 3, which used
a lexical decision task. A possible reason
for the different results obtained with lexical
decision and pronunciation is that the prim-
ing effect for perceptually related pairs was
masked by relatedness checking strategies
in the lexical decision task. Relatedness
checking results in facilitation for word
pairs that have an obvious relation and in
inhibition for word pairs that are considered
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unrelated by the participant. Because most
participants do not notice the perceptual re-
|ation between the perceptually related word
pairs these are considered unrelated. The
same explanation has been used to explain
the absence of priming effects for mediated
prime target pairs in lexical decision (Ba-
lota& Lorch, 1986; de Groot, 1983; McNa-
mara & Altarriba, 1988).

Balota and L orch studied priming for medi-
ated pairs (e.g., lion—[tiger]—stripes) in both
lexical decision and pronunciation. They ob-
tained priming for mediated pairsin pronunci-
ation but not in lexical decision. They argued
that a relatedness checking strategy masked
the priming effect for mediated pairsin lexical
decision. Because participants did not notice
the relation between prime (e.g., lion) and tar-
get (e.g., stripes) the mediated word pairs
were considered unrelated. As a result, re-
sponses to mediated targets were inhibited by
relatedness checking. Balota and Lorch fur-
ther argued that in the pronunciation task me-
diated priming effects occur because partici-
pants do not engage in relatedness checking
in this task. The arguments of Baota and
Lorch may aso apply to words that have a
perceptual relation. Participants do not notice
this perceptual relation and therefore relat-
edness checking processes may mask the
priming effect in lexica decision. The fact
that only an occasional participant had noticed
the perceptual relation between prime—target
pairs is consistent with this hypothesis. In the
pronunciation task relatedness checking does
not play a role. This may explain why we
found perceptual priming in Experiment 4 but
not in Experiment 3.

Experiment 6 further investigated whether
the absence of priming in lexical decision in
Experiment 3 was indeed due to relatedness
checking strategies. The experiment was de-
signed to minimize the influence of relat-
edness checking strategies. Previous research
with the lexical decision task (McNamara &
Altarriba, 1988) suggests that the presence of
associatively related word pairs may encour-
age participants to use relatedness checking
strategies. McNamara and Altarriba (Experi-
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ment 1) obtained a mediated priming effect
in lexical decision when associatively related
pairs were absent but not when associatively
related pairs were present. They argued that
the inclusion of associatively related pairs
may have led participants to use relatedness
checking strategies and that these strategies
masked the priming effect for mediated pairs.
They assumed that not including associates in
the stimulus list would eliminate the use of
relatedness checking strategies. Thus, if the
absence of perceptual priming in lexical deci-
sion in Experiment 3 was indeed due to relat-
edness checking processes, perceptua prim-
ing should be obtained if associatively related
pairs are eliminated from the experiment. We
tested thisin Experiment 6. We first presented
the words from the perceptualy related pairs
in the two perceptua activation tasks. Then
we tested priming for the perceptualy related
word pairs in lexical decision. The stimulus
list contained no word pairs with an associa-
tive relation.

EXPERIMENT 6
Method

Participants. Thirty-eight students of the
University of Amsterdam participated in the
experiment. They received course credit or a
small monetary fee for their participation.

Procedure and materials. The same prime
and target stimuli were used as in Experiment
3, with the exception that all associatively re-
lated word pairs were recombined to form un-
related word pairs. Thus, no associatively re-
lated pairs were presented. All other aspects
of the procedure were identical to those of
Experiment 3. Thus, prior to the lexical deci-
sion task two activation tasks were given in
which adecision about perceptual features had
to be made.

Results

Mean reaction times and error rates are
given in Table 5. Only correct response
times shorter than 1000 ms were included
in the analyses. This resulted in exclusion
of 0.8% of the reaction times. Mean lexical
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TABLE 5

Mean Response Times (in milliseconds) and Percentage
Errors for Experiment 6

Perceptual pairs

RT PE

Exp. 6: Lexical decision
Related 541 34
Unrelated 557 4.0
Priming 16 0.6

Note. No associatively related prime—target pairs were
presented in Experiment 6.

decision latencies were 16 ms faster for per-
ceptually related pairs than for perceptually
unrelated pairs, t(37) = 2.22, p < .05.3 Thus,
as expected we did obtain a significant per-
ceptual priming effect in a lexical decision
task. An analysis of the errors revealed no
significant effect of relatedness, t(37) =
0.65, p = .52. Two of the 38 participants
noticed the perceptual relation of some of
the word pairs.

Discussion

In the present experiment associatively re-
lated prime—target pairs were excluded from
the stimulus list and a significant perceptual
priming effect was obtained, showing that
priming for perceptually related words can be
obtained in a lexical decision task. These re-
sults show that the absence of priming for
perceptually related prime—target pairsin Ex-

3 For al experiments we report only results from sub-
ject analyses of the data. Item-based analyses would not
be appropriate because in the present series of experi-
ments the variance due to itemsiis controlled for by coun-
terbalancing. Elsewhere we have argued in more detail
(Raaijmakers, Schrijnemakers, & Gremmen, in press) that
item-based analyses are not necessary when items are
counterbalanced across conditions. However, for those
readers who do not trust these arguments we did perform
item-based analyses. In both Experiment 4 and 6 these
analyses showed significant perceptual priming effects,
t(35) = 2.47, p = .02 and t(35) = 2.08, p = .04, respec-
tively.
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periment 3 was due to the inclusion of associa-
tively related prime—target pairs. McNamara
and Altarriba (1988) obtained a mediated
priming effect in lexical decision when asso-
ciatively related pairs were absent but not
when these were present in the experiment.
They argued that the inclusion of associatively
related pairs may have led participants to use
relatedness checking strategies and that these
strategies masked the priming effect for medi-
ated pairs. Similarly, perceptua priming ef-
fects may have been masked by relatedness
checking strategies in Experiment 3 that in-
cluded associatively related pairs, but not in
the present experiment that excluded associa-
tively related pairs. Thus, our findings are en-
tirely consistent with the pattern of results ob-
tained by other researchers using mediated
pairs and with the interpretation that in lexical
decision perceptual priming effects, just as
mediated priming effects, may be masked by
relatedness checking strategies. In summary,
the results of the present experiment clearly
show that perceptual priming in lexical deci-
sion can be obtained after perceptua activa-
tion tasks when the experiment is designed in
such a way that relatedness checking strate-
gies are eliminated.

GENERAL DISCUSSION

In the present series of experiments we
investigated whether a priming effect can be
found for word pairs such as pizza—coin that
refer to objects that are similar in shape.
We tried to replicate the perceptual priming
effects that have been found by Schreuder
et al. (1984) and Flores d'Arcais et al.
(1985). Our results show that in neither lexi-
cal decision nor in pronunciation was there
priming for perceptually related word pairs,
while there was significant priming for asso-
ciates in all experiments. Only under very
specific conditions was a priming effect for
perceptually related word pairs found. This
was shown in Experiment 4 (pronunciation)
and Experiment 6 (Iexical decision). Inthese
experiments prior to the priming task the
words were presented in activation tasks that
asked the participants to make decisions

413

about perceptual features of the words' ref-
erents. Small, but reliable, priming effects
were found for the perceptually related word
pairs. In none of the other experiments was
priming for perceptually related word pairs
obtained. One might argue that the absence
of perceptual priming in Experiment 1 (lexi-
cal decision) was due to relatedness check-
ing strategies just as in Experiment 3. Al-
though we argued that perceptual priming
effects can be masked by relatedness check-
ing strategies, it is unlikely that this was the
reason we did not obtain perceptual priming
in Experiment 1. In Experiment 2 we inves-
tigated perceptual priming in a pronuncia-
tion task. All other aspects of the procedure
were identical to that of Experiment 1. If
perceptual priming had been masked by
strategies in Experiment 1, we would have
obtained the effect in Experiment 2, because
pronunciation is not sensitive to relatedness
checking strategies. However, no perceptual
priming occurred in Experiment 2. Further-
more, perceptual priming was also absent
in Experiment 5 in which we also used a
pronunciation task. Thus, we can safely con-
clude that under standard conditions no
priming for perceptually related word pairs
is obtained.

The first interesting finding of the present
study is the absence of a priming effect for
perceptually related word pairs under nor-
mal conditions. Such an effect was obtained
in earlier studies by Schreuder et al. (1984)
and Flores d Arcais et al. (1985). Their
results have been referred to often in the
literature as evidence of semantic priming
without association (Chiarello, Burgess,
Richards & Pollock, 1990; Moss, Ostrin,
Tyler, & Marslen-Wilson, 1995; Neely,
1991; Shelton & Martin, 1992; Williams,
1996). A priming effect for perceptually re-
lated word pairs would be particularly inter-
esting, because it would show that words are
activated by concepts with which they have
no direct or mediated association. However,
as we pointed out in the introduction, there
were some methodological problems with
the Schreuder et al. and Flores d’'Arcais et
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a. studies, so that interpretation of their
findings was complicated. Therefore, a rep-
lication under less problematic conditions
was needed. We showed that under better
controlled conditions no priming is obtained
for perceptually related word pairs.

Our results are consistent with the claim
that previous findings of nonassociative se-
mantic priming are not supported by auto-
matic activation processes. As was argued
by Shelton and Martin (1992), priming for
semantic-only pairs in lexical decision may
have been the result of relatedness checking
strategies. Although these relatedness check-
ing strategies are not assumed to play arole
in the pronunciation task, nonassociative se-
mantic priming effects in pronunciation may
also not reflect automatic processes. Instead,
the effect that was found by Seidenberg et
a. (1984) and in some of Lupker’'s (1984)
experiments may be due to expectancy-based
strategies. Another problem is that some of
the observed nonassociative semantic prim-
ing effects might in fact be mediated priming
effects. Semantic relatedness is usually de-
fined as shared category membership, there-
fore both members might be directly associ-
ated to the category name. Thus, the possibil-
ity that there are mediated associations
between prime and target cannot be ruled out.
Moreover, priming effects for semantic only
(but possibly mediated) pairs in pronuncia-
tion have been very small. For example,
Lupker found 7-ms priming and Seidenberg
et al. found 11-ms priming for semantic-only
pairs. In light of these small effects the find-
ing of a 23-ms perceptual priming effect by
Schreuder is al the more surprising. How-
ever, aswe showed in the present study, these
results do not replicate when procedures are
used that do not suffer from the methodol ogi-
cal problems of the Schreuder et al. (1984)
study.

Another interesting finding of our study
was that we obtained priming for perceptu-
ally related word pairs when prior to the pro-
nunciation task participants made judgments
about the perceptual properties of the words’
referents. This finding suggests that the
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global experimental context influences prim-
ing effects. The importance of context on
priming has also been shown in other studies.
McKoon and Ratcliff (1995) showed that
priming effects can be greatly reduced or
even eliminated if the type of relation of an
associated word pair differs from the type
of relation of the other associates in the list
context. For example, priming for the word
pair close—near was obtained only if the pair
appeared in a list of synonym pairs (e.g.,
quick—fast, broad—wide) and not if it ap-
peared in alist of opposite pairs (e.g., quick—
slow, broad—narrow). McKoon and Ratcliff
argued that these results were not caused by
strategies since they were obtained at a short
SOA in both lexical decision and pronuncia-
tion. A study by Conrad (1978) also showed
that context can influence priming effects.
She observed that priming effects for seman-
tic properties were larger if these properties
were appropriate in the context. For example
after the sentence The man tuned the piano
there was more priming for the word string,
whereas after the sentence The man lifted the
piano there was more priming for the word
heavy.

These results and those of our study all
suggest that automatic priming effects de-
pend on the features of words that are acti-
vated. These features may depend on the
other word pairs in the test list or on the
task that participants perform just prior to the
priming task. Spreading activation interpreta-
tions of associative priming have often, for
the sake of simplicity, assumed that associ-
ates are connected at the word level. How-
ever, in the model proposed by Collins and
Loftus (1975) words are connected via the
features they have in common. The more fea-
tures they have in common, the more closely
they are related. Thus, associations between
words are the result of overlap at a feature
level. It is often assumed that features of con-
cepts differ in importance or accessibility
(Barsalou, 1993). Normally, priming effects
would be the result of overlap between the
most accessible, or ‘‘core’’ features of two
concepts. But this accessibility is variable
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and can be changed by the context in which
words appear (Peterson & Simpson, 1989)
and by recent experiences with words. Thus,
if some features are highly relevant in a spe-
cific context, they have a high probability
of being activated, even if their accessibility
under normal conditionsislow. Additionally,
features that normally have low accessibility
can become highly accessible as the result of
recent activation.

Our results showed that, under ‘*normal’”’
conditio