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ABSTRACT

The aim of this research was to examine how single word context affects word recognition in
naming and lexical decision tasks. Overall. word targets are recognized faster and/or more
accurately when they are preceded by related word primes compared with neutral primes and,
in some circumstances. are identified more slowly and/or less accurately when they follow
unrelated primes compared to neutral primes. A primary concern is that there is little empirical
and theoretical justification for choosing one among a variety of neutral primes. Four current
models of semantic priming were used to confine the search for an appropriate neutral prime.
The results of a tone detection task in Experiment 1. and a dual naming/probe task in
Experiment 2, showed that nonword primes produce the same alerting effects and consume as
much attentional capacity as word primes. Experiment 3 demonstrated that nonwords do not
introduce any perceptual or response biases. Thus, nonword primes appear to satisfy the criteria
required of a neutral context. Measures of facilitation and inhibition calculated from a nonword
baseline at long SOAs revealed that semantic priming was facilitatory in a primed naming task
in Experiment 2 and inhibitory in a lexical decision task (LDT) in Experiment 3. At short
SOAs, there were facilitatory priming effects only in the naming and LDT. Ina lexical
matching task (LMT) in Experiment 4, priming effects were restricted to short SOAs. Evidence
of inhibitory priming effects in the LDT was inconsistent with those models of priming that
propose that context effects are the product of strategic processes. The use of nonword primes
in Experiments 3 and 4 at short SOAs revealed that nonwords can facilitate the recognition of
word targets when nonword primes are created from related word primes. The effects of
nonword priming are discussed in terms of two models that purport that semantic priming is the

result of automatic processes. The overall findings of these four experiments are inconsistent

1



with current models of semantic priming. The informational constraint model is introduced as
an alternative form of explanation for semantic priming. In this model. various types of lexical
information are represented in a distributed fashion coupled with a mechanism of sensitization
and habituation by which participants gain access to the specific modules of information. The
model emphasizes the constraints that learning and attention provide in order to account for the
effects that relatedness proportion. nonword ratio, stimulus sets, and different neutral primes

have on word identification.
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Introduction

The issue of how context affects the process of lexical access (i.e., the process by
which a word activates an internal representation in memory) has been studied extensively
using lexical decision and naming tasks. Typically, the procedure is to present a single word
context or prime, followed shortly after by a target. Many studies have demonstrated that the
identification of the target (e.g., green) is faster and more accurate when it is preceded by a
related prime (e.g., grass) compared with either an unrelated (e.g., table) or neutral prime (e.g.,
XXXX) (e.g., Antos, 1979; Becker, 1980; de Groot, 1984; McNamara, 1992a; Neely, 1991;
Seidenberg, Waters, Sanders, & Langer, 1984). Despite the reliability of semantic priming, it is
still unclear what role context plays in word recognition. Currently, there are four general
theoretical explanations for semantic priming, (1) spreading activation (e.g., Collins & Loftus,
1975, Joordens & Besner, 1992; McNamara, 1992a, 1994a, 1994b; Meyer & Schvaneveldt,
1971; Meyer, Schvaneveldt, & Ruddy, 1975, (2) compound cuing (e.g, Dosher & Rosedale,
1989; Ratcliff & McKoon, 1988, 1994, 1995), (3) expectancy induced priming (e.g., Becker,
1985; Keefe & Neely, 1990; Neely, 1977; Posner & Snyder, 1975a, 1975b), and (4) semantic
matching (e.g., de Groot, 1985; Farah, 1989; Lupker, 1984; Neely, 1977; Neely & Keefe, 1989;

Norris, 1986; Stanovich & West, 1983).

In general, those models that propose that semantic priming is the result of spreading
activation or the formation of a compound cue are concerned with those processes said to occur
automatically. Automatic processes presumably occur quickly, unintentionally, and effortlessly.
[n contrast, expectancy and semantic matching models are concerned with strategic processes.

The effects of strategic processes appear slowly, intentionally, and require attention. The



2
distinction between automatic and strategic context effects provides the overall structure of the

following discussion and tests of these models.

The position adopted here is that much of the inconsistency and controversy from the
results of semantic priming stems from the use of different and unreliable neutral contexts. In
order to begin to answer the question of how context affects word recognition, a valid baseline
is necessary from which to measure the difference between the related and neutral conditions
(i.e., facilitation) and the unrelated and neutral conditions (i.e., inhibition). The problem is that
researchers have yet to discover an adequate neutral prime from which to estimate facilitation
and inhibition. There have been a number of arguments that state that each of the different
neutral primes that have been used in the past cannot be considered neutral for a variety of
reasons (e.g., Antos, 1979; de Groot, Thomassen, & Hudson, 1982; den Heyer, Taylor, &
Abate, 1986; Jonides & Mack, 1984). Since it is generally assumed that it is the meaning of the
primes that is affecting word recognition, neutral primes should be the same in all respects to
word primes except that they do not have meaning. In particular, neutral primes should satisty
three criteria: (1) they should have the same alerting effects as words, (2) they should demand
the same amount of attention as words, and (3) they should not introduce response or
perceptual biases. The aforementioned models provide the framework from which to implement

a search for a prime that will satisfy these criteria.

What follows is a review and tests of four current models of semantic priming. The
review highlights some inconsistencies and issues that have arisen from measures of facilitation
and inhibition in the past. The results of the current investigation reveal that nonword primes

provide adequate neutral primes as defined by current models of semantic priming. However,



the pattern of facilitation and inhibition observed in the present experiments, measured from a
nonword baseline, does not support the predictions of these four models. Consequently, a new

model semantic of priming is presented in the final section of this document.

Automatic Processing

Spreading Activation (SA)

Many researchers have adopted SA models of semantic memory to explain priming
(e.g., Joordens & Besner, 1992; Meyer & Schvaneveldt, 1971; McNamara, 1992a, 1992b,
1994b; Meyer, Schvaneveldt & Ruddy, 1975). According to these models, the meaning of a
word is represented by an assembly of internal connections in semantic memory (Anderson,
1976, 1983; Collins & Quillian, 1969; Collins & Loftus, 1975). This lexicon functions as an
associative network in which related entries are metaphorically closer in memory than
unrelated representations. When a word appears, it is assumed that activation will begin to
accrue in a lexical device in memory that represents its identity. During the processing of a
word, activation will simultaneously spread throughout the network to nearby related locations
sooner than unrelated entries that are further from the source of activation. In a priming
paradigm when a target appears that is related to the preceding prime, its representation will
have been partially activated, thereby facilitating the processing of that target compared to a

target that follows an unrelated or neutral prime.

Spreading activation models are typically based on three assumptions. First, it takes

time for activation to spread throughout the network. Second, activation decreases as the



number of links between concepts increases, and third, priming should not produce inhibitory

effects.!

In support of the second assumption, Ratcliff and McKoon (1981) found that activation
does seem to decrease as a function of distance within a semantic network. Participants were
asked to decide whether a target word had appeared in studied paragraphs. The prime was near
(i.e., 3 links), or far (i.e., 9 links) to the target in the structure of the paragraph. Measures of
facilitation taken from the nonword baseline condition revealed that there was more facilitation
in the near condition than the far condition. However, the prediction based on the first
assumption that facilitation should take longer to appear in the far condition was not confirmed.
The onset time for facilitation was about the same for the far and near conditions, (50 ms)

which then began to decay around 3G0 ms.

What is curious about the Ratcliff and McKoon (1981) study is that the nonword
condition was not affected by SOA. Response times in the neutral nonword condition remained
constant across four stimulus onset asynchronies (i.e., SOAs of 100, 150, 250, & 350 ms),
while reaction times (RT) in the related word prime condition decreased as SOA increased.

They offered no explanation for this discrepancy.

Subsequent research has also shown that facilitation does not occur any sooner for

closely related than distantly related primes and targets (Lorch, 1982). However, unlike the

! Some SA models have added additional mechanisms such as limited capacity strength
(Anderson, 1983), inhibitory connections (Seidenberg & McClelland, 1989), and dampening
(McClelland & Rumelhart, 1981) to accommodate inhibitory effects. Nonetheless, as a rule
spreading activation should lead to facilitation only.
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Ratcliff and McKoon (1981) study, priming functions did not asymptote within the investigated
range of SOAs (i.e., 200, 400, 600, & 800 ms). Facilitation in the Lorch report was calculated
from the neutral word "blank", and in comparison to the Ratcliff and McKoon results, RTs
decreased as SOA increased in the neutral condition. From these two studies, it appears that the
distance between concepts is an important factor in determining the amount of activation that
an entry will receive, but not the amount of time that it will take for spreading activation to
reach an entry. Estimates of how long this activation lasts, however, depend on what type of

prime is used in the neutral condition (i.e., blank vs. nonword).

Opposing the idea that distance affects activation levels, two studies indicated that the
strength of association did not affect priming. Using a lexical decision task (LDT) and
"XXXX" neutral primes, Neely (1977) found no difference between the amount of facilitation
between low and high dominance categorical primes and targets (e.g., BIRD - goose vs. BIRD -
robins). Similarly, when priming was measured from an unrelated word baseline, strong and
weak associates (e.g., butter - bread vs. cry - baby) produced the same amount of priming ina
naming task (Warren, 1977). One reason for these discrepancies may be due to differences in
baselines - Neely used "XXXX" primes, Warren used unrelated word primes, Ratcliff and
McKoon (1981) used nonword primes, and Lorch (1982), used the word "BLANK" as a

baseline measure.

Spreading activation models do not predict inhibitory effects. A prime should affect
processing of the target only if it is related to the target. Therefore, unrelated word primes and
neutral primes should affect performance equally, assuming that encoding and attentional

processes can be equated among the priming conditions (McNamara, 1994a). In spite of this,
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several investigations have found that semantic priming can lead to inhibitory effects (e.g., den
Heyer, Briand, & Smith, 1985; Favreau & Segalowitz, 1983; Neely, 1977). For instance, when
response times in an unrelated priming condition (e.g., WEAPON - coat) were compared to
those in a neutral condition (e.g., XXXXX - coat), there was evidence of delays in responding
or inhibition in the unrelated condition (den Heyer et al., 1985). Since SA models do not have a
mechanism in place to accommodate inhibitory effects, it would seem that they require

revision.

In summary, the results of all these studies would suggest that there is some question as
to whether or not the results of semantic priming are solely the product of an automatic spread
of activation. [n defense of SA models, more stringent tests of these models may have to wait

until a more reliable baseline is discovered.

Compound Cue (CC)

The CC model of priming was designed to provide an alternative to SA explanations of
semantic priming (Ratcliff & McKoon, 1988). The major difference between the two
formulations is that SA theory is based on the assumption that the prime temporarily activates a
lexical entry in long-term memory (LTM), whereas the CC model uses the assumption that the
prime has no effect on lexical representations in LTM. When a target appears, it is combined
with the preceding prime in short-term memory (STM) to create a compound cue. This
compound cue is then used to retrieve information from long-term memory (LTM). The result
of matching the cue with every entry in LTM will be a value of familiarity. Word recognition,

or more specifically the discrimination between word and nonword targets in an LDT, is based



on the familiarity of the compound cue.

The essence of the CC model is that the amount of priming produced by a single-word
context is a reflection of the extent to which two items are connected to each other in LTM. In
a related priming condition (e.g., green - grass), the compound cue will be composed of two
items that are directly connected in LTM. By contrast, in the unrelated priming condition (e.g.,
bone - grass), the compound cue will be constructed of two elements that have no direct
connection in LTM. As a result, the target will be more familiar when it appears in the context
of a related prime than when it appears in the context of an unrelated prime. Because latencies
and/or accuracy are directly related to levels of familiarity, "word" recognition performance

will be superior in the related condition relative to the unrelated condition.

From the perspective of the CC model, priming simply provides an additional retrieval
cue that may or may not aid recognition performance. Context does not speed lexical access nor
does it facilitate lexical decisions after a target is recognized. Semantic priming is therefore
neither a pre- nor a post-lexical effect, but a product of an increase of familiarity that is a result
of a prime being connected to the target’s representation in LTM. The various degrees of
familiarity that originate during the retrieval of semantic information can account for a number

of different results in the semantic priming literature, including the effects of lag and prime

type.

Lag in priming refers to the number of items that are interposed between a prime anda
target. Since spreading activation operates within LTM, it should not matter if a third unrelated

word is placed between the prime and target (i.e., lag of 1). Contrary to this, an intervening



item (e.g., green - bone - grass) can eliminate priming as anticipated by the CC mechanism
(Masson, 1991, 1995; Ratcliff & McKoon, 1988). The explanation is that the intervening item

"bumps" the prime out of the compound cue in STM.

Some studies have documented that priming can survive an intervening item in a
sequential lexical decision task (SLDT) (McNamara, 1992a) and in a naming task (Joordens &
Besner, 1992). The reply offered by the CC model is that a compound cue can contain three
items in certain circumstances (Ratcliff &McKoon 1988). Therefore, lag effects alone are not
able to distinguish whether or not the effects of priming are the product of spreading activation

or due to the formation of a compound cue.

The effects of various types of primes provide another means of separating CC and SA
explanations of priming. According to SA models, a prime will only affect word recognition if
it is associated with a representation of the target in LTM. Unrelated, neutral, and nonword
primes will produce equal effects since none of them activate a related target entry, and thus
they cannot produce facilitation or inhibition. In effect, each of these types of primes can serve
as baselines from which to measure the consequences of providing the reader with a related
context. However, this stance is based on the assumption that all four types of primes, related
words, unrelated words, neutral words, and nonwords are equal in terms of alerting and

attentional effects.

The CC model maintains that unrelated, neutral, nonword, and related primes, will all
have different effects as each produces different familiarity values. Unrelated primes are not

connected to the target in memory and therefore produce average or residual levels of



familiarity. Related primes and targets produce greater than residual levels, because they are
directly connected in LTM. Nonwords are not represented in LTM and thus produce less than
residual levels of familiarity. The authors of the CC model have chosen the unique position that
neutral primes are not included in the compound cue but are instead replaced by the target on
the previous trial (n-1). Because the target on trial n-1 is rarely related to the next target, neutral
trials will have the same familiarity as unrelated trials. Therefore, like SA models, the CC

model does not predict inhibitory effects from unrelated word primes and targets.

To test the idea that neutral word primes are eliminated from the compound cue,
Ratcliff and McKoon (1988) varied the relation between targets and prime type in an item
recognition task. Five sentences were presented, one at a time, for participants to study. After
wich appeared a prime followed by a target. Participants were to respond “yes” if the target had
appeared in one of the five studied sentences and *no” if it had not. The prime was a word from
the same sentence, a different sentence, or the word "ready". According to the CC model, if the
prime is neutral (i.e., the word “ready”), then the target from the previous trial will replace the
prime and become the prime for the current target. Response times to a target were close to the
same when previous target was from the same sentence and the previous target was from a
different sentence. However, when a neutral prime was used, response timies were faster when
the previous target and the target were from the same sentence than when the previous target
and target were from different sentences. It appears that the model was correct in predicting
that between trial priming is possible when the prime is a neutral word. Spreading activation
models have no way of explaining why there is between trial priming only when the prime is
neutral and not when it is an unrelated word; word and neutral primes should be treated

equally.
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Ratcliff and McKoon (1988), however, point out that between target priming may not
be inconsistent with all SA accounts of priming,. It is possible that target to target priming is
possible during a neutral trial because participants are no longer attending to the neutral prime.
In the course of an experiment, participants would attend to unrelated primes while a repeated
prime, like the word "ready", would not distract attention away from the target on the previous
trial. According to ACT" (Anderson, 1983), a SA model, if people are attending to the target on
the previous trial when the prime is neutral, the target will become the source of activation and
not the neutral prime. Therefore, it is not that the neutral prime is being expelled, but rather
participants are not attending to the neutral prime. This lack of attention to a neutral prime
would produce a between trial priming effect when two consecutive targets happen to be

related. Exactly how and why this happens is not specified in the ACT" model.

McNamara (1994a) tested between trial priming using an LDT. He used related and
unrelated associations between targets on successive trials and related, unrelated, neutral, and
nonword primes within trials. The reason for introducing nonword primes was that the CC
model predicts a nonword inhibitory effect and the SA model does not. According to the CC
position, a cue composed of a nonword prime should produce a lower familiarity value than a
cue composed of two unrelated words and thus create a nonword inhibitory effect by which
responses in the nonword-word condition are slower and/or less accurate than in the unrelated
word-word condition. The combined data from four experiments did not provide any evidence
of between trial priming or of a nonword inhibitory effect. Semantic priming occurred in each
experiment, and responses were virtually the same in the unrelated, neutral, and nonword
priming conditions. The results from McNamara's studies are therefore consistent with the idea

that nonword, neutral, and unrelated word primes are processed equally as expected by SA



11

models.

One possibility for the difference in resuits is that McKoon and Ratcliff (1988) used a
recognition memory task and McNamara (1994a) used an LDT. However, task differences do
not appear to be the answer. Recently, McKoon and Ratcliff (1995) used an LDT and found
that a previous target primed another when the prime was the neutral word "ready", but not
when the prime was an unrelated word. Furthermore, they were able to establish a reliable
nonword inhibitory effect in which nonword primes delayed RTs relative to unrelated word
primes in three experiments. They do not offer any explanation for the discrepancy between

their findings and those from McNamara (1994a).

Part of the answer for the various findings of between trial priming may lie in the
relative frequency of neutral primes. In related research, for example, Masson (1995) reported a
27 ms between trial priming effect in a naming task in his first experiment. Naming times in the
neutral condition were also 45 ms faster than in the unrelated priming condition. Two-thirds of
the trials contained neutral primes. In the second experiment, a third of the trials had a neutral
prime. The between trial priming effect was a nonsignificant negative 5 ms, and naming
responses were 11 ms slower in the neutral condition than in the unrelated condition. In the
McNamara (1994a) study, in which there was no between trial priming, the proportion of
neutral primes was no more than 26 percent. Lexical decisions in the neutral priming trials were
2 ms slower than in the unrelated priming trials. In the Ratcliff and McKoon (1989, 1995)
reports, in which they found between trial priming, the proportion of neutral primes was always
a half, and responses were 16 ms faster in the neutral priming situation than in the unrelated

priming situation.
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What may be happening is that between trial priming is only possible when there are a
large percentage of neutral primes. There may be several explanations for this. The CC model
could be used to argue that with practice, the neutral primes become more familiar and thus are
expelled from the compound cue, but how this learning process could occur is unclear. Some
SA models suggest that readers no longer attend to neutral primes as their number of repetitions
increase (e.g., Anderson, 1983). One suggestion is that with higher relative frequencies,
repetitive neutral primes become better warning cues for targets (Masson, 1995). Evidence of
shorter latencies in the neutral condition than in the unrelated condition when there are a large
number of neutral primes suggests that this may be possible. Despite what causes these
differences, it is obvious that as the number of repetitions increases, repeated stimuli are
processed differently, and hence neutral primes of this type may be too unreliable to provide

adequate tests of any model of priming.

Testing the effects of nonword primes rather than for between trial priming would seem
to provide a better way to distinguish SA and CC models. The CC model clearly predicts a
nonword inhibitory effect while SA models do not. The advantage of this approach is that, the
same nonword prime is never repeated throughout the experiment and therefore, unlike
repetitive neutral primes, the effects of nonword primes are not confounded by differences in
relative frequencies. Presently, six experiments have failed to find a nonword inhibitory effect
(Borowsky & Besner, 1993; McNamara, 1994a), while three have reported a nonword
inhibitory effect (Ratcliff & McKoon, 1995). No solution for this discrepancy has been offered.

In short, the reliability of a nonword inhibitory effect remains to be tested.
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Strategic Priming

The Two-Process Model (TP)

Neely (1977) was the first to report that there was a clear dissociation between the
effects that occur early during the encoding of contextual information, and those that occur
when participants have more time to process the prime using an LDT. This separation was
accomplished by varying the SOA between the prime and the target and the informativeness of
the prime. Readers were informed that they could expect that a target would be an exemplar of
a category that was not related to the prime (e.g., BIRD - arm). The results showed that in
comparison to the neutral condition (e.g., XXXX - arm) at longer SOAs (e.g., 2000 ms),
responses were faster to expected targets (e.g., BIRD - arm) and slower to unexpected targets
(e.g., BIRD - robin). At short SOAs (e.g., 250 ms), facilitation was observed when the prime
and the target were related, even though the target was from an unexpected category (e.g.,

BODY - arm). At short intervals there was no evidence of inhibition.

To account for this dissociation, Neely used Posner and Snyder's (1975a, 1975b) two-
process (TP) model of attention. He argued that the early onset of facilitation was the product
of the automatic spread of activation while at longer intervals priming was symptomatic of the
focusing of attention upon a memory representation of a target in anticipation of its occurrence.
Anticipating a target would facilitate performance, but it would also create a delay when
attention has to be redirected to the representation of an unanticipated target. Therefore, the
appearance of inhibition indicates that strategic priming effects are occurring (Neely, 1991;

Neely, Keefe, & Ross, 1989).
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The TP model has become the most popular framework in which to study context
effects. In its favor, a number of studies have documented that as the proportion of related trials
increases (i.e., related word prime/word target trials), the amount of facilitation (de Groot,
1984) or the amount of overall priming increases (Koriat, 1981, Tweedy & Lapinski, 1981;
Tweedy, Lapinski, & Schvaneveldt, 1977). For example, when the proportion of related trials
was 87.5%, priming was significantly greater than the priming effect observed when the
proportion was only 12.5% (Tweedy et al., 1977). This pattern of results indicates that the
effects of priming in the low relatedness proportion (RP) condition are the product of automatic
processes while those in the high RP condition depended upon a strategy such as the reader

using the prime to anticipate the identity of the target (Tweedy et al., 1977).

Despite its popularity, there is much evidence from semantic priming studies that is
inconsistent with the TP model. For instance, a review of the literature revealed that in seven
separate studies that used associated primes and targets, there was significant facilitation at
long SOAs (i.e., > 500 ms) but no evidence of inhibition (i.e., Becker, 1980, Borowsky &
Besner, 1993; de Groot, 1984; den Heyer, Briand, & Smith, 1985; Lorch, Balota, & Stamm,
1986; Neely, 1976; Shelton & Martin, 1992). If facilitation at longer SOAs is the product of

conscious expectations, then inhibition should appear from unexpected targets.

Failures to observe inhibition for associatively related primes and targets at long SOAs
may have to do with the way in which neutral primes are being processed. According to CC and
some SA models, a neutral prime will be replaced by the previous target or participants will not
be attending to a repetitive neutral prime. Either way, the result would be that the target from

the previous trail would effectively become the prime for neutral trials. [n most experiments, it
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is very unlikely that two successive targets in the neutral condition will be related. If a target on
trial n-1 is the prime in a neutral trail, then unrelated and neutral trials will be equivalent: both
will effectively contain unrelated primes. Therefore, if neutral primes are being processed in
the same way as unrelated trials, then there should be no difference in performance between the

unrelated and neutral trials or no inhibition.

The idea that targets from previous trials are being used as primes in neutral conditions
loses some of its appeal when considering the effects of categorically related primes and targets
(e.g., Bird - robin). Under these circumstances, a survey of the literature revealed that four
reports failed to find facilitation even though there was significant inhibition (Becker, 1980;
den Heyer et al., 1985; Lorch et al., 1986; Neely, 1977). Of the two reports that found
facilitation, it was only about half the size of the inhibition effect (Favreau & Segalowitz, 1983;
Smith, Brand, Klein, & den Heyer, 1987b). A between trial effect among the neutral trials
would not explain why latencies are so much longer in the unrelated conditions compared to the
neutral conditions. Furthermore, inhibition in the absence of facilitation is in direct

contradiction to the TP model.

One promising feature of the studies that have used categorically related materials is
that at short SOAss, there is no evidence of inhibition. The implication of this is that the TP
model may be correct in assuming that strategic effects are inoperable at short SOAs.
Nonetheless, this leaves the open question as to what process is responsible for priming effects

at long SOAs, if not primed induced expectations.






