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ABSTRACT 

A series of 5 experiments assessed implicit and explicit 

memory for words and nonwords. Experiments 1-2 assessed 

memory for words and legal nonwords (e.g. KERS) following a 

levels-of-processing manipulation and a study/test modality 

shift manipulation, respectively. Robust priming was 

observed for words and nonwords in both experiments, and an 

implicit/explicit dissociation was observed for nonwords in 

Experiment 1. Experiment 3 observed a double dissociation 

between implicit and explicit memory for words and legal 

nonwords following a study condition that confounded the 

above levels-of-processing and study/test modality shift 

manipulations. Experiment 4 observed robust priming for 

legal and illegal nonwords (e.g., XYKS) that dissociated 

from explicit memory following a levels-of-processing 

manipulation. Finally, Experiment observed significant 

negative priming for legal nonwords when the lexical 

decision task was used. These experiments suggest that 

implicit memory can extend to legal and illegal nonwords. 
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INTRODUCTION 

Psychological studies of memory have traditionally 

relied on tests of recall and recognition. A prominent 

feature of these tests is that they make explicit reference 

to past learning episodes and encourage subjects to 

intentionally retrieve old memories. During the past 

several years, however, it has been demonstrated that 

information acquired during a single episode can facilitate 

performance on a number of tests that do not make explicit 

reference to a past study episode, such as word-stem 

completion (e.g., Graf, Mandler & Haden, 1982), lexical 

decision (e.g., Scarborough, Gerard, and Cortese, 1979), and 

perceptual identification tasks (e.g., Jacoby & Dallas, 

1981), among others. Facilitation in these tasks has been 

labeled repetition priming (Cofer, 1967), and tends to occur 

without subjects' deliberate intent to recollect the past 

episode. Graf and Schacter (1985) have used the descriptive 

terms explicit and implicit to describe the forms of memory 

involved in recall/recognition and priming performance, 

respectively. 

There is now an extensive literature comparing 

implicit/explicit memory phenomena for words and objects, 

and a detailed summary of this literature can be found in a 

number of excellent review articles (Richardson-Klavehn & 



13 

Bjork, 1988; Schacter, 1987; Shimamura, 1986). For present 

purposes it will be sufficient to describe three 

implicit/explicit dissociations that are routinely observed 

in the literature. First, amnesic patients perform very 

poorly on explicit tests of memory, but they often perform 

normally or near normally on a variety of implicit tests, 

including the stem completion task (Graf, Squire, & Mandler, 

1984; Graf & Schacter, 1985), and the word identification 

task (Cermak et aI, 1985). Second, performance on implicit 

tests is not generally facilitated by levels-of-processing 

manipulations (Graf & Mandler, 1984), whereas performance on 

explicit tasks is very sensitive to these procedures (craik 

& Tulving, 1975). And third, changes in the modality of 

study/test items reduce or eliminate implicit memory effects 

(e.g., Graf, Shimamura, & Squire, 1985; Jacoby & Dallas, 

1981; Jackson & Morton, 1984). By contrast, these modality 

manipulations have little effect on explicit task 

performance (e.g., Roediger et al. 1987). 

These results have led to a number of theoretical 

proposals concerning the underlying basis of implicit memory 

phenomena. For heuristic purposes, the theories can be 

divided into two broad categories: a) modification theories 

that maintain that implicit memory is the result of 

activating and/or modifying preexisting memory 

representations, and b) acquisition theories that maintain 
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that implicit memory is the result of newly acquired memory 

representations. Clearly, an understanding of implicit 

memory phenomena cannot be achieved until this debate is 

resolved. 

The present report describes five experiments that 

attempt to adjudicate between these two approaches. The 

overall structure of the paper is divided into four main 

parts. In the first section, several prominent theories of 

implicit memory are reviewed. This review highlights a 

critical difference between modification and acquisition 

approaches; namely, modification theories assume that 

implicit memory phenomena are restricted to materials that 

are encoded in memory prior to an experimental session with 

them, whereas acquisition theories predict that implicit 

memory can extend to materials that have no pre-experimental 

status -- i.e., unrelated word associates, nonwords, 

unfamiliar objects, etc. In the second section, experiments 

that have attempted to evaluate these two approaches are 

reviewed. It is argued that these experiments tend to favor 

acquisition theories of implicit memory, but it is noted 

that some key issues have not been adequately explored. In 

the third section, five experiments are described that 

attempt to address some of these unresolved issues. And 

finally, in the forth section of the paper, the theoretical 

implication of the experiments are discussed. 
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THEORIES OF IMPLICIT MEMORY 

Modification Theories 

The view that priming reflects the modification of 

preexisting representations was first put forward by Morton 

(1969, 1979). Morton introduced a model of word recognition 

in which each word is represented as a discrete unit called 

a logogen, and the first step in word identification 

involved accessing the appropriate logogen unit. On this 

view, each logogen is connected to a set of letter 

detectors, and each logogen is active to the extent that its 

appropriate letters are identified. For example, if the 

word "deer" is presented to a subject, then the logogens 

STEER, BEER, DEER, etc., should all become active in 

parallel because each logogen is connected to the letter 

detectors "e" and "r". However, since the logogen DEER is 

connected to all of the appropriate letter detectors, DEER 

becomes more active than its competitors, and it is selected 

when its activation level crosses some predetermined 

threshold. 

A standard finding in the word recognition literature 

is that high frequency words are identified more quickly 

than low frequency words -- the so-called word frequency 

effect. In order to accommodate this result within the 

logogen model, Morton proposed that each time a particular 



word is identified, its associated threshold is reduced by 

some extent. The consequence of introducing variable 

thresholds to the model is that high frequency words are 

associated with lower thresholds than low frequency words: 

16 

High frequency words are experienced most often, and 

consequently, their thresholds are reduced by the greatest 

amount. Accordingly, high frequency words are most easily 

identified. critical to the present argument, however, is 

the fact that these modifiable thresholds provide a 

straightforward explanation for the repetition priming 

effect. When the word "deer" is presented to a subject, the 

process of activating the logogen DEER causes its threshold 

to be reduced. Consequently, the logogen is more easily 

activated in the future -- that is, priming is observed. 

Rozin (1976) was perhaps the first memory theorist to 

propose a modification theory of implicit memory. This 

theory \vas intended to resolve a debate in the memory 

literature regarding the amnesic syndrome. In the 1960's, a 

common assumption was that the disorder blocked the 

acquisition of all new memory representations that are 

acquired in a single episode (Milner, 1968). This view was 

supported by studies that indicated that densely amnesic 

patients do poorly on tests of free recall and recognition. 

In contrast with this view, however, Warrington and 

Weiskrantz (1968, 1970, 1974) completed a series of studies 
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that indicated that densely amnesic patients show good 

performance on the cued recall task. This result suggested 

that amnesic patients are able to acquire and retain new 

information but have difficulty in retrieving new 

information unless they are tested in the appropriate 

manner. 

In order to reconcile these two views of amnesia, Rozin 

proposed that the intact cued recall performance of the 

amnesic patients reflected priming rather than the 

establishment of new memory representations, as Warrington 

and Weiskrantz had assumed. On this view, if the word 

"window" is presented to an amnesic patient, the preexisting 

representation for "window" becomes active and remains 

active beyond the span of short term memory. Furthermore, 

this active representation is assumed to be more accessible 

than non-active representations -- and as a result, the 

patients tended to complete the stem "win __ " as "window" 

on the cued recall test. That is, the patients showed 

priming. 

A similar theory was put forward by Graf & Mandler 

(1984). These authors argued that two sets of processes act 

within a unitary memory system: a) an integration process 

that strengthens preexisting memory representations, and b) 

an elaboration process that constructs new memory traces by 

establishing new connections among previously unrelated 
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memories. On this view, integration processes mediate 

priming phenomena by making preexisting memory traces 

stronger and thus more accessible to the subject and hence 

provide a basis for priming on various implicit tests. By 

contrast, elaboration processes are thought to mediate 

explicit memory retrieval, because these processes are 

thought to be necessary in order to relate new information 

to an episodic context. In support of this theory, Graf and 

colleagues (Graf & Mandler, 1984; Graf & Ryan, 1990) have 

used the distinction between integration and elaboration 

processes in order to explain a number of implicit/explicit 

memory dissociations that have been observed in normal 

sUbjects. Furthermore, in order to explain preserved 

priming in amnesic patients, the authors assume that 

integration memory processes remain intact in the amnesic 

syndrome. 

Similarly, a number of connectionists assume that 

implicit/explicit memory processes are mediated by two 

different processes within a single memory system (Carpenter 

& Grossberg, 1987; Murre et al., 1989). Once again, 

implicit memory is thought to be the product of processes 

that strengthen preexisting memory structures and explicit 

memory is thought to be result of new memory 

representations. In these theories, amnesia can be modelled 

by selectively impairing the processes that mediate the 
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establishment of new memories within the network. 

Although the above theories provide alternative 

descriptions of implicit memory processes, it is important 

to note that they share an important assumption; namely, 

implicit memory phenomena are thought to be the product of 

memory processes that activate and/or strengthen preexisting 

memory representations. The clear implication of this view 

is that implicit memory phenomena are restricted to 

preexisting information. 

Acquisition Theories 

A second class of theory assumes that priming phenomena 

are mediated by novel memory representations that are 

acquired in a single learning episode. A prominent theory 

of this sort has been proposed by Jacoby (1983) and Roediger 

and Blaxton (1987). According to this view, 

implicit/explicit dissociations observed in normal subjects 

can be explained by the general principle of transfer 

appropriate processing, which states that memory performance 

is a function of the similarity between the encoding and 

retrieval operations at study and test (Tulving & Thomson, 

1973; Morris, Bransford, & Franks, 1977). For example, the 

differential effect of semantic vs. structural processing on 

implicit and explicit task performance is thought to be the 
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result of transfer appropriate processing interacting with 

conceptual and data driven retrieval processes, 

respectively. According to this view, explicit test 

performance is thought to be mediated by conceptually driven 

retrieval processes because subjects typically focus on the 

semantic attributes of test items in order to complete an 

explicit memory task. By contrast, implicit test 

performance is thought to be mediated by data driven 

retrieval processes because subjects generally focus on the 

physical attributes of test items in order to complete an 

implicit memory task. Accordingly, it follows that explicit 

but not implicit memory should be facilitated by semantic 

study processes (semantic study processes overlap with 

conceptually driven retrieval processes), whereas implicit 

but not explicit task performance should be facilitated by 

structural study processes (structural study processes 

overlap with data driven retrieval processes). 

Although this approach provides a possible 

explanation for a number of priming results obtained with 

normal subjects, the theory has not been related to the 

amnesic findings. In fact, key proponents of this view 

concede that the theory does not provide an obvious 

explanation for the intact priming effects observed in 

amnesic subjects (Roediger et al., 1989). Nevertheless, 

this general approach continues to be advocated in the 
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literature, and when the theory is restricted to the normal 

literature, it predicts that priming extends to novel 

information. According to the theory, implicit memory 

effects are mediated by an episodic memory system, and a 

central feature of this system is that it can store new 

information in a single episode. 

Schacter (1990) has also proposed a theory of implicit 

memory that assumes that priming is mediated by new memory 

representations acquired in a single learning episode. On 

this view, priming is mediated by modular perceptual systems 

that represent the visual structure of words and objects, 

but do not represent the semantic information about them -

the so-called word form and structural description systems, 

respectively (Warrington & Shallice, 1980; Riddoch & 

Humphreys, 1987). According to Schacter, the visual 

analysis of a word or an object creates a new trace of its 

visual features in the perceptual system, and this new 

memory is thought to facilitate subjects' performance on a 

variety of,implicit tests. In the word identification task, 

for example, subjects are asked to identify words that are 

presented quickly on the computer screen. If the specific 

visual features of a test stimulus match the critical visual 

features of a study item, the visual processing of the test 

stimulus is hypothetically facilitated -- and priming 

results. In support of this approach, Schacter has used the 
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theory to explain a number of implicit memory phenomena that 

are observed in normal and amnesic sUbjects. The critical 

point for present purposes, however, is that priming is 

thought to be the result of new memory traces, and 

consequently, it should be possible to observe priming for 

novel information. 

In summary, the two classes of theory make different 

predictions with regards to priming phenomena. Modification 

theories predict that these effects are restricted to 

preexisting information (e.g., Rozin, 1976; Graf & Mandler, 

1984; Carpenter & Grossberg, 1987), whereas acquisition 

theories assume that these effects extend to novel 

information (e.g., Squire, 1987; Roediger & Blaxton, 1987; 

Schacter, 1990; Tulving & Schacter, 1990). Consequently, 

one way to begin to compare these two classes of theory is 

to determine the extent to which priming effects are 

obtained with novel stimuli. In the following section, the 

empirical evidence is reviewed. 
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PRIMING OF NOVEL INFORMATION IN NORMAL 

SUBJECTS AND AMNESIC PATIENTS 

Studies that have assessed priming of novel information 

have generally used legal nonwords1 , unrelated word 

associates, and line drawings of unfamiliar objects as 

target materials. These materials are not represented in 

memory as a unit prior to an experimental encounter with 

them, and consequently it has been assumed that they 

constitute "novel" materials that enter memory for the first 

time during the study episode. Accordingly, robust priming 

for these materials would provide evidence in support of 

acquisition theories. The relevant studies are discussed 

below. 

Priming of Legal Nonwords 

Priming of legal nonwords has been assessed with a 

variety of implicit tasks, and the results obtained with 

normal subjects have been mixed: Studies that have employed 

the lexical decision task have often failed to observe 

priming effects for nonwords (e.g., Forbach et al., 1974; 

'Legal nonwords are composed of letter strings that follow the 
rules of English orthography, but have no meaning -- i.e., 
NUMBY. By contrast, illegal nonwords do not follow the rules 
of English orthography -- i.e., XYBQ. 
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Fowler et aI, 1985; Bentin & Moscovitch, 1988), whereas 

significant effects have generally been obtained with the 

identification and perceptual clarification tasks (e.g., 

Kirsner & Smith, 1974; Feustel et al., 1983; Salasoo et al., 

1985; Whittlesea & Cantwell, 1987; Carr et al., 1989; 

Rueckl, 1990). Fortunately, these conflicting results may 

have a relatively straightforward explanation. According to 

Feustel et ale (1983), performance on the lexical decision 

task is affected by a response bias that interferes with 

nonword priming. More specifically, it is argued that 

subjects have a bias to respond "word" whenever they 

encounter a familiar letter string, and this bias proves to 

be problematic when subjects encounter nonwords for a second 

time: subjects should respond "nonword" to these items, but 

the familiarity of the repeated nonwords tends to produce 

"word" responses. The bias thus acts in opposition to the 

proper "nonword" response, and as a result, priming effects 

for nonwords are compromised. 

If the arguments of Feustel et ale (1983) are accepted, 

and the results obtained with the lexical decision task are 

set aside, then priming for nonwords is consistently 

observed in normal subjects (e.g., Kirsner & smith, 1974; 

Feustel et aI, 1983). Nevertheless, theoretical 

interpretation of these results with respect to the 

implicit/explicit memory distinction is not straightforward, 
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because studies that report significant effects with normal 

subjects have not attempted to dissociate priming from 

explicit memory. Consequently, it is possible that the 

observed priming effects were mediated partly or perhaps 

entirely by explicit memory strategies (see Schacter, 

Bowers, & Booker, 1989 for general discussion). 

since the above studies with normal subjects did not 

assess the contribution of episodic memory on implicit test 

performance, the most relevant evidence comes from 

experiments that have assessed priming for nonwords with 

amnesic patients: If robust priming for nonwords is 

observed with these patients, then it would suggest that the 

findings were not the result of explicit memory strategies. 

Unfortunately, the effects that have been observed with 

amnesic patients are mixed, with both positive and negative 

results reported (cf. Cermak et al., 1985; Diamond & Rozin, 

1984; Gabrieli & Keane, 1988; Haist et al., in press; Musen 

& squire, 1991; Smith & Oscar-Berman, 1990). These studies 

will be considered in turn. 

The first study to assess priming for nonwords in 

amnesic patients was reported by Diamond and Rozin (1976). 

Six control subjects and six amnesic patients of various 

etiologies were tested in two sessions, and within each 

session, subjects studied a list of six words and six 

nonwords. Each of these lists was studied six times, and 
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following each study trial, subjects were asked to complete 

a short distractor task and perform a free recall test. 

However, on two occasions, subjects were presented with the 

first few letters of the target item, and they were asked to 

complete the cues with studied items. Although this latter 

task was presented as an explicit test of memory, it might 

be construed as in implicit test because the patients were 

encouraged to guess when they did not remember the study 

items. Consequently, it is possible that they completed the 

word stems with the first words that came to mind -

effectively treating the task as a stem completion test. 

Two key results were reported by the authors. First, 

although the amnesic patients showed little memory for words 

and nonwords on the free recall test, they showed robust 

facilitation for words on the cued recall test. This 

pattern of results is consistent with studies that have 

observed intact priming for words in amnesia (e.g., Graf et 

al., 1984; Graf & Schacter, 1985; Cermak et al., 1985). 

Second, the patients were quite impaired on the cued-recall 

test for nonwords; in fact, they did not show any 

facilitation in the cued recall relative to free recall 

tasks. This later finding suggests that priming for 

nonwords is impaired in the amnesic syndrome, and is 

consistent with the view that priming requires preexisting 

memory representations. 
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However, there are three aspects of this study that 

limit the force of these conclusions. First, the normal 

subjects did not show any improvement on the cued recall 

test compared to the free recall test, because performance 

on both tests was at or near the ceiling. Thus, it is 

difficult to interpret the absence of nonword facilitation 

in the patient group. Second, as was noted above, Diamond 

and Rozin used explicit rather than implicit memory 

instructions. Consequently, it is not clear whether these 

data bear directly on the issue of priming in amnesia. And 

third, a number of the patients in the study exhibited 

dementia in addition to amnesia. It is always possible that 

the absence of memory for nonwords on the cued recall test 

was the result of the patients' dementia and not their 

amnesia. 

In a later set of studies, Cermak et ale (1985) used a 

perceptual identification task to assess implicit memory for 

words and nonwords in Korsakoff patients. In the first 

experiment, amnesic patients and control subjects studied a 

series of lists, each composed of 10 words, and following 

each study list, they completed an identification and a 

recognition task. For the identification task, subjects 

were given as much time as necessary in order to identify 

each item; if they could not identify the item at a brief 

exposure time, the item was repeated at longer durations, 
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until the item was identified. Priming on the task was 

measured by reductions in the exposure time needed to 

identify studied as compared to non-studied items. For 

words, normal subjects and amnesic patients showed a 17 ms 

and 10 ms reduction in the exposure time needed to identify 

study items, respectively, and on the basis of these 

results, it was concluded that amnesic patients can 

demonstrate relatively intact priming for words. In a 

second experiment, amnesic patients and control subjects 

studied a series of lists, each composed of 10 nonwords, and 

following each study list, they performed an identification 

and recognition task. Normal subjects and amnesic patients 

demonstrated 55 ms and 18 ms priming effects, respectively. 

Because the amnesic patients showed significantly impaired 

priming for nonwords compared to the control subjects, the 

authors concluded that priming in amnesic patients requires 

preexisting memory representations. However, the data from 

the amnesic patients seem ambiguous: In the first 

experiment, a 10 ms priming effect for words was reported as 

significant, and in the second experiment, an 18 ms effect 

for nonwords was reported to be insignificant. Rather than 

inferring from these results that nonword priming is reduced 

in amnesic patients, the results may instead be attributable 

to the use of explicit strategies by the normal subjects to 

aid nonword identification. The use of multiple study/test 
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trials in the experiment may well have promoted explicit 

retrieval strategies for the normal subjects. Clearly this 

pattern of results does not provide strong evidence in 

support of the claim that priming effects for nonwords are 

restricted to normal subjects. 

In contrast to the above study, Cermak et al. (1988) 

reported significant priming for nonwords in s.s., a patient 

with dense amnesia due to encephalitis. In this study, 

Korsakoff patients, S.S. and control subjects studied a 

series of words and nonwords, and following each list, they 

were tested on an identification and a recognition task. In 

the nonword condition, Korsakoff patients, s.s., and control 

subjects demonstrated 18, 39, and 59 ms priming effects, 

respectively. Their corresponding recognition scores were 

63%, 73%, and 86% correct, respectively. As Cermak et al. 

point out, these results indicate that S.S. showed a priming 

effect for nonwords. However, there is no dissociation 

between implicit and explicit test performance -- improved 

recognition performance was associated with larger priming 

scores. Consequently, these results may be attributable to 

explicit memory strategies. 

Gordon (1988) claimed to observe significant priming 

for nonwords in a group of amnesic patients using the 

lexical decision task -- a task that often fails to produce 

nonword priming in normal subjects. In this study, amnesic 
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patients of various etiologies made lexical decisions on 

words and nonwords, and following 10-15 intervening items, 

the words and nonwords were repeated. with words, amnesic 

patients demonstrated a 151 msec priming effect compared to 

a 122 msec effect with normal sUbjects. with nonwords, 

however, normal subjects showed a 73 msec priming effect and 

the amnesic patients showed an insignificant 9 msec effect. 

Although this result seems to suggest a lack of nonword 

priming in the amnesic patients, Gordon reported that the 

subset of nonwords that were identified especially slowly 

during the first presentation were identified more quickly 

during the second display. On the basis of this later 

observation, Gordon concluded that certain nonwords can be 

primed in amnesic patients. By the standard criterion of 

priming, however, amnesic patients failed to show an effect. 

Smith and Oscar-Berman (1990) also claimed to observe 

significant priming effects for nonwords in amnesic 

patients. Eight Korsakoff patients completed a lexical 

decision task in which words and nonwords were repeated 

every 15 items on average. Under these conditions, control 

subjects demonstrated a 59 ms priming effect for words and a 

50 ms priming effect for nonwords. By contrast, the amnesic 

subjects demonstrated a 131 ms priming effect for words and 

a nonsignificant -26 ms priming effect for nonwords. 

Although patients failed to show a priming effect for 
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nonwords when reaction times were considered, the authors 

argued that an analysis of patients' errors supports the 

view that priming extends to nonwords. Whereas control 

subjects were equally accurate in categorizing items as 

words and nonwords on the first and second exposures, 

amnesic subjects improved by 14.1 percent for words on the 

second trial relative to the first, and their performance 

for nonwords was 8.9 percent less accurate for second 

exposures relative to first exposures. According to the 

authors, the increased error rate for the nonwords suggests 

that the amnesic patients acquired some information about 

these items on the first lexical decision trials, and this 

information made the lexical decisions more difficult on the 

second trials. More specifically, the authors argued that 

the nonwords became more familiar to the subjects as a 

consequence of the first trial, and this feeling of 

familiarity biased the patients to respond "word" to the 

nonwords on the second trial, thus increasing their reaction 

times (cf., Feustel et al., 1983). Although these data can 

be construed as evidence of nonword priming, it is important 

to note that the patients failed to show priming of nonwords 

by a standard criterion. 

In a briefly described study, Gabrieli and Keane (1988) 

reported evidence of nonword priming on a perceptual 

identification task with the patient H.M., despite his near-
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chance level of recognition memory. In yet another study, 

Haist, Musen and Squire (1991), modified the perceptual 

identification task used by Cermak et al (1985). In the 

Haist et ale study, the exposure time for words and nonwords 

was calibrated for each subject so that baseline 

identification performance was 50% for both items. Subjects 

were then presented with four study/test blocks; they made 

liking judgments about words and nonwords during the study 

phase, and then were given a perceptual identification and 

recognition task. Under these conditions, the amnesic 

patients showed normal priming: Amnesic patients showed 

priming effects of .27 for words and .18 for nonwords, 

whereas the corresponding scores for control subjects were 

.24 and .20, respectively. In contrast to the similar 

priming scores that were observed for amnesic and control 

subjects for both words and nonwords, amnesic patients were 

impaired on a forced choice recognition task: Amnesic 

patients correctly recognized .71 of the words and .74 or 

the nonwords, whereas control subjects correctly recognized 

.84 and .87 of the words and nonwords, respectively. It is 

important to note, however, that the recognition scores of 

the amnesic patients were well above chance, which suggests 

that these patients are only mildly amnesic. As will be 

discussed shortly, there may be important reasons for 

distinguishing between densely and mildly amnesic patients 



when assessing priming of novel information. Accordingly, 

it would be interesting to repeat this experiment with 

densely amnesic patients. 

Finally, Musen & Squire (1991) reported significant 

priming for nonwords on a reading task with amnesic 

patients. In Experiment 1, control subjects and amnesic 
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patients of various etiologies read lists of 100 items that 

were composed in the following four ways: a) 100 unique 

words, b) 5 words repeated 20 times, with an average of 4 

intervening items between repetitions, c) 100 unique 

nonwords, and d) 5 nonwords repeated 20 times each. The 

dependent measure in the experiment was reading time, and 

this measure was obtained following each ten item sequence. 

The critical result was that amnesic and control subjects 

performed similarly: For both groups, reading times 

improved for words and nonwords following each repetition, 

and nonwords showed more priming than words. In addition, 

it was found that the amnesic patients were significantly 

impaired on a recognition task compared to the control 

subjects, a result that suggests that performance of the 

reading task was not mediated by episodic memory. 

Experiment 2 was essentially a replication of Experiment 1, 

except that the same lists were repeated 10 min after the 

first presentation, and consequently priming could be 

assessed with a 10 minute delay. Once again, amnesic 
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subjects showed clear priming effects for nonwords. In view 

of the large number of repetitions in this study, however, 

their task might more appropriately be characterized as a 

skill learning task rather than a priming task2. So these 

results may not bear directly on the issue of nonword 

priming following a single learning episode. 

To summarize, it seems fair to conclude that the 

literature on nonword priming effects is unsettled. The 

results that have been obtained with normal subjects remain 

ambiguous because these studies have not attempted to 

dissociate nonword priming effects from explicit memory, and 

when amnesic subjects have been tested, the results have 

been inconsistent. It is interesting to note that two of 

the three studies that have failed to observe significant 

nonword priming by a standard criterion of priming (Gordon, 

1988; smith & Oscar-Berman, 1990) included a lexical 

decision task, and this task has often failed to show 

nonword priming effects in normal subjects (e.g., Forbach et 

al., 1974; Fowler et al, 1985; Bentin & Moscovitch, 1988). 

Perhaps reliable nonword repetition effects will be observed 

in amnesic patients when the lexical decision task is 

avoided. 

2Skill learning is often distinguished from pr1m1ng because 
skill acquisition requires many learning trials whereas 
priming is obtained following a single learning trial. 



Priming of New Verbal Associations in Normal and Amnesic 

Subjects 
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Although priming of novel verbal information has 

generally been assessed with nonword materials, there are a 

number of studies that have assessed priming of novel 

information with the associative stem completion task (Graf 

& Schacter 1985, 1989; Schacter & Graf, 1986; 1989). In 

these experiments, subjects studied unrelated word pairs, 

such as "window-reason", and were then given a stem 

completion test in which the word stem "rea " was 

presented in the context of its study word or in the context 

of a neutral word. The interesting finding was that 

subjects were more likely to complete the word stem 

"rea __ " as "reason" when it was presented in the context 

of its cue word "window", thereby demonstrating priming for 

newly-acquired word associations. An important condition 

for observing this priming, however, was that the subjects 

studied the word pairs in an elaborate manner (Graf & 

Schacter, 1985; Schacter & Graf, 1986; but see Miccio & 

Masson, 1991). This finding contrasts with single word 

priming effects, which are generally insensitive to levels

of-processing manipulations (Graf & Mandler, 1984). 

Furthermore, some evidence suggests that associative priming 

effects are only observed in those subjects who exhibit some 
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awareness of the relation between the stem completion task 

and the study list, whereas priming of familiar words can be 

observed in subjects who exhibit no such awareness (Bowers & 

Schacter, 1990; Rybash & Hanson, 1991). 

A number of studies have examined whether associative 

priming can be observed in amnesic patients. In their 

initial study, Graf & Schacter (1986) tested 12 amnesic 

patients of various etiologies and 12 control subjects, and 

12 college students. They found associative priming effects 

of a comparable size in all three groups. In a reanalysis 

of their original data, however, Graf and Schacter observed 

that the associative effects were only obtained in subjects 

with relatively mild memory disorders; severely amnesic 

subjects did not show the associative priming effect. 

Subsequent studies support the notion that associative 

priming is impaired in densely amnesic subjects (Schacter & 

Graf, 1986b; Cermak, Bleich and Blackford, 1988; Shimamura & 

Squire, 1989; Mayes & Gooding, 1989; but see Cermak, 

Blackford, O'Connor, and Bleich, 1988). 

In view of the fact that associative priming is 

generally impaired in densely amnesic subjects, and that the 

effects often depend upon elaborative study processing and 

test awareness, it is tempting to conclude that the 

associative effects that have been observed in normal 

subjects and mildly amnesic patients are the result of 
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explicit memory strategies. This conclusion, however, is 

contradicted by a number of experiments that have observed 

experimental dissociations between the associative priming 

on the stem completion task and cued-recall performance, 

under conditions in which the materials on the two tests 

were identical and only the instructions (implicit vs 

explicit) differed (Graf & Schacter, 1987, 1989; Schacter & 

Graf, 1986, 1989): If associative priming was simply the 

product of explicit retrieval strategies, it should not be 

possible to observe such dissociations under these 

experimental conditions. But nevertheless, when the overall 

pattern of associative priming effects are considered, it is 

clear that the associative priming effects are quite 

different than the priming results that are obtained with 

familiar words. Consequently, there is reason to doubt that 

these two phenomena are mediated by the same set of memory 

processes. 

Priming of unfamiliar Objects and unfamiliar Visual Patterns 

in Normal and Amnesic Subjects 

There have been relatively few studies that have 

assessed priming of unfamiliar non-verbal materials, and the 

majority of these studies have assessed priming in normal 

subjects (Zajonc, 1980; Kroll & Potter, 1984; Mandler, 
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Nakamura, & Van Zandt, 1987; Kersteen-Tucker, 1989; Musen & 

Triesman, 1990; for review, see Schacter, Cooper & Delaney, 

1990). Although the literature with normal subjects is 

relatively small, studies have produced consistent results; 

namely, priming of unfamiliar information was observed in 

each case. For example, Schacter and his colleagues 

(Schacter et al. 1990; Schacter et al., 1991; Cooper et al., 

1992) observed priming on an object decision task that 

required sUbjects to judge whether novel 3-D objects were 

structurally possible or impossible. These priming effects 

were obtained for possible but not for impossible objects 

and the effects were dissociated from performance on 

explicit memory tasks. Consequently, subjects were not 

using explicit memory strategies in order to mediate their 

priming performance. 

As far as I am aware, there are only two studies that 

have assessed priming of novel non-verbal materials in 

amnesic patients. The first study was reported by Gabrieli, 

Milberg, Keane, & Corkin (1990). The authors tested the 

famous amnesic patient H.M. and control subjects on an 

implicit task that assessed memory for unfamiliar line 

patterns. The target materials were a spatial arrangement 

of five dots from a 3x3 matrix that were connected by four 

lines to form a specific pattern. After exposing H.M. and 

control subjects to a series of these patterns, priming was 
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assessed with a "dot completion" test in which subjects were 

asked to construct a pattern of four straight lines that 

connected any five dots. There were a number of possible 

completion patterns that could be generated, and the key 

question was whether or not subjects tended to connect dots 

as previously studied patterns, i.e., showed priming. In 

fact, H.M. and control subjects showed a similar level of 

priming on this task, despite the fact that H.M. was 

severely impaired on a recognition test. 

Schacter, Cooper, Tharan, & Rubens (1991) have recently 

reported intact priming of unfamiliar information in a group 

of six amnesic patients. The materials and procedures of 

the experiment were the same as the Schacter et al. (1990) 

study, and the amnesic and control subjects demonstrated 

similar levels of priming. Furthermore, the amnesic 

patients were impaired on an explicit test of memory that 

required them to recognize old study items, and 

consequently, their priming performance was not mediated by 

explicit memory strategies. 

To summarize, robust priming has been observed for 

novel objects and novel line patterns in normal and amnesic 

subjects under conditions in which performance was 

dissociated from explicit memory. These results are 

consistent with acquisition theories of implicit memory that 

assume that priming is the product of new memory 
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representations acquired in a single learning episode. By 

contrast, the results with novel verbal materials are 

ambiguous in a number of respects. First, when priming of 

new associations was assessed, significant priming was 

reported in normal subjects, but these results were not 

obtained with densely amnesic patients. Second, when 

nonword priming was assessed in normal subjects, significant 

priming was observed -- but there was no attempt to 

dissociate priming from explicit memory. And third, when 

nonword priming was assessed in amnesic patients, the 

results have been mixed with both positive and negative 

findings. Consequently, it is difficult to make any strong 

conclusions regarding the underlying mechanisms that mediate 

priming for novel verbal materials. 

OVERVIEW OF EXPERIMENTS 

The objective of the present set of experiments is to 

gain insight into the mechanisms that mediate priming of 

novel information in the verbal domain. To accomplish this 

objective, nonword priming effects were assessed in normal 

subjects, but unlike previous studies, the experiments 

included experimental manipulations intended to test for 

dissociations between implicit and explicit memory. In view 

of the results that have been obtained with novel objects 
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and line patterns, a reasonable expectation is that nonword 

priming effects will dissociate from explicit memory. If 

such a result was observed, it would help bring the verbal 

and nonverbal priming literatures in line with one another, 

as well as provide new evidence in support of acquisition 

theories of priming. By contrast, if these effects fail to 

dissociate from explicit memory, the results would suggest 

that there are important differences between verbal and non

verbal priming phenomena, as well as support modification 

theories of implicit memory within the verbal domain. 

The general strategy in each experiment was 

straightforward: Subjects studied a list of words and legal 

nonwords (Experiments 1-3 and 5) or legal and illegal 

nonwords (Experiment 4), and following the study-list 

presentation, they completed an implicit and/or an explicit 

memory task. The study phase in each experiment included a 

manipulation that is known to produce an implicit/explicit 

dissociation for words. The critical question in each 

experiment is whether nonwords will show a similar 

dissociation. 
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EXPERIMENT 1 

Experiment 1 included a levels-of-processing 

manipulation that is known to produce an implicit/explicit 

dissociation for words. As noted in the introduction, 

performance on recall and recognition tasks depends upon the 

nature of the encoding processes engaged during the study 

phase (craik & Tulving, 1975). As a general rule, 

performance on explicit memory tasks is best following 

encoding tasks that require a semantic analysis of the to

be-remembered items, and performance gets worse following 

study procedures that require phonetic analysis of the study 

items, and worse still following visual analysis of the 

items -- the so-called levels-of-processing effect. 

Despite the fact that these encoding tasks have strong 

effects on recognition and recall performance, performance 

on implicit memory tasks is generally insensitive to these 

encoding manipulations (Graf & Mandler, 1984; Bowers & 

Schacter, 1990). The finding that implicit and explicit 

memory are differentially effected by these encoding 

manipulations has been key in developing theories of word 

priming (e.g., Roediger, 1987; Schacter, 1990), and 

consequently, it is important to determine whether this 

dissociation extends to legal nonwords. 

In order to explore this issue, subjects encoded a list 
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of words and legal nonwords in a structural or phonetic 

manner, and following a delay, they completed a perceptual 

identification (implicit) and a recognition (explicit) task. 

If the present results are consistent with past research, 

recognition memory for words should be higher following the 

phonetic compared to the structural study conditions, 

whereas priming performance should be similar following 

these encoding tasles. The key question in Experiment 1, 

however, is whether nonwords show the same implicit/explicit 

dissociation. 

In addition to manipulating the encoding instructions, 

three different study/test delays were included in 

Experiment 1. A number of studies have reported significant 

nonword priming following short study/test delays, and 

reduced or absent priming at longer intervals (Monsell, 

1985; Bentin & Moscovitch, 1988). The obvious implication 

of these studies is that word and nonword priming effects 

are mediated by different mechanisms. This conclusion must 

be considered somewhat tentative because the experiments 

assessed priming with the lexical decision task, and as 

noted above, there are reasons to avoid this task (Feustel 

et al., 1983). But nevertheless, these results suggest that 

word and nonword priming phenomena decay at different rates, 

and accordingly, Experiment 1 included study/test delays of 

0, 15, and 45 minutes. The closer the correspondence 



between word and nonword priming at the various intervals, 

the stronger the evidence that similar mechanisms mediate 

priming for both materials. 

Method 

Subjects. One hundred and forty-four University of 

Arizona undergraduates participated in the experiment for 

course credit. 
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Design and Materials. The experiment included one 

between-and three within-subject factors. The between

subject factor was Delay: Subjects completed the perceptual 

identification task following delays of 0, 15, or 45 

minutes. The within-subject factors included: Lexicality 

(words vs. nonwords), Encoding Task (rhyme vs. structure), 

and Test (identification vs. recognition). Consequently, 

the experiment was a 3x2x2x2 mixed design. 

The experimental material consisted of 24 legal 

nonwords and 24 low frequency words (median frequency 9, 

range = 1-30 occurrences per million) selected from the 

Kucera & Francis norms (1967). Words and nonwords were 

four letters in length, and were selected so that no two 

items shared three letters in the same position -- i.e., no 

two items were orthographic neighbors. Items are presented 

in Appendix A. 
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During the study phase of the experiment, subjects 

studied 12 words and 12 nonwords. The remaining 12 words 

and 12 nonwords were not studied; they were included on 

the perceptual identification task in order to determine 

baseline levels of performance and on the recognition task 

as distractor items. Consequently, the perceptual 

identification and recognition tasks consisted of 48 

critical items: 24 studied items (12 words and 12 

nonwords), and 24 nonstudied items (12 words and 12 

nonwords). Four test forms were created in order that each 

word and nonword was presented in the structural and rhyme 

study conditions equally often, yielding a fully 

counterbalanced design. In addition, words and nonwords 

were displayed in a random order during the encoding and 

recognition tasks. By contrast, items in the perceptual 

identification task were presented in the same order to all 

subjects, with words and nonwords randomly intermixed. The 

fixed presentation order was necessary in order to record 

subjects responses. 

In order to observe optimum priming on the perceptual 

identification task, it was necessary to determine an 

exposure duration for words and nonwords that results in an 

identification rate of approximately 50% for nonstudied 

items. This insured that floor and ceiling effects did not 

obscure repetition effects. In an attempt to determine the 



appropriate exposure duration for each subject, subjects 

were presented with initial identification task that 

assessed their ability to identify a set of practice words 

and nonwords. Based on their performance on this initial 

task, subjects were categorized into the slow, medium or 

fast version of the experiment. Exposure times for words 

and nonwords were 45 vs. 75, 40 vs. 66.5, and 35 vs. 58 ms 

in the slow, medium, and fast conditions, respectively. 

Procedure 
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The experiment was conducted under conditions of 

incidental encoding: Subjects were told that they were 

participating in an experiment concerned with word and 

nonword perception, and no mention of a later memory task 

was made. Items were presented on a Princeton Ultrasync 

color monitor controlled by a 386 IBM PC, using the DMASTR 

display software developed at Monash university and at the 

University of Arizona, which synchronizes the timing of the 

display with the video raster. Standard lower case IBM test 

font was used. Subjects were tested individually. 

In the initial phase of the experiment, subjects 

completed an identification task that determined the 

appropriate exposure duration for words and nonwords. The 

same procedure was used across experiments. In each trial, 
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the target item was preceded and followed by a sequence of 

four dollar signs ($$$$) that acted as forward and backward 

masks. Subjects were encouraged to name the first four 

letters that came to mind after the letters flashed on the 

computer screen, and respond as quickly as possible. 3 The 

emphasis on responding quickly and naming the fist letters 

that came to mind was intended to minimize explicit memory 

strategies that subject might otherwise adopt during the 

completion of the implicit memory task (see Bowers and 

Schacter, 1990 for discussion of this issue). 

In the second phase of the experiment, subjects 

completed the encoding task. In each study trial, the word 

"rhyme" or "structure" was presented for one second, 

followed by a five second exposure of a word or nonword. 

Whenever the word "structure" preceded the study item, 

subjects were asked to count the number of vowels and 

enclosed spaces in each item and then report whether or not 

the item contained the same number of vowels and enclosed 

spaces (An enclosed space was defined as an area within a 

letter that could be colored in, for example, the letter "e" 

3Typically, subjects are asked to name the entire word or 
nonword when completing the perceptual identification task. 
The procedure of naming letters rather than the entire item 
was introduced in order to minimize the ambiguities involved 
in naming nonwords, i. e., the nonword "cipo" could be 
pronounced with an "i" or an "e" sound. 
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has enclosed space, but the letter "t" does not). By 

contrast, when the word "rhyme" appeared, subjects were 

asked to pronounce the word or nonword out-loud and then 

generate as many rhymes as possible in 5 seconds. As noted 

above, the "structural" and "rhyme" instructions composed 

the shallow and deep encoding conditions, respectively. Ten 

buffer trials were included in the study session -- five 

primacy buffers at the beginning of the list and five 

recency buffers at the end. 

Following a variable delay of 0, 15 or 45 minutes, 

subjects completed the perceptual identification task.4 

The identification task contained ten practice items 

followed by 48 target items -- target items were presented 

for an exposure duration determined in the first part of the 

experiment, and once again, the items were preceded and 

followed by a series of four dollar signs ($$$$). Finally, 

subjects completed a recognition task in which items were 

presented on the computer screen one at a time, and subjects 

pressed the right shift key if they remembered the item from 

the study-list, and the left shift key if they did not 

4The actual delay between repetitions of a particular item in 
the 0 delay condition varied between 2-6 minutes, depending 
on the position on the item in the perceptual identification 
task, and the random order in which the item was presented in 
the study phase of the experiment. Similarly, the delay for 
particular items in the 15 and 45 minute delay condition was 
2-6 minutes longer than the study/test delay. 



recognize the item. Items remained on the screen until 

subjects responded. The full instructions to Experiment 1 

are presented in Appendix B. 

Results 
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The data are most easily summarized when the priming 

and recognition scores are collapsed across the delay 

conditions. When the data are collapsed in this fashion, a 

strong implicit/explicit dissociation is observed for both 

words and nonwords. As expected, words showed similar 

priming following rhyme (.12) and structural (.09) encoding 

conditions, whereas recognition memory was much higher 

following the rhyme (.42) compared to the structural (.20) 

encoding conditions. The critical finding, however, was 

that the nonwords showed the same dissociation: Priming was 

similar follm"ing the rhyme (.15) and structural (.12) 

encoding conditions, whereas recognition memory was much 

higher following rhyme (.44) compared to structural (.22), 

encoding condition. The results are analyzed in more detail 

below. 

Identification. The perceptual identification results 

in the various experimental and control conditions are 

displayed in Table 1. Four aspects of the identification 

data are noteworthy. First, significant priming was 



observed in ten of the twelve experimental conditions 

(smallest significant value of t(47) was 2.13, p < .05). 
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The only insignificant priming effects were obtained for 

words in the structural encoding condition following delays 

of 15 and 45 minutes. The reduced priming effects for words 

must be considered somewhat anomalous, because numerous 

studies have obtained significant priming effects under 

similar experimental conditions (Jacoby & Dallas, 1981; 

Jacoby, 1983). Second, similar priming effects were 

observed for words and nonwords at all delay conditions. 

Collapsing over the encoding conditions, word and nonword 

priming effects were .16 and .19; .11 and .13; and .06 and 

.09 following the 0, 15, and 45 minute delay conditions, 

respectively. Third, there was no effect of the encoding 

manipulation on identification performance. Collapsing over 

the delay condition, priming for words was .12 and .09 in 

the rhyme and structure encoding conditions, and nonword 

priming was .15 and .12 in the corresponding conditions. As 

noted in the introduction, this result has been reported 

numerous times for words (e.g., Graf & Mandler, 1984), but 

as far as I am aware, this is the first report that priming 

for nonwords is unaffected by a levels-of-processing 

manipulation. And fourth, priming appeared to be reduced 

following a 15 and 45 minute study/test delay. Collapsing 

over the Lexicality and Encoding conditions, priming was 
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conditions, respectively. 
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Analysis of variance CANOVA) confirmed this description 

of the results. A significant effect of Delay was observed, 

E(2,132)= 4.94, p<.Ol, as well as a three way interaction 

between Lexicality x Encoding x Delay, EC2,132)= 3.53, 

p<.05. This interaction reflects the fact that priming was 

selectively reduced for words following structural encoding 

in the long delay conditions. As mentioned above, the lack 

of word priming following the structural encoding 

instructions is considered anomalous. The remaining effects 

did not approach significance, which supports the claim that 

similar priming was obtained for words and nonwords, and the 

claim that the encoding manipulation did not affect 

identification performance. 

Recognition. The recognition memory results in the 

various experimental and control conditions are presented in 

Table 2. For purposes of statistical analysis, hits minus 

false alarms were subjected to an ANOVA. Three aspects of 

the data are noteworthy. First, similar recognition scores 

were obtained for the words and nonwords. Collapsing over 

the Delay and the Encoding Task factors, subjects scored .31 

and .33 for words and nonwords, respectively. The finding 

that words and nonwords were remembered equally well might 

seem surprising, given the general finding that meaningful 
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materials are better remembered than meaningless materials 

(e.g., Underwood, 1964). A critical feature of the study 

procedure, however, was that subjects were required to make 

structural and phonetic jUdgments. If semantic study 

procedures had been used, it is possible that recognition 

memory would have been superior for words. Second, there 

was a large effect of the Encoding Task variable. 

Collapsing over Delay, subjects scored .42 and .20 for 

words, and .44 and .22 for nonwords, in the rhyme and 

structure encoding conditions, respectively. And third, 

there was only a small effect of the Delay variable. 

Collapsing over the Encoding Task and Lexicality factors, 

subjects scored .36, .32, and .30 in the 0, 15, and 45 

minute delay conditions, respectively. 

Analysis of variance (ANOVA) confirmed this description 

of the results. A significant effect of Encoding Task 

indicated that the levels-of-processing manipulation 

improved recognition memory in the rhyme compared to the 

structure encoding task, f(2,132) = 133.99, p<.Ol. The 

remaining effects did not approach significance. 

The preceding analyses indicated that whereas 

performance on the identification task was not influenced by 

the levels-of-processing manipulation, recognition memory 

was strongly affected by this variable. In addition, the 

analyses revealed that priming was reduced by delay 
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manipulation whereas recognition memory was not 

significantly reduced. In order to compare recognition and 

identification performance more directly, an overall ANOVA 

that included Test as a within subjects factor was carried 

out. Not surprisingly, the analysis revealed the Test x 

Encoding Task interaction to be highly significant, 

E(1,132)= 65.00, p<.Ol. This result is consistent with the 

numerous studies that have reported a dissociation between 

implicit and explicit memory following a levels-of

processing manipulation. The critical extension of the 

present study, however, is that the same interaction was 

obtained for both words and nonwords, as indicated by the 

fact that Test x Encoding Task x Lexicality interaction did 

not approach significance, E(1,132) < 1. In contrast to the 

Test x Encoding Task interaction, the interaction of Test x 

Delay did not approach significance, E(2,132) < 1, although 

an overall effect of Delay was obtained, E(1,132) = 3.66, p 

< .05. This finding indicates that the overall rate of 

forgetting for words and nonwords did not differ in the two 

tasks. Finally, a four way interaction of Lexicality x 

Encoding Task x Test x Delay reached significance. This 

interaction reflects the fact that priming of words 

following the structurally encoding condition was greatly 

reduced at the longer delays. As noted above, the lack of 

priming for words under these conditions is considered 
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anomalous. 

In addition, three separate ANOVAs that included 

Lexicality, Encoding Task, and Test as within subject 

factors were carried out at each delay condition. A 

significant Test x Encoding Task interaction was observed at 

each delay, all E(1,44) values> 13.10, p values < .01. 

Accordingly, the implicit/explicit dissociations were 

reliable at the 0, 15, and 45 minute study/test delay 

conditions. 



TABLE 1 

Percentage of Words and Nonwords Identified as a Function of Delay and 
Encoding Condition '0 Experiment 1. 

Delay Lexicality 

Zero Word 

Nonword 

15 Min fiord 

Nonword 

45 Min Word 

Nonword 

Words 

Nonwords 

Encoding 

Rhyme 
structure 

Rhyme 
structure 

Rhyme 
structure 

Rhyme 
structure 

Rhyme 
structure 

Rhyme 
structure 

Repeat Nonrepeat Priming 

.65 .51 .14 

.69 .51 .18 

.70 

.63 

.71 

.61 

.64 

.61 

.56 

.53 

.53 

.53 

.48 

.48 

.55 

.55 

.50 

.50 

.48 

.48 

.44 

.44 

.22 

.15 

.16 

.06 

.14 

.11 

.08 

.05 

.09 

.09 

collapsing over delay 

Rhyme 
structure 

Rhyme 
Structure 

.63 

.60 

.62 

.59 

.51 

.51 

.47 

.47 

.12 

.09 

.15 

.12 

55 
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TABLE 2 

Percentage of Words and NonwoJ;:ds Becogn1i:i ed as a Function of De1a:i ang 
Encoding Condition in ExpeJ;:iment 1. 

Delay Lexicality Encoding Hits F.A. Hits - F.A. 

Zero Word Rhyme .78 .33 .45 
structure .53 .33 .20 

Nonword Rhyme .77 .27 .50 
structure .55 .27 .28 

15 Min Word Rhyme .75 .37 .38 
structure .58 .37 .21 

Nonword Rhyme .73 .29 .44 
structure .52 .29 .23 

45 Min Word Rhyme .76 .33 .43 
structure .53 .33 .20 

Nonword Rhyme .69 .30 .39 
structure .49 .30 .19 

Collapsing over delay 

Word Rhyme .76 .34 .42 
Structure .54 .34 .20 

Nonword Rhyme .73 .29 .44 
structure .51 .29 .22 
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Discussion 

consistent with past research, Experiment 1 showed 

robust priming for nonwords using a perceptual 

identification task (e.g., Feustel et aI, 1983). The 

critical new finding, however, is that nonword priming 

dissociated from explicit memory following a levels-of

processing manipulation. The priming effects obtained with 

words were somewhat anomalous in that these items failed to 

show significant priming at long delays following the 

structural encoding task. By contrast, significant nonword 

priming was observed at all study/test delays, and 

critically, priming dissociated from explicit memory at each 

delay interval. Consequently, the results of Experiment 1 

provide strong evidence that implicit memory extends to 

legal nonwords. 

These results are difficult to reconcile within a 

modification framework that assumes that priming is the 

result of activating or strengthening preexisting memory 

representations. As noted above, this view assumes that 

implicit memory only extends to materials that are encoded 

in memory prior to an experimental session with them. So as 

long as it is assumed that legal nonwords do not possess 

preexisting memory representations, the significant nonword 

priming results pose a challenge to this approach. 
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In order to accommodate previous reports of nonword 

priming within the modification framework, two arguments 

have been put forward. First, it has been suggested that 

nonword priming is the result of episodic memory processes 

(e.g., Monsell, 1985). On this view, priming for words is 

mediated by processes that modify preexisting memory traces, 

whereas nonword priming is assumed to be the result of 

explicit memory strategies that subjects adopt during the 

completion of an implicit task. Although this description 

of nonword priming is consistent with previous experiments 

that have assessed nonword priming, this view is compromised 

by the present experiment. The observation of an 

implicit/explicit dissociation for nonwords suggests that 

the priming results are not the product of explicit memory 

strategies: If nonword priming was mediated by explicit 

strategies, then performance on the recognition and priming 

tasks should have been similarly affected by the levels-of

processing manipulation. They were not. 

Second, nonword priming effects might be reconciled 

with modification approaches if it is argued that legal 

nonwords have preexisting memory representations (cf., 

Bowers and Schacter, in press). This approach notes that 

legal nonwords and words share many sub-lexical features in 

common -- for example, the legal nonword "hile" contains the 

letter string "ile", which is common to the words "file", 
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"tile", "pile", "mile", to name but a few. It is possible 

that the presentation of the nonword "hile" leads to a 

strengthening of the sub-lexical representation "ile", 

leading to a priming effect for the nonword "hile". This 

issue will be the focus of Experiment 4, and consequently, a 

detailed discussion of this issue will be deferred. But it 

should be noted that the present results argue against the 

view that priming is the result of activating and/or 

strengthening preexisting lexical representations (Monsell, 

1985, 1987; Morton, 1979). On this view, priming occurs at 

the word level, and the idea that priming occurs at a sub

lexical level is explicitly rejected. Accordingly, a 

modification theory of priming that assumes that priming 

occurs at a lexical level cannot accommodate the present 

results by appealing to the sub-lexical similarities between 

legal nonwords and words. 

Although the present results seem to indicate that 

implicit memory extends to legal nonwords, it is important 

to note that Experiment 1 included a design flaw. At each 

study/test delay, the recognition memory task followed the 

identification task -- consequently, there was a systematic 

confounding between the type of memory test and test order. 

It is not at all obvious how this confound could be 

responsible for the implicit/explicit dissociations that 

were observed for words and nonwords, but nevertheless, in 
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order to address this issue, a control experiment was 

carried out. A separate group of 48 subjects completed the 

same encoding and recognition tasks in succession. 

Consequently, the recognition task provided an unconfounded 

measure of recognition memory at the 0 delay condition. 

Following the phonetic study conditions, subjects recognized 

a relatively high proportion of words (.52) and nonwords 

(.62), whereas following the structural encoding conditions, 

they recognized fewer words (.31) and nonwords (.44). These 

results on the recognition test contrast with the above 

mentioned priming scores that did not vary as a function of 

the encoding task. These data were subject to an ANOVA that 

included Test as a between subjects factor. As was the case 

in Experiment 1, the analysis revealed a strong Encoding 

Task x Test interaction, E(l,88) = 24.48, p < .01. 

Accordingly, the confound between test order and the test 

type was not responsible for the implicit/explicit 

dissociation. 

There is one last result that merits brief comment. In 

contrast to many previous reports that suggest that priming 

does not decay over long study/test delay intervals (e.g., 

Tulving et al., 1982; Sloman et al., 1988), priming in the 

present experiment was significantly reduced following 15 

and 45 minute test delays. This result was particularly 

striking for the words following the structural encoding 
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conditions, but the effect was observed in all conditions. 

The reason for this discrepancy is unclear, but it is worth 

noting that the present results are not unprecedented (Graf, 

Squire & Mandler, 1984). Whatever the explanation for these 

variable results, the current data highlight a close 

correspondence between word and nonword priming following 

three delay intervals. Accordingly, the results contradict 

the claim that word and nonword priming decay at different 

rates (Bentin & Moscovitch, 1988). 

EXPERIMENTS 2A-B 

In addition to the implicit/explicit dissociation that 

has been obtained for words following a levels-of-processing 

manipulation, a number of studies have reported a 

dissociation following a study/test modality shift: Priming 

for words is greatly reduced following a modality shift, 

whereas explicit memory is generally intact (e.g., Jacoby & 

Dallas, 1981). As noted above, this dissociation has been 

important in developing theories of implicit memory 

phenomena (e.g., Morton, 1979; Schacter, 1990), and 

consequently, it is important to determine whether this 

dissociation extends to legal nonwords. As in Experiment 1, 

a similar pattern of results for words and nonwords would 

suggest that similar mechanisms mediate priming for both 
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materials. 

In order to investigate this issue, subjects studied a 

list of words and nonwords in the visual and auditory 

modalities. Subjects were asked to repeat/read items that 

were presented in the auditory/visual modalities, 

respectively, and then decide whether or not the item 

possessed a bilabial phoneme -- that is, subjects were asked 

whether they touched their lips together when they 

pronounced the word or nonword. This encoding task focused 

attention on the pronunciation of the study items, and as a 

result, it was assumed that subjects would not visually 

imagine the orthographic properties of the study items that 

were presented in the auditory modality. These encoding 

instructions were thought appropriate because a number of 

studies have observed priming for items studied in the 

auditory ffiodality and later tested in the visual modality 

when subjects were asked to imagine the orthographic 

properties of the study items (Schacter & Graf, 1989; 

Roediger et al., 1991). Presumably, when subjects imaged 

the orthographic properties of these items, they activated 

visual codes in memory -- effectively changing the 

experiment from a cross-modality experiment into a withfn

modality experiment. The bilabial encoding task was 

introduced in order to avoid this difficulty. 

Following the study phase, subjects completed either 
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the perceptual identification ~ the recognition task. In 

Experiment 1, subjects completed both the identification and 

recognition tasks, and it was demonstrated that the pattern 

of results was not a consequence of including the two memory 

tests as a within-subjects factor. However, there is 

reason to expect that performance on the identification task 

might interact with performance on the recognition task in 

Experiments 2a-b: It is hypothesized that more items will 

be identified on the perceptual task following visual 

compared to auditory study conditions, and consequently, 

items studied in the visual modality might have an advantage 

on the recognition test as a result of being identified in 

the perceptual identification task. In order to avoid this 

possible confound, different groups of subjects were tested 

on the identification and recognition tasks. 

Experiment 2b provided a replication of Experiment 2a 

apart from two minor variations: a) a different set of 

nonwords was included, and b) the recognition memory task 

was altered. For purposes of clarity and economy of 

exposition, the experiments are discussed together. 

Method 

Subjects. Two separate groups of ninety-six subjects 

were tested in Experiments 2a and 2b. subjects were from 



the University of Arizona and received course credit for 

their participation. 
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Design and Materials. The design of each experiment 

included one between-subjects factor and two within-subjects 

factors. Test (identification vs. recognition) was 

manipulated between subjects, whereas Lexicality (words vs. 

nonwords) and Modality (auditory vs. visual) were 

manipulated within sUbjects. Consequently, the experiments 

were 2x2x2 mixed-subjects designs. 

The materials for both experiments consisted of 30 

legal nonwords and 30 words (median frequency = 18, range = 

2-547 occurrences per million) selected from the Kucera & 

Francis (1967) norms. Words and nonwords were four letters 

in length, and were selected so that no two items shared 

three letters in the same position. An additional 

constraint was observed in selecting the nonwords. pilot 

experiments indicated that in the study phase of the 

experiment, subjects had difficulty in hearing a number of 

the nonwords that were presented in the auditory modality. 

For example, when subjects were asked to repeat the nonword 

"crel" a number of subjects responded "cril". The 

perceptual difficulties associated with the nonwords poses a 

problem for the present design. As long as nonwords are 

difficult to perceive, a number of possible outcomes in the 

two experiments are ambiguous: For example, if priming was 



65 

reduced for nonwords following a study/test modality shift, 

the results might indicate that priming for nonwords is 

modality specific, or alternatively, the results might 

simply indicate that subjects did not hear the nonwords 

during the study phase of the experiment. In order to 

address this problem, two pilot experiments were carried out 

in which an initial sample of nonwords were presented on a 

tape recorder to two separate groups of 10 subjects each, 

and subjects were asked to spell the items. In Experiment 

2a, nonwords were included if all 10 subjects wrote down the 

intended spelling, or a phonetic equivalent. For example, 

if a target nonword was spelled "cipo", then the item was 

included if all subjects wrote down either "cipo" or "sipo". 

This procedure insured that all items could be correctly 

perceived from an auditory presentation: If priming for 

nonwords fails to cross modalities, it cannot be argued that 

the null effect was the result of subjects incorrectly 

perceiving the auditory properties of the nonwords during 

the study phase of the experiment. In experiment 2b, 

nonwords were only selected when the experimenter and 10 

pilot subjects agreed on the exact same spelling. This 

procedure provides the strongest possible test that the 

nonwords were perceived correctly during the study phase of 

the experiment. The items in Experiment 2a-b are presented 

in Appendix c. 
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During the study phase of each experiment, subjects 

studied 20 words and 20 nonwords half of these items were 

presented in the visual and half in the auditory modality. 

Items presented in the auditory modality were recorded on a 

tape recorder. The remaining 10 words and 10 nonwords were 

not studied; they were included on the perceptual 

identification task in order to determine baseline levels of 

performance and on the recognition task as distractor items. 

Consequently, the perceptual identification task and the 

recognition task consisted of 60 critical items: 40 studied 

items (20 words and 20 nonwords), and 20 nonstudied items 

(10 words and 10 nonwords). Three test forms were created 

in order that each word and nonword was presented in the 

auditory and visual study conditions equally often, yielding 

a fully counterbalanced design. 

study items were blocked by modality, so that subjects 

were exposed to 20 items in the auditory modality followed 

by 20 items in the visual modality (or vice versa). 

Furthermore, the presentation order of the items within each 

study block was reversed for different sUbjects. For 

example, if subject A was presented with the items "rope", 

"glot", "tire", subject B was presented with "tire", "glot", 

"rope". As was the case in Experiment 1, items in the 

perceptual identification task were presented in a fixed 

order with words and nonwords randomly intermixed. And once 



again, items in the recognition task were presented in a 

random order. 

Procedure 

As in Experiment 1, Experiments 2a-b were conducted 

under conditions of incidental encoding. Subjects were 

tested individually. 
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Subjects who were to be tested in the perceptual 

identification task first completed an identification test 

that determined an exposure duration for words and nonwords 

that resulted in an identification rate of approximately 50% 

for nonstudied items. Subjects who were to be tested in the 

recognition memory task skipped this initial test. 

all subjects were presented with the study-list. 

Next, 

Items were 

presented on a tape recorder and on the computer screen 

every five seconds, and subjects were asked to repeat/read 

items, respectively, and then decide whether or not the item 

possessed a bilabial phoneme -- as was discussed in the 

introduction. 

Following the study task, subjects completed either the 

perceptual identification task or the recognition task. The 

testing procedures for the identification task were the same 

as in Experiment 1. However, the testing procedures for the 

recognition task varied slightly in Experiments 2a-b. In 
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Experiment 2a, target items were displayed on the computer 

screen until subjects indicated whether the item was old or 

new. Prior to their response, however, subjects were 

instructed to pronounce each word and nonword out-loud. 

This procedure was introduced in order to maximize the 

probability that subjects would recognize the study items 

that were presented in the auditory modality. The 

instructions to Experiment 2b were slightly altered in order 

to correct a problem that became apparent during the 

completion of Experiment 2a. In Experiment 2a, it was 

noticed that nonwords presented in the auditory modality at 

study were occasionally pronounced differently at test. For 

example, if the nonword "cipo" was pronounced with a short 

"i" sound on the tape recorder, a subject might have 

pronounced the item with a long "i" sound at test. This 

ambiguity may have led subjects to reject the item because 

the phonetic properties of the item were not repeated at 

study and test. In order to correct this problem, the 

experimenter pronounced the items during the recognition 

task in Experiment 2b. The complete instructions to 

Experiments 2a-b are presented in Appendix D and E, 

respectively. 
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Results 

Table 3 ~isplays the recognition and priming results in 

the various experimental and control conditions for 

Experiment 2a, and Table 4 displays the corresponding data 

for experiment 2b. As can be seen from the tables, priming 

in both studies was reduced across modalities compared to 

within modalities. Although this observation has been made 

numerous time for words, this is the first report that 

priming for nonwords is also sensitive to a study/test 

modality shift. In contrast with the priming data, however, 

recognition memory for words was similar following the 

visual and auditory study conditions. This 

implicit/explicit dissociation for words following a 

study/test modality shift is consistent with past results 

(e.g., Jacoby & Dallas, 1981). However, recognition memory 

for nonwords was impaired in the cross modality condition in 

both experiments, and accordingly, there was no dissociation 

between implicit/explicit memory for nonwords. The results 

of Experiments 2a-b are analyzed separately below. 

Experiment 2a. Two aspects of the identification data 

are noteworthy. First, similar priming was observed for 

words (.17) and nonwords (.18) following the visual study 

conditions, all t(47) values> 5.85, p < .01. Second, 

following the auditory study conditions, the priming effects 



TABLE 3 

Percentage of Words and Nonwords Identified as a 
Function of Modality in Experiment 2a. 

Lexicality Modality Repeat Nonrepeat 

Word Visual .76 .59 
Auditory .63 .59 

Nonword Visual .71 .53 
Auditory .55 .53 

Percentage of Words and Nonwords Recognized as a 
Function of Modality in Experiment 2a. 

Lexicality Modality Hits False Alarms 

Word Visual .74 .15 
Auditory .69 .15 

Nonword Visual .84 .27 
Auditory .62 .27 

70 

Priming 

.17 

.04 

.18 

.02 

Hits-F.A. 

.59 

.54 

.57 

.35 



TABLE 4 

Percentage of Words and Nonwords Identified as a 
Function of Modality in Experiment 2h. 

Lexicality Modality Repeat Nonrepeat 

Word Visual .76 .59 
Auditory .63 .59 

Nonword Visual .71 .53 
Auditory .55 .53 

71 

Priming 

.17 

.07 

.19 

.09 

Percentage of Words and Nonwords Recognized as a Function of 
Modality in Experiment 2b. 

Lexicality Modality Hits False Alarms Hits-F.A. 

Word Visual .70 .12 .58 
Auditory .70 .12 .58 

Nonword Visual .84 .26 .58 
Auditory .75 .26 .49 
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for words (.04) and nonwords (.02) did not approach 

significance, t(47) values < 1.26, p > .05. Not 

surprisingly, when these data were subjected to an ANOVA, a 

main effect of Modality was observed, £(1,45) = 44.16, P < 

.01. 

Recognition memory was measured in hits minus false 

alarms. Words and nonwords were recognized .59 and .57 

following visual study conditions, and .54 and .35 following 

auditory study conditions, respectively. An ANOVA revealed 

a main effect of Modality, £(1,45) = 15.74, P < .01, and a 

Lexicality x Modality interaction £(1,45) = 17.63, P < .01. 

The interaction reflects that fact that the study/test 

modality shift reduced subjects' memory for nonwords more 

than words. One possible explanation for this interaction 

is that nonwords had ambiguous pronunciations: As noted in 

the procedure section, subjects occasionally pronounced 

nonwords at test differently than the items were pronounced 

on the tape recorder. This ambiguity may have led subjects 

to reject target items because the phonetic properties of 

the item were not repeated during study and test. By 

contrast, words generally do not have ambiguous 

pronunciation, and as a result, the phonetic properties of 

words were repeated following a study/test modality shift. 

As noted above, implicit memory is generally reduced 

following a study/test modality shift, whereas explicit 
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memory remains relatively intact. In order to test for this 

interaction, an overall ANOVA that included Test as a 

between subjects factor was carried out. The overall 

analysis revealed a main effect of Modality, E(1,90) = 

49.42, p < .01, but the interaction between Modality x Test 

did not achieve significance, E(1,90) < 1. However, the 

interaction of Test x Modality x Lexicality achieved 

significance, E(1,90) =6.87, P <.05, which reflects the fact 

that a significant implicit/ explicit dissociation was 

obtained for words but not for nonwords. 

Experiment 2b. This experiment included a different 

set of nonwords and a different recognition memory task in 

order to resolve some of the problematic features of 

Experiment 2a. As was the case for Experiment 2a, similar 

priming was observed for words (.17) and nonwords (.19) 

following the visual study conditions, all t(47) values> 

5.60, p < .01. In contrast to Experiment 2a, however, 

significant priming was observed for words (.07) and 

nonwords (.09) following the auditory study conditions, all 

t(47) values> 2.39, p < .05. Although significant priming 

was obtained across modality, the priming effects were 

substantially reduced when compared to the within modality 

condition. When the priming scores were subjected to an 

ANOVA, a main effect of modality was observed, E(1,45) = 

24.55, p < .01. No other effects approached significance. 



Recognition memory performance was similar to 

Experiment 2a: The mean proportion of correct responses 

were .58 and .58 for words and nonwords following visual 

study conditions, and .58 and .49 following auditory study 

conditions, respectively. As was the case for Experiment 

2a, an ANOVA revealed an interaction between Modality and 

Lexicality, E(1,45) = 6.43, p < .05. This interaction 

reflects that fact that the study/test modality shift 

reduced subjects' memory for nonwords but not for words. 

The remaining effects did not approach significance. 

In order to test for an implicit/explicit memory 

dissociation, an overall ANOVA that included Test as a 

factor was carried out. Once again, the overall analysis 

revealed a main effect of modality, E(1,45) 51.69, P < 

.01. However, Test x Modality and the Test x Modality x 

Lexicality interactions only approached significance, 

greatest value of E(1,90) = 3.77, p > .05. Consequently, 

this analysis does not support the claim that priming for 

words or nonwords dissociated from explicit memory. 
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However, a different conclusion is reached when the word and 

nonword data are analyzed separately. A 2x2 ANOVA that 

included Modality x Test revealed a significant Modality x 

Test interaction when words were considered, l(1,90) = 5.91, 

p < .05. By contrast, the Modality x Test interaction did 

not approach significance when nonwords were tested, E(1,90) 



< 1. This latter analysis is consistent with the results 

obtained in Experiment 2ai namely, priming for words 

dissociated from recognition memory, whereas priming for 

nonwords paralleled explicit memory. 

Discussion 

Two key r.esults were obtained in Experiments 2a-b. 
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First, priming for words was absent or significantly reduced 

following a study/test modality shift, whereas recognition 

memory for words was intact. This dissociation has been 

reported numerous times, and it suggests that the priming 

results were not mediated by explicit strategies. Second, 

recognition memory and priming for nonwords was reduced by a 

similar amount following the study/test modality shift. The 

absence of an implicit/explicit dissociation for the 

nonwords leaves ·the latter results somewhat ambiguous. On 

the one hand, the observation that both word and nonword 

priming was modality specific suggests that similar 

mechanisms mediated both effects. Accordingly, it might be 

argued that these data provide support for the view that 

implicit memory extends to legal nonwords. On the other 

hand, the parallel effects that were observed on the 

recognition and identification tasks for the nonwords leaves 

open the possibility that the nonword priming was the result 



of explicit memory strategies rather than implicit memory 

processes. 
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One interesting difference between the results of 

Experiment 2a and 2b was that significant cross modality 

priming was observed in the latter but not the former 

experiment. This finding must be considered somewhat 

surprising, because the encoding and priming tasks were the 

same in both experiments. It could be argued that the 

different results obtained for the nonwords was the result 

of the different nonwords that were used in two experiments. 

However, the discrepant results were obtained with the word 

stimuli as well, and the same set of words were used in both 

experiments. The reason for these discrepant results remain 

unclear. 

EXPERIMENT 3 

The priming results for nonwords in Experiments 2a-b 

were ambiguous. The fact that priming was modality specific 

for both words and nonwords might suggest that the same set 

of implicit memory processes mediated both results. 

However, the parallel effects that were obtained on the 

recognition and identification tasks for nonwords leaves 

open the possibility that the nonword priming effects were 

mediated by explicit memory strategies rather than implicit 
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memory processes. 

A new study procedure was introduced in Experiment 3 in 

an attempt to resolve this ambiguity. The general strategy 

was to include a study procedure that would maximize the 

likelihood that recognition memory for nonwords would be 

robust following a study/test modality shift: If nonword 

priming effects remain modality specific under conditions in 

which recognition memory crosses a study/test modality 

shift, it would suggest that the priming results were 

mediated by implicit rather than explicit strategies. 

In order to increase the likelihood that explicit 

memory crosses a study/test modality shift, the levels-of

processing manipulation employed in Experiment 1 was 

confounded with the study/test modality shift manipulation 

used in Experiments 2a-b. As in Experiment 2a-b, subjects 

studied a list of words and nonwords in the visual and 

auditory modalities. However, when items were presented in 

the auditory modality, subjects were asked to repeat the 

item out-loud and then think of as many rhymes as possible 

in 5 seconds. This study procedure emphasized the phonetic 

aspects of the words and nonwords, and consequently, it was 

expected to produce relatively good memory for these items. 

By contrast, when the items were presented in the visual 

modality, subjects were asked to count the number of 

enclosed spaces and vowels in the item. This task 
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emphasizes the structural aspects of the items, and 

accordingly, recognition memory was expected to be poor for 

these items. In short, a levels-of-processing analysis 

predicts that recognition memory will be good for items 

presented in the auditory modality, and poor for items 

presented in the visual modality. 

Following the study procedures, subjects completed the 

perceptual identification and recognition tasks. Again, the 

critical question is whether words and nonwords show 

modality specific priming under conditions that are expected 

to produce excellent recognition memory. The complete 

instructions to Experiment 3 are presented in Appendix F. 

Method 

Subjects. Forty-eight subjects from the University of 

Arizona were tested in Experiments 3. Subjects received 

course credit for their participation. 

Design and Materials. The design of Experiment 3 

included three within-subjects factors: Lexicality (words 

vs. nonwords), Encoding Task (auditory/rhyme vs. 

visual/structure), and Test (identification vs. 

recognition). Consequently, the experiment was 2x2x2 

within-subjects design. The materials and counterbalancing 

scheme used in Experiment 3 were the same as in Experiment 
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2a-b. 

Procedure 

As was the case with the earlier experiments, 

Experiment 3 was conducted under conditions of incidental 

encoding, and subjects were tested individually. In the 

first phase of the experiment, subjects completed an initial 

perceptual identification task that determined an exposure 

duration that resulted in an identification rate of 50% for 

words and nonwords in the baseline conditions. Following 

this task, subjects were presented with the study-list items 

in the visual and auditory modalities. In the auditory 

condition, items were presented every five seconds, and the 

sound of a bell preceded each item in order to warn subjects 

to stop generating rhymes and listen for the next item. As 

noted above, this encoding condition was expected to lead to 

good explicit memory. In the visual study condition, items 

were presented for five seconds each, and subjects counted 

the number of enclosed spaces and vowels in each item. This 

encoding condition was expected to lead to poor explicit 

memory. Following the encoding phase of the experiment, 

subjects completed the same identification task used in 

Experiment 2b. Finally, subjects completed the recognition 

task. Once again, items were displayed on the computer 
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screen until subjects responded, but unlike Experiment 2a-b, 

items were not read out-loud by the subject nor the 

experimenter during the recognition test. 

Results 

The results of Experiments 3 are presented in Table 5. 

As was the case in Experiment 2a-b, priming effects were 

reduced following the study/test modality shift, for both 

words and nonwords. By contrast, explicit memory was 

improved following the study/test modality shift. The fact 

that an implicit/explicit memory dissociation was observed 

for both words and nonwords provides strong evidence that 

the priming results were not the result of explicit memory 

strategies. The results of the identification and 

recognition tasks are analyzed separately. 

Identification. Two aspects of the data seem 

noteworthy. First, significant priming was observed for 

words (.10) and nonwords (.09) following the visual study 

conditions, t(47) values> 2.51, p < .05. Second, the 

priming effects were reduced or absent following the 

auditory study conditions: The priming effect for words 

(.06) just reached significance, t(47) = 2.05, P < .05, 

whereas there was no priming for nonwords (.01), t(47) < 1. 

When an analysis of variance was carried out on these data, 
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the main effect of Modality was the only effect that 

approached significance, E(1,15) = 6.52, p < .05. Thus, the 

present experiment replicates the Modality 

effect that was observed in Experiments 2a-b. 

Recognition. Recognition memory for words and nonwords 

was similar in the various experimental conditions: Words 

and nonwords were recognized .33** and .26 in the auditory 

conditions, and .18 and .15 in the visual conditions, 

respectively. An ANOVA revealed a main effect of Encoding 

Task, E(1,45) = 24.21, p < .01, but no other effects 

approached significance. 

In order to test for an implicit/explicit memory 

dissociation, an overall analysis of variance that included 

Test as a within subjects factor was carried out. As 

expected, a strong Encoding Task x Test interaction was 

observed, E(1,45) = 22.02, p < .01, but the three way 

interaction between Encoding Task x Test x Lexicality did 

not approach significance, E(1,45) < 1. These two results 

indicate that implicit and explicit memory dissociated for 

both words and nonwords. No other effects achieved 

significance in the overall analysis of variance. 



TABLE 5 

Percentage of Words and Nonwords Identified as a Function of 
Encoding Conditions in Experiment 3. 
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Lexicality Encoding Repeat Nonrepeat priming 

Word Visual/Structure .65 .55 .10 
Auditory/Rhyme .61 .55 .06 

Nonword Visual/Structure .58 .49 .09 
Auditory/Rhyme .50 .49 .01 

Percentage of Words and Nonwords Recognized as a Function of 
Encoding Condition in Experiment 3. 

Lexicality Encoding Hits False Alarms Hits-F.A. 

Word Visual/Structure .60 .42 .18 
Auditory/Rhyme .76 .42 .34 

Nonword Visual/Structure .64 .49 .15 
Auditory/Rhyme .76 .49 .27 
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Discussion 

The results of Experiment 3 are straightforward. 

Whereas priming was reduced for words and nonwords following 

the study/test modality shift, recognition memory for these 

items was facilitated. This pattern of results is 

particularly convincing, because rather than a standard one

way dissociation, the present result reports a double 

dissociation: Improved recognition was associated with 

reduced priming, and improved priming was associated with 

reduced recognition. These results are reminiscent of a 

double dissociation between implicit and explicit memory 

that Jacoby (1983) reported for words. In the Jacoby study, 

explicit memory was facilitated following a study condition 

that required subjects to generate the target word from a 

antonym (e.g., hot-c ____ ) compared to a condition in which 

they simply read the target item "cold". By contrast, 

priming was reduced following the generate condition 

compared to the read condition. The present experiments 

extends this pattern of results to nonword materials, and 

provides strong evidence that the nonword priming results 

were not mediated by explicit memory strategies. Once 

again, these results favor acquisition theories of implicit 

memory that assume that priming is mediated by new memory 

representations acquired in a single learning episode. 
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EXPERIMENT 4 

In an attempt to evaluate the relative merits of 

modification and acquisition theories of implicit memory, 

Experiments 1-3 assessed priming of legal nonwords. Given 

the above results, it could be argued that the data favor 

acquisition theories of implicit memory phenomena. It is 

important to note, however, that the validity of this 

conclusion depends on a hidden assumption in the above 

experiments; namely, it has been assumed that legal nonwords 

constitute "novel" materials, and any priming effects 

observed for these materials are the result of new 

representations that entered memory for the first time 

during the study episode. This assumption seems intuitively 

plausible, and the majority of studies that purport to 

assess priming "novel" information have included legal 

nonwords as target materials. However, if this assumption 

is proved to be incorrect, and it is determined that legal 

nonwords are processed and/or encoded via preexisting memory 

representations, then the priming effects that have been 

observed for legal nonwords are ambiguous: The priming 

could be attributed to the establishment new memory 

representations, or the priming effects could be attributed 

to memory processes that activate/modify preexisting memory 

traces. Accordingly, before any firm conclusion can be 



drawn, it is important to explore the notion of "novel" 

information in more detail. 
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While legal nonwords may in fact be examples of novel 

information, a recent debate in the psycholinguistic 

literature has suggested that the distinction between 

"novel" and "preexisting" representations is not entirely 

straightforward. The deba'ce has centered on the 

representational format of words. On the one hand, a number 

of theorists have adopted a "lexical" stance. According to 

these authors, separate and discrete representations exist 

for each word in our vocabulary (e.g, Morton, 1979; Forster, 

1976), and the first stage of word recognition is to gain 

access to the appropriate lexical entry. The critical point 

for the present discussion, however, is that this approach 

assumes that words have preexisting representations and that 

nonwords do not. By contrast, some connectionist theorists 

have argued that word recognition processes rely on 

"distributed" rather than "lexical" representations (e.g., 

Seidenberg & McClelland, 1989). On this view, a 

connectionist network can learn to associate orthographic 

features of words with phonological and semantic 

information, but these associations are acquired at a sub

lexical level -- that is, representations of words do not 

exist as discrete memory traces, but instead are emergent 

properties of associations between sub-word representations. 
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An important assumption of this approach is that words and 

legal nonwords have a similar representational status: The 

network processes information on the basis of sub-word 

features, and both words and legal nonwords possess similar 

sUb-components. 

The debate regarding the nature of word representations 

is far from settled (cf. Besner et al., 1990). The reason 

for taking note of this debate is that its resolution has 

implications for theories of priming. For example, if one 

assumes that priming is restricted to preexisting 

representations, then predictions regarding legal nonword 

priming effects depend on ~lether a lexical or sub-lexical 

view of word recognition is adopted. On the lexical view, 

words have preexisting memory representations and legal 

nonwords do not; accordingly, priming should only be 

observed for words. This position seems to be compromised 

by the legal nonword priming results that have been observed 

in Experiments 1-3. On the sub-lexical view, however, words 

and legal nonwords share many of the same representations, 

and consequently, it should be possible to observe priming 

for both items. In other words, the legal nonword "hile" 

possesses the familiar subcomponents "ile" and "hil", which 

occur in the words "pile", and "hill", respectively. These 

preexisting sUbcomponents could be activated and/or 

strengthened by the presentation of the legal nonword 
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"hile", and as a result, the legal nonword "hile" could show 

priming without constructing any new memory representations. 

Accordingly, it can be argued that the legal nonword priming 

results are ambiguous with regards to theories of implicit 

memory: The priming results could be the result of 

establishing "novel" memory representations, or they could 

be the result of activating/ strengthening preexisting sub

lexical memory representations. 

Given the above mentioned debate that has taken place 

in psycholinguistics, it would seem appropriate to assess 

priming of illegal nonwords in addition to legal nonwords. 

Illegal nonwords, as opposed to legal nonwords, do not share 

sub-lexical features with words, and consequently, these 

materials should be considered "novel", Le., the illegal 

nonword KXQL does not possess familiar sUbcomponents beyond 

the individual letters. Consequently, priming that was 

obtained with illegal nonwords would provide much stronger 

evidence that ~ memory representations mediated the 

priming effect. 

In fact, at least two experiments have assessed illegal 

nonword priming. In one study, Rugg and Nagy (1987) 

compared priming effects for legal and illegal nonwords 

using event-related potential (ERP) technology. It has been 

reported that ERPs to repeated words are more positive than 

to nonrepeated words, and consequently, ERPs provide an 
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electrophysiological measure of the repetition effect (e.g., 

Rugg, 1985, 1987; Bentin and Peled, 1990). In the Rugg and 

Nagy (1987) study, subjects were presented with a list of 

legal and illegal nonwords, and items were occasionally 

repeated twice in succession. The critical finding was that 

the ERP repetition effects were obtained for legal nonwords, 

but not for illegal nonwords. 

On the basis of these findings, the authors argued that 

the legal nonword priming effects are due to the fact that 

these items share orthographic features in common with 

preexisting lexical representations -- that is, the 

orthographic overlap allows legal nonwords to 

activate/modify preexisting representations, and these 

modifications mediate priming of legal nonwords. By 

contrast, the illegal nonwords do not share orthographic 

features in common with lexical items, and consequently, the 

activation/modification processes cannot not mediate priming 

for these items. 

Although the Rugg and Nagy (1987) study suggests that 

legal nonword priming effects are mediated by preexisting 

memory representations, it is important to note this 

experiment differs from the present studies in a number of 

important respects. First, the study/test items were 

presented in succession, and at this short delay, repetition 

effects are found between semantic associates (Meyer & 
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Schwaneveldt, 1971), as well as between modalities 

(Vanderwart, 1984). The fact that these priming effects are 

absent at longer delays suggests that the representations 

that mediate short and long term priming are quite 

different. Consequently, the results that were obtained by 

Rugg and Nagy may not apply to the present experiments that 

use longer study/test delays. Second, Rugg and Nagy 

employed ERP measure of repetition priming rather than a 

behavioral measure of priming. The reliance on ERP measures 

may prove to be significant because long term repetition 

priming effects that have been obtained with this technique 

are often quite different than the results that are obtained 

with behavioral measures. For instance, whereas behavioral 

measures of priming are modality specific, ERP repetition 

effects are relatively insensitive to modality changes 

between study and test (Domalski et al., 1991). In fact, 

this latter result has been used to argue that ERP 

repetition effects reflect explicit rather than implicit 

memory processes (e.g., Smith & Halgren, in press). So 

again, the results of the Rugg and Nagys study may not apply 

to the present set of studies that are interested in 

implicit as opposed to explicit memory processes. 

A second study that assessed illegal nonword priming 

was carried out by Schacter et ale (1991). These authors 

assessed priming of words and illegal nonwords in an alexic 
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patient who could not engage in "whole" word reading, but 

instead, read words in a letter-by-letter fashion. For 

example, if the patient was presented the word "piano", she 

would attempt to name each letter before producing the word. 

In Experiment 1, the patient was presented a list of words 

to study, allowing her sufficient time to read each word in 

a letter-by-letter fashion. Following the study task, she 

was presented with a word identification task in which 

studied and nonstudied words were presented for 500 ms. The 

500 ms exposure rate was selected because the patient was 

occasionally able to identify nonstudied items under these 

conditions. The critical finding was that performance on 

the identification task was greatly facilitated for studied 

compared to nonstudied items, indicating that robust word 

priming can be observed in an alexic patient. However, when 

this same patient was presented with a list of illegal 

nonwords at study and test, there was no evidence of 

priming. Once again, these results are consistent with the 

view that priming is restricted to letter strings that 

contain familiar sub-lexical representations. However, the 

absence of illegal nonword priming in an alexic patient does 

not necessarily imply that these effects will be absent in 

normal subjects. 

Given the important differences between the Rugg and 

Nagy (1987) study, the Schacter et al. (1991) study, and 
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present experiments, it seemed appropriate to assess priming 

of illegal nonwords in normal subjects with the perceptual 

identification task. In Experiment 4, subjects encoded a 

list of legal and illegal nonwords structurally and 

phonetically, and following the study-list presentation, 

they completed a perceptual identification and a recognition 

task. The critical question is whether robust priming would 

be observed for the illegal nonwords, and whether these 

priming effects would dissociate explicit memory. 

Method 

subjects. Forty-eight subjects from the university of 

Arizona were tested in Experiment 4. Subjects received 

course credit or four dollars for their participation. 

Design and Materials. The design of Experiment 4 

included three within-subjects factors: Legality (legal vs. 

illegal nonword), Encoding Task (structural vs. phonetic), 

and Test (identification vs. recognition). Consequently, 

the experiment was a 2x2x2 within-subjects design. The 

legal nonwords from Experiment 3b were used in the study, as 

well as a list of 30 illegal nonwords composed of random 

letter strings. The materials are presented in Appendix G. 

The overall design of Experiment 4 was the same as 

Experiments 
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2a-b and 3. 

Procedure 

Once again, Experiment 4 was conducted under conditions 

of incidental encoding, and subjects were tested 

individually. In the initial phase of the experiment, 

subjects completed an identification task that determined 

the duration at which legal and illegal nonwords should be 

flashed on the computer screen. Based upon performance on 

this task, the legal and illegal nonwords were presented for 

75 vs. 135, 67 vs. 120, and 58.5 vs. 105 ms in the slow, 

medium, and fast conditions, respectively. Following the 

identification task, subjects completed the encoding task. 

Each item was presented for five seconds, and immediately 

preceding each item, the word(s) "pronounce" or 

"vowels/spaces" was presented on the computer screen. 

Whenever the word "pronounce" preceded an item, subjects 

were asked to pronounce the item, and then rate how easy it 

was to pronounce the item on a scale from 1 to 5, with a 

rating of 5 indicating the item was extremely difficult to 

pronounce. Whenever the words "vowels/spaces" was 

presented, subjects were asked to count the number of 

enclosed spaces and vowels in the item, just as in 

Experiment 1. The "pronounce" and "vowels/spaces" 



instructions composed the phonetic and structural encoding 

conditions, respectively. Following the encoding phase of 

the experiment, subjects completed the identification and 

the recognition tasks. 

Results 
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Table 6 displays the recognition and priming scores for 

legal and illegal nonwords in the various experimental and 

control conditions. The results that were obtained with the 

legal nonwords were entirely consistent with Experiment 1: 

Priming of legal nonwords was similar following phonetic 

( • 16) 

and structural (.16) study conditions, whereas recognition 

memory was much higher following the phonetic (.44) compared 

to the structural (.19) conditions. A 2x2 ANOVA that 

treated Encoding Task and Test as within subject factors 

revealed an interaction between priming and recognition 

memory, E(1,45) = 52.35, p < .01. 

In contrast with the clear-cut dissociation between 

priming and recognition memory for legal nonwords, the 

illegal nonword results are somewhat ambiguous. As was the 

case with legal nonwords, subjects remembered more illegal 

nonwords following phonetic (.35) compared to the 

structural (.16) encoding conditions. However, in contrast 
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with the legal nonwords, illegal nonword priming was almost 

twice as great following phonetic (.13) compared to 

structural (.07) study conditions, although this difference 

did not achieve significance, t(47) = 1.70, p=.09. 

Nevertheless, the data provide suggestive evidence that 

recognition memory and priming for illegal nonwords are 

sensitive to levels-of-processing manipulations. To the 

extent that a similar pattern of results was obtained on the 

two tasks, the results are ambiguous: The illegal nonword 

priming could be the result of implicit or explicit memory 

strategies. 

The illegal nonword data were subjected to a 2 x 2 

ANOVA that treated Encoding Task and Test as within subject 

factors. The interaction between Encoding Task x Test was 

significant, ~(1,45) = 9.36, P < .01, indicating that the 

levels-of-processing manipulation influenced performance on 

the recognition task more than on the identification task. 

This interaction argues against the notion that the priming 

effects for illegal nonwords were the result of explicit 

memory strategies. If illegal nonword priming was simply 

the result of episodic memory strategies, performance on the 

recognition and priming tasks should have been similarly 

affected by the levels-of-processing manipulation -- but 

this was not the case. 



TABLE 6 

Percentage of Legal and Illegal Nonwords Identified as a 
Function of Encoding Condition in Experiment 4. 

Legality Encoding Repeat Nonrepeat Priming 

Legal structure .56 .40 .16 
Pronounce .56 .40 .16 

Illegal structure .53 .41 .13 
Pronounce .48 .41 .07 
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Percentage of Words and Nonwords Recognized as a Function of 
Encoding Condition in Experiment 4. 

Legality Encoding Repeat Nonrepeat Priming 

Legal structure .82 .38 .44 
Pronounce .57 .38 .19 

Illegal structure .74 .39 .35 
Pronounce .55 .39 .16 
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Finally, in order to determine whether priming was 

significantly above baseline for legal and illegal nonwords 

in the structural and phonetic conditions, a series of t

tests were carried out. Priming was significant in all 

cases, t(47) values> 2.24, p < .05. 

Discussion 

consistent with Experiment 1, robust priming for legal 

nonwords was observed on the perceptual identification task, 

and the result cannot be attributed to explicit retrieval 

strategies. As noted above, this result is problematic for 

theories of implicit memory that assume that priming is the 

product of memory processes that modify preexisting lexical 

representations (Morton, 1969, 1979i Monsell, 1985). 

However, these priming results are completely consistent 

with a modification theory of implicit memory that assumes 

that priming occurs at a sub-lexical level of representation 

(e.g., Rugg & Nagy, 1987). As noted above, this latter view 

assumes that priming is the result of memory processes that 

strengthen preexisting letter sequences rather than complete 

word representations, and a critical feature of legal 

nonwords is that they are composed of preexisting letter 

sequences. 

Although the sub-lexical account of priming can 
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accommodate the legal nonword results, it is not clear that 

this approach is consistent with the illegal nonword 

findings that were obtained in Experiment 4. As was noted 

above, significant priming was observed for illegal nonwords 

following structural and phonetic study conditions, and the 

results dissociated from explicit memory. This result is 

important, because unlike legal nonwords, illegal nonwords 

are composed of unfamiliar letter sequences, and 

accordingly, the priming that was observed with these 

materials cannot be attributed to preexisting sub-lexical 

representations. Instead, the data provide some preliminary 

evidence that implicit memory can extend to novel materials 

that have no familiar subcomponents, apart from the 

individual letters that were used to construct the illegal 

nonwords. 

If the above results are accepted, and implicit memory 

does in fact extend to illegal nonwords, it may nevertheless 

be possible to maintain a modification theory of priming. 

All that need be assumed is that priming occurs at the 

letter level -- although illegal nonwords are not composed 

of familiar sequences of letters, they are, of course, 

composed of familiar letters. Accordingly, priming of the 

illegal nonword "qtbf" could be the result of strengthening 

the representations of the individual letters "q", "t", "b", 

"f". contrary to this argument, however, it is important to 
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note that priming is very much reduced or absent between 

orthographically related words, e.g., "cars" and "card" 

(Napps, 1989). If priming was simply the result of 

strengthening individual letter representations, then there 

should be a priming effect between "cars" and "card" that is 

i5% the size of the repetition effect obtained between 

"cars" and "card" because the former items share 75% of 

their letters in common. The fact that orthographic priming 

is small or absent argues against the view that priming 

occurs at the letter level. 

At present, it is unclear why the Rugg and Nagy (1987) 

and the Schacter et al. (1991) studies failed to obtain 

priming for illegal nonwords whereas significant priming was 

obtained for these materials in the present experiment. The 

fact that illegal nonword priming has only been observed in 

a subset of the conditions that have supported word and 

legal nonword priming suggests that there may be important 

differences between the processes that mediate illegal 

nonword priming on the one hand, and word and legal nonword 

priming on the other. In fact, even in the present 

experiment, the priming that was observed for illegal 

nonwords was somewhat anomalous: Priming for the illegal 

nonwords was less than half the size of the legal nonwords 

following the structural encoding conditions, even though 

recognition memory was similar for both set of materials in 
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this study condition. Accordingly, it will be important to 

explore the characteristics of illegal nonword priming in 

more detail before any strong conclusions should be made 

regarding the mechanisms that underlie illegal nonword 

priming. 

EXPERIMENT 5 

It is important to contrast the robust priming that has 

been obtained with legal nonwords in Experiments 1-4 with a 

number of studies that have observed little or even negative 

priming with legal nonwords when priming was assessed with 

the lexical decision task (Forbach et al., 1974; McKoon & 

Ratcliff, 1979; Bentin & Moscovitch, 1988). As noted in the 

introduction, the failure to obtain nonword priming with the 

lexical decision task may be due to a response bias that 

interferes with performance (Feustel et al., 1983). More 

specifically, it has been argued that subjects have a bias 

to respond "word" whenever they encounter a familiar letter 

string, and this bias proves to be problematic when subjects 

encounter nonwords for a second time: Subjects should 

respond "nonword" to these items, but the familiarity of the 

repeated nonwords tends to produce "word" responses. The 

key evidence in favor of this proposal is that nonword 

priming is generally observed in tasks that do not include 
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this bias. For example, a "feeling of familiarity" is 

unlikely to interfere with a subject's ability to identify a 

nonword on a perceptual identification task, and consistent 

with the Feustel et al. view, nonword priming is generally 

observed in this task. However, the argument that a 

"familiarity bias" acts to obscure nonword priming in the 

lexical decision task must be considered equivocal for two 

reasons. First, comparisons across experiments are always 

problematic. It is unclear whether the presence/absence of 

nonword priming on the identification/ lexical decision 

tasks is due to a difference in the tasks or to some other 

uncontrolled variable(s). Second, although the general 

trend has been to observe more nonword priming with the 

perceptual identification task compared to the lexical 

decision task, there are nevertheless reports of robust 

nonword priming with the lexical decision task (Monsell, 

1985; smith & Oscar-Berman, 1990), and small effects with 

the perceptual identification task following a single study 

episode (Whitlow & Cebollero, 1989; Whitlow, 1990). These 

considerations have led Monsell (1985) to question the 

response bias interpretation of Feustel et al. (1983). 

Accordingly, in order to provide a stronger test of the 

Feustel et al. argument, Experiment 5 assessed nonword 

priming with the lexical decision as opposed to the 

perceptual identification task, but maintained the remaining 
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procedures and materials as close as possible to Experiment 

1. The only differences between the two experiments were: 

a) Experiment 5 included a larger set of words and nonwords, 

b) Experiment 5 included an immediate study/test delay but 

not the longer delay conditions, and c) Experiment 5 

included a lexical decision task rather than a perceptual 

identification task. If nonword priming is severely reduced 

or negative in Experiment 5 as opposed to Experiment 1, 

despite the fact that similar experimental conditions are 

employed, then the results would provide support for the 

Feustel et al. (1983) analysis. 

Method 

Subjects. Forty-eight subjects from the University of 

Arizona were tested in Experiment 5. Subjects received 

course credit for their participation. 

Design and Materials. Experiment 5 included three 

within-subject variables: Lexicality (word vs legal 

nonword), Encoding Task (structural vs. rhyme), and Test 

(lexical decision vs. recognition). Consequently, the 

experiment was a 2x2x2 within-subjects design. The 

materials included the same set of 24 words and 24 nonwords 

that were included in Experiment 1. However, an additional 

set of 24 words and 24 nonwords were included in order to 
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increase the number of items per condition from 6 to 12. 

six items per condition was considered to be inadequate in a 

lexical decision task because an item is dropped from the 

analysis whenever a subject incorrectly categorizes it as a 

word or a nonword. See Appendix H for complete list of 

items. 

During the study phase of the experiment, subjects 

studied 24 words and 24 nonwords. The remaining 24 words 

and 24 nonwords were not studied; they were included on the 

lexical decision task in order to determine baseline levels 

of performance and on the recognition task as distractor 

items. Consequently, the lexical decision task and the 

recognition task consisted of 96 critical items: 48 studied 

items (24 words and 24 nonwords), and 48 nonstudied items 

(24 words and 24 nonwords). Four test forms were created in 

order that each word and nonword was presented in the 

structural and rhyme study conditions equally often, 

yielding a fully counterbalanced design. Items were 

presented in a random order during the encoding, lexical 

decision, and recognition tasks. 

Procedure 

The experiment was conducted under conditions of 

incidental encoding, and subjects were tested individually. 
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In the first phase of the experiment, subjects completed the 

encoding task. In each study trial, the word "rhyme" or 

"structure" was presented for one second, followed by a five 

second exposure of a word or nonword. As was the case with 

Experiment 1, subjects were instructed to count vowels and 

enclosed spaces when the word "structure" was presented, and 

they were asked to pronounce the item out-loud and generate 

rhymes of the item when the word "rhyme" was displayed. 

According to a levels-of-processing analysis, the 

"structural" and "rhyme" instructions encourage shallow and 

deep processing of the target materials, respectively. Ten 

buffer trials were included in the study session -- five 

primacy buffers at the beginning of the list and five 

recency buffers at the end. 

Following the study phase of the experiment, subjects 

completed the lexical decision task. Items were presented 

in the center of the screen, and subjects were asked to 

press the right shift key on the keyboard as quickly as 

possible if the item was a word, and the left shift key if 

it was a nonword. Finally, subjects completed the 

recognition task in which they were to press the right shift 

key if they remembered the item from the study-list, and the 

left shift key otherwise. As in earlier experiments, items 

remained on the screen until subjects responded. Complete 

instructions are presented in Appendix I. 
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Results 

The results of Experiment 5 are displayed in Table 7. 

As was the case with Experiment 1, words showed similar 

priming following rhyme (28 ms) and structural (39 ms) 

encoding conditions, whereas recognition memory was much 

higher following rhyme (.31) compared to the structural 

(.11) encoding condition. The critical finding of the 

present experiment, however, is that nonwords showed very 

strong negative priming following rhyme (-42 ms) and 

structural 

(-37 ms) encoding conditions, whereas the recognition memory 

results for nonwords were similar to the word results 

following rhyme (.35) and structural (.14) encoding 

conditions. 

A difficulty in analyzing these data is that priming 

was measured in reaction times and recognition was measured 

in percent correct. The different scales make comparisons 

across tasks problematic. Accordingly, separate ANOVAs were 

carried out on the lexical decision and recognition memory 

tasks. 

When the lexical decision data were subjected to an ANOVA 

that included Encoding Task and Lexicality as within subject 

factors, the main effect of Lexicality achieved 

significance, E(1,44) = 29.87, p < .01. This result 
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reflects the fact that the positive priming for words was 

significantly different from the negative priming for 

nonwords. By contrast, the Encoding Task variable did not 

approach significance, 

E(1,44) < 1, which indicates that priming was insensitive to 

the levels-of-processing manipulation. In order to 

determine whether or not priming for words and nonwords was 

significantly different from 0, a series of t-tests was 

computed. Significant priming was observed in all 

conditions, t(77) values> 2.55, p values < .05. 

An ANOVA carried out on the recognition data revealed a 

main effect of the Encoding Task, E(1,44) = 71.77, p < .01, 

indicating that the levels-of-processing manipulation had a 

strong effect on recognition memory. In contrast to the 

lexical decision analysis, however, Lexicality did not 

affect recognition performance, E(1,44) = 1.74, p > .05. 

The finding that recognition memory was similar for words 

and nonwords is important, because it suggests that the 

different results that were obtained for words and nonwords 

in the lexical decision task cannot be attributed to 

different levels of recognition memory for words and 

nonwords. 



TABLE 7 

Reaction Time to make Lexical Decisions with Words and 
Nonwords as a Function of Encoding Condition in 
Experiment 5. 
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Lexicality Encoding Repeat Nonrepeat Priming 

Words structure 610 649 39 
Rhyme 621 649 28 

Nonwords structure 768 731 -37 
Rhyme 773 731 -42 

Percentage of Words and Nonwords Recognized as a Function of 
Encoding Condition in Experiment 5. 

Lexicality Encoding Hits False-Alarms Priming 

Words structure .58 .47 .11 
Rhyme .78 .47 .31 

Nonwords structure .51 .37 .14 
Rhyme .72 .37 .35 
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Discussion 

Two findings are noteworthy in Experiment 5. First, 

the structural and phonetic study conditions produced a 

similar amount of facilitation for words on the lexical 

decision task, whereas recognition memory was strongly 

affected by the levels-of-processing manipulation. This 

result is consistent with Experiment 1 in which the 

perceptual identification task was used. Second, and in 

contrast with Experiment 1, robust negative priming was 

observed for nonwords. In fact, a similar amount of 

negative priming was observed following structural and 

phonetic study conditions, whereas recognition memory for 

these items showed the standard levels-of-processing effect. 

The contrast between positive nonword priming in Experiment 

1 and negative priming in Experiment 5 is striking because 

the design and procedures of the two studies were similar. 

Accordingly, these results suggest that Feustel et al. 

(1983) were correct in suggesting that the lexical decision 

task includes a response bias that makes it difficult to 

reject repeated nonwords. 

In addition to supporting the Feustel et al. (1983) 

argument with regards to the response bias, the present 

experiment provides some important constraints on the types 

of mechanisms that might mediate the negative nonword 
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priming. According to Feustel et al., word and nonword 

priming is largely the result of episodic memory traces, and 

these traces are thought to facilitate "yes" responses to 

repeated words, and inhibit "no" responses to repeated 

nonwords in the lexical decision task. However, the 

positive priming that was obtained with words in the present 

experiment dissociated from recognition memory following a 

levels-of-processing manipulation. Similarly, the nonword 

priming effects dissociated from explicit memory following 

this manipulation. Accordingly, the priming that was 

obtained for words and nonwords cannot be mediated by the 

same episodic memory strategies that mediated recognition 

memory. Instead, the negative and positive priming must be 

mediated by some sort of memory process that is insensitive 

to levels-of-processing manipulations. 

Perhaps the best way to interpret the present set of 

results is to adopt a view similar to Jacoby (1983). Jacoby 

has argued that the repetition of a word or nonword leads to 

an improved ability to perceive the item (in Jacoby's 

terminology, repeating an item leads to "perceptual 

fluency"), and this improved perception is thought to 

produce a "feeling of familiarity". That is, "familiarity" 

is the result of an attribution that subjects make as a 

consequence of perceptual fluency, Le., "the item must be 

familiar because I perceived it so easilyll. Importantly, 
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the present set of positive and negative priming findings 

can be explained within this framework. As long as it is 

assumed that perceptual fluency is insensitive to levels-of

processing manipulations, then "familiarity" should also be 

independent of these manipulations. As a result, the same 

response bias would act in the lexical decision task to 

facilitate word decisions and inhibit nonword decisions 

following structural or phonetic study conditions. 

According to Jacoby, memory representations responsible 

for perceptual fluency and a "feeling of familiarity" are 

located within an episodic memory system that mediates both 

implicit and explicit memory phenomena. It is important to 

note, however, that this "familiarity" need not be mediated 

by episodic memory traces, but rather, could be the result 

of an inference subjects make as a consequence of storing a 

new memory trace within an perceptual system (Schacter, 

1990). Regardless of whether a unitary or multiple-memory 

systems account is adopted, however, the present results can 

be accommodated as long as it is assumed that "a feeling of 

familiarity" depends upon memory representations that are 

accessed during the completion of an implicit task. 

Whatever the proper explanation for these results, the 

data have important implications for past experiments that 

have assessed nonword priming with the lexical decision 

task. As noted in the introduction, a number of memory 
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theorists have failed to observe nonword priming with the 

lexical decision task (e.g., Bentin & Moscovitch, 1988), and 

these results have been used to argue that priming is 

mediated by preexisting memory representations. However, 

the results of Experiment 5 support the view that a response 

bias acts to obscure priming for nonwords in the lexical 

decision task. Accordingly, the absence of nonword priming 

may reflect an idiosyncratic feature of the lexical decision 

task rather than an intrinsic property of the memory system 

that mediates priming. 

GENERAL DISCUSSION 

Two classes of theories have been proposed in order to 

explain implicit memory phenomena: a) modification theories 

that maintain that implicit memory is the result of 

activating and/or modifying preexisting memory 

representations, and b) acquisition theories that maintain 

that implicit memory is the result of newly acquired memory 

representations. These two positions continue to be 

supported (e.g., see Monsell, 1991; Graf & Ryan, 19915 ; for 

modification accounts; and Schacter, 1992 for acquisition 

SSee Graf & Schacter, 1989, for an attempt to accommodate the 
associative priming effects obtained between two unrelated 
words within a modification framework. 
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account), and it is unlikely that important progress can be 

made towards understanding implicit memory phenomena until 

this issue is resolved. 

The present experiments have yielded three main results 

that are relevant to resolving this debate. First, robust 

priming was observed for legal nonwords, and these effects 

were dissociated from explicit memory following a levels-of

processing manipulation (Experiment 1)6. In fact, a double 

dissociation between recognition memory and priming was 

observed for legal nonwords following study conditions that 

confounded a levels-of-processing manipulation with a 

study/test modality shift (Experiment 3). As noted above, 

these results are problematic for theories that assume that 

priming is the result of activating and/or modifying 

preexisting lexical representations. Second, priming 

effects were observed for illegal nonwords, and again, these 

effects were dissociated from explicit memory following a 

levels-of-processing manipulation (Experiment 4). This 

result is problematic for modification theory that assume 

that priming occurs at a sub-lexical level of 

representation. And third, negative priming was observed 

for legal nonwords using the lexical decision task 

6priming for nonwords failed to dissociate from recognition 
memory following a study/test modality shift (Experiment 2). 
Nevertheless, the priming results were similar for words and 
nonwords. 
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(Experiment 5). This result supports the view that a 

response bias acts to obscure nonword priming, and 

accordingly, experiments that have failed to observe nonword 

priming in the lexical decision task do not provide 

compelling evidence in support of modification theories of 

priming -- the results can be attributed to an idiosyncratic 

property of the lexical decision task rather than to an 

intrinsic property of the memory system that mediates 

priming. 

It is important to note that the present data are 

consistent with results that have been obtained with non

verbal materials. As was noted in the introduction, robust 

priming has been observed for novel objects and line 

patterns under conditions in which priming was dissociated 

from explicit memory. Not surprisingly, these results have 

been used to support acquisition theories of implicit memory 

within the non-verbal domain. However, results with verbal 

materials have been ambiguous: There has been no attempt to 

dissociate nonword priming from explicit memory in normal 

subjects, and the nonword priming results obtained with 

amnesic patients have been mixed. Consequently, the priming 

results within the verbal domain are consistent with both 

modification and acquisition theories. The present set of 

experiments help resolve this ambiguity by showing that 

implicit memory for nonwords can be dissociated from 
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explicit memory in normal subjects. The experiments thus 

provide preliminary evidence in support of the claim that 

implicit memory extends to novel information in the verbal 

domain. 

Given the present set of results, it appears that 

acquisition theories provide a better account of implicit 

memory phenomena than modification theories. However, in 

the remainder of the General Discussion, data that appear to 

be problematic for most acquisition theories, and consistent 

with some modification theories, are discussed in some 

detail. It is argued that a more complete account of 

priming must include insights from both modification and 

acquisition camps. 

As noted in the introduction, Morton proposed a 

modification theory of priming embedded within a more 

general theory of word recognition. On this account, the 

first stage in word identification involves activating an 

abstract logogen unit beyond a predetermined threshold. 

Priming on this view is the result of reducing the threshold 

for a logogen unit following an encounter with a word. For 

example, if the word "deer" was presented to a subject, the 

threshold associated with DEER logogen is reduced, and as a 

consequence, the logogen is more easily discharged in the 

future -- that is, DEER is primed. However, this view of 

priming is not shared by most acquisition theories of 
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implicit memory. Instead, acquisition theories generally 

assume that priming is mediated by a system that stores new 

episodic information (e.g. Roediger et al., 1989; Jacoby, 

1983). The description of this system varies in the 

different theoretical accounts of priming, but again, 

priming is thought to depend upon processes within a memory 

system rather than a system that functions to identify 

words. 

In contrast with the acquisition view, there are at 

least three sets of results that suggest that priming is 

mediated by the system that supports word recognition. 

First, word frequency has a profound effect on both word 

identification and priming. As was noted in the 

introduction, one of the central findings within the word 

recognition literature is that high frequency words are 

identified more quickly than low frequency words -- the so

called frequency effect. However, there has been relatively 

little attention paid to the fact that repetition priming is 

a function of word frequency as well: Low frequency words 

show more priming than high frequency words (Scarborough et 

al, 1977, Jacoby & Dallas, 1981; Forster & Davis, 1984; 

Kirsner et al., 1989). Interestingly, Morton's model 

provides a straightforward explanation for the interaction 

between word frequency and priming. As noted above, Morton 

argues that priming and the frequency effect are intimately 
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related: Priming reflects the lowering of a logogen's 

threshold following a single learning episode, and word 

frequency reflects a logogen's threshold as a consequence of 

its complete learning history. In order to account for the 

interaction between frequency and priming, all that need be 

assumed is that the learning process has reached asymptote 

for the high frequency words. Consequently, additional 

exposures to a high frequency word has little effect on its 

threshold thus only a small priming effect is observed 

for the item. By contrast, if it is assumed that the 

learning associated with low frequency words has not reached 

asymptote, then additional exposures to a low frequency item 

should continue to reduce its threshold -- and robust 

priming is observed for the item. 

Of course, a theory of implicit memory that assumes 

that priming is mediated by an episodic memory system may be 

capable of accommodating the interaction between word 

frequency and priming (see Forster & Davis, 1984). In fact, 

a fundamental result in the memory literature is that word 

frequency interacts with recognition and recall performance. 

The only point is that Morton's theory of priming provides a 

straightforward account of this interaction. By contrast, 

an account of implicit memory that emphasizes the memory 

component of priming, independent of a theory of word 

identification, does not appear to make obvious predictions 
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with regards to the interaction of frequency and priming. 

It is well established that recall is better for high 

frequency words, and recognition memory is better for low 

frequency words. So perhaps it can be argued that priming 

is more like recognition memory than recall -- but there is 

evidence that contradicts this claim (e.g., Haist et al., 

1992) . 

A second, and more telling form of evidence in support 

of the claim that priming is mediated by a system that 

supports word identification comes from experiments that 

have assessed priming between morphological relatives. A 

number of experiments have determined that priming between 

morphological relatives (e.g., the words "cars" and "car") 

is sUbstantial or complete (e.g., Napps, 1989). Critically, 

this priming is not the result of the orthographic overlap 

between the study test items, because morphologically 

unrelated words that share the same degree of orthographic 

overlap as two morphological relatives (e.g., the words 

"cars" and "card") show little and often no priming. 

Accordingly, priming appears to be sensitive to the 

morphological composition of the study and test items 

that is, priming is sensitive to the linguistic relevance of 

target materials. In fact, the repetition priming 

technique has become a primary tool of many theorists 

interested in the organization of the system that mediates 
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word identification, but this literature is largely ignored 

by theorists that claim that the priming is mediated by a 

general purpose memory system that is capable of storing new 

information following a single study episode (Jacoby, 1983; 

Roediger et al., 1989; Graf & Ryan, 1991). 

Third, and most critically, priming phenomena are 

abstract in nature; that is, priming is relatively 

insensitive to the idiosyncratic visual properties of the 

study and test materials. This claim might seem surprising, 

because a number of studies in the memory literature have 

reported data that suggest that priming is sensitive to the 

specific visual properties of study and test stimuli (e.g., 

Kolers, 1975, Masson, 1986, Graf & Ryan, 1990). In fact, 

this data has been used as evidence against the view that 

priming is mediated by abstract lexical representations with 

a linguistic system, and support the view that priming is 

the result of new representations within an episodic memory 

system (e.g., Jacoby & Hayman, 1987). The degree to which 

priming is sensitive to the visual details of target 

materials has been critical in theorizing about implicit 

memory, and accordingly, the results will be reviewed in 

some detail below. According to theories that embed priming 

with a word identification system, priming should be largely 

insensitive to the visual details of the study and test 

materials (unless the visual details are linguistically 
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relevant), because priming is thought to be mediated by 

abstract lexical or logogen units. By contrast, theories 

that assume that priming is mediated by new memory 

representations within an episodic memory system often argue 

that priming should be sensitive to these variables. 

The most dramatic evidence in support of the view that 

priming is sensitive to the visual details of study and test 

materials has been reported by Kolers (1975), Masson (1986), 

and Graf and Ryan (1990) a common feature of these 

experiments is that they presented words in unusual formats 

at study and test. In the Kolers (1975) experiment, for 

example, subjects studied a number of sentences in an 

upright condition (words were typed in the standard upright 

fashion) and studied a number of sentences in an inverted 

condition (words were geometrically inverted). At test, 

subjects read a list of sentences in the inverted condition: 

One third of the sentences had previously been studied in 

the same format (e.g. "kettle" had been presented in the 

inverted condition at study and at test), one third of the 

sentences had previously been studied in the different 

format condition ("kettle" had been presented in the upright 

condition at study and the inverted condition at test), and 

one third of the sentences were new. The dependent measure 

in the experiment was reading speed, and two key results 

were reported. First, an overall priming effect was 
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observed: At a 24 hour delay, the repeated sentences were 

re-read more quickly than the new sentences. And second, a 

specificity effect was obtained: Repeated sentences in the 

same format condition were re-read more quickly than 

sentences in the different format condition. As noted 

above, this specificity effect has been used to support the 

argument that priming is mediated by a memory system that 

represents the visual details of studied items, and counters 

the claim that priming is mediated by abstract lexical 

representations. 

However, when priming has been assessed with words that 

are presented in more conventional formats, there is a long 

list of studies that have found abstract priming effects 

following orthographic changes in the study and test items 

(e.g., Carr et al. 1989; Clarke and Morton, 1983; Feustel et 

al., 1983; Graf & Levy, 1984; Levy & Kirsner, 1989; Levyet 

al., 1986; Scarborough et al., 1977). Importantly, these 

abstract priming effects have been observed with a number of 

different priming procedures, including the lexical decision 

task, the identification task, and the naming latency task. 

Scarborough et al. (1977), for example, observed normal 

repetition priming when they manipulated the case (upper vs. 

lower) of letters between study and test in a lexical 

decision task. Similarly, Clarke and Morton (1983) asked 

subjects to study typed or handwritten words, and they 
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observed comparable priming effects on a subsequent 

identification task that included only typed words. Carr et 

ale (1989) asked subjects to read a hand or typewritten 

paragraph, and had subjects re-read the same paragraph in 

either the same or different format. In fact, Carr et ale 

included three different kinds of handwritten paragraphs, 

that varied from low to high legibility, and consequently, 

the surface changes between first and second reading 

included: typed-typed, low legibility-typed, medium 

legibility-typed, high legibility-typed, and vice versa. 

Despite the many surface changes in the study, the authors 

did not observe any effect of this variable. These results 

are difficult to reconcile with a view of priming that 

assumes that priming should be sensitive to the 

idiosyncratic visual features of the study and test 

materials. 

Although abstract priming effects are typically 

obtained when familiar typographies are included at study 

and test, it should be noted that a few studies have 

reported specificity effects with familiar scripts (i.e., 

Roediger & Blaxton, 1987; Jacoby & Hayman, 1987). Not 

surprisingly, the theorists that expect specificity effects 

have emphasized these results. However, when these results 

are examined in detail, they appear somewhat ambiguous and 

do not provide compelling evidence in support of the claim 
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that priming is sensitive to the visual properties of study 

and test items. For example, Roediger and Blaxton (1987) 

asked subjects to study a list of words that were presented 

in a hand-printed or typed format, and at test, subjects 

performed a fragment completion task. The critical 

fragments were presented in the same and different format 

conditions (e.g., hand-printed/hand-printed vs. typed/hand

printed). One critical result of the experiment was that a 

specificity effect was observed; namely, priming was greater 

when target items had been studied and tested in the same 

hand-printed format compared to a condition in which the 

target items were first studied in the typed format and 

subsequently tested in the hand-printed format. However, 

the experiment failed to observe specificity effects in a 

second condition; namely, equivalent priming effects were 

observed when target items were first studied in the typed 

condition and subsequently tested in the typed or hand

printed conditions. Consequently, this experiment only 

provides partial support for the notion that specificity 

effects can be observed with familiar typographies. 

Interestingly, Roediger & Blaxton (1987, Experiment 3) 

observed a strong and robust specificity effect when they 

included unusual typographies at study and test. 

In a similar study, Jacoby & Hayman (1987, Experiment 

1) asked subjects to study high and low frequency words 
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presented in upper and lower case letters, and at test, they 

performed an identification task: One third of the target 

items were repeated in the same case, one third of the 

target items were repeated in the opposite case, and a third 

of the target items were new. Again, a significant 

specificity effect was reported -- priming was greater when 

high frequency target items were studied and tested in the 

lower case format, compared to the condition in which high 

frequency target items were first studied in the lower case 

format and subsequently tested in the upper case format. 

However, the authors failed to observe specificity effects 

in the following three conditions: when high frequency words 

were studied in upper case and tested in lower case, when 

low frequency target items were studied in lower case and 

tested in upper case, and when these same items were studied 

in upper case and tested in lower case. So again, the 

experiment provides only limited support for the notion that 

specificity effects can be observed with familiar 

typographies. Jacoby & Hayman (1987) reported additional 

studies in their paper, and again, the specificity effects 

were inconsistent across conditions. 

The inadequacy of theories that predict that priming is 

sensitive to the visual overlap between study and test items 

is made most apparent in a number of experiments that report 

abstract priming across dramatic visual changes in study and 
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test items. One such experiment was reported by Brown, 

Sharma and Kirsner (1984). The authors tested subjects who 

were fluent in Hindi and Urdu scripts. The spoken forms of 

these scripts are identical under normal circumstances, but 

their written forms are very different. In the first phase 

of the experiment, subjects made lexical decisions on either 

Hindi or Urdu words, and in the second phase they made 

lexical decisions on either the same identical symbols that 

were presented at study (same script condition), the same 

words that were presented at study but in the opposite 

language (different script condition), or familiar words 

that had not been studied in the first phase of the 

experiment (control condition). The key results were that 

lexical decisions were facilitated by 113 ms in the same 

script condition, and 93 ms in the cross script condition, 

indicating that substantial priming was observed between 

scripts that share ~ physical features (also see Feldman 

& Moskovljevic, 1987). 

A second study that suggests that priming can be 

observed across dramatic structural changes in study/test 

items was recently carried out by myself (unpublished). In 

the first part of the experiment, 72 subjects studied the 

physical features of words (i.e., subjects counted the 

number of enclosed spaces in words -- the word "deer" 

contains spaces in the letters "d", "e" and "e") that were 
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typed in upper and lower case script. Immediately following 

the study phase of the experiment, subjects completed a 

lexical decision task. The test words included: a) old 

study words that were presented in the same case, b) old 

study words that were presented in the opposite case, or c) 

non-studied words. The key manipulation in the experiment 

was that half of the words were primarily composed of 

letters that share little if any physical ovarlap between 

their upper and lower case forms (i.e., a/A, diD, e/E, giG, 

n/N, qJQ, r/Ri the high shift words), and half of the words 

were primarily composed of letters that share a strong 

resemblance between their upper and lower case forms (i.e., 

i/I, 0/0, piP, siS, u/U, w/w, Z/Zi the low shift words) . 

The critical question was whether sUbstantial priming would 

be observed in the high shift condition when the study and 

test words were presented in the opposite case. 

The experiment included 20 words in the high shift 

condition, and 20 words in the low shift condition. All 

words were four letters in length, and the high and low 

shift words were composed of at least three letters in the 

corresponding high and low shift conditions. The frequency 

of the letters in the high and low shift conditions were 

matched as closely as possible (Mayzner & Tresselt, 1961), 

and the mean frequency of the high/low shift words were 38 

and 37 per million, respectively (Kucera & Francis, 1968). 
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The high shift words included "DEER/deer", "SAND/sand", 

"READ/read", and the low shift words included: "KISS/kiss", 

"SOUP/soup", and "STOP/stop" (see Appendix J for complete 

list of words). The nonwords in the lexical decision task 

were also in the high and low shift conditions and they were 

all pronounceable. 

In the high shift condition, there was a 28 ms 

priming effect when the study/test items were both presented 

in lower case format (e.g. "deer"/"deer"), and an 22 ms 

priming effect when the study/test items were presented in 

upper/lower case, respec,t:ively (e.g, "DEER"/"deer"). These 

two priming effects were highly significant (both l(1,68) 

values> 7.67, p < .01), and the priming effects did not 

differ from one another, l(1,68) < 1. Consequently, there 

was significant abs'tract priming across the upper/lower case 

scripts in the high shift condition, and no specificity 

effect. In the low shift condition, there was a 30 ms 

priming effect when the study/test items were presented in 

lower case (e.g., "kiss"/"kiss"), and a 27 ms priming effect 

when study/test items were presented in upper/lower case, 

respectively (e.g., "KISS"/"kiss"). Again, these two 

priming effects were significant (both l(1,68) values> 

8.92, p < .01), and the effects did not differ from one 

another, l(1,68) < 1. Consequently, there was abstract 

priming between the upper and lower ca.se scripts in the low 
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shift condition, and no evidence of a specificity effect. 

It might be argued that the abstract priming between 

the upper and lower case words in the high shift condition 

is due to non-visual factors. In other words, although the 

words "READ" and "read" do not share any visual features in 

common, they share the same semantic and auditory codes, and 

consequently the abstract priming may be mediated by one of 

these non-visual representations. In order to test for this 

possibility, I completed a second experiment in which 

subjects listened to (as opposed to read) the same list of 

words in the study phase of the experiment, and then 

completed the same word identification task (in the visual 

modality). Under these conditions, subjects showed zero 

priming -- subjects identified the studied and non-studied 

words in 559 ms. Consequently, the abstract priming that 

was observed in the first experiment does not seem to be 

mediated by semantic or auditory codes: The auditory word 

"read" accesses the same set of semantic and phonological 

representations as the visual word "read", but nevertheless, 

zero priming was observed between the two modalities. 

These abstract priming results strongly support an 

account of implicit memory that assumes that priming is 

mediated by abstract lexical representations within a word 

identification system. The only good evidence for 

specificity effects were observed with words that were 
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presented in unusual formats -- circumstances in which 

normal reading procedures are least likely to operate. It 

should not be claimed that the visual details of study and 

test stimuli have no effect on priming: Most studies have 

observed a trend for more priming when the visual details of 

the prime and target were maintained between study and test 

compared to conditions in which the visual details were 

altered. However, when one considers the degree to which 

priming is sensitive to visual details vs. the degree to 

which priming is insensitive to these details, it is clear 

that priming is largely an abstract phenomena. In fact, 

sUbstantial priming can be observed between stimuli that 

share virtually no visual detail in common (Brown et al., 

1984). The small specificity effects clearly do not provide 

a good reason to reject Morton's (1979) logogen theory of 

priming. By contrast, the results do call into question 

theories of priming that assume that priming is mediated by 

a memory system that represents the idiosyncratic visual 

details of study and test items (e.g., Schacter, 1990; 

Jacoby, 1983). 

Given these three independent sets of results, namely, 

interaction between word frequency and priming, the 

observation of priming between morphological relatives, and 

the abstract nature of priming, there seem to be good 

reasons to support the view that priming is mediated by a 
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system that supports word identification. Although, Morton 

has put forward a theory of priming that can accommodate the 

linguistic nature of priming, it does not provide an 

explanation for nonword priming phenomena. The key problem 

with Morton's theory is that it does not specify how new 

logogens are initially acquired. Morton describes the 

processes by which a low frequency word becomes a high 

frequency word, but the processes by which a zero frequency 

item (i.e., a nonword) becomes a low frequency word was not 

addressed. However, if is assumed that the same set of 

processes that change low frequency words into high 

frequency words are also able to change nonwords into low 

frequency words, then the nonword priming effects are no 

longer problematic for the theory. Clearly, the details of 

this learning process must be explored in more detail, but 

introducing learning into a theory of word recognition seems 

to be a promising approach towards understanding implicit 

memory phenomena (cf., Forster, in press). 

In fact, the idea that priming for nonwords is mediated 

by processes that construct new lexical representations is 

not unprecedented. Salasoo et al. (1985) completed a set of 

experiments that examined the process by which lexical 

representations are initially acquired, a processes they 

labelled "codification". On their view, nonword priming is 

partly mediated by codification processes, but they argue 
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that word and nonword priming is largely the result of 

episodic memory processes. It is important to note, 

however, that the authors do not provide any strong evidence 

in support of this claim, apart from their own intuitions 

that codification processes cannot occur following a single 

learning episode. However, the claim that word and nonword 

priming is mediated by episodic memory is compromised by the 

fact that amnesic patients show priming for words (and 

possibly nonwords), and the finding that recognition memory 

can be dissociated from word and nonword priming. But 

nevertheless, Salasoo et al. (1985) provide a first step in 

describing the learning processes that must be embedded into 

Morton's (1979) theory. 

Before concluding this discussion, it is important to 

note that Schacter (1990, 1992) has put forward a theory of 

implicit memory that can not only accommodate the nonword 

priming data, but is also consistent with the view that 

priming is mediated by a system that supports word 

identification. As noted in the introduction, Schacter has 

argued that priming is mediated by modular perceptual 

systems that represent the visual structures of words and 

objects, but do not represent the semantic information about 

them -- the so-called word form and structural description 

systems, respectively (Warrington & Shallice; Riddoch & 

Humphreys, 1987). On this account, the visual processing of 



a word creates a new trace of its visual features in the 

word form system, and this new memory is thought to 

facilitate subjects' performance on a variety of implicit 

memory tests. So long as the word form system is equated 

with the system that supports word identification, as 

Warrington (1980) maintained, then the theory provides a 

general framework with which to explain the above data. 
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Although Schacter's model provides a promising account 

of priming, there are some features of the model that seem 

problematic. Perhaps greatest weakness with the current 

version of the theory is that the memory operations within 

the word form system do not appear to be constrained by the 

putative function of the system -- i.e., word 

identification. The key features of the word form system 

that Schacter emphasizes are: a) the system is able to 

represent new information following a single learning 

episode, and b) the system represents the specific visual 

details of inputs. In support of these conclusions, 

Schacter cites studies that have observed priming for 

nonwords (e.g., Haist et aI, 1991), and studies that suggest 

that priming is reduced when the visual details of study and 

test items do not match (e.g., Jacoby & Hayman, 1987). 

However, this description of the word form system does not 

provide any insight into the processes by which words are 

recognized, and as was noted above, priming phenomena tend 



to be insensitive rather than sensitive to the visual 

overlap between study and test items. 

131 

It is interesting to note, that the problems associated 

with Schacter's model are essentially the converse of those 

associated with Morton's theory. Whereas Morton's model 

needs to include learning mechanisms, Schacter's model needs 

to include processes that are informed by the task of word 

identification. Of course, the task of specifying these 

processes is the focus of an entire literature, but 

nevertheless, Schacter's model provides a general framework 

in which priming is mediated by memory processes within a 

system that represents the visual structure of words. 

In conclusion, the present set of experiments suggest 

that priming extends to novel verbal materials, and 

accordingly, modification theories that assume that priming 

is restricted to preexisting memory representations are 

compromised. However a key feature of Morton's modification 

theory seems correct; namely, that priming is mediated by 

learning processes within a word identification system. 

Future theories of priming will have to accommodate two sets 

of data that have traditionally been treated separately. 

First, a theory must account for the priming effects that 

are observed for novel materials. And second, theories of 

priming must account for the linguistic nature of priming 

effects within the verbal domain. 
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APPENDIX A 

LIST OF WORDS AND NONWORDS FOR EXPERIMENT 1 

Words Nonwords 

cage jine 
dame boke 
barn cipo 
gasp durp 
maze cith 
rake fean 
lane pone 
wept snee 
tire dind 
brag tuid 
coax krel 
raft anit 
exit byan 
fuzz drot 
lump flis 
mole fook 
pony mant 
deer parn 
rust plin 
plow slar 
stow tead 
pray tida 
bath vart 
yolk vose 



APPENDIX B 

EXPERIMENTAL INSTRUCTIONS FOR EXPERIMENT 1 

PART 1 

In the first part of the experiment, you are going to complete 
a subjective perception task. In this task, you will see a series 
of letters that are flashed quickly on the computer screen. The 
letters may spell words, or they may spell non-words, for example, 
the letter string "NUBA" (spell and pronounce). As soon as a word 
or non-word flashes on the screen, I want you to name the first 
four letters that come to mind, whatever they might be. Most 
likely, the first letters that you will think of will be the same 
as the letters that were flashed, and that is fine. But if another 
set of letters come to mind first, you should say these letters 
out-loud. Just say the first letters that come to mind, and try to 
respond as quickly as possible. If your thoughts are totally 
blank, and no letters come to mind, then you can say "passu. But 
say PASS as rarely as possible. 

On each test trial, you will see a series of dollar signs on 
the computer screen, then four letters will flash quickly, and then 
a series of $$$ will appear again. After the letters flash, name 
the first four letters that come to mind. In order to advance to 
each test trial, you must press the space bar. Any Questions? 

PART 2 

In the next part of the experiment, you are going to see a 
series of words and non-words that are presented on the screen for 
five seconds each. 

Each word and non-word will be preceded by the word RHYME or the 
word STRUCTURE. If the word RHYME precedes a word or non-word, I 
want you to pronounce the word or non-word out-loud, and then name 
rhymes of the item. For example (press space bar, and show example 
on computer), when the non-word WUBA appears, say WUBA, and then 
you could say the rhyme TUBA. Some letter stings are easy to 
rhyme, so it should be possible to think of more than one rhyme in 
5 seconds. Others are difficult, and it is unlikely that you will 
think of any rhymes at all. After the item has disappeared, press 
the right shift key (point) if you have thought of 3 or more 
rhymes, and press the left shift key (point) if you have thought of 
less than three rhymes. 

Half of the time, however, the word STRUCTURE will precede a word 
or non-word. In these cases, I want you to count the number of 
vowels in each item and count the number of enclosed spaces in each 
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item. (GIVE EXAMPLE on a piece of paper). If there are an equal 
number of vowels and enclosed spaces in the item, press the right 
shift key. And if there are an unequal number of vowels and 
enclosed spaces, then press the left shift key. Try this example 
on the computer screen (press space bar). You shoUld wait until 
the letter string has disappeared before you press a key, and do 
not count the letter "yn as a vowC3l. (If subject starts reading 
these words out-loud, tell them that it is not necessary in this 
condition) Any questions? 

PART 3 

In the next part of the experiment, you are going to see a 
list of words and non-words that are flashed quickly on the 
computer screen -- just like in the first part of the experiment. 
Once again, I want you to name the first 4 letters that come to 
mind. The letters that come to mind will often be the same as the 
letters that were flashed, but if you think of different s~t of 
letters, then say them out-loud. And once again, respond as 
quickly as possible. If your mind is totally blank and no letters 
come to mind, you can pass, don't pass too often. Any questions? 

PART 4 

In the last part of the experiment, I am going to test your 
memory for the words and non-words that you studied for 5 seconds. 
If you think you saw the item before, then press the right shift 
key on the keyboard, and if not, then press the left shift key 
(point). All of the words and non-words you are about to see were 
flashed on the computer screen a moment ago- so don't press the 
right key just because you saw the item flashed. Only press the 
right shift key if you saw if for 5 seconds during the study phase 
of the experiment. Is this memory task clear? (make sure subject 
understands) . 
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APPENDIX C 

LIST OF WORDS AND NONWORDS FOR EXPERIMENTS 2A-B 

E~aer1ment 2a E~el;:1ment 2b 

NO!lwords Words I::!o!lwol;:ds Words 

fike barn darb barn 
plin coat exap coat 
frib self bomo self 
reba fuzz mape fuzz 
lano tire slar tire 
vart dame rive dame 
roga ring glot ring 
sith mile ante mile 
fean sold dond sold 
cipo tick frib tick 
fage rare enip rare 
ante skin smin skin 
drot tiny basp tiny 
slar hazy apos hazy 
glot brag lisk brag 
flas ride roga ride 
diab clue tida clue 
ioca bath alim bath 
roop dice libe dice 
heek pony diab pony 
reba belt blap belt 
pust gasp evos gasp 
tros exit esfa exit 
rive chip nipe chip 
mish slim chab slim 
mape raft fike raft 
tead lump ioba lump 
skap home flig home 
gine crop mish crop 
bise film slib film 



APPENDIX D 

EXPERIMENTAL INSTRUCTIONS FOR EXPERIMENT 2A 

PART I 

In the first part of the experiment, you are going to complete a 
subjective perception task. In this task, you will see a series 
of letters that are flashed quickly on the computer screen. The 
letters may spell words, or they may spell non-words, for 
example, the letters string "WUBA" (Spell and pronounce). As 
soon as a word on non-word flashes on the screen, I want you to 
name the first four letters that come to mind, whatever they 
might be. Most likely, the first letters you will think of will 
be the same as the letters that were flashed, and that is fine. 
But if another set of letters come to mind first, you should say 
these letters out-loud. Just say the first letters that come to 
mind, and try to respond as quickly as possible. If your 
thoughts are totally blank, and no letters come to mind, then you 
can say "pass". But say pass as rarely as possible. 

On each test trial, you will see a series of $$$ signs on 
the computer screen, then four letters will flash quickly, and 
chen a series of $$$ will appear again. After the letters flash, 
name the first four letters that come to mind. Any Questions? 

PART II 

In the next part of the experiment, you are going see a list 
of words and nonwords on the computer screen for 5 seconds each. 
I want you to read each item out-loud, and then I want you to 
make a decision about the way you pronounced the item. It turns 
out that each speech sound is produced by specific movements of 
the mouth, and one set of sounds, called BILABIALS, can only be 
produced when your upper and lower lips touch. So for example, 
the sound "P" is a bilabial, because your upper and lower lips 
must touch in order to make the "P" sound. This contrasts with 
other sounds like "0", or "K", where you lips do not touch. The 
sound "F" might seem like bilabial at first, but if you think 
about it, your lower lip touches your upper teeth -- your lips to 
not touch, so the sound is not a bilabial (make sure they 
understand the difference). What I want you to do is read each 
word and non-word out-loud, and then decide if your lips touched 
during the item. Just tell me "yes" or "no" after each item. 
The words and non-words are repeated every 5 seconds, so you 
should have plenty of time to make your decision. I should say 
that there is no "right" way to pronounce the nonwords, so just 
pronounce them the way you think they should be pronounced. Any 
questions? 
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Now you are going to hear a list of words and nonwords that are 
presen~ed on this ~ape recorder. I want you to is repeat each 
item after it is presented, and then decide if your lips touched 
during your pronunciation of the item -- just like before. Again 
the i~ems will be presented every 5 seconds, so you should have 
plen~y of time to make you decision. Any questions? 

PART III 

In the next part of the experiment, you are going to see a 
list of words and non-words that are flashed quickly on the 
computer screen -- just like in the first part of the experiment. 
Once again, I want you to name the first 4 letters that come to 
mind. The letters that come to mind will often be the same as 
the letters that were flashed, but if you think of different set 
of letters, then say them out-loud. And once again, respond as 
quickly as possible. If your mind it totally blank and no 
letters come to mind, you can pass. But don't pass too often. 

PART IV 

In the last part of the experiment, I am going to test your 
memory for the words and nonwords that you pronounced out-loud 
and then decided whether or not they contained BILABIAL sounds. 
So I'm testing your memory for the items that were presented for 
5 seconds on the tape recorder and on the computer. If you think 
the word or nonword was presented for 5 seconds, then press the 
right shift key on the keyboard, and if not, press the left shift 
key. In order to best remember the items, you should pronounce 
the words and nonwords out-loud, and then decide if you 
pronounced the item before. I should say that all of the words 
and nonwords you are about to see were flashed on the computer 
screen a moment ago -- so don't press the right shift key just 
because you saw the item flashed. Only press the right shift key 
if it was presented for 5 seconds on either the tape recorder or 
the computer. You have all the time you need to respond. Any 
questions? 
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APPENDIX E 

EXPERIMENTAL INSTRUCTIONS FOR EXPERIMENT 2B 

PART ! 

In the first part of the experiment, you are going to complete a 
subjective perception task. In this task, you will see a series 
of letters that are flashed quickly on the computer screen. The 
letters may spell words, or they may spell non-words, for 
example, the letters string "WUBA" (Spell and pronounce). As 
soon as a word on non-word flashes on the screen, I want you to 
name the first four letters that come to mind, whatever they 
might be. Most likely, the first letters you will think of will 
be the same as the letters that were flashed, and that is fine. 
But if another set of letters come to mind first, you should say 
these letters out-loud. Just say the first letters that come to 
mind, and try to respond as quickly as possible. If your 
thoughts are totally blank, and no letters come to mind, then you 
can say "pass". But say pass as rarely as possible. 

On each test trial, you will see a series of $$$ signs on 
the computer screen, then four letters will flash quickly, and 
then a series of $$$ will appear again. After the letters flash, 
name the first four letters that come to mind. Any Questions? 

PART II 

In the next part of the experiment, you are going see a list 
of words and nonwords on the computer screen for 5 seconds each. 
I will pronounce the word or nonword out-loud, and then I want 
you to repeat the item out-loud, and then make a decision about 
the way you pronounced the item. It turns out that each speech 
sound is produced by specific movements of the mouth, and one set 
of sounds, called BILABIALS, can only be produced when your upper 
and lower lips touch. So for example, the sound "P" is a 
bilabial, because your upper and lower lips must touch in order 
to make the "P" sound. This contrasts with other sounds like 
"0", or "K", ' .. here you lips do not touch. The sound "F" might 
seem like bilabial at first, but if you think about it, your 
lower lip touches your upper teeth -- your lips to not touch, so 
the sound is not a bilabial (make sure they understand the 
difference). What I want you to do is read each word and non
word out-loud, and then decide if your lips touched during the 
item. Just tell me "yes" or "no" after each item. The words and 
non-words are repeated every 5 seconds, so you should have plenty 
of time to make your decision. Any questions? (after the tape 
is finished, begin the next set of instructions) 

Now you are going to hear a list of words and nonwords that 
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are presented on this tape recorder. I want you to is repeat 
each item after it is presented, and then decide if your lips 
touched during your pronunciation of the item -- just like 
before. Again the items will be presented every 5 seconds, so 
you should have plen~y of time to make you decision. Any 
questions? 

PART III 

In the next part of the experiment, you are going to see a 
list of words and non-words that are flashed quickly on the 
computer screen -- just like in the first part of the experiment. 
Once again, I want you to name the first 4 letters that come to 
mind. The letters that come to mind will often be the same as 
the letters that were flashed, but if you think of different set 
of letters, then say them out-loud. And once again, respond as 
quickly as possible. If your mind it totally blank and no 
letters come to mind, you can pass. But don't pass too often. 

PART IV 

In the last part of the experiment, I am going to test your 
memory for the words and nonwords that you pronounced out-loud 
and then decided whether or not they contained BILABIAL sounds. 
So I'm testing your memory for the items that were presented for 
5 seconds on the tape recorder and on the computer. If you think 
the word or nonword was presented for 5 seconds, then press the 
right shift key on the keyboard, and if not, press the left shift 
key. In order to help you remember the items, I will pronounce 
the words and nonwords out-loud -- and then you should decide if 
you heard or saw the item before. I should say that all of the 
words and nonwords you are about to see were flashed on the 
computer screen a moment ago -- so don't press the right shift 
key just because you saw the item flashed. only press the right 
shift key if it was presented for 5 seconds on either the tape 
recorder or the computer. You have all the time you need to 
respond. Any questions? 
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APPENDIX F 

EXPERIMENTAL INSTRUCTIONS FOR EXPERIMENT 3 

PART I 

In the first part of the experiment, you are going to complete a 
subjective perception task. In this task, you will see a series 
of letters that are flashed quickly on the computer screen. The 
letters may spell words, or they may spell non-words, for 
example, the letters string "WUBA" (Spell and pronounce). As 
soon as a word on non-word flashes on the screen, I want you to 
name the first four letters that come to mind, whatever they 
might be. Most likely, the first letters you will think of will 
be the same as the letters that were flashed, and that is fine. 
But if another set of letters come to mind first, you should say 
these letters out-loud. Just say the first letters that come to 
mind, and try to respond as quickly as possible. If your 
thoughts are totally blank, and no letters come to mind, then you 
can say "pass". But say pass as rarely as possible. 

On each test trial, you will see a series of $$$ signs on 
the computer screen, then four letters will flash quickly, and 
then a series of $$$ will appear again. After the letters flash, 
name che first four letters that come to mind. Any Questions? 

PART II 

In the next part of the experiment, you are going see a list 
of words and nonwords on the computer screen for 5 seconds each. 
I want you to count the number of vowels in each item and count 
the number of enclosed spaces in each item (GIVE EXAMPLE of 
enclosed space on a piece of paper). If there are an equal 
number of vowels and enclosed spaces in the item, then press the 
right shift key. And if there are an unequal number of vowels 
and enclosed spaces, press the left shift key. Try this example 
on the computer screen (press space bar). You should wait until 
the letter string has disappeared before you press a key, and do 
not count the letter "y" as a vowel. (If subject starts reading 
these words and nonwords out-loud, tell them that it is not 
necessary). Any questions? 

Now you are going to hear a list of words and nonwords that 
are presented on the tape recorder. I want you to repeat each 
item out-loud, and then name rhymes of the item. For example, if 
the nonword "WUBA" was presented on the tape recorder, you should 
say "WUBA" oue-loud, and then you could say the rhyme TUBA or 
SCUBA. When you are thinking of rhymes, always name real words, 
even when the item you heard on the tape recorder is a nonword -
so don't say MUBA as a rhyme for WUBA. I want you to think of as 
many rhymes as possible in 5 seconds. When 5 seconds has passed, 
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you ~ill hear a bell ~n t~e tape recorder. As soon as you hear 
the bell, stOP thinking of rhymes, and listen for the next word 
or nonword. I should say that some words and nonwords are 
difficult to rhyme. and you may not think of any rhymes at all. 
Just do your best, and name as many rhymes as you can. Any 
questions? 

PART III 

In the next part of the experiment, you are going to see a 
list of words and non-words that are flashed quickly on the 
computer screen -- just like in the first part of the experiment. 
Once again, I want you to name the first 4 letters that come to 
mind. The letters that come to mind will often be the same as 
the letters that were flashed, but if you think of different set 
of letters, then say them out-loud. And once again, respond as 
quickly as possible. If your mind it totally blank and no 
letters come to mind, you can pass. But don't pass too often. 

PART IV 

In the last part of the experiment, I am going to test your 
memory for the words and nonwords that were presented for 
5 seconds on the tape recorder and on the computer -- i.e. the 
items that you rhymed and counted vowels. If you think you saw 
or heard the item before, then press the right shift key on the 
keyboard, and if not, press the left shift key (point). I should 
say that all of the words and nonwords you are about to see were 
flashed on the computer screen a moment ago -- so don't press the 
right shift key just because you saw the item flashed. only 
press the right shift key if it was presented for 5 seconds on 
either the tape recorder or the computer. You have all the time 
you need to respond. Any questions? 
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APPENDIX G 

LIST OF LEGAL AND ILLEGAL NONWORDS FOR EXPERIMENT 4 

Legal NODwords Illegal MODwords 

darb kbru 
exap iwsq 
ibis ufcj 
mape wbyg 
slar ogtk 
rive twlp 
glot tjbu 
ante bdli 
hust csfp 
frib jcrn 
enip pnjw 
wabe gwvi 
basp lrbz 
apos bcmu 
lisk hdbr 
roga owct 
tida dfqa 
alim rdmv 
libe omvp 
diab hsqj 
blap svtm 
evos rbtl 
lano sjne 
nipe dwva 
chab rfmi 
fike yrhe 
ioba tlry 
flig gcpt 
mish sbks 
slib psiw 



APPENDIX H 

EXPERIMENTAL INSTRUCTIONS FOR EXPERIMENT 4 

Part I 

In the first part of the experiment, you are going to complete a 
subjective perception task. In this task, you will see a series 
of letters that are flashed quickly on the computer screen. Each 
letter string will be four letters in length and will spell a 
nonword -- for example the nonword WUBA. As soon as the letters 
flash on the screen, I want you to name the first four letters 
that come to mind, whatever they might be. Most likely, the 
first letters that you will think of will be the same as the 
letters that were flashed, and that is fine. But if another set 
of letters come to mind first, you should say these letters out
loud. Just say the first letters that come to mind, and try to 
respond as quickly as possible. If your thoughts are totally 
bland, and no letters come to mind, then you can say "pass". But 
say pass as rarely as possible. 

Part II 

In the next part of the experiment, you are going to see a list 
of nonwords presented on the computer screen for 5 seconds each. 

Each nonword will be preceded by the word PRONOUNCE or the words 
VOWELS/SPACES. If the words PRONOUNCE precedes a nonword, I want 
you to pronounce the nonword as best as you can. Some items like 
WUBA will be relatively easy to pronounce, and others, like TLMC 
are difficult. I want you to do your best to pronounce each 
item, and then rate how easy it was to pronounce the item on a 
scale from 1 to 5. A rating of 1 means the item was easy to 
pronounce, and 5 means the item was extremely difficult. Try to 
use all the numbers between 1 and 5 if possible. Try this 
example on the computer screen. Any questions? 

Half of the time, however, the words VOWEL/SPACES will 
precede the nonword. In these cases, I want you to count the 
number of vowels in each item and count the number of enclosed 
spaces in each item (give example). If there are an equal number 
of vowels and enclosed spaces, just say the word "same" out-loud. 
Otherwise, say "different". Try this example on he computer 
screen. Any questions? 

Part III 

In the next part of the experiment, you are going to see a list 
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of nonwords that are flashed quickly on the computer screen -
just like in the first part of the experiment. Once again, I 
·.~ant vou to name the first 4 letters that come to mind. The 
letters that come to mind will often be the same as the letters 
that were flashed, but if you think of a different set of 
letters, then say them out-loud. And once again, respond as 
quickly as possible. If your mind is totally blank and no 
letters come to mind, you can pass. But don't pass too often. 

Part IV 

In the last part of the experiment, I am going to test your 
memory for the nonwords that were presented for 5 seconds on the 
computer screen -- i.e., the nonwords that you pronounced and 
counted vowels. If you think you saw the nonword in this phase 
of the experiment, press the right shift key on the keyboard, and 
if not, press the left shift key. I should say that all of the 
nonwords you are about to see were flashed on the computer screen 
a moment ago -- so don't press the right shift key just because 
you saw it flashed. Only press the right shift key if you 
pronounced the item out-loud or counted vowels/spaces in the 
item. Any questions? 
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APPENDIX I 

LIST OF HORDS AND NONWORDS EOB EXPERIMENT 5 

Words Nonwords 

brag bath mape enip 
gasp cage krel flis 
horn yard tida tuid 
sold maze slar pone 
ring pony mish drot 
deer rice chab frib 
maid tiny fook jine 
pray chip tros roop 
belt fuzz cith durp 
bird corn apos tead 
meal exit slib snee 
skin barn fike byan 
weak lump skap bise 
coax lane glot darb 
stow yolk evos anit 
plow raft parn plin 
tire mole fean dind 
mile dice alim cipo 
beef crop vart lisk 
dame tick nipe smin 
rust wept boke libe 
self clue blap pust 
coal rake vose rive 
ride hazy exap mant 



APPENDIX J 

EXPERIMENTAL INSTRUCTIONS FOR EXPERIMENT 5 

PART 1 

In the first part of the experiment, you are going to see a 
series of words and nonwords that are presented on the computer 
screen for five seconds each. Each word and nonword will be 
preceded by the word RHYME or the word STRUCTURE. If the word 
RHYME precedes a word or nonword, I want you to pronounce the 
word or nonword out-loud, and then name rhymes of the item. 
(Give example on computer). Some letter stings are easy to 
rhyme, so it should be possible to think of more than one rhyme 
in 5 seconds. Others are difficult, and it is unlikely that you 
will think of any rhymes at all. Just name as many rhymes as you 
can. 

Half of the time, however, the word STRUCTURE will precede a 
word or nonword. In these cases, I want you to count the number 
of vowels in each item and count the number of enclosed spaces in 
each item. (GIVE EXAMPLE on a piece of paper). If there are an 
equal number of vowels and enclosed spaces in the item, say the 
word "same" out-loud. Otherwise, say "different". So you are 
comparing the number of enclosed spaces in the item with the 
number of vowels in the item. Try this example on the computer 
screen (Press space bar). (If subject starts reading the items 
out-loud, tell them that it is not necessary) Any questions? 

PART 2 

In the next part of the experiment, you are going to see a 
list of words and nonwords on the computer screen. I want you to 
decide as quickly as possible whether each item is a word or 
nonword. Press the right shift key if it is a word, and a left 
shift key if it is a nonword. If you start making more than 10-
15% errors, slow down, and be more careful. Any questions? 

PART J 

In the last part of the experiment, I am going to test your 
memory for the words and nonwords that you studied for 5 seconds 
in the first part of the experiment. If you think you saw the 
item in the first part, press the right shift key on the 
keyboard, and if not, then press the left shift key (point). All 
of the words and nonwords you are about to see were presented in 
the second part of experiment -- so don't press the right key 
just because you saw it before. only press the 
right shift key if you rhymed the item or counted vowels/spaces 
in the item in the first part of the experiment. 
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APPENDIX K 

LIST OF HIGH AND LOW SHIFT WORDS FOR ABSTRACT PRIMING EXPERIMENT 

High Shift Low Sh~ft 

arab buzz 
yard cups 
deer hoop 
cage kiss 
sand lips 
date plus 
dent pulp 
edge pump 
eggs ship 
gang slop 
grab soil 
grey soup 
idea spin 
read spot 
neon stop 
rare suit 
nude swim 
rude tops 
glad wish 
tree boss 
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