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Semantic priming without association:
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Ameta-analysis of 26studies indicated that automatic semantic priming can occur without associa
tion. Primingdid not varysubstantially with differences in variables that affect automatic versus strate
gic processing, such as time spent processing the prime and target, relationship proportion, and task
(except that average effects were smaller in the naming task). Although category coordinates were in
vestigated in the majority of studies, synonyms, antonyms,and script relations also demonstrated prim
ing; functional relations showed greater priming, and essential and perceptual relations showed less.
The average effect size for semantic priming was smaller than that for associative priming, suggesting
that there is an "associative boost" from adding an associative relationship to a semantic one. The im
plications of these findingsfor the modularity thesis and for models of semantic primingare discussed.

The phenomenon of semantic priming is a rich source
of information about the mental lexicon. In semantic
priming, a target word (such as butter) is responded to
more quickly after presentation of a related prime word
(such as bread) than after presentation of an unrelated
prime. The semantic priming effect has been used to in
vestigate how words are accessed, comprehended, and
integrated with other words in sentence understanding.
Although most researchers agree that semantic priming
is a valuable tool for studying these processes, they have
not always agreed about the types of relationships that
are primed. In the earliest studies of semantic priming
(Meyer & Schvaneveldt, 1971; Meyer, Schvaneveldt, &
Ruddy, 1975), semantic priming was actually associative
priming: prime-target pairs were drawn from norms of
word association. Fischler (1977) was the first to uncon
found semantic and associative relationships, by looking
at priming for both associative pairs and pairs that were
semantically related but not associated. Fischler found
that semantically related pairs that were not also associ
ated did exhibit priming. Attempts to replicate this find
ing, however,have led to mixed results, with some studies
resulting in priming for semantic pairs without associa
tion and others not. Differences in methodologies and
stimulus choice have contributed to the controversy over
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the existence of purely semantic (as opposed to associa
tive) priming.

At stake is our understanding ofthe organization of the
mental lexicon. According to one of the most popular
theories of lexical processing, the spreading activation
theory of Collins and Loftus (1975), information about
words and their meanings is stored in separate networks.
One network is purely lexical; that is, it contains only
phonemic and orthographic information about words.
The other network is purely semantic and contains all
concepts, including those linked to the word forms in the
lexical network. Nodes in the lexical network are con
nected to each other on the basis ofphonological and or
thographic similarity, whereas nodes in the semantic net
work are connected to each other on the basis of semantic
similarity. According to this theory, links between the
lexical and the semantic networks are as easily activated
as are those within a network.

This theory, in which lexical and conceptual knowl
edge are interactive, can be contrasted with a modular
theory as proposed by Fodor (1983), Forster (1979), and
others. On the modular view, priming within the lexical
network ofphonological and orthographic information is
based on associative links which connect words that are
often contiguous (e.g., needle and thread) but that may
share few if any semantic features. This intralexical
priming is automatic and unaffected by feedback from
the conceptual network. Connections within the concep
tual network (e.g., category coordinates that share fea
tures, such as ROBIN and EAGLE) may prime each other,
but this priming cannot provide feedback to the lexical
network to facilitate the activation of related word forms
(such as robin). Facilitation arising from within the con
ceptual network can only influence later stages in pro
cessing such as the stage that selects the most likely lex
ical candidate from among a number of activated
representations or the stage that attempts to integrate a
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lexical representation with others that have preceded it.
In contrast to the automatic activation of associative
links in the lexical network, these postlexical priming
processes are the result of strategies adopted by the sub
ject. One motivation for looking for purely semantic
priming is to test this intralexical priming hypothesis ac
cording to which automatic priming can only be asso
ciative, not semantic or conceptual.

The outcome of this controversy over the organization
oflexical and conceptual knowledge will profoundly in
fluence the way in which we think about word meaning
and lexical processing. If some version of the Collins
and Loftus (1975) story is true, then intuitions about the
lexicon are satisfied: The meaning of a word is inte
grated with its word form in such a way that the mean
ings or concepts associated with words are activated
along with phonological, orthographic, and co-occurrence
information. Seeing the word robin causes the concept of
ROBIN to be activated along with related concepts like
EAGLE and SPARROW. These conceptual activations can
then feed back to activate the word forms connected to
those concepts and these word forms will then be easily
recognized, named, and so forth. But if the integration of
word form and word meaning is limited in the way sug
gested by the intralexical priming hypothesis, then, coun
terintuitively, meaning is not part of the lexicon per se.
Meaning is connected to the lexicon via links from the
lexical to the conceptual network, but interactions be
tween the two networks are limited.

On this view, automatic priming cannot tell us about
the organization ofsemantic information, only about co
occurrence contingencies among words. This surprising
result could occur because priming has multiple sources;
it can reflect automatic processes as well as strategic
(postlexical) processes. Because strategic processes can
find relationships on the fly, depending on the demands
of particular tasks, it is generally thought that only auto
matic processes reliably reflect the long-lasting organi
zational structure of semantic networks (Seidenberg,
Waters, Sanders, & Langer, 1984). Therefore, teasing
out the effects due to automatic versus strategic pro
cesses will be part of the work of this review.

Recently, there has been some controversy over whether
or not any priming, including associative priming, is au
tomatic (see Boronat, 1998, for a review). Automaticity is
usually defined by a set of criteria that include fast pro
cessing of a stimulus without awareness, attention, or in
tention (Posner & Snyder, 1975). A number of studies,
however, have shown that semantic priming can only
occur if subjects are attending to the prime (Boronat,
1998; Henik, Friedrich, & Kellogg, 1983; Paap & New
some, 1981; Smith, 1979; Stolz & Besner, 1999). These
findings have led some to conclude that semantic priming
cannot be automatic (Stolz & Besner, 1999), although oth
ers argue that the findings indicate that automatic priming
requires attention (Logan, 1988). Because all but one of
the studies in this review (Kacinik, 1998) required the sub
ject to attend to the prime, the data in this review cannot

be used to address this particular controversy. Moreover,
whether or not automaticity requires attention is tangen
tial to the main purpose of this review, which is to deter
mine whether or not semantic priming can occur without
association. So, the present investigation ofautomatic se
mantic priming will focus on evidence from tests of less
controversial aspects of automaticity, such as speed of
processing and opportunity to use strategies.

Differences in variables affecting automatic and strate
gic processing, such as the type of task used to measure
priming, the difference in prime and target onset time, and
the proportion ofrelated and unrelated targets in stimulus
lists, may have contributed to the mixed results in the lit
erature on semantic priming. All ofthese possibilities will
be evaluated in this review. Another difficulty may be the
low power of studies using small sample sizes to detect a
semantic priming effect. With meta-analysis, which has
been shown to be a powerful technique for making mean
ingful, quantitative comparisons across experiments, it is
possible to increase the power to detect an effect by com
bining effect sizes from many studies (Glass, McGaw, &
Smith, 1981; Light & Pillemer, 1984). In this review,
meta-analysis will be used to assess the following three
hypotheses: (1) that semantic priming without association
exists, (2) that semantic priming is automatic, and (3) that
there is a "boost" in priming from adding an associative
relationship to an existing semantic one. Differences in
priming among different types of semantic relationships
and the nature of the difference in semantic and associa
tive relationships will also be investigated. The implica
tions of the results for the modularity thesis and for mod
els of semantic priming will be discussed.

METHOD

Selection of Studies
The most important criterion for a study's inclusion in

the meta-analysis was that its authors must have used
purely semantically related prime-target pairs as stim
uli, controlling for association value so that semantically
related pairs had no or/very little associative relation
ship. Methods for controlling for association varied con
siderably across papers. Some authors simply checked
one or more published association norms: If the prime
target pairs were not listed, the pairs were deemed nonas
sociative. Other authors used their own word association
test to eliminate associated targets; experimenters using
this technique also varied in their criteria for inclusion of
a prime-target pair as unrelated. Some eliminated a target
only if it appeared as one of the first associates; others
eliminated a target that appeared anywhere as an associ
ate. Some authors did not specify how association was
ruled out, merely stating that it was. Some authors claimed
that their prime-target pairs had no association value;
others tolerated weak association values. Such a variety
of techniques and criteria occurred across all the studies
under consideration that it would not have been fruitful
to compare studies on this factor. So, for the purpose of
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inclusion in the meta-analysis, the only relevant selec
tion criterion was whether or not the author(s) explicitly
stated that some attempt (ofany kind) was made to control
for associative relationships among prime-target pairs.
The implications of these types of differences among
stimulus choices for the study ofsemantic priming will be
considered later in the Conclusions section.

Other criteria for inclusion in the review included the
following: (1) Only priming studies with reaction time as
a dependent measure were included. Studies with mem
ory measures were not included because the interest was
in immediate access of lexical information. Other types
of immediate decision tasks (such as deciding whether a
target word belongs to a certain category) were excluded
because they required the subject to focus explicitly on
the meaning of the stimuli, which would strongly en
courage strategic processing. Priming tasks included
lexical decision, naming, or color naming (also known as
the Stroop task). In a lexical decision task, subjects hear
or read a string of letters and indicate by a button press
whether or not the string is a word. Subjects are faster to
make a lexical decision if the string is preceded by a re
lated word than if it is not. For example, they are faster
to say that butter is a word if they have just seen bread
than if they have just seen an unrelated word such as
board. In a naming task, subjects are asked to say the tar
get word out loud. Latency to initiate this naming re
sponse is the measure of priming. In a color-naming
task, targets are printed in different colors and subjects
must name the color of the target, ignoring the word it
self. Interference from the target word to naming the
color is the measure of priming. (2) Studies with prime
target pairs embedded in sentence contexts were excluded
because of concerns that cumulative context effects
might cause different effects from those found in isolated
pairs (but see Lucas, 1999, for a review of similar issues
involved in sentence processing). The exception to this
was Zwitserlood and Schriefers (1995), who embedded
their primes in what they called "carrier phrases" such as
"You are now going to listen to ..." and "Now you will
hear ..." This study was included because the carrier
phrases contained no semantic or syntactic information
that might aid in the recognition of the prime or target
word and because the study otherwise met the criteria for
inclusion. (3) Only studies of normal adult populations
were included, although the results of the normal adult
control populations employed in studies ofbrain-damaged
patients or children were sometimes included. Although
studies ofthe latter populations can be the source ofmuch
useful information about the organization of the lexicon,
they were excluded because response times in impaired
and unimpaired lexical processing are not readily com
parable (likewise for reaction times in mature and imma
ture populations). Because the issues raised by the study
of impaired lexical processing are more complex and
problematic than the issues raised by the study ofunim
paired lexical processing alone, the former really needs
its own analysis.

Procedure
The First Search database was canvassed for refer

ences by using semantic priming as the keyword. The lit
erature review and discussion sections of published pa
pers were also searched for relevant references, and work
was solicited from authors working in this area. With
these search procedures, 36 references that met the crite
ria above were identified: 29 journal articles, 4 disserta
tions, 1 master's thesis, and 2 unpublished manuscripts.
Not all of the studies included information about vari
ability from which to calculate an effect size. Whenever
possible, this information was obtained by contacting the
author. In the end, a total of 26 studies out of the origi
nal 36 could be used in the meta-analysis; these met the
criteria stated in the previous section and also provided
information from which to calculate an effect size.

Many of these references included multiple experi
ments that involved the manipulation of a number of
variables thought to affect semantic processing, such as
task or timing of target presentation. Moreover, in indi
vidual experiments repeated measures were often used
to obtain data for more than one variable. Because these
within-study and within-experiment manipulations con
cerned variables ofcritical importance to the hypotheses
that motivated the review, each manipulation within an
experiment was included in the meta-analysis and counted
as a single "observation." There were a total of 116 ob
servations across the 26 studies. However, repeated mea
sures mean observations are not independent, and this is
problematic when one is testing for heterogeneity of
variance (Rosenthal & Rubin, 1982). So the results are
reported both by study and by observation.

RESULTS

Effect Sizes
Effect sizes were calculated for the amount ofpriming

for targets that appeared after purely semantically related
primes and for targets that appeared after associatively
related primes, when the latter were included as stimuli.
Effect sizes were calculated as follows. Each observation
was converted to a standard effect size (d). Cohen's d
was calculated using Cohen's (1977) formula for the es
timate of the pooled standard deviation. When means
and standard deviations were not provided, the square
root of the MSe of the main effect of relatedness (the
comparison of related targets vs. control targets) was
used to estimate the pooled standard deviation (Glass
et aI., 1981). Only the results of subject analyses were
used in this meta-analysis, for two reasons. First, results
of subject analyses were the only variability data avail
able across all 26 studies. Standard deviations are typi
cally not reported for item analyses, and the reporting of
MSes is a relatively recent phenomenon, inconsistently
practiced. Although authors sometimes could provide in
formation about variability that was not reported in their
published papers, this information was not available
when studies were more than 5 years old. Second, sub-
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ject analyses should be adequate for meta-analysis. Al
though it is true that the results ofany single experiment
may be skewed by a handful of items (hence the rationale
for an item analysis), a meta-analysis averages effects
over a number of experiments. The result is a more reli
able d estimate than can be obtained from anyone ofthem.

In addition to effect sizes for individual observations,
an overall average d was calculated for each study by cal
culating the mean ofall individual effect sizes in a study.
A positive d indicates a priming effect, with one excep
tion. In the Stroop or color-naming task, inhibition rather
than facilitation of the related targets indicates priming.
In this case, priming would be indicated by a negative d
in the one study that used the color-naming task. For ease
of comparison with other studies, the sign of the d for
color-naming results was reversed so that a positive din
that study could be interpreted as facilitation rather than
inhibition. Effect sizes for each study included in the re
view are listed in Table 1.

Central Tendency and Variability
For the 116 observations, the average d for semantic

priming was .26, which is a little more than half the ef
fect size found for associative priming (73 observations),
which was .51. The average d by study was .30 for se
mantic priming (26 studies) and.49 for associative prim
ing (20 studies). The total number of subjects across all
116 observations was 3,882. Because observations some
times involved repeated measures, some of these sub
jects accounted for more than one observation. Cor
rected for repeated measures, the total number of
subjects across all the 26 studies was 2,243. Because the

range of subjects was so varied (from 7 to 359 subjects
in a single study), the weighted mean for each observa
tion was also calculated, using the formula in Hedges
and Olkin (1985). The weighted average d for semantic
priming, by observation, was .25, and for associative
priming, it was .49. By study, the weighted average ds
were .29 for semantic priming and .47 for associative
priming. In subsequent analyses, only the weighted mean
effect sizes will be reported.

Fifty percent ofthe observations for semantic priming
that were in the midrange had effect sizes between .05
and .36 (25th and 75th percentile values); this range was
.17 to .59 for associative priming. For the studies, the
range was somewhat narrower-between .09 and .36 for
semantic priming and between .18 and .54 for associa
tive priming.

These results indicate that the effect of semantic prim
ing, while small, is nonetheless clearly present in the
studies reviewed. The small effect size for semantic
priming suggests one reason for the failures of some
studies to yield statistically significant semantic priming
effects. A power analysis indicates that one would need
more than twice as many subjects (N = 188) to find sta
tistically significant semantic priming as one would need
to find statistically significant associative priming (N =

72) with power of .80 and an alpha level of .05.

Heterogeneity of Variance
Although effect sizes were consistently positive for

semantic priming, there is quite a bit ofvariability across
studies. A critical question concerns whether this vari
ability represents random sampling variation around a

Table 1
Weighted Effect Sizes of Semantic and Associative Priming Effects (by Study)

Study

Fischler (1977)
Kruesi (1979)
Seidenberg, Waters, Sanders, & Langer (1984)
Chertkow, Bub, & Seidenberg (1989)
Scholten (1991)
Chiarello & Richards (1992)
Shelton & Martin (1992)
Ostrin & Tyler ( 1993)
Shelton (\ 993)
Williams (\ 994)
Moss, Ostrin, Tyler, & Marslen-Wilson (1995)
Zwitserlood & Schriefers (1995)
Abernethy & Coney (1996)
Williams (\ 996)
Djojomihardjo (1997)
Moss, McCormick, & Tyler (1997)
Perea & Gotor (1997)
Perea, Gotor, & Nacher (1997)
Kacinik (1998)
McRae & Boisvert (1998)
Pecher, Zeelenberg, & Raaijmakers (1998)
Perfetti & Tan (1998)
Thompson-Schill, Kurtz, & Gabrieli (1998)
Nation & Snowling (1999)
Lucas (in press)
Perea & Rosa ( 1998)

Semantic Priming
d

.79

.34

.96

.08

.29

.09

.19

.96
-.03

.41

.50

.25

.25

.21
-.01

.46

.18

.09

.25

.34

.07

.28

.17

.36

.05

.22

Associative Priming
d

1.17
.5
.87
.14
.35

.52
1.16
.18

-.05
1.05

.37

.82

.26

.15

.27

.18

.52

.22

.54

.27
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single, normally distributed d value of roughly .3 or re
flects the existence of two (or more) underlying popula
tions that differ on some background factor or factors
(Light & Pillemer, 1984). These possibilities were in
vestigated in a test for heterogeneity ofvariance. In such
tests, effect sizes should be independent (Rosenthal &
Rubin, 1982), so only the effect sizes from the studies
were used. The test statistic provided by Hedges and
Olkin (1985) was used. This test statistic is approxi
mately distributed as a chi square with K-1 df, where K
is the number of effect sizes. When Hedges and Olkin's
formula was applied to the study effect sizes for seman
tic priming, it yielded an approximate chi square of
43.09 with 25 df, significant at p < .02. Therefore, a
search for moderator variables seemed warranted. The
variables chosen were those relevant to the hypotheses
described in the introduction.

Is Semantic Priming Automatic?
The results ofthe meta-analysis indicate that there can

be semantic priming without association, but it is possi
ble that this semantic priming, when it was observed,
was due to strategic rather than automatic processing.
Strategic processes take time to develop and are thought
to be found only during later stages of processing-that
is, with SOAs greater than 250 msec (Posner & Snyder,
1975) or when reaction times are slow (Williams, 1996).
A longer amount of time to process the prime and target
might lead to greater semantic priming because of the
additional time available for strategic processes such as
integrating the prime with the target (DeGroot, 1984;
Neely, 1977; Seidenberg et aI., 1984). A similar argument
can be made for the influence of relatedness proportion.
When the proportion of related targets to unrelated tar
gets is relatively high, there is a greater likelihood that
subjects will notice the relationship between prime and
target, which will in turn facilitate the use of strategic
processes (DeGroot, 1984; Keefe & Neely, 1990; Neely,
1977; Seidenberg et aI., 1984). Finally, some tasks are
considered more likely to show strategic effects than oth
ers. The lexical decision task is thought to be particularly
susceptible to the effects of strategic processing (Balota
& Chumbley, 1984; Seidenberg et aI., 1984) unless the
primes are masked or the primes and targets are pre
sented continuously instead of paired (Balota, 1983;
McNamara & Altarriba, 1988; Shelton & Martin, 1992;
Williams, 1994). Naming is less susceptible to strategic
processing but can show effects of expectancy (Hutten
locher & Kubicek, 1983; Keefe & Neely, 1990). It fol
lows that if semantic priming without association is due
solely to strategic processes, the effects should be larger
under conditions that enable strategic processing-that
is, when SOAs are long, reaction times are slow, and re
latedness proportions are high. Effects should be smaller
under conditions that obstruct strategic processing-that
is, when the masked or continuous lexical decision task
is used.

Effects ofTask
Semantic priming was evaluated in four different

tasks: naming, paired lexical decision (LD), lexical de
cision with a mask (MLD), and serial or continuous lex
ical decision (CLD). The Stroop task was not included,
because it had been used in only one study (Shelton,
1993), and that made it impossible to draw any general
izations about Stroop and semantic priming.

If semantic priming is due to strategic processes, there
should be little if any priming effect in MLD or CLO,
tasks that obstruct strategic processing. However, for the
majority of the studies, and contrary to expectations, the
effects were surprisingly similar across tasks. Some
tasks that are purported to be purer measures of auto
matic priming showed similar effects to that of paired
lexical decision. Out of 45 observations obtained using
lexical decision, the average d was .33, which was close
to the average d for CLD (d = .27; 16 observations) and
for MLD (d = .26; 23 observations). There was a greater
spread across tasks in the study comparisons; nonethe
less there was still a small effect of semantic priming in
the latter two tasks. The average d for paired LD was .39
(16 studies); for MLD, .28 (5 studies); and for CLO, .18
(6 studies). Only naming showed evidence of a smaller
semantic priming effect both by observations (d = .16;
29 observations) and by studies (d = .18; 9 studies).

The smaller effects for naming are not surprising, be
cause naming effects are usually smaller than lexical de
cision effects (Hodgson, 1991). Some possible reasons
for this will be discussed later, in the section on response
speed. For the present purposes, it is noteworthy that the
paired LO task did not produce substantially larger ef
fects than did MLO or CLO. What the pattern seems to
show is that paired LO modestly inflates an existing
small semantic priming effect. One caveat is that the
number of studies with MLO and CLD was appreciably
smaller than those with paired LO. More studies done
with these tasks are called for; nonetheless there is no
evidence in these effect sizes that semantic priming is
eliminated or substantially reduced when CLO or MLO
is used.

Relatedness Proportion
Relatedness proportion can be calculated in one of

two ways: as the proportion of related words for all
word-prime/word-target trials or as the proportion of re
lated words for all trials including those with nonword
targets. Following Neely (1991), the former measure is
used here. A relatedness proportion of .33 or less was
categorized as low; one of greater than .33 was catego
rized as high (also from Neely, 1991). If semantic prim
ing is due to strategic processing, there should be little or
no semantic priming with low relatedness proportions.
However, relatedness proportion did not influence the
size of effect in those studies for which the measure
could be calculated. The average d for low relatedness
proportions was .26 (48 observations), which was almost
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identical to the average d of .25 (60 observations) for
high relatedness proportions. The corresponding num
bers for studies were .22 (12 studies) for low relatedness
proportions versus .31 (15 studies) for high relatedness
proportions, indicating only a slight advantage for the
larger relatedness proportions. In any case, there was
still a semantic priming effect even in the low related
ness proportion conditions of experiments.

Stimulus Onset Asynchrony
Assessing the effects ofSOA was problematic because

SOA was not always reported; sometimes interstimulus
interval (lSI) was reported instead. This was most likely
to be true of the studies in which auditory primes or CLD
were used. This problem could be overcome with the
CLD task, because in that task all stimuli are targets and
all targets remain in view until subjects respond. There
fore, when CLD was the task, SOA could be estimated by
using the average reaction time to control targets as an es
timate ofprime duration and then adding the lSI to it. No
comparable estimate of prime duration was available for
auditory primes unless authors reported average prime
duration, because no response to auditory primes was re
quired. So unless authors reported SOAs, the data from
experiments done with auditory primes were excluded.

Facilitation of related targets without inhibition of
unrelated targets is thought to indicate automatic pro
cessing; this pattern of responses has been found with
SOAs of250 msec or less in many studies (Neely, 1991).
Accordingly, observations and studies were partitioned
into two categories. One category comprised SOAs of
250 msec or less (a category in which primarily auto
matic processes are found), and the other, SOAs above
250 msec (a category in which primarily controlled pro
cesses are found). There was, however, no appreciable
difference in effect sizes between these two categories.
For SOAs shorter than 250 msec, d = .23 (49 observa
tions) and d = .25 (12 studies). For SOAs longer than
250 msec, d = .17 (52 observations) and d = .24 (16 stud
ies). Therefore, there was still semantic priming with
SOAs short enough for automatic processing.

Response Speed
Observations and studies were partitioned into fast

(500 msec or less) and slow (greater than 500 msec) av
erage reaction times (the cutoffs were based on sugges
tions by Williams, 1996). Fast response times should be
associated with automatic priming; slow response times,
with strategic priming. Because in the Stroop task slower
rather than faster reaction times signal automatic prim
ing, the Stroop study of Shelton (1993) was not included
in the following analysis.

Response time had a dramatic effect on effect sizes.
When reaction times were faster than 500 msec, seman
tic priming vanished. The average d was only .03 over 14
observations and .05 over 5 studies. In contrast, priming
was clearly available with slower response speeds; aver
age d = .30 by both observations (99) and studies (II).

This analysis gave the first indication that semantic
priming might not be automatic. However, it seemed odd
that the other three indicators of automaticity (SOA,
task, and relatedness proportion) showed evidence for
automatic semantic priming. If one looks more closely at
the relatively few observations in the fast response speed
category, 10 out of the 14 observations were from the
naming task. Hodgson (1991) has remarked on the con
sistently low priming effects (in the range of only a few
milliseconds of facilitation) in naming studies when con
ditions make it difficult to use attentional strategies.
Hodgson argues that there is no automatic semantic ac
tivation in the lexicon and that the extremely small prim
ing effects in naming are the result ofresidual attentional
processes. Another possibility, however, is that naming is
not as sensitive as other tasks to activation in the lexi
con. This conclusion does not seem unreasonable in light
of the finding that semantic priming occurs with both
CLD and MLD, tasks that are also supposed to discour
age strategic processing. So, it may be that the lack of an
effect in the fast response speed category was due more
to the prevalence of naming data in that category than to
a dearth of semantic priming.

It is also possible that response time is an insufficient
measure of the total time available to the subject to de
velop strategies. If the SOA was very long, there might
be ample opportunity to anticipate possible targets so
that the prime and target could be rapidly integrated. If
so, reaction times might be fast even though strategies
were successfully deployed. Conversely, if SOAs were
very brief (and some SOAs were as brief as 50 msec),
even a slowed response might not provide adequate time
to integrate a prime and its target; if so, slow responses
following very brief SOAs might not always reflect the
use of strategies. For these reasons, the combination of
SOA and response speed would be a better measure of
how much total processing time was available for devel
oping strategies. Accordingly, two categories of total
processing time were created. The category ofshort total
processing times included effects from experiments with
combined SOAs and average response times of750 msec
or less. The figure of750 msec was chosen as the cutoff
by adding the cutoff for fast response times (500 msec)
to the cutoff for short SOAs (250 msec). It is unlikely
that strategic processing could occur with any combina
tion of SOA and response time less than 750 msec. The
category of long total processing times included effects
from experiments with combined SOAs and response
times that were greater than 750 msec. There was no dif
ference in long versus short total processing times: For
total processing times less than or equal to 750 msec, the
average dwas .22 (21 observations) and .21 (5 studies).
For total processing times greater than 750 msec, effect
sizes were very similar: average d = .20 (77 observa
tions) and .23 (20 studies).

In summary, by three measures of automaticity (task,
relatedness proportion, and time to process the prime
and target), the evidence supports automatic priming for
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semantically related word pairs that are not also associ
ated. The meta-analysis has shown that semantic priming
is automatic because the magnitude of the semantic
priming effect is not affected by variables that allow
strategic processing (SOA, task, etc.). This is somewhat
curious, because strategic processes have long been
known to influence associative priming. For example,
there is both inhibition and a relatedness proportion ef
fect for associative pairs at SOAs greater than 250 msec
(Neely, 1991). Are there, then, two kinds of priming,
purely semantic priming, which is automatic, and purely
associative priming, which is strategic, as suggested by
Thompson-Schill, Kurtz, and Gabrieli (1998)? I think it
would be premature to draw this conclusion. The meta
analysis indicates that semantic priming can be auto
matic, because priming occurred with short SOAs and
with tasks like CLD that make strategic processing un
likely. But the evidence is weaker that semantic priming
cannot also be strategic under the right circumstances.
One area of uncertainty concerns the finding of no dif
ference between effect sizes in the categories oflow ver
sus high relatedness proportions. Relatedness proportions
of greater than .33 were categorized as high proportions,
but most studies had relatedness proportions on the low
end of the range. Only one experiment had a relatedness
proportion higher than .5, which would provide the
strongest test of the possible effects of that variable. It
may be that evidence for proportionality effects will turn
up with more extreme relatedness proportions than were
found in this set of studies, especially at longer SOAs.
Also, evidence for inhibition (another strong indicator of
strategic processing) could not be properly assessed in
this review, because only two studies used neutral primes.
So, although the evidence indicates that semantic prim
ing is automatic, further studies are needed in order to
determine whether it cannot also be strategic.

Does Type of Semantic Relationship Matter?
Collins and Quillian (1969) made hierarchical cate

gorical relationships the basis for organization ofknow 1
edge in one ofthe earliest semantic network models. Per
haps for this reason, studies of semantic priming have
tended to focus on category relationships. However,
there is evidence that semantic knowledge is organized
on the basis of other forms of semantic relationships as
well. For example, different kinds of semantic relation
ships may be impaired in aphasias and Alzheimer's dis
ease (Chertkow, Bub, & Seidenberg, 1989; Moss, Tyler,
Hodges, & Patterson, 1995; Moss, Tyler, & Jennings,
1997; Tyler & Moss, 1997). Moss, Tyler, et al. (1995) and
Tyler and Moss (1997) found that functional properties
are relatively impervious to breakdown in semantic de
mentia and aphasia, unlike other types of semantic rela
tionships, including categorical ones. This might mean
that functional information is more central to meaning
than other types of relationships. Also, some network
models of semantic knowledge have similarity or over
lapping features rather than categories as the major

structural organizing principle (Masson, 1995; McRae
& Boisvert, 1998; McRae, de Sa, & Seidenberg, 1997).
According to these models, types of semantic relation
ships other than categorical ones can be salient. If these
other semantic relationships are encoded in the lexicon,
their comparative centrality to word meaning might be
evident in relative differences in the effect sizes of dif
ferent types of semantic relationships.

Unfortunately, many of the studies in the review did
not control for type of semantic relationship, and ofthose
that did, a majority used category coordinates as prime
target pairs (e.g., bronze-gold). For other types of rela
tionships, there were sometimes so few observations (and
sometimes just from one laboratory) that it would be very
premature to draw any conclusions about differences in
type of relationships. More research is needed on the
priming effects ofrelationships other than coordinates. But
as an indication ofwhere potentially interesting differences
might lie, the available effect sizes for different types ofse
mantic relationships are reported here.

A variety of semantic relationships were investigated,
including synonyms, antonyms, script relations (e.g.,
theater-play) and perceptually related primes and targets.
Perceptually related pairs either referred to objects of
similar shape, as in snake-river (Pecher, Zeelenberg, &
Raaijmakers , 1998), or to object-attribute pairs in which
the attribute was a perceptually salient feature of the ob
ject, as in snake-long (Lucas, in press). What various re
searchers called functionally related items were generally
instrument/action pairs (e.g., broom-sweep). Although
Moss, Ostrin, Tyler, and Marslen- Wilson (1995) included
script relationships in the category of functional relation
ships, other researchers did not. Since Moss, Ostrin, et al.
reported means for script and instrument relationships
separately, they are kept separate in the following analy
sis. Finally, some researchers (Keil, 1989; Murphy &
Medin, 1985) have argued that conceptual knowledge is
organized around theories that resemble scientific theo
ries, and that word meanings based on such theories in
corporate properties that are essential to the constitution
of the natural kind object to which the word refers. On
this view, for example, CALCIUM is an essential property
of MILK since a substance cannot be milk without con
taining calcium, except under very unusual circum
stances. Prime-target pairs related by essential properties
constitute a final category of semantic relationship.

Coordinates had an average d of .23 (57 observations)
and .22 (16 studies). Synonyms, antonyms, and script re
lations all had effect sizes in a similar range. For syn
onyms, the average d was .21 (7 observations) and .20 (2
studies); for antonyms, the average d was .20 by both ob
servations (5) and studies (1); for script relations, it was
.27 by both observations (3) and studies (I). Functional
relationships, which included instrument relationships,
gave rise to much larger effects (average d = .55, 5 ob
servations, and .46, 3 studies), supporting Tyler and
Moss's (1997) proposal that functional relationships are
central to meaning. Perceptually related prime-target
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pairs, however, were unusually low in effect size (average
d = .05 by both observations [IOJ and studies [2]), as
were pairs related by essential features (average d = .07
by both observations [4Jand studies [1J). These low ef
fect sizes are surprising, given the supposed importance
of the latter types of features to word meaning. Again,
more work will be required in order to replicate these dif
ferences, since the unusually low and unusually high ef
fect sizes were the result of very few observations.

Is There an Associative "Boost"?
Moss, Ostrin, et a!. (1995) have suggested that prim

ing might be greater for word pairs that are both asso
ciatively and semantically related than for word pairs
that are only semantically related, an effect they call the
associative boost. The inclusion of both associatively
and semantically related primes in some studies made it
possible to determine whether there is an associative
boost. To get a d value for the booster effect, the d for the
targets that were only semantically related was sub
tracted from the d for targets that were associatively and
semantically related. This measure was calculated only
for experiments in which the semantic types of the asso
ciative and semantic pairs were equated so that the addi
tion of an associative relation to the semantic relation
made for a meaningful comparison. A total of46 obser
vations across nine studies fit these criteria.

Adding association to a semantic relationship in
creased the size ofthe priming effect .24 by observations
and .26 by studies, on the average. In other words, the
associative boost just about doubled the effect size over
that found with purely semantic relationships. So there is
some evidence that the addition of an associative bond
does havea positive effect on lexical access over and above
that provided by a semantic relationship alone.

Do Representational Differences Give Rise to
Differences in Associative and Semantic Priming?

The results of the meta-analysis show that purely se
mantic relationships between words can be responsible
for automatic priming, indicating that these relationships
are encoded in the lexicon and are automatically ac
cessed whenever a word is recognized. The evidence for
an associative boost further suggests that the association
bond adds something over and above the purely seman
tic. Earlier, one possible source of differences between
semantic and associative priming, attentional versus au
tomatic processing, was considered and tentatively dis
missed for lack of strong evidence. But even if there are
no differences in the types of attentional processing un
dergone by the two types of relationships, differences in
representation may be able to explain the source of at
least some differences between the two relationships, no
tably the source of the associative boost. Evaluation of
this possibility requires some discussion about what the
terms associative and semantic refer to.

Semantic is generally understood to refer to any kind
of meaning relation. Vague as this definition is, unfortu-

nately, it does capture the imprecision in how semantics
has been construed in this literature. In selection ofstim
uli, the preferred meaning relations have typically been
categorical, as noted earlier; recently, investigations of
semantic relations have included more varied relation
ships such as functional, script-based, and perceptual re
lations, among others. Associative relationships, on the
other hand, are usually defined by the measure used to
establish the relationship-the word association test that
measures the ease with which one word comes to mind
given another.

But what gives rise to word associations? On one
view, associative relationships are often simply stronger
semantic relationships; the associative response is elicited
because of the very strong semantic relationship between
words (McRae & Boisvert, 1998). In support of this hy
pothesis, Thompson-Schill et a!. (1998) presented evi
dence that associatively related prime-target pairs in and
ofthemselves do not automatically prime unless they are
also semantically related. They argued that earlier failures
to find automatic priming for semantically related words
were due to low semantic similarity among pairs. On this
view, the associative "boost" would arise simply from the
stronger semantic relationship that typically holds among
associated word pairs.

There are good reasons for entertaining this hypothe
sis. After all, we have evolved to notice, remember, and
exploit meaningful relationships in our environment;
therefore, it is likely that these meaningful relationships are
the primary glue holding together our semantic networks.
And most associative relationships are also semantic.
Because there has been a tendency to take "semantic" re
lationships to refer to categorical relationships only, the
semantic relationships among associates have some
times been missed by researchers attempting to study
purely associative priming. For example, needle-thread
might be deemed a purely associative relationship be
cause there is no categorical relationship between the
two words; however, there is a meaningful instrumental
relationship between them (Moss, Ostrin, et a!., 1995).

The association as semantic relationship hypothesis is
hard to assess at this time, for a variety of reasons. Al
though all authors of the studies included in this meta
analysis assiduously collected association norms on
stimuli, fewer collected norms on the strength ofseman
tic relationship. Even ifmost authors had collected such
norms, it would be difficult to equate strength ofseman
tic relationship across studies. Unlike association norms,
for which the task is fairly standard, authors had differ
ent ways ofposing the question about semantic relation
ship; they used different measurement scales, and so
forth. Resolution of this issue requires not just more at
tention to this variable on the part ofresearchers but also
the development and acceptance of standard similarity
norms that can be compared across studies in the same
way association norms now are.

An alternative hypothesis about the source of the as
sociative boost involves a distinctive role for associative



626 LUCAS

connections over and above their semantic role. In an in
fluential renaissance ofHume's proposal that associative
relationships can originate in contiguity-that is, in the
frequent co-occurrence of ideas in space and time
Fodor (1983) proposed that word associations are due to
the frequent co-occurrence ofwords in language use. On
this view, the co-occurrence frequency of words in dis
course is reflected in the connections between the corre
sponding lexical representations in the mental lexicon.
Earlier, we saw that this proposal led to the intralexical
priming hypothesis, in which co-occurrence bonds give
rise to priming, but semantic relationships are encoded
in a separate conceptual network, which cannot provide
feedback to the associative lexical network. This hy
pothesis has not been supported by this meta-analysis,
which provides evidence for a more integrated lexicon.
But, if priming can be the result ofpurely semantic rela
tionships, it might not be exclusively so. That is, prim
ing might be a function ofconnections formed by the co
occurrence ofwords in discourse as well as a function of
semantic relationships. If so, a hybrid model could ex
plain the associative "boost." Moss, Ostrin, et al. (1995)
hypothesized that much ofpriming is semantically based
but can receive a boost from the additional priming pro
vided by a co-occurrence relationship.

Finding evidence for this hypothesis requires finding
an effect that is the converse of semantic priming with
out association: purely co-occurrence priming without a
semantic relationship. The latter effect is difficult to un
cover, because, as has just been noted, associations are
often also semantic. Also, efforts to determine whether
pure co-occurrence relationships can prime have been
few and the results equivocal. McKoon and Ratcliff
(1979, 1986) found priming for episodically studied
prime-target pairs that were unrelated semantically.
McKoon and Ratcliff (1992) developed a measure ofco
occurrence called the "t value," which measures the de
gree of co-occurrence in a six-word window. Pairs with
high t values co-occur in that window more frequently
than pairs with lower t values. The high t value pairs in
Experiment 3 oftheir study were not associated; nonethe
less, they showed priming. However, semantic relation
ships could have been responsible for the priming that
they found. Quite a few oftheir stimuli seem to have had
a noncategorical semantic relationship (e.g., young-kids;
kitchen-knife).

Other attempts to find evidence for co-occurrence
priming have not been so successful. Neely and Dur
gunoglu (1985) and Carroll and Kirsner (1982) reported
failures to find priming for episodic co-occurrence rela
tions. Durgunoglu and Neely (1987), attempting to repli
cate McKoon and Ratcliff's successes, found episodic
priming only when all studied items were words and
when no semantic extralist primes were used. They argue
that strategic processing may have been at work in the
earlier studies.

Dagenbach, Horst, and Carr (1990) suggested that a
problem with any attempt to study episodic priming is

that no experiment can hope to mimic the number of
episodes in real life in which associated pairs are en
countered. Any failure to find episodic priming, then,
could be attributed to lack of a sufficient number of
training episodes. The few studies which investigated
episodic priming usually presented a to-be-remembered
pair just once for some extended study period. Dagen
bach et al. were unable to find priming under these con
ditions, but when subjects were given 5 weeks worth of
training on the pairs, they did find priming. However,
this extensive training worked only for meaningful pairs.
This last effect is intriguing, indicating that associations
develop only among meaningful word pairs. But there
are reasons to question this result. It is, after all, a null ef
fect, and the sample size was very small (N= 12). How
ever, more support for Dagenbach's conclusions can be
found in a study that took a different approach to the prob
lem. Instead of looking for episodic priming, de Momay
Davies (1998) studied pure co-occurrence relationships
that are encountered frequently in natural language use,
such as those found in compound words (e.g., honey
moon). He found no priming for targets in the pairs
formed from such compounds.

The failure to find co-occurrence effects is interesting
in light of two recent models of semantic knowledge,
LSA, or latent semantic analysis (Landauer, 1999; Lan
dauer & Dumais, 1997), and HAL, or hyperspace ana
logue to language (Burgess, 1998; Lund & Burgess,
1996). The research just reviewed defined co-occurrence
locally; that is, word pairs were considered to co-occur
if the experimenters directly linked them or if they co
occurred often in strings of text. LSA and HAL, how
ever, have attained striking success in simulating prim
ing by using global measures of co-occurrence. Starting
with local contextual contiguity among words in a given
corpus, the models build a vector representation ofeach
word in the corpus. The vectors constitute points in a
very high-dimensional semantic space. Through con
straint satisfaction, this space can capture indirect asso
ciations among words that do not explicitly co-occur in
texts (Landauer & Dumais, 1997) and that embody gen
eralizations formed from the entire contextual history of
the word along with all the other words encountered by
the model (Burgess, 1998). The resulting semantic space
embodies abstract and generalized similarities among
words. As a consequence words that may seldom if ever
co-occur locally (e.g., road and street) may nevertheless
have very similar vector representations. Although in
both models (global) co-occurrence plays a seminal role
in the formation of semantic relationships, both models
hypothesize that semantic relationships (defined by the
high-dimensional semantic space) are the primary
source ofpriming phenomena, not the co-occurrence re
lationships per se. Indeed, in a simulation of the seman
tic priming effect, Lund, Burgess, and Atchley (1995)
failed to find priming for word pairs that were associa
tively but not semantically related. Impressive as these
simulations are, whether or not HAL and LSA constitute
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viable and complete psychological models of semantic
knowledge awaits further study (see Barsalou, 1999, for
a discussion of the limitations ofthese models). Nonethe
less this work casts further doubt on the possibility ofco
occurrence connections (at least local co-occurrence
connections) as a primary source ofassociative priming.

CONCLUSIONS

The results of the meta-analysis indicate that seman
tic priming can occur automatically and without associ
ation and for varied types of semantic relationships.
Moreover, strongly associated word pairs can lead to a
boost in priming over and above the effect of semantic
relationship alone. Whether this associative "boost" is
due to a particularly strong semantic relationship among
associated words or to the addition of a co-occurrence
relationship remains unclear. Similarly, it is unclear
whether semantic and associative priming differ in at
tentional processing, with semantic priming being ex
clusively automatic and associative priming being ex
clusively strategic. The results of the meta-analysis do,
however, strongly support the interaction of lexical and
semantic information over a modular view.

The results also carry implications for popular models
of lexical access that make predictions about semantic
and associative priming: the spreading activation model,
the compound cue model, and various distributed models.

Distributed models of semantic representation, based
as they are on semantic similarity, are clearly supported
by the data. In a distributed model of semantic represen
tation, word meaning is represented by a pattern of acti
vation over a large number of units representing features
or microfeatures. Related words share many of the same
features. On this view, a prime facilitates the processing
ofthe target by activating many of the same features that
the target will. These models naturally predict semantic
priming without association: the more the overlap be
tween the patterns of activation for two words, the more
likely that priming will occur and the stronger the effect.
Should it turn out that further investigation finds that
purely associative (i.e., co-occurrence) priming also con
tributes to the priming effect, distributed networks have
been shown to be flexible enough to accommodate co
occurrence as well as semantic relationships (Moss,
Hare, Day, & Tyler, 1994; Plaut, 1995).

Any model that predicts that associative relationships
are the primary source of priming phenomena does not
fare as well. The evidence indicates that purely semantic
relationships are the best predictors of priming, particu
larly automatic priming. This would seem to pose insol
uble difficulties for spreading activation models, in
which activation is a function of associative relation
ships-even though such models make the right predic
tions about the interactive nature of lexical and concep
tual networks. It is worth pointing out, however, that in
the most frequently cited network model of this sort
(Collins & Loftus, 1975), links among items in the

spreading activation network were supposed to be a
function of semantic similarity based on shared proper
ties, not on association. Nonetheless, several papers in
this review cited the Collins and Loftus model as an ex
ample ofan associative network. Others reported that se
mantic similarity was one basis for connectivity in that
network but that associative relationships also played an
important role. Perhaps this misunderstanding arose be
cause Collins and Loftus themselves sometimes referred
to the "associated" concepts in their network, at a time
when distinctions between semantic and associative re
lationships were typically not made. Careful reading of
their paper, however, indicates that "associated' pairs
were viewed as associated on the basis of the closeness
of semantic relationship, and not contiguity or free as
sociation production frequency. In the emphasis on se
mantic similarity as an organizing principle, the Collins
and Loftus spreading activation model resembles dis
tributed models, even though there are many important
differences between modern distributed networks and
the Collins and Loftus network (e.g., weighted connec
tions, constraint satisfaction, the role of microfeatures,
etc.). Nonetheless, it remains true that many researchers
construe spreading activation networks as primarily as
sociative networks and that several models of spreading
activation networks are primarily associative (e.g., An
derson, 1983; McNamara, 1992). On that basis, spread
ing activation models make poor models of priming.

The compound cue model (McKoon & Ratcliff, 1989,
1992; Ratcliff & McKoon, 1995) differs from the other
two models in that there is no activation. According to
the compound cue model, the prime and target form a
compound cue in short-term memory that is used to
search long-term memory. The greater the familiarity of
the compound, the easier the access to the target in long
term memory. Familiarity is a function of"the frequency
with which the subjects in our experiments have en
countered or processed the compound in past experi
ence" (McKoon & Ratcliff, 1992, p. 1163). This approach
seems most compatible with a co-occurrence account of
priming, and, in fact, MeKoon and Ratcliff (1992) used
local co-occurrence as the operational measure of asso
ciation value in their test of semantic priming. But, as
noted earlier, the evidence for local co-occurrence as a
source of priming is weak. McKoon and Ratcliff (1992)
claim that explanations ofpriming based on semantic re
latedness alone can also be accommodated in their
model, but the model has, so far, not been focused on that
aspect of word relationships. In comparison with dis
tributed models, which have had semantic similarity as
the basis for priming from the start, and which have a
fairly sophisticated account ofhow semantic relationships
are encoded in the lexicon, the compound cue model does
not provide as complete or satisfying an account of se
mantic priming without association.

Finally, the meta-analysis reveals many areas in which
further research is needed. One moderator variable I
would have liked to analyze was strength of semantic re-



628 LUCAS

lationship. Unfortunately, this information was only in
frequently gathered, and there was no way to compare
estimates of strength of semantic relationship across
studies (as discussed on p. 625 above). There is evidence
that this variable could very well make a significant dif
ference in effect size across studies from work reported
in McRae et al. (1997). They asked subjects to rate sim
ilarity of their own prime-target pairs as well as those
from Shelton and Martin (1992), using the same 1-9
measurement scale for both. The average ratings for the
Shelton and Martin stimuli were almost half as large as
those for McRae et al.'s. Next they ran the two sets of
stimuli in a CLD paradigm and found priming for the
more similar stimuli (d = .55). The less similar stimuli
did not show priming by significance testing, although
there was a small semantic priming effect (d = .14). More
studies need to directly manipulate strength of semantic
relationship as McRae et al. did to determine whether the
strength variable might be responsible for some of the
failures to find significant priming effects. It is also pos
sible that the lower average effect size for semantically
related pairs in comparison with associatively related
pairs is partially, if not entirely, explained by this vari
able, as proponents of the association-as-semantic
relationship hypothesis, discussed in the previous sec
tion, would argue.

Another area in need ofgreater attention concerns the
methods for determining that semantically related pairs
are not also associated. As noted in the Method section,
there Wasno consensus on the best way to do this. This
problem is exacerbated by the uncertainty over what
norms ofassociation measure one should use: strong se
mantic relationships, or co-occurrence. As discussed on
pp. 625-627 above, there is currently no strong evidence
for either hypothesis. Finding consensus will be further
complicated by a particularly difficult problem: unlike
in attempts to determine the degree of semantic or asso
ciative relationship among words, which yield a positive
value, the search for a nonassociative relationship is a
search for a null effect. But failure to find an association
does not mean that it is not there; the technique could be
flawed or ofpoor resolution (McKoon & Ratcliff, 1992).
Until these issues are resolved, researchers should make
explicit their justification for using specific norms or
techniques for gathering norms.

We also need further investigations into the fine
grained structure of the lexicon. Which types of seman
tic relationships are more likely to prime, and what can
these differences tell us about the relative importance of
different property types to word meaning? To date, cat
egory coordinates have been the primary focus of re
search, with too little attention paid to other types of se
mantic relationships such as the perceptual, essential,
and functional relations. Even less attention has been ad
dressed to priming of lexical relationships that have a
syntactic component, such as priming among words that
instantiate thematic roles or priming among function

words and the content words with which they are typi
cally associated.

One promising area ofresearch not directly addressed
in this review concerns the differing roles of the hemi
spheres in lexical processing. Chiarello and her col
leagues have presented evidence that suggests that al
though semantic information is similarly represented in
the two hemispheres, spreading activation in the right
hemisphere is more diffuse than the more focused and
limited activation of the left hemisphere (Chiarello,
Burgess, Richards, & Pollack, 1990;Chiarello & Richards,
1992). They found that related but nonassociated words
were more readily primed in the right hemisphere than
the left. Unfortunately, this hypothesis has seldom been
investigated. Researchers controlled for associative re
lationships in only two of the studies from which effect
sizes could be calculated for this meta-analysis (Aber
nethy & Coney, 1996; Chiarello & Richards, 1992), and
the findings contradict each other. This may be, as Aber
nethy and Coney assert, because of differences in the
choice ofbaseline between the two studies, but there are
simply not enough observations in this area to be certain
about that. More work on hemispheric differences in se
mantic priming is needed to resolve this issue.

Finally, the lessons of the priming literature for iso
lated words need to be integrated with results from the
sentence processing literature. The lexicon exists, after
all, to serve comprehension and production ofdiscourse.
Unfortunately, researchers typically do not control for
associative versus semantic relationship of prime and
target in sentence processing studies, so that more atten
tion to the type and strength of relationship is needed in
those studies (Lucas, 1999). But sentence processing is
considerably more complex than single word priming.
Priming builds across several words in a sentence and in
volves constraints at levels beyond the lexical; it is not
clear how all these constraints affect automatic priming
ofthe target. For example, one proposal is that automatic
priming may be affected by the meaningfulness of the
discourse. Hess, Foss, and Carroll (1995) argue that ex
periments done with isolated words are useful but oflim
ited utility in helping us figure out how the lexicon
works in discourse comprehension, because humans are
always seeking coherence and meaning. They found that
when a priming task was embedded in a discourse con
text, global contexts (established by the topic or focus of
the scenario described by the discourse) rather than local
contexts (predictable agent-action relationships) deter
mined whether there would be priming. Hess et al. con
cluded that subjects seek meaning at the highest level
possible; when the only information available consists of
isolated words, they seek whatever coherence relation
ships they can within the word pairs. These conclusions
suggest that the study of isolated word pairs can provide
us with a baseline of lexical organization against which
to chart the dynamic flux of semantic relationships in
language use. But we need to go beyond the word pair to
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consider the task and the context if we are to build a
complete and ecologically valid view of the lexicon and
its operations.
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