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ABSTRACT

     There are now extensive behavioral and neuropsychological evidence to indicate that 

semantic information of a word can be activated without conscious awareness.  However, 

semantic activation alone may not be sufficient for observing semantic priming effects in 

masked lexical decision task.  In the following study, two tasks were used: lexical 

decision and semantic categorization.   Conscious awareness of the prime was 

systematically manipulated by varying the duration of the prime and by varying the 

placement of the mask in the prime-target presentation sequence.  Priming effects were 

observed in the semantic categorization task at prime durations of 42 milliseconds but no 

semantic priming was observed for the same prime duration in the lexical decision task.  

However, semantic priming effects began to emerge in lexical decision at the longer 

prime durations (55 & 69 ms) and under the least effective prime-mask presentation 

sequences.  It is proposed that semantic activation alone is not sufficient for semantic 

priming effects in the lexical decision task but that central executive involvement is 

necessary, if only at the lowest level, for facilitatory effects to be observed.  Furthermore, 

no such central executive involvement appears to be required for the semantic 

categorization task.  The priming effects obtained in this task is interpreted in terms of a 

“decision priming” effect.
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CHAPTER 1  INTRODUCTION

     Semantic priming was first reported by Meyer and Schvaneveldt (1971) and is the 

facilitation of response latency one observes in a lexical decision task when the prime is 

semantically related to the target, compared to when it is not.  For example, reaction time 

to the target word, NURSE, is faster when it is preceded by the prime, doctor, compared 

to when the target word, NURSE, is preceded by a semantically unrelated prime such as 

clock.  

     Two types of processes have been found to contribute to the semantic priming effect.  

One is an automatic component of the lexical access process in which semantic 

information of a word is retrieved, and the second is a strategic and/or expectancy based 

decision-making process (Neely, 1977; 1991; Neely & Kahan, 2000).  The automatic 

component is thought to operate without conscious awareness of the prime and during the 

early stages of lexical access, while the strategic and expectancy based process is thought

to require some level of awareness of the prime, and operates during the later stages of 

lexical access or post-lexically.  It is this automatic component of semantic retrieval and 

the masking method used to study this process that are the main focus of this current 

study.   

     The central question addressed in this study is whether awareness of the prime is 

required in order to produce semantic priming effects.  The motivation for this line of 

investigation was based on two general observations.  First, that the experimental 

findings were not uniform among the numerous behavioral studies claiming to investigate 

semantic priming without awareness.  The primary point of contention is the prime 



10

duration at which semantic priming effects can be obtained.  This variable varies between 

the lexical decision studies as well as between tasks.  Second, that there was a variation in 

the masking procedures used, more so among the masked lexical decision studies than 

among the masked semantic categorization studies.  Taken together, what these 

observations suggested were that the differences found between the masked lexical 

decision studies may be the direct result of how effective one type of masking procedure 

was compared to another, and not necessarily evidence for unconscious semantic 

priming.  The implication is that what appears to be unconscious semantic priming may 

not be unconscious at all. 

Choice of masking technique

     As stated above, one aspect of the previous masked semantic priming studies, in 

particular the masked lexical decision studies, that needs to be explored is whether the 

masking procedures were equally effective in all cases.  In general, the masked priming 

technique has been extremely useful as a way of presenting a stimulus so it is not 

available for conscious report and in so doing, greatly reducing or eliminating any 

influences of strategic or expectancy-based decision-making processes (Forster & Davis, 

1984).  It is also generally accepted that the effects observed under masking conditions 

are a reflection of only the automatic components of cognitive processes.   However, for 

this to be true in all situations, is to imply that a standardized and universally accepted 

masking technique had been developed shown not only to produce reliable and consistent 

results, but proven to display the prime with zero awareness.  This is simply not the 

current state of affairs.   Presently, masked priming procedures can vary in terms of the 
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number and type of mask(s) used, the placement of the mask(s) within the presentation 

sequence, the duration of the mask(s), the length of ISI, the SOA, the duration of the 

prime, and the type of prime used.   A researcher is free to pick and choose whatever 

combination he or she wishes to use to the extent that the computer hardware and 

software will accommodate.  However, whether or not the different combinations of 

masking sequences are equally effective or whether they provide the same 

phenomenological experience for the subject is not entirely clear.  Consequently, it is at 

least possible that in some cases confounding variables, such as prime awareness, may 

have been inadvertently introduced and affected performance.

General aim of study

      The general aim of this study is to determine under what conditions semantic priming 

effects can be observed.  In particular (1) to understand how the methodological 

variations in the masked lexical decisions studies may have affected performance by 

using experimentally consistent conditions, and (2) to consider the possibility that 

semantic activation alone may not be sufficient for masked semantic priming by 

examining the role of other factors such as awareness, task relevance, and attention.

Outline of chapters

     In the remainder of this chapter, processes thought to contribute to semantic priming 

will be discussed in Section A, Historical Background.  This will be followed by a brief 

summary of how semantic priming is accounted for in the extant lexical access models in 

Section B, Models of Lexical Access.   In the next section, Section C, Review of previous 

behavioral evidence, a summary of the findings from two main behavioral measures of 
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masked semantic priming will be discussed.  Finally in Section D, Potential 

methodological problems and aim of current study, the various methodological problems 

of these studies will be summarized, and the aim of the current study outlined. 

      In Chapter 2, four masked lexical decision experiments will be presented addressing 

methodological issues raised in the previously conducted masked lexical decisions 

studies and the role of awareness.  

      In Chapter 3, two experiments will be reported.  One is a masked semantic 

categorization experiment and the other a masked lexical decision experiment.  Task 

differences and the role of attention will be discussed.

     A brief summary of the findings and a general discussion of the results will be 

presented in Chapter 4.

Section A.   Historical background

     Meyer and Schvaneveldt (1971) were the first to observe faster response latencies in a 

lexical decision task when the target was preceded by a semantically related prime 

compared to when it was preceded by an unrelated prime and referred to it as semantic 

priming.  According to Meyer and Schvaneveldt (1971), the effect is easily explained 

within the framework of the spreading activation model of lexical access (Collins & 

Quillian, 1969; Collins & Loftus, 1975; Neely, 1977; but see McKoon & Ratcliff, 1992; 

Ratcliff & McKoon, 1994, for an alternative theory).  In the spreading activation model, 

words are represented by nodes within an interconnected network.  Semantic similarity is 

the organizing principle governing the structure of the network in which semantic 

relatedness is represented as a function of the distance between the nodes.  That is, the 



13

more semantically similar the words are, the closer in proximity they are to each other 

within the network, and the stronger and faster the activation will flow from one word 

node to its semantically related neighbor.  This spread of activation is assumed to flow 

automatically and effortlessly between the nodes.  Accessing a word in this model 

depends on the level of activation the corresponding word node receives from the visual 

input.  Although, the model does not make explicit at what point or to what level the node 

must be activated, the implication is that the visual input will activate the relevant nodes 

to a level necessary for lexical access.  In this model, the sole contributing factor of 

semantic priming is the pre-activation of the target word node by the prime word node 

enabling it to reach the level of activation necessary for access quicker than if it had not 

been pre-activated.   

     Although the spreading activation model could adequately explain the semantic 

priming effect, it soon became clear that this account could not be the only mechanism 

involved, especially when the relationship between the prime and target could be readily 

exploited as it is the case when the prime is clearly visible.  This was demonstrated by 

Neely (1976) who had initially set out to find evidence to support the spreading activation 

account but instead found that expectancy based strategies also played a role in the 

semantic priming effect.

     What Neely (1976) set out to test was the idea that spreading activation would have to 

be a fast acting but quickly decaying process.  The reason is because in reading a 

sentence, quickly activating and accessing a word as it is encountered is essential in order 

for reading to progress in a smooth, uninterrupted fashion.  It would hinder reading if 
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information about the latest word were kept activated while the next word was being 

processed, making it difficult to sort out which lexical information belonged to which 

visual input.  Therefore, what the spreading activation model should predict is semantic 

priming at short prime-target stimulus-onset asynchronies (SOA’s) but not for long 

prime-target SOA’s.  This is exactly what Neely set out to test.  Contrary to his 

predictions however, semantic priming was observed for both short and long SOA’s.

     In order to explain the results, Neely (1977) proposed that what must have happened 

was that participants had noticed that the prime and target were semantically related 

because the prime was visible, and because the SOA provided sufficient time to process 

this information, they had exploited this relational information to form expectancies 

about what the target would be given the prime.  The result was the introduction of an 

additional source of semantic priming quite separate from those produced by an 

automatic component of lexical access.   

     To test his claim that semantic priming effects can be generated through the use of 

strategies if given sufficiently long SOAs, Neely constructed an experiment in which 

semantic priming could be obtained not only for semantically related prime-target pairs 

but also for unrelated prime-target pairs.  As expected, semantic priming was observed 

when participants were instructed ahead of time to expect a word describing a part of a 

building as the target when it was preceded by the prime describing a name of a body part 

(i.e. body-DOOR).  One could hardly argue that the priming effect obtained for the 

unrelated pairs could in any way be semantic in nature.  Additional support for the 

strategy based account of priming was reported by Tweedy, Lapinski, and Schvaneveldt 



15

(1977).  In their study, the proportion of semantically related prime-target pairs was 

varied.  In the high proportion condition, the proportion of semantically related pairs 

were .66 while in the low proportion condition, they were .33.  What they found was that 

the magnitude of the semantic priming effect increased as the proportion of semantically 

related pairs increased suggesting that the participants were learning during the course of 

the trials that the prime was more than likely to be related to the target and used this 

information to make faster responses when the anticipated target word appeared.  This 

finding lends further support to the claim that participants can readily detect information 

about prime-target relationships and use that information to form strategies for 

responding.

     What Neely (1977) concluded from these results was that there must be two sources 

for the semantic priming effect distinguished by the mechanism and time course at which 

they came into play during lexical processing.   Spreading activation is an automatic 

process that makes a contribution during the early stages of processing and therefore, 

observed at the short SOA’s (~250 ms) while strategy and expectancy are decision-driven 

processes that makes a contribution at the later stages of lexical access and observed at 

the long SOA’s (~2000 ms).   

     In addition to the spreading activation and expectancy accounts of semantic priming, a

third possible source of semantic priming has been proposed by Neely and Keefe (1989) 

called the retrospective semantic-matching model.  The claim is that the information used 

as the basis for the response is formed by conducting a retrospective check of the 

relationship between the prime and target.  In this model, unlike the expectancy account 
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where one anticipates what the target word would be, the relationship between the prime 

and target is checked after the target has been presented, hence, the name retrospective 

semantic-matching.   If the word target is related to the prime, this provides additional 

evidence that the target is a word, and a fast “yes” response is generated resulting in a 

priming effect.  However, the absence of a semantic relationship in the case of an 

unrelated prime-word target will not generate a fast “no” response because the correct 

response to the target will still be a “yes” response.  In contrast, this model would predict 

a fast “no” response for nonword targets because no semantic relationship exists between 

the nonword prime and the nonword target. 

     In recent years however, much of the interest has shifted from investigating the 

strategic components of semantic priming to using the masked priming paradigm to 

examine the automatic processes involved in the semantic priming effect.  A summary of 

the masked semantic priming studies will be discussed in Section C.

Section B.  Models of lexical access 

     The mechanism of spreading activation detailed in the spreading activation model 

(Collins & Quillian, 1969; Collins & Loftus, 1975) is the generally favored account of 

semantic priming, but it is by no means the only mechanism.  In the following, how 

alternative models of lexical access account for the semantic priming effect will be 

discussed. 

     One type of model views the lexical and semantic systems as separate modules of a 

larger cognitive system in which each system operates autonomously from each other 

(Fodor, 1983; Forster, 1985, 1981).  On this view, the lexical system is a distinct system 
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that stores the orthographic, phonological, and limited lexico-semantic information of a 

word.  The semantic system is the semantic memory system proper.   Semantic priming 

on this view arises as the result of processes residing in one of the two systems 

exclusively.   For example, in the entry-opening model of Forster (1985), lexical 

properties are thought to be organized as entries in a file.  The first stage of the entry-

opening process involves locating the orthographic file matching the visual input.  Only 

when this process is completed, can the phonological and lexico-semantic files be 

opened.  In this model, priming is the result of the prime opening the entry for the target 

ahead of its presentation solely on the basis of how well-matched the orthographic 

properties are between them.  Therefore, as the model currently stands, semantic priming 

effects can only be explained in terms of a post-lexical strategy such as retrospective 

semantic-matching. 

     An alternative account of semantic priming takes a rather unique position by 

proposing that semantic priming is not semantic at all.  The central argument of the 

compound cue theory proposed by McKoon and Ratcliff (1992; Ratcliff & McKoon, 

1994) is based on the proposition that the best interpretation of new memory 

phenomenon should be the simplest possible interpretation.  That is, one should refrain 

from creating yet another distinct memory system without first attempting to 

accommodate it within the framework of existing memory systems.  In keeping with this 

philosophy, McKoon and Ratcliff have proposed that semantic and episodic memories 

are simply different types of memory arising from a common memory system, the 
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episodic memory system.   Hence, semantic priming is not really semantic but the result 

of processes arising from the episodic memory system, it is in fact episodic priming. 

     According to their model, semantic priming is a result of a familiarity analysis 

performed on the target.  When the prime is presented, an episodic trace is retrieved for 

the prime along with any and all contextual information that would have been encoded at 

the time of the encounter.  The assumption is that the target will be included as part of 

that episodic trace because semantically related concepts often occur in close spatio-

temporal proximity.  When the target is subsequently presented, a familiarity check of the 

prime-target pair is conducted against this episodic trace.  Because the trace will contain 

both words, the target will be assigned a very high familiarity rating.   In contrast, the 

target of an unrelated prime-target pair will be assigned a low rating because they would 

rarely be encoded together episodically.  The assumption is that high familiarity biases 

one to make a fast “yes” response.  Hence in a lexical decision task, responses will be 

faster to a semantically related pair than to an unrelated pair.  In support of this episodic 

interpretation, it has been found that with training, semantic priming effects can be 

observed even for word pairs that one would normally not consider as being semantically 

related (i.e. city-GRASS) (McKoon & Ratcliff, 1979).  

     Yet another view of how the properties of words may be organized and retrieved is 

realized in neural network models.  There are two general classes of neural networks 

distinguished by the type of knowledge representation they adopt.  In a localist network 

(McClelland & Rumelhart, l981; Grainger & Jacobs, l996) knowledge is instantiated as 

nodes in a network similar to that envisioned in the spreading activation model (Collins 
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& Quillian, 1975), but having multiple levels of representation each corresponding to the 

different properties of a word.  In a distributed network, knowledge is represented as a 

pattern of activation over all processing units within the network  (Hinton & Shallice, 

1991; Masson, l989, 1991, 1995; Rueckl, 2002; N.E. Sharkey, l989, l990; A.J.C. Sharkey 

& N.E. Sharkey, 1992).  In this type of neurally-inspired conceptualization of knowledge, 

lexical properties are not stored in representational form but rather computed on line each 

time the visual input is presented.  

     Although there are several localist network models of lexical access (McClelland & 

Rumelhart, l981; Grainger & Jacobs, l996), to date, none have considered a semantic 

level of representation except for the multistage activation model proposed by Borowsky 

and Besner (1993).  It should be pointed out that modelers who have adopted a localist 

lexical knowledge will concede nevertheless that representing semantic knowledge 

requires a distributed scheme in which semantic knowledge is represented over multiple 

feature nodes.  Semantic priming in a localist model is the result of the prime word pre-

activating the semantic nodes of the target and having that activation persist over time.  

When a semantically related prime is presented, the word nodes of the prime activates its 

corresponding semantic nodes.  Because the prime and target share common semantic 

concepts, the prime will also pre-activate some of the semantic nodes of the target to 

some level higher than their resting activation levels.  This activation will continue to 

persist for some time.  When the target is presented, its semantic nodes will reach 

criterion faster than if the nodes were not pre-activated and this translates to faster 

reaction times.
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     In a distributed model (Hinton & Shallice, 1991; Masson, l989, 1991; Rueckl, 2002; 

N.E. Sharkey, l989, l990; A.J.C. Sharkey & N.E. Sharkey, 1992), lexical access begins 

when the visual input initiates activation within an attractor basin which consists of a set 

of processing units.  These processing units represent microfeatures of known concepts.  

Successful retrieval of lexical properties is accomplished by a process known as gradient 

descent in which the network attempts to drive its energy configuration from high to a 

low by traversing through a multi-dimensional hyperspace.  The lowest energy landscape 

is achieved when the network has reached the bottom of the attractor basin consistent 

with the visual input.  Reaching the bottom of the attractor basin is an indicator that the 

network had settled into a stable configuration, the end state for the network.  Response 

latencies in this type of network correspond to the time it takes the network to settle from 

initial presentation of the visual input.

     Semantic priming in this type of attractor network is explained in terms of traversing 

some distance within a multi-dimensional hyperspace.   When a visual input is presented, 

the pattern of activation begins at a random location determined by the initial state of the 

network.  Eventually, however, the network will find the attractor basin for the visual 

input and settle into a stable configuration.   The time it takes for the network to stabilize 

is a function of the distance between the initial pattern of activation and the location 

where it will eventually settle.   The longer the distance it must traverse, the longer it will 

take to settle and that translates into longer response latencies.  But if one could place the 

initial pattern of activation as close as possible to the attractor basin in which it will 

eventually settle, the faster the network will stabilize. This is exactly what a semantically 
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related prime accomplishes.   Because semantically related concepts share processing 

units that represent common microfeatures, the prime can “land” the pattern of activation 

closer to the target attractor basin than an unrelated prime can, and thereby, allowing the 

network to settle into a stable configuration faster than if it had landed at some random 

location.   In a recent naming study, Masson (1995) obtained evidence in support of the 

distributed account of semantic priming but damaging to the spreading activation 

account.   At issue was the affect a stimulus intervening between the prime and target 

would have on semantic priming.   What the spreading activation model would predict is 

that the intervening stimulus should have no affect on semantic priming.   That is because 

it is assumed that the activation initiated by the prime flows unhindered to any related 

node independent of subsequent events.   No provisions are made in this model for 

modulating the activation in any way once it has been triggered.  On this view, as long as 

the prime activates its corresponding word node, neither an unrelated word nor a neutral 

stimulus intervening between the prime and target should affect the spread of activation. 

Unlike the spreading activation model however, a distributed network would predict 

differential results for an intervening unrelated word compared to a neutral stimuli.  

Semantic priming effects would be greatly reduced or eliminated if an unrelated word 

intervened because it would change the direction of movement of the network away from 

the target but a neutral stimulus will leave the network unaffected.  The results from the 

naming task as well as the computer simulation support the distributed model of semantic 

priming.  No semantic priming effect was observed when an unrelated word intervened 

compared to when a neutral stimulus intervened between the prime and target.
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     As diverse as these lexical models are in their conceptualization of the lexical 

structure, they nevertheless all share the assumption that the mechanism responsible for 

the semantic priming effect is an automatic process.  One aspect of this current study is to 

explore whether automatic semantic activation alone is sufficient for observing semantic 

priming as these models have assumed. 

Section C.  Summary of behavioral evidence 

     The two most widely used behavioral tasks to test for semantic priming without 

awareness are the masked semantic categorization and the masked lexical decision tasks.  

However, the parameters under which masked semantic priming effects have been 

observed differ between the two tasks.  The summary of the findings from these two tasks 

will be discussed separately

1.  Findings from previous masked semantic categorization studies

     Two types of classification tasks were used in a study by Draine and Greenwald 

(1998) study, one involving an evaluative judgment in which participants decided 

whether the target was pleasant or unpleasant in meaning, and a gender classification task 

in which participants judged whether the target was a male or female name.  The stimuli 

consisted of 25 each of the pleasant and unpleasant words for the evaluative judgment 

trials, and 25 each of the male and female names for the gender classification task.  Half 

of the prime-target pairs were congruent (i.e. kill-vomit) and the other half were 

incongruent pairs (i.e. kill-happy).   In two to three experimental blocks, a stimulus 

word/name appeared as the prime and target only once and never appeared as the prime 

and target on the same trial.  The procedure involved presenting a forward mask 
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consisting of upper case consonants for 150 ms followed by the prime in either of three 

exposure durations (17, 33 and 50 ms).  This was immediately replaced by an 

interpolated mask consisting of a different set of upper case consonants for 17 ms, 

followed by the target that was displayed for 183 ms.   An SOA of 67 ms was held 

constant over all prime durations.  This meant that for prime durations of 17 and 33 ms, 

there would be a blank frame of 33 and 17 ms, respectively.  To assess awareness, a 

prime perceptibility test was conducted after the experimental trials in which participants 

were instructed to decide whether the masked stimulus was a word or a string of 

alternating X’s and G’s.  The presentation sequence was the same as the experimental 

trials.    

     A response-window technique was used so that, according to the researchers, the 

measurable priming effects could be confined to the dimension of response latency alone 

and not be distributed over both response latency and accuracy, thereby diluting the 

observable priming effects.  For example, if participants withheld their responses until all 

available information was collected to increase accuracy, the best measure of priming in 

this case would be the difference in response latencies across prime conditions (i.e. 

related vs. unrelated).  However, if participants responded after expiry of a self-imposed 

internal deadline that is long enough to ensure accuracy, in this case, the best measure of 

priming would be accuracy rather than response latency.   Since, one cannot know which 

strategy is being utilized by any given participant nor can one know if only one strategy 

is being used throughout the experiment, priming effects could be distributed across both 

response latency and accuracy measures.  To avoid this uncertainty and to confine the 
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priming effect to response latency, the response window technique forces the participants 

to respond to the target within a specified time window or within a moving temporal 

window which is adjusted continuously trial by trial.

     The results of the experiment were analyzed using the regression-analysis method, a 

statistical procedure developed by the researchers in which the indirect measure (i.e. 

priming effect), the criterion, is examined as a linear-regression function of a direct 

measure (i.e. degree of conscious awareness), the predictor, to yield a slope estimate that 

measures the relationship between the direct and indirect measures.   Using this method, 

evidence for semantic activation without awareness takes the form of a statistical test that 

can determine whether there is a significant difference of the positive intercept from zero.  

In other words, the observation that the intercept is above zero can be interpreted as 

evidence for reliable priming without awareness.  

     The results showed that intercepts of the regression functions were statistically 

significantly above zero for all three prime durations indicating that priming occurred 

with zero perceptibility.  It should be noted, however, that this regression method could 

be proven to be invalid in the long term.  The reason is that in order to use this regression 

method, one would need to be certain that the priming function is in fact a linear function.  

This is because the regression function is a best-fit line extrapolated from the values that 

relate priming to the measures of perceptibility of the primes.  At the present time, it is 

not known what type of function governs priming and anything short of testing every 

possible point on the best-fit line will be less than convincing evidence otherwise.
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     In a subsequent study by Abrams and Greenwald (2000), the main focus was to 

determine at what level of representation, the whole word or subword component levels, 

unconscious semantic analysis occurred.  To do this, masked primes were used in a 

valence categorization task but unlike most priming studies, these same primes were first 

presented in a judgment task in which participants were instructed to judge the perceived 

valence of these words.  These same words were subsequently used in the valence 

categorization task.   In the judgment task, participants were instructed to classify the 

words as being pleasant or unpleasant.   These words were referred to as parent words 

(i.e. humor, tulip).  In the two masked valence categorization tasks that followed, these 

parent words were re-combined into what Abrams and Greenwald (2000) refer to as 

“hybrid” primes (i.e. hulip from humor and tulip) and used as the masked primes.  These 

hybrid primes shared subword components with the target because the target was one of 

the parent words (i.e. hulip-TULIP).  In one experiment, the words that were classified as 

having the same valence were recombined to form non-word hybrids.  For example, 

humor and tulip would presumably be classified as pleasant words.  These similarly 

valenced words would be re-combined into the non-word hulip.   An example of a 

combination of two unpleasant words would be buit constructed from bile and smut.  In

another experiment, a similar procedure was used except now the primes were 

constructed from two similarly valenced words (i.e. humor & tulip) that were re-

combined to form a word of the opposite valence (i.e. tumor from humor and tulip).   In a 

third experiment, prime words that were never used in a judgment task or shared any 

subword components with the target were used.  The masking procedure involved the 
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presentation of forward and interpolated masks for 150 ms consisting of a row of upper 

case randomized sequence of letters, the prime for 33 ms in upper case letters, followed 

by the target in lower case letters for 333 ms.  A perceptibility test was conducted after 

the experimental trials in which participants were asked to categorize a visually masked

word as being pleasant or unpleasant.  No prime or mask durations were specified.

     Using the same regression-analysis method used in their previous experiment, 

significant priming was observed for both types of hybrid primes.  Classification 

responses to the target were facilitated by hulip type primes in which the valence of the 

prime matched the valence of the target (i.e. HULIP-tulip).  Interestingly, in the case of 

tumor type primes where the valence of the prime was opposite to that of the parent 

words (humor and tulip), facilitation was observed not when the valence of the prime and 

target matched but when the subword components matched part of the target.  In another 

words, tumor did not facilitate the response to the target word smut, but facilitated the 

response to its parents, tulip and humor, when they were presented as targets.   No 

significant priming effect was found for primes that did not share any subword 

components with the target, nor been presented in the judgment task prior to the valence 

categorization task.  

     The finding that facilitation was found only when the subcomponent of the prime 

matched the target, regardless of valence, suggests that this effect is purely form-

mediated stimulus to response mapping.   But what is more telling is that no priming 

effect was found in the condition where the primes were never presented in a pre-trial 

judgment task.  That is, it is this very condition that is the strongest test for semantic 
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priming because semantic priming should not be contingent on prior training of the 

stimulus.   It is not entirely clear what conclusions Abrams and Greenwald (2000) wished 

to draw from this experiment.  In the introduction they state as their hypothesis, “ 

Effective priming from hulip-type hybrid primes would support the hypothesis that 

unconscious semantic [italics added] priming requires no more than the analysis of 

subword elements.” (Abrams & Greenwald, 2000, pg. 118).   But in their concluding 

remarks, they refer several times to their findings as supporting unconscious processing, 

not unconscious semantic processing.   

     A number judgment was task used to examine unconscious semantic analysis in a 

study by Dehaene, Naccache, LeClec’H, Koechlin, Mueller, Dehaene-Lambertz, van de 

Moortele, and Bihan (1998).  In their experiment, the prime and target were either Arabic 

digits (i.e. 4) or verbal notation (i.e. FOUR) that were combined to form 4 possible 

combinations, Arabic-Arabic (i.e. 1-4), Arabic-verbal (i.e. 1-FOUR), verbal-verbal (i.e. 

ONE-FOUR), or verbal-Arabic (i.e. ONE-4 ).   The masking procedure consisted of a 

forward mask and an interpolated mask composed of a mixture of random sequence of 

upper and lower case letters.  The forward mask which preceded a 43 ms prime was 

presented for 71 ms as was the interpolated mask.  The target immediately followed and 

was presented for 200 ms.  A long pre-trial practice block preceded the experimental 

trials.  The items in the practice blocks consisted of the same items used in the 

experimental trials.  Two types of perceptibility tests were given to two control groups in 

which the prime durations were varied (0, 29, 43, 57, 114 and 200 ms).  In one test, the 

participants were asked to detect the presence or absence of a numerical prime and in the 
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other, participants were asked to decide whether the prime was a string of letters or 

numbers.   Discrimination performance as measured by d′ began to deviate from chance 

for prime durations 57 ms and longer.  

     The results revealed that the response latencies were slower in the incongruent 

condition compared with the congruent condition regardless of the type of notation used 

suggesting that priming occurred at a notation-independent level of numerical 

representation.  Furthermore, even after repetition primes were excluded from the 

analysis, the priming effect remained significant ruling out the possibility that the effect 

was carried exclusively by the repetition primes.  The results are explained in terms of a 

response competition effect in which the task instruction (i.e. categorize as smaller or 

larger than 5) is applied to the prime and a motor response prepared.   In the case of an 

incongruent prime, this response needs to be suppressed delaying the eventual response 

to the target.  One problem with this interpretation however, is that it ignores the most 

fundamental assumption of semantic priming which is that the semantic priming effect is 

the result of target pre-activation not of prime response suppression.  So although, 

semantic analysis may be occurring without prime awareness, this effect could hardly be 

called semantic priming. 

     Before one can attribute the priming effects reported in both the Abrams & Greenwald 

(2000) and Dehaene et al (1998) studies as being semantic in nature, there are procedural 

issues that need to be addressed.  First of all, with respect to the Abrams & Greenwald 

study, no reason is given as to why a pre-trial evaluative task is necessary prior to a 

masked semantic categorization task.  Demonstrating a masked priming effect only after 
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extensive practice would seem to defeat the claim that semantic priming is the result of 

pre-existing semantic structure which can be activated automatically.   

     Secondly, neither study had taken into consideration how repeated exposure of the 

prime as the target might influence task performance.  In the Abrams and Greenwald  

(2000) study, participants made valence judgments to stimuli that would be recombined 

to form primes in a subsequent semantic categorization task, and in the Dehaene et al 

(1998) study, due to the limited set of stimuli (i.e. 1-4, 6-9), each number would have 

necessarily been presented as the target as well as the prime numerous times over the 

course of the experimental trials.  In both these studies, repeated practice with the prime 

may have provided a learning environment in which a specific response could be 

associated with a given stimulus.  In fact, studies have shown that automatization of 

stimulus-response mapping can take place relatively quickly when the stimulus to 

response mapping is consistent, and if the task is relatively uncomplicated (Logan, 1988; 

Laberge & Samuels, 1974).  Once the mapping is learned, the presentation of the 

stimulus, albeit without awareness, could pre-activate the necessary processes involved in 

initiating a motor response, allowing for much quicker response execution, and thus, 

giving the appearance of semantic priming.  In fact, Dehaene et al (1998) themselves 

report of lateralized response potentials (LRPs) being elicited for the masked primes 

supporting the idea that the physical form of stimulus alone can initiate covert motor 

programs.  Consistent with this interpretation, Damian (2000) found that when the prime 

was not part of the response set, no priming was found.  It may still be the case that 

activation of numerical concepts are occurring in the number judgment task but it is hard 
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to know how to interpret the findings for the reasons stated above.  Perhaps a more 

appropriate characterization of the priming effect in these two studies would be to call it a 

response congruence effect and not a semantic priming effect.  That is, a response 

congruence effect can occur whenever the response to the prime conflicts with the 

response to the target either through semantic activation or as the result of learned 

stimulus-response mapping. 

     The possibility that their previous findings (Dehaene, Naccache, LeClec’H, Koechlin, 

Mueller, Dehaene-Lambertz, van de Moortele, and Bihan,1998) could be attributed to a 

response congruent effect was addressed by Naccache and Dehaene (2001).   In order to 

eliminate the possibility of stimulus-response mapping, only novel items were used as 

primes in a number judgment task.  In this way, a response congruence effect could be 

ruled out as an explanation for any priming effect observed.   In their follow up 

experiment, unlike in their previous study, some numbers were reserved to be used only 

as primes and never as targets.  Only numbers 2, 3, 7, and 8 in Arabic digit or verbal 

notation were used as primes, while 1, 4, 6, and 9 in Arabic digit or verbal notation were 

used as targets.   As before, a forward and interpolated mask of random letter strings was 

presented for 71 ms, followed by the prime for 43 ms, and then following the interpolated 

mask, the target was presented for 200 ms.  In addition, a baseline condition was included 

in which the numerical prime was replaced by a neutral symbol (“$”). 

     Results showed that responses to the congruent prime-target pairs were faster when 

compared with the neutral baseline.  Analysis of the priming effect over the course of the 

experiment showed no increase in priming indicating that the effect was not the result of 
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learning to associate a response with a stimulus over time.  Furthermore, the magnitude 

of the priming effect on congruent trials increased as the numerical distance between the 

prime and target decreased again suggesting again that a simple stimulus-response 

mapping could not have been responsible for the effect.  These findings would seem to 

suggest that the observed semantic priming effect is indeed the result of unconscious 

semantic analysis.  However, a recent study by Kunde, Kiesel and Hoffman, (2003) 

disputes this claim.  The interpretation they offer to explain the results of the number 

judgment task involves the idea that one can set up action triggers for stimuli within a 

specified numerical space.  The extent of this numerical space can be as narrow or wide 

as needed depending on the numerical distance reflected by the numbers of the target set.  

Priming is simply the result of transferring the action trigger associated with the target set 

over to the primes.  In support of their claim, Kunde et al (2003) found priming for 

primes (not previously used as targets) within the numerical range specified by the target 

set but priming was absent for primes not within the number range of the target set.  

     An animal categorization was the task used in a study by Frenck-Mestre and Bueno 

(1999).   In their experiment, both semantically related prime-target pairs (i.e. rifle-

PISTOL) and associative/semantically related pairs were used (i.e. cow-BULL).  The 

procedure involved the presentation of a 500 ms forward mask (unspecified as to type), 

the prime was presented for either 28 or 43 ms (unspecified regarding letter case), 

followed by a 14.2 ms interpolated mask (unspecified) replaced immediately by the target 

(unspecified regarding letter case) that remained displayed until a response was made.  
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      Significant semantic priming of 22 and 28 ms were found but only for the 

semantically related primes at the 28 and 43 ms prime durations, respectively.   In a 

follow up study using 3 different prime durations (43, 57, and 71 ms), Bueno and Frenck-

Mestre (2002) not only replicated the finding for the semantically related primes at the 43 

ms prime duration, but also found significant semantic priming emerging at 57 ms prime 

duration for the associative/ semantically related primes. 

     One should note however that although the effect can not be attributed to a stimulus-

response mapping mechanism in the studies by Franck-Mestre and Bueno (1999), and 

Bueno and Frenck-Mestre (2002), the possibility that the observed effect is the result of 

response congruency and not semantic priming still remains because both the prime and 

target were exemplars of the category.  In fact, in a rather unique experiment, Forster, 

Mohan and Hector (2003) demonstrated that semantic activation does not necessarily 

result in a semantic priming effect but rather a response congruency effect.  In their 

study, unlike other semantic categorization studies in which data for the non-exemplars 

are discarded, response latencies for the both exemplars and non-exemplars were 

analyzed.  There were two conditions for the exemplars.  In the congruent condition, the 

prime was an exemplar of an animal category (i.e. turkey-RABBIT), and in the 

incongruent condition, the prime was a non-exemplar (i.e. cheese-RABBIT).   For the 

non-exemplars, in the congruent condition, the prime was a non-exemplar (i.e. sponge-

WALNUT) and in the incongruent condition, the prime was an exemplar (i.e. turkey-

WALNUT).  The experimental procedure involved presenting the prime for 55 ms 
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preceded by a 500 ms mask consisting of a series of hash marks.  The target immediately 

followed the prime and remained on the screen until a response was made.

     The result showed that there was no facilitatory effect for the exemplars, but that there 

was in fact an inhibitory effect for the non-exemplars.  That is, there was no difference in 

reaction times between the congruent and non-congruent conditions for the exemplars 

(i.e. turkey-RABBIT vs cheese-RABBIT), but responses were slower to the incongruent 

condition (i.e.turkey-WALNUT) compared to the congruent condition (i.e. sponge-

WALNUT) for the non-exemplars.  In actuality, it is an incongruence effect.  How can 

this effect be explained?  What Forster, Mohan and Hector (2003) have suggested is that 

what is being activated by the prime is its categorical information, and that this type of 

categorical information is made accessible very quickly during the early stages of lexical 

access.  It is this very information that is interfering with the decision about the target.  

That is, when the prime is presented, one attempts to make a decision about the prime.  If 

the decision about the prime is consistent with the decision about the target, there is no 

conflict.  Hence, there is no facilitation for the congruent condition for exemplars (i.e. 

turkey-RABBIT).  However, if the decision about the prime is inconsistent with the 

decision about the target, then a conflict arises.  In this case, one must resolve the conflict 

before making a decision to the target, and this slows the eventual response.  Hence, one 

observes an inhibitory effect in the incongruent condition for non-exemplars (i.e. turkey-

WALNUT).   Thus, the incongruence effect is the result of a response conflict initiated by 

the categorical information activated by the prime.  
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     A similar conclusion has been reached by Abrams, Klinger, and Greenwald (2002).  In 

their experiment, they examined whether the congruence effect was the result of 

stimulus-response mapping or the activation of categorical information.  In order to test 

this, hand assignments in one task was reversed in a second task.  For example, the right 

hand would be assigned for the “yes” response in the first task but assigned for the “no” 

response in the second task.  If the facilitation was the result of stimulus-response 

mapping, then reversing the hand assignment should hurt performance on the second 

task.  However, if categorical information was being activated, then there should be no 

decrement in performance regardless of hand assignments.  The results showed that 

performance did not suffer by the reversal of the hand assignments suggesting that the 

effect was not due to stimulus-response mapping but due to activation of categorical 

information.

Summary of the findings of the previously reviewed masked semantic categorization 

studies:

     a.  Priming/congruence effects have been observed for prime durations as short as 28 

ms (Frenck-Mestre & Bueno, 1999).

     b.  On methodological grounds, studies that claim evidence for unconscious semantic 

priming may in fact be suspect (Greenwald, Draine & Abrams, 1996; Abrams & 

Greenwald, 2000; Dehaene, Naccache, LeClec’H, Koechlin, Mueller, Dehaene-Lambertz, 

van de Moortele, and Bihan, 1998).  Priming observed in these studies may be the result 

of learned stimulus-response mapping or action-trigger assignment.
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     c.  Some “semantic priming” effects may be due to congruence effects mediated by 

the activation of categorical information rather than spreading activation (Frenck-Mestre 

& Bueno, 1999; Bueno & Frenck-Mestre, 2002; Forster, Mohan & Hector, 2003; 

Abrams, Klinger & Greenwald, 2002).

2.  Findings from previous masked lexical decision studies 

     Only a limited number of experiments have been conducted using masked primes to 

investigate semantic priming and the results are somewhat mixed.  This may be due to the 

wide variations in prime duration, masking sequence and type of masks used. 

      Both behavioral and ERP methods were combined in a Brown and Hagoort (1993) 

study, in which both masked and unmasked conditions were used in a lexical decision 

task.  The prime-target pairs used were associatively related (i.e. peace-WAR).  In the 

unmasked condition, a lower case prime was presented for 240 ms followed by an ISI of 

500 ms and finally an upper case target was presented for 200 ms.  In the masked 

condition, forward and interpolated masks consisting of a series of hash marks were 

presented for 200 ms, and then a prime in lower case letters was presented for 40 ms.   

An ISI of 500 ms preceded the presentation of a 200 ms upper case target.  In order to 

ensure that any observed semantic priming effects were in fact due to the masked prime, 

a control condition was included in which a 40 ms blank frame replaced the prime.   

     A three-alternative forced-choice perceptual identification test preceded the 

experimental trials.  The primes were presented under the exact masking conditions as the 

experimental trials.
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     The results of the behavioral component revealed significant semantic priming effects 

of 70 ms and 12 ms for both the unmasked and masked conditions, respectively.  No 

semantic priming was observed for the masked control condition.   

     Contrary to the behavioral findings, ERP findings showed N400 effects only for the 

unmasked but not the masked condition.  This is somewhat intriguing in that it suggests a 

couple of possibilities.  One possibility is that the observed N400 is not associated with 

lexical semantic analysis at all but this seems highly unlikely.  It is generally agreed that 

the N400 effect reflects some stage of lexical semantic analysis  (Kutas & Hillyard, 

1980a, l980b).  The second possibility is that the N400 effect reflects semantic activation 

but is not a component of a process that contributes to the semantic priming effect.  

Brown and Hagoort (1993) themselves appear to favor this interpretation.  They conclude 

that the failure to find an N400 effect in the masked condition is because it reflects a 

decision making process involved in lexical integration rather than the activation of 

semantic information during lexical access.

     An experiment similar to the Brown and Hagoort (1993) study was conducted by 

Keifer and Spitzer (2000), again using ERP measures combined with a lexical decision 

task and two prime visibility conditions.  In the masked condition, participants were 

presented with a 100 ms random letter mask followed by a 50 ms word prime after which 

a 17 ms random letter mask immediately appeared.  The target then either immediately 

followed the mask or was presented after a 133 ms delay, effectively creating a 67 or 200 

ms SOA condition, respectively.   The unmasked condition was identical to that of the 

masked condition except that the initial 100 ms random letter mask was not presented.  A 
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post-experiment visibility test was conducted in which participants were asked to perform 

a lexical decision on a masked prime.  The exact masking procedure or prime duration 

was not specified.  Only experimental data from participants who performed at chance on 

the visibility test were collected for analysis.

     Behavioral results showed reliable semantic priming effects for both the masked and 

unmasked conditions.  The precise magnitude of the semantic priming effect was not 

reported.  However, close inspection of the graph provided appeared to show that the 

semantic priming effect was approximately 30 ms for both the 67 and 200 SOA’s in the 

masked condition, and approximately 50 ms for both the 67 and 200 SOA’s in the 

unmasked condition.  

     The ERP results reveal that for the masked condition, the N400 deflection decreased 

as a function of SOA, with the deflection being the largest at the 67 ms SOA compared to 

the deflection at the 200 ms SOA.  This decline in the strength of the N400 waveform has 

been interpreted as evidence that unconscious semantic activation decays rapidly over 

time.  In contrast, in the unmasked condition, semantic activation appears to increase over 

time with the negative deflection being the largest at the 200 ms SOA compared to that at 

67 ms SOA.  These results appear to show that while an unconscious prime can be 

analyzed to the level of its semantic properties early in processing, it is of limited 

duration.  According to Keifer and Spitzer (2000), the differences in the time course of 

the N400 effects between the masked and unmasked conditions lend support to the idea 

that conscious and unconscious processes are driven by separate underlying mechanisms.
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     In a study by Sereno (1991), a masked naming task was included in addition to the 

masked lexical decision task.  The masked naming task was included as a way to test the 

claim that decision making strategies may still operate in a masking paradigm (Bodner & 

Masson, 2001) and could contribute to the semantic priming effect.  Decision making 

processes are assumed not to be involved in naming and hence, the observation of a 

semantic priming effect in this task could be taken as evidence that the effect was free 

from the strategic components of semantic priming.  It should be noted however, that this 

argument is only valid to the extent that naming uses the lexical production system where 

presumably semantic priming effects are produced.  That is, there is considerable 

evidence suggesting that the process of naming is not confined exclusively to the lexical 

production system but that a non-lexical production route called the grapheme-to-

phoneme conversion system could be involved. (Coltheart, Curtis, Atkins, & Haller, 

1993; Coltheart, Rastle, Perry, Langdon & Ziegler, 2001; Forster & Chambers, 1973).  

For example, it has been suggested that the phonology of irregular words are accessed via 

the lexical system while the phonology of regular words are assembled via the grapheme-

to-phoneme conversion system.  Therefore, for the purposes of demonstrating that 

naming had been performed via the lexical production system only irregular words 

should be selected for the task.  It is not clear whether that was the case in the Sereno 

study.  Therefore, if semantic priming effects are absent in naming, but present in the 

lexical decision task, it would be difficult to determine whether this indicated that 

strategy based processes were used in lexical decision or whether naming was performed 
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via the non-lexical route where semantic priming effects would not be expected to be 

found. 

     The masking procedure used by Sereno (1991) differed slightly from the Brown and 

Hagoort (1993) study.  A mask consisting of lower case letters instead of a series of hash 

marks was used and was presented for 500 ms.  A 60 ms prime in lower case letters 

followed the forward mask, and then was immediately replaced by the target in upper 

case letters and remained on the screen until a response was made.  This procedure was 

used for both the masked naming and lexical decision tasks.

     Sereno (1991) found a significant 41 ms semantic priming effect in the lexical 

decision task which is considerably larger than the 12 ms semantic priming effect 

reported by Brown and Hagoort (1993).   However, she found a non-significant semantic 

priming of 7 ms effect in the naming task.   Given the absence of a semantic priming 

effect in the naming task, Sereno (1991) concluded that the associative priming effect 

was the result of a post-lexical decision-making process rather than an automatic process 

of lexical access.   However, for the reasons stated earlier, this conclusion would be 

invalid if no attempts were made to restrict the items for the naming task to only irregular 

words. 

     In a study by Perea and Gotor (1997), priming between associatively related pairs (i.e. 

bread-BUTTER) and synonyms (i.e. boat-SHIP) were examined using three different 

prime durations in a between group design.   In the experiment using only the 

associatively related primes, primes were presented for 33, 50 and 67 ms durations.  The 

forward mask consisting of a series of hash was displayed for 500 ms, followed by the 
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prime in lower case letters.  The target in upper case letters immediately followed and 

was left on the screen until a response was made.

     Significant semantic priming effects of 17 and 11 ms were obtained but only for the

50 and 67 ms primes, respectively.    Like Sereno (1991), Perea and Gotor (1997) 

included a masked naming task using the same three prime durations as in the masked 

lexical decision task.  A significant 8 ms associative priming effect was found but only in 

the 67 ms prime duration.  

     In the synonym priming experiment, the same masking procedure as in the associative 

priming experiment was used but only the 67 ms prime duration was tested.  The reason 

given for limiting the study to this one prime duration was that it was the only prime 

duration in which reliable semantic priming had been observed for the associatively 

related primes in both the lexical decision and naming tasks.  Both synonym and 

associatively related prime target pairs were used.  A significant 14 and 17 ms effects 

were found for the associatively related primes and the synonym primes, respectively.  

     It should be pointed out that the experimental design used in the Perea and Gotor 

(1997) study was not one normally chooses to adopt.  Typically, a counterbalanced 

design is employed because it ensures that each target is presented under all conditions 

but only once to each participant.  The typical data analyses using this procedure would 

include both subject and item reaction times.  A significant finding in the item analysis 

gives us some measure of confidence that the effect is not restricted to only a few items, 

items that may not be truly representative of the group in question.  However, in the case 

of the Perea and Gotor study, instead of counter-balancing the items between lists, a 



41

different list of randomly chosen prime-target pairs were selected for each participant.  

This would be an acceptable procedure to use if the item selection process is truly 

random, and ideally, if the experimental items are selected from a large pool of possible 

items.   In that way, an accidental mismatch of items, which could result in the effect 

being carried by only a few items, could be avoided.  It appears that the lists were 

selected at random but unfortunately, the items were selected not from a large pool of 

possible items but from all possible items to be used in the experiment.  That is, 32 pairs 

of items were required for the two experimental conditions, but the pool of possible items 

was 64, the total number of items required to construct 2 lists of 32 prime-target pairs.  

Perhaps, this explains why while justifying the use of a randomized list to eliminate the 

need for an item analysis, Perea and Gotor nevertheless caution that the semantic priming 

effect may have been produced by only a few items stating that “Since every subject 

received a randomized list of prime-target pairs, there is no need to conduct item 

analysis…however, by using this procedure, we cannot know if the priming effects can 

be attributed to certain items and not others.” (Perea & Gotor, 1997, pg. 227).  

     The question of whether repetition proportion effects (typically observed in an 

unmasked lexical decision task where the proportion of the semantically related pairs are 

manipulated) could be observed in a masked priming paradigm was examined in a study 

by Perea and Rosa (2002).  In their study, the proportion of the high relatedness trials was 

.82 and the proportion of the low relatedness trials was .18.  The masking procedure 

involved presenting the prime in lower case letters for 66 ms preceded by a 500 ms mask 
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consisting of a series of hash marks.  The target in upper case letters immediately 

followed the prime and remained on the screen until a response was made.

     Interestingly enough, the results seem to be at odds with what one would predict. That 

is, if more reliance is placed on the prime as a valid cue to predict what the target would 

be when the relatedness proportion is high, then the expected result would be a larger 

semantic priming effect in the high proportion trials compared to the low proportion 

trials.  Contrary to this prediction, Perea and Rosa (2002) found a larger  semantic 

priming effect for the low proportion group (24 ms) than for the high proportion group 

(10 ms).   What this result means is unclear, but what it does indicate is that no strategic 

processes were operating. 

     In a study by Rastle, Davis, Marslen-Wilson, and Tyler (2000) three types of 

relationships including morphologic, orthographic, and semantic relatedness were 

examined.  Similar to the study by Perea and Gotor (1997), three prime durations of 43, 

72, and 230 ms were used to investigate the time course of the priming effects.  A 

forward mask consisting of a series of hash marks was presented for 500 ms, followed by 

the presentation of the prime in lower case letters, which was immediately replaced by 

the target in upper case letters.  The target remained displayed until a response was made. 

Two separate experiments were conducted both of which included a semantic priming 

condition.  

     What they found were significant masked semantic priming effects of 19 and 27 ms 

for the 72 and 230 ms prime durations, respectively, but only in one of the two 

experiments.  The authors themselves do not seem to have an explanation for this 
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discrepancy only to suggest that the absence of semantic priming may be the result of 

using completely new items in the morphologic/semantic/orthographic relatedness 

condition than had been used previously, and of having five experimental conditions.  

What they propose happened was that the combination of these two factors somehow 

affected the sensitivity to detect any semantic priming effects in that experiment. 

Summary of the findings of the previously reviewed masked lexical decision studies:

     a.  A semantic priming effect is observed for varying prime durations. No semantic 

priming effect is observed at 33 ms (Perea & Gotor, 1997) or 43 ms (Rastle, Davis, 

Marslen-Wilson & Tyler, 2000).  Brown & Hagoort (1993) observe an effect at 40 ms but 

this effect is dismissed as being that of post-lexical integration process and not that of 

semantic activation.    A semantic priming effect is found at 50 ms (Keifer & Spitzer, 

2000; Perea & Gotor, 1997), 66/67 ms (Perea & Gotor, 1997; Perea & Rosa, 2002), and 

72/230 ms (Rastle, Davis, Marslen-Wilson, & Tyler, 2000) and at 60 ms by Sereno 

(1991) but is dismissed due to failure to find priming in the naming task. 

     b.  A semantic priming effect is consistently found for prime durations longer than 50 

ms (Sereno 1991; Perea & Gotor, 1997; Perea & Rosa, 2002; Rastle, Davis, Marslen-

Wilson, & Tyler, 2000).  It should be qualified that Perea & Gotor (1997) although using 

a randomized list did not select items from a large pool and they themselves concede that 

it is possible that the semantic priming effect obtained for 50ms + primes may be limited 

to a few items.

     c.  The magnitude of the semantic priming effects range from 11 ms (Perea & Gotor, 

1997) to 41 ms (Sereno, 1991).
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     d.  The masking procedures vary from the use of both forward and interpolated masks 

(Brown & Hagoort, 1993; Keifer & Spitzer, 2000) to only a forward mask (Perea & 

Gotor, 1997; Perea & Rosa, 2002; Rastle, Davis, Marlsen-Wilson & Tyler, 2000; Sereno, 

1991).  

      e.  The mask durations vary.  Keifer & Spitzer (2000) use a 100 ms forward mask and 

a 17 ms interpolated mask while Brown & Hagoort use a 200 ms duration for both 

forward and interpolated masks.  All others have used a 500 ms forward mask (Perea & 

Gotor, 1997; Perea & Rosa, 2002; Rastle, Davis, Marlsen-Wilson & Tyler, 2000; Sereno, 

1991).  

     f. The type of mask varies from a series of hash marks (Brown & Hagoort, 1993; 

Perea & Gotor, 1997; Perea & Rosa, 2002; Rastle, Davis, Marlsen-Wilson & Tyler, 2000) 

to a random letter mask (Keifer & Spitzer, 2000; Sereno, 1991).  

     g.  The ISI varies from 0 (Perea & Gotor, 1997; Perea & Rosa, 2002; Rastle, Davis, 

Marlsen-Wilson & Tyler, 2000; Sereno, 1991), 150 ms (Keifer & Spitzer, 2000) to 700 

ms (Brown & Hagoort, 1993).

Section D.  Methodological Issues 

Question 1:  Was the observed semantic priming in the Brown & Hagoort (1993) study 

the result of more processing time for the prime?  Or was it due to increased prime 

visibility?

     In the Brown & Hagoort (l993) study, a 12 ms semantic priming effect was observed 

using a 40 ms prime duration.  However, in the Rastle, Davis, Marslen-Wilson, & Tyler, 

(2002) study, no masked semantic priming effect was observed using a 43 ms prime 
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duration.  Why should this be the case?  This may be the result of the differing masking 

procedures used in the two studies.   A interpolated mask and a 500 ms ISI was inserted 

between the prime and target in the Brown & Hagoort study, while the Rastle et al study 

used only a forward mask and a ISI of 0 ms.  What the interpolated mask and ISI may 

have done is one of two things.  One, it may have allowed for more processing time on 

the prime and this may have been critical for masked semantic priming effect to be 

observed.  Second, it may have increased the visibility of the prime and created a 

condition in which the mask was no longer effective thus became an “unmasked” 

condition.  

Question 2:  Why do we get semantic priming only for prime durations longer than 50 

ms?  

     Perea & Gotor (1997) report of a 17 ms masked semantic priming effect using a prime 

duration of 50 ms but this effect may be restricted to only a few items.  Sereno (1991), 

Keifer & Spitzer (2000), Perea & Rosa (2002) and Rastle, Davis, Marslen-Wilson, & 

Tyler, (2002) all use prime durations of 60 ms or longer, and have found reliable 

semantic priming.   What is interesting however is that the strength of the semantic 

priming effect does not gradually decrease with a corresponding decrease in prime 

duration but virtually disappears below 50 ms.  What this suggests is that 50 ms may 

represent a boundary of some type that controls whether semantic priming is obtained or 

not. 

Question 3:  Can longer prime duration and longer prime processing time be having the 

same effect on the underlying mechanism of semantic priming or is it creating a condition 
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in which another variable is being introduced which is critical to the observation of 

semantic priming?

     It appears that increasing the processing time of a 40 ms prime (as may be what is 

happening in the Brown and Hagoort (1993) study) has the same result as presenting the 

prime for 50+ ms.  

Question 4:  Can the variation in the items have an effect?

     The discrepancy in the findings may be due to items not being identical across the 

studies.  Sereno (1991) selected the related pairs from several sources including Palermo 

& Jenkins (1964) and Postman & Keppel (1970).  Perea & Gotor (1997) and Perea & 

Rosa (2002) selected their items from the Spanish associative norms.  Rastle, Davis, 

Marslen-Wilson, & Tyler, (2002) used a pretest and a LSA program which calculates 

similiarity vectors between pairs of words based on co-occurrence frequencies.  No 

information was given about the source of the items used by Keifer & Spitzer (2000) nor 

by Brown & Hagoort (1993) only that they were Dutch words and that the related pairs 

were matched on frequency.  The failure for Rastle et al to find masked semantic priming 

at 43 ms prime duration may be the result of the items being somewhat “weakly” 

associated in comparison to the items used by Brown & Hagoort and therefore, may have 

had nothing to do with the interpolated mask or the 500 ms ISI.  In support of this, Rastle 

et al fail to replicate their own findings using the same items in the longer prime 

durations (72 and 230 ms).

Question 5:  Can semantic priming effects obtained in semantic categorization?
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     Priming effects have been observed for prime durations as short as 28 ms prime 

(Frenck-Mestre & Bueno, 1999) in the masked semantic categorization task but whether 

the results in all of the semantic categorization studies reflect semantic priming is 

debatable.  However, if semantic priming effects can be obtained for this task, what 

accounts for the difference between the tasks.  Does the task itself control semantic 

priming?
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CHAPTER 2  EXPERIMENTS 1-4 
 
     In this chapter, four experiments are reported examining semantic priming under 

different prime durations and masking procedures.  Review of the previously conducted 

masked lexical decision studies reveals that reliable masked semantic priming effects 

have been found for prime durations greater than 50 ms (with the exception of Brown and 

Hagoort (1993)), but not for durations less than that.  What is intriguing about 50 ms is 

that masked semantic priming effects do not simply decrease in magnitude as the prime 

duration decreases but that it virtually disappears below 50 ms.   The following 

experiments will attempt to examine why that should be the case. 

     The first experiment examines the time course of semantic priming using three prime 

durations but more importantly it is an attempt to establish whether semantic priming can 

be obtained for prime duration less than 50 ms.  Prime durations of 42, 55 and 69 ms 

were chosen as they are representative of the durations used in previous studies.  Identical 

items and masking procedures were used, and only the prime durations were varied.

     In addition to the semantically related items, a repetition priming condition was 

included in all the experiments.  Reliable and robust repetition priming has been well 

documented under varied experimental conditions (Forster & Davis, 1984).   

Demonstrating that masked repetition priming effects could be obtained would provide 

some measure of confidence with respect to the sensitivity of the experiments to detect 

other types of priming effects. 

     Another feature of these experiments and of all subsequent experiments is the two-

alternative forced choice (2AFC) visibility test that follows the experimental trials.  This 
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test was included for two reasons.  One is it provides an estimate of the effectiveness of 

the various masking procedures used in the current study assuming that performance on 

the visibility test is a function of the level of awareness.  To date, most of the masked 

semantic categorization studies reviewed in Section D have included a visibility test but 

only one of the masked lexical decision studies (Brown & Hagoort, 1993) has included 

such a test.  Unfortunately, however, contrary to normal procedure, the visibility test in 

the Brown and Hagoort (1993) study was administered before rather than after the 

experimental trials.  The problem with this method is it alerts the participants to the 

existence of the prime in the subsequent lexical decision task, (a situation one generally 

tries very hard to avoid during the administration of a priming experiment) and this 

undesired allocation of attention to the prime could change the way the task is performed.  

Another reason one takes every precaution the participants have no advance knowledge 

of the prime is because awareness is a phenomenological state that does not remain 

constant over time.  In fact, some have suggested that awareness of the prime increases 

during the course of an experiment with repeated exposure.  If this is indeed the case, 

having prior knowledge of the existence of the prime will make it that much easier to 

detect it and again, draw unnecessary attention to it. 

     The second reason for the inclusion of the visibility test is that it provides a way to 

examine the relationship between prime awareness and semantic priming, if one exists. 

As argued in the introduction, the question of whether the various masking conditions 

were equally effective and consequently, whether the effects obtained was truly a 

reflection of unconscious processing, is an issue that needs to be considered.   In fact the 
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suggestion that prime awareness may be relevant for priming has not only been 

considered in semantic priming but for other forms of priming as well.   Using a cross-

modal orthography to phonology priming paradigm, Kouider and Dupoux (2001) found 

that priming was absent unless there was some degree of awareness of the prime. 

According to them, priming between autonomous systems is possible only when it is 

mediated through the central executive, and if the central executive is aware of the 

input/outputs of the two lexicons.  Although their study examined priming between the 

orthographic and phonological lexicons, they claim that this argument also applies to 

priming between the orthographic and semantic lexicons.   The 2AFC visibility test will 

be one way in which this hypothesis can be tested.   If one can establish a relationship 

between awareness and semantic priming, this would have serious implications for the 

automaticity account of semantic priming.

     The design of the 2AFC visibility test was unique in that it mirrored the conditions of 

the experimental trial it followed such that the prime duration and masking procedure 

were identical to that of the preceding experimental trial.  This was done to ensure that 

the prime in the 2AFC visibility test would be presented under exactly the same 

conditions as in the experimental trial.  The items however in the 2AFC visibility test 

were not semantically related, but identical items were used throughout all of the 2AFC 

visibility tests.  

Prime-target relationship

     The masked priming paradigm has been used extensively to study various aspects of 

language including the structure of lexico-semantic memory.  Many types of relationships 
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have been postulated as being representative of this structure including a semantic 

relationship (i.e. bull-COW), an associative relationship (i.e. doctor-NURSE), and a 

relationship based on physical similarity (i.e. dolphin-WHALE), and the magnitude of the 

semantic priming effect observed for each of these different types of relationships is 

thought to reflect the strengths of the relationships.  Although, understanding the 

organizational structure of conceptual information is an interesting area of research, it is 

not the primary concern of this study.   Therefore, no special attention has been paid in 

selecting the prime-target pairs used in this study other than the reasons stated in the 

method section of Experiment 1.  With that said, the prime-target pairs nevertheless fell 

into two main categories, associatively-related pairs (i.e. doctor-NURSE), and antonyms 

(i.e. in-OUT).  Where applicable, significant effects, have been reported. 

A. Experiment 1

     The purpose of this experiment was to examine semantic priming under three different 

prime durations of 42, 55 and 69 ms.  Previous studies have reported reliable semantic 

priming for prime durations longer than 50 ms but conflicting results have been reported 

for prime durations less than 50 ms.  

1.  Method

Subjects.  Three groups of undergraduate students enrolled in an introductory Psychology 

course at the University of Arizona participated in this experiment.  Each group consisted 

of 32 students who received partial course credit, and who had given informed consent.

Materials and Design.  A total of 208 items of 2 to 7 letters in length were used.  These 

consisted of 44 semantically related prime-target pairs, 30 repetition prime-target pairs 
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ranging in frequency from 5 to 432 per million (Kucera & Francis, 1967), 30 

semantically related filler prime-target pairs which were never included in the analysis, 

and 104 nonword-prime word-target pairs.  Half of the semantically related pairs were 

associatively-related (i.e. doctor-NURSE) and the other half were antonyms (i.e. bitter-

SWEET) considered to be both semantically and associatively related.  These related pairs 

were taken from a study by Smith, Besner & Miyoshi (1994) in which semantic priming 

for these items was obtained.  Of these items, priority was given to those associations that 

were rated the highest in the Palermo & Jenkins (1964) word association norms.  Two 

lists of prime-target pairs were constructed.  On one list, half of the targets were paired 

with a related prime and the other half paired with an unrelated prime and this prime-

target pairing was reversed on the second list. This ensured counterbalancing of all items 

so that the same target was never presented twice during an experimental trial.  Half of 

the subjects in one of the three groups received one of the lists.  Each group received only 

one of the three prime durations (42, 55 or 69 ms).

Procedure.  The stimuli were presented on a color monitor using the Windows- based 

DMDX software package developed by J.C. Forster at the University of Arizona (for 

details, refer to Forster & Forster, 2003, or the website at psyl.psych.arizona.edu/ 

~kforster/dmdx/index.htm).  The display consisted of black characters on a white 

background with a refresh cycle of 13.75 ms.   The items were presented in a different 

pseudorandom order for each participant.  The entire list of items was divided into blocks 

with each block containing items from each condition.  The order of the items within 

each block was then randomized, as were the blocks.  The instruction given to the subject 
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was to decide whether the upper case letter string presented was a word or not, and to 

respond as quickly but as accurately as possible.  To begin each trial, the participant 

pressed a foot pedal.  Immediately after, a row of hash marks (#####) appeared in the 

center of the screen for 495 ms followed by the prime in lower case letters for 42, 55 or 

69 ms which was immediately replaced by the target in upper case letters which remained 

on the screen for 495 ms. Responses were made by pressing the “yes” button with the 

right hand, or the “no” button with the left hand.  After each response, feedback message 

was presented indicating the speed and accuracy of the response.  No mention of the 

prime was made.  There were 10 practice items.  Any participant making more than 20% 

errors was replaced.

Fig 1. Masking procedure in Exp. 1

2AFC Visibility Test.  Immediately following the experimental trials, a written 

instruction on how to perform the 2AFC visibility test was presented on the screen.  The 

participants were instructed that their task was to identify the prime and not to make any 

        doctor

        NURSE

#####
495 ms

42, 56 or 70 ms

495 ms



54

decision about the target.   There were a total of 33 trials of which 26 were genuine trials, 

and 7 were “filler” trials.  In the genuine trials, the prime duration and the masking 

procedure were identical to the experimental trials.  However, in the “filler” trials, the 

identical masking procedure as the experimental trials was used but the primes were 

presented for a longer duration (110ms) so that they were relatively visible to the 

participants.   The “filler” trials were included because there was a concern that this task 

may be too difficult to perform, and thus discourage the participants.  The results from 

the “filler” trials were never included in the subsequent analysis.  As in the experimental 

trials, the prime was presented in lower case letters and the target in upper case letters.  

After the target was presented, two words in upper case letters appeared on the screen 

side by side.  The two choices always differed by one letter (i.e. EVALUATION vs 

EVACUATION).  The participants were instructed to decide which word was the word 

that preceded the target.  They were to indicate their choice by pressing either the left 

button if the word on the left of the screen was the prime word, or by pressing the right 

button if the word on the right of the screen was the prime word.  Of the 26 genuine 

trials, in half (13) of the trials, the correct responses appeared on the right of the screen 

and in the other half (13) of the trials, the correct responses appeared on the left of the 

screen.  Participants were encouraged to step outside of the experimental booth and ask 

for clarification if they felt they had not adequately understood the instructions.  

Participants were strongly encouraged to make a choice even if they were unsure and had 

to guess the answer.  Unlike the experimental trials, no feedback was given after each 

response.  There were 5 practice items.  
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2.  Results - The mean reaction times and error rates are shown in Table 1.

     In this experiment, and all subsequent experiments, incorrect responses were excluded 

from the data analyses.  RTs for each individual were trimmed by establishing cutoff 

points two standard deviation units above and below the mean for that individual.  Any 

RTs exceeding the cutoff value were set equal to the cutoff.  The mean RTs for correct 

responses and the average error rates in each condition were calculated separately across 

subjects and items, and each data set was subjected to a separate analysis of variance (F1 

for subjects, F2 for items).  An alpha level of .05 was adopted for all analyses.

Table 1
Mean lexical decision reaction times (ms) and percent error rates as a function of prime and prime duration 
(Experiment 1) 

                                   Prime duration 42  55  69
                                   (ms)

Prime type                                                RT      %E         RT      %E        RT      %E

Identity      516       6.9        499     6.5         510      6.7
Unrelated                                                 553      10.6       549    10.6        551     11.3
Priming                                                     37*                    50*                   41*

Semantically-related                                531       7.4        523     6.9         519      7.4
Unrelated                                                 529        9.1       537    10.2         541
Priming                                                      -2                     14*                    22*

*p<.05

Masked repetition priming.  There was significant masked repetition priming in all prime 

durations.  In the 42 ms prime duration, there was a significant masked repetition priming 

effect of 37 ms in both the subject, F1(1,30)=22.63, and item analyses, F2(1,28)=12.79).  

Similarly, there was a significant 50 ms masked repetition priming effect in both the 
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subject, F1(1,30)=23.04 and item analyses, F2(1,28)=45.58, for the 55 ms prime duration, 

and a 41 ms masked repetition priming effect for the 69 ms prime duration which was 

significant in both the subject, F1(1,30)=31.03 and items analyses, F2(1,28)=18.37.

     The error rate analysis for the masked repetition primes revealed showed no affect of 

priming for the 42 ms prime duration, F1(1,30)=3.74 and F2(1,28)=3.48.  For the 55 ms 

prime duration, the priming effect was significant in the subject analysis, F1(1,30)=4.97, 

but not in the item analysis, F2(1,28)=2.98, and this was true also for the 69 ms prime 

duration, F1(1,30)=5.47 and F2(1,28)=3.47.

Masked semantic priming.  For the semantically related pairs, the reaction time analysis 

for the 42 ms prime duration revealed no significant masked semantic priming, both F1 

and F2<1.  However, there was a significant masked semantic priming effect of 14 ms in 

both the subject, F1(1, 30)=5.68 and items analyses, F2(1,40)=5.85, for the 55 ms prime, 

and a 22 ms masked semantic priming effect for the 69 ms prime which was significant in 

both the subject, F1(1,30)=8.07 and item analyses, F2(1,40)=14.09.  The interaction 

between the associatively-related pairs (i.e. doctor-NURSE) and antonyms (i.e. in-OUT) 

was not significant in either the 55 prime duration, F1(1,30)=2.15 and F2(1,40)=1.86, nor 

the 69 ms prime duration, both F1 and F2<1.

     Analysis of the error rates revealed that priming had no effect on the error rate for the 

42 ms prime, F1(1,30)=1.16 and F2(1,40)=1.89.  For the 55 ms prime duration, the 

priming effect was significant in the item analysis only, F2(1,40)=5.42, but almost 

reached significance in the subject analysis, F1(1,30)=4.08.  The interaction between the 

associatively-related pairs and antonyms was not significant, both F1 and F2<1.  In 
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contrast, for the 68 ms prime duration, priming on error rates was significant only in the 

subject analysis, F1(1,30)=5.01, but not in the item analysis, F2(1,40)=2.73.  Similarly, 

the interaction barely reached significance in the subject analysis, F1(1,30)=4.11, but not 

in the item analysis, F2(1,40)=3.49.

2AFC visibility test.  For the 42 ms prime, performance was at 50.3% correct which did 

not differ from chance performance.  For the 55 ms prime duration, performance was at 

53.5 % correct which was significantly better than chance, t(31)= 2.2 and similarly, the 

69 ms prime duration, performance was at 57.6% correct, t(31)=3.21 which was 

significantly better than chance.

Discussion

     This experiment confirms that no masked semantic priming effect is observed for 

prime durations shorter than 50 ms which is in sharp contrast to the findings of Brown 

and Hagoort (1993).  How can one explain this discrepancy?  There are several 

possibilities.  One is that 42 ms is simply not sufficient time for semantic activation of the 

prime to occur.  However, this is not a viable explanation for two reasons.   First, ERP 

studies have shown that N400 waveforms, a negative deflection of the ERP signal that is 

considered to be the marker for semantic activation (Bentin, 1987; Bentin, McCarthy, and 

Wood, 1985; Kutas and Hillyard, 1980; Polich, 1985), have been recorded for stimulus 

presented for less than 20 ms (Stenberg, Lindgren, Johansson, Olsson and Rosen, 2000). 

Secondly, masked semantic categorization studies have shown reliable response 

congruence effects mediated by semantic activation for prime durations less than 50 ms 
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(Bueno & Frenck-Mestre, 2002; Frenck-Mestre & Bueno, 1999; Naccache & Dehaene, 

2001). 

     If we accept that 42 ms prime duration is sufficient time for semantic activation of the 

prime to occur, then why do we fail to obtain masked semantic priming effects? 

Comparison of the results of the 2AFC visibility tests with the experimental results in the 

three prime durations may offer a possible explanation.  In the 42 ms condition, semantic 

priming effect was absent, and performance was at chance on the 2AFC visibility test.  

However, at the two longer prime durations where a masked semantic priming effect was 

obtained, performances on the 2AFC tests were both better than chance.  If we assume 

that performance on the 2AFC test is a function of the level of prime visibility, then it is 

not surprising that masked semantic priming effects are observed at the longer prime 

durations.   After all, reliable semantic priming effects are observed when the prime is 

clearly visible (acknowledging that both semantic and non-semantic mechanisms may be 

at play under those conditions). However, the more relevant question is whether 

increased prime visibility and therefore awareness, is associated with stronger masked 

semantic priming effects.  That is, is the visibility test telling us that prime awareness is a 

necessary condition for obtaining semantic priming or that prime awareness is only a 

byproduct of presenting the prime for a longer duration, but not necessarily a contributing

factor?  Or, it may simply be that any prime duration short of 50 ms is insufficient time in 

which to process the prime and for its activation to have maximal impact on the target 

node.  This would explain why semantic priming is consistently observed for prime 

durations longer than 50 ms (Keifer & Spitzer, 2000; Perea & Gotor, 1997; Perea & 
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Rosa, 2002; Rastle, Davis, Marslen-Wilson, & Tyler, 2000; Sereno, 1991) and why 

semantic priming can be obtained with a 40 ms prime if an interpolated mask and a blank 

frame are inserted between the prime and target (Brown & Hagoort, 1993).  

B.  Experiment 2

   It is clear from Experiment 1 that masked semantic priming effects can be obtained at 

the longer prime durations (55 & 69 ms).  The reason may be that a longer prime duration 

necessarily provides more processing time for the prime.  This would suggest that 

semantic priming effects should also be obtained if an SOA equivalent to the longer 

prime durations are used.  This will be tested in Experiment 2.  In this experiment, the 

prime duration will remain at 42 ms but an interpolated mask of 28 ms will precede the 

target.  This will effectively increase the SOA to 69 ms which is equivalent to the 69 ms 

prime duration condition in Experiment 1.  This is similar to the Brown and Hagoort 

(1993) masking procedure except no blank frame was inserted between the interpolated 

mask and the target.  If what is important for obtaining a masked semantic priming effect 

is that there be at least 50 ms of processing time for the prime, then masked semantic 

priming effects should be observed.   However, if prime duration is what is critical, then 

effects should be absent.

1.  Method  

Subjects.  A total of 36 undergraduate students enrolled in an introductory Psychology 

course at the University of Arizona participated in this experiment for which they 

received partial course credit and gave informed consent.

Materials and Design.  The same items from Experiment 1 were used in Experiment 2.
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Procedure.  The procedure was the same as in Experiment 1 except for the masking 

sequence.  In this experiment, a forward mask consisting of a row of hash marks (####) 

Fig 2. Masking procedure in Exp. 2

was presented for 495 ms followed by the prime in lower case letter for 42 ms and then 

an interpolated mask consisting of a row of hash marks (####) was presented for 28 ms 

immediately after the prime. 

2.  Results – Mean reaction times and error rates are shown in Table 2.

Table 2
Mean lexical decision reaction times (ms) and percent error rates as a function of prime (Experiment 2) 

Prime type RT %E

Identity 509 5.9
Unrelated 540 9.2
Priming 32*

Semantically-related 523 5.1
Unrelated 520 8.0
Priming -3 
 
*p<.05

    #######

       doctor

      #######

42 ms

28 ms

      NURSE 495 
ms
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Masked repetition priming.  There was a 32 ms masked repetition priming effect which 

was significant both in the subject, F1(1,34)=34.91, and item analyses, F2(1,28)=20.59.  

     Error rate analysis revealed a significant priming effect only in the subject analysis, 

F1(1,34)=7.19 but not in the item analysis, F2(1,28)=2.32.

Masked semantic priming.  Reaction time analysis revealed a slight inhibitory effect of 

-3 ms for the semantically related pairs which was not significant, both F1 and F2<1.  

     The error rate analysis showed that the priming effect was significant only in the item 

analysis, F2(1,40)=6.11, but not in the subject analysis, F1(1,34)=3.76.  The priming 

effect on the interaction between associatively related pairs and antonyms was not 

significant in either subject or item analyses, both F1 and F2<1.

2AFC visibility test.  The performance was at 54. 1% correct which did not differ from 

chance performance.  Two subjects were excluded from the analysis.  One subject who 

responded incorrectly in all the trials was excluded and the last subject in the other group 

was also excluded in order to equate the number of subjects in both groups.  

Discussion

     No masked semantic priming effect was observed even when the SOA was increased 

to 69 ms, an SOA equivalent to the 69 ms prime duration condition in the Experiment 1 

in which a 22 ms masked semantic priming effect was obtained.  This result suggests that 

it is prime duration and not SOA that is important for obtaining a masked semantic 

priming effect.  But before accepting this conclusion, the result of the masked repetition 

priming effect should be considered.  When compared to Experiment 1, there was a 

reduction in the masked repetition priming effect, albeit a slight reduction.  The masked 
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repetition priming effect in this experiment was 32 ms compared to the 37 ms priming 

effect obtained in Experiment 1, a 5 ms reduction for the 42 ms prime duration condition.  

But when compared against the 69 ms prime condition, there is a 9 ms reduction.  Is there 

an explanation that can account for the failure to obtain semantic priming and the 

reduction in repetition priming?   One possibility is that in actuality the interpolated mask 

had the opposite affect than what was originally intended.  Instead of providing more 

time to process the prime, the interpolated mask may have actually interfered with prime 

processing to the extent that repetition priming was reduced and semantic priming 

eliminated.  In fact, in an unpublished study, Forster (personal communication) found 

that at least in orthographic priming, form priming effects can be greatly reduced when a 

word intervenes the prime and target.  The interference account is however problematic 

with respect to the absence of a masked semantic priming effect. The reason is because 

most models of semantic priming predict no interference from an intervening stimulus.   

On the spreading activation view (Collins & Quillian, 1969; Collins & Loftus, 1975), 

activation from the prime is assumed to spread freely to the target node, and no 

mechanisms are postulated that could interfere with or alter this flow of activation.  The 

distributed model (Hinton & Shallice, 1991; Masson, l989, 1991, 1995; Rueckl, 2002; 

N.E. Sharkey, l989, l990; A.J.C. Sharkey & N.E. Sharkey, 1992) also predicts no 

interference effects from an intervening stimulus.  In this model, an unrelated word

presented after the prime may potentially move the network away from the target but a 

neutral stimulus without any linguistic relevance (i.e. #’s) should not affect the direction 

of movement of the network that the prime had initiated.   In support of this claim, 
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Masson (1995), in a distributed network simulation experiment, found no semantic 

priming when a row of x’s intervened between the prime and target in a naming task.  

     A similar prediction is made by the compound cue theory (Radcliff & McKoon, 

1988).  According to this model, a neutral stimulus cannot be incorporated as part of the 

compound cue and thus, there would be nothing to interfere with the retrieval of the  

compound cue from episodic memory.

     Despite the prediction of semantic priming models to the contrary, the possibility that 

the interpolated mask interfered with prime processing should be considered.  To test 

this, in Experiment 3, the interpolated mask will be replaced with a blank frame of the 

same duration.  In this way, the SOA will remain identical to Experiment 2, but without 

the possible interfering effects of the interpolated mask.  

C.  Experiment 3

     The purpose of this experiment was to eliminate the possible interference effect of the 

interpolated mask by replacing it with a blank frame of the same duration (28 ms) and to 

once again test which of the two factors, SOA or prime duration, is important for 

semantic priming.  If what is important is that the prime be processed for at least 50 ms, 

then a masked semantic priming effect should be observed.   However, if prime duration 

is what is critical masked semantic priming effects should be absent.

1.  Method  

Subjects.  A total of 36 undergraduate students enrolled in an introductory Psychology 

course at the University of Arizona participated in this experiment for which they  

received partial course credit and gave informed consent.
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Materials and Design.  The same items from Experiment 1 were used in Experiment 3.

Procedure.  The procedure was the same as in Experiment 1 except for the masking 

sequence.  In this experiment, a forward mask consisting of a row of hash marks (####) 

was presented for 495 ms followed by the prime in lower case letter for 42 ms. A blank 

frame of 28 ms immediately followed the prime.

Fig.3 Masking procedure in Exp. 3

2.  Results – Mean reaction times and error rates are shown in Table 3.

Table 3
Mean lexical decision reaction times (ms) and percent error rates as a function of prime (Experiment 3) 

Prime type RT %E

Identity 503 7.2
Unrelated 556           10.3
Priming  53*

Semantically-related 517 7.1
Unrelated 533 8.2
Priming  16*

*p<.05

    #######

       doctor 42 ms

28 ms

      NURSE 495 
ms
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Masked repetition priming.  The reaction time analysis revealed a 53 ms masked 

repetition priming effect which was significant in both the subject, F1(1, 34)=122, and 

item analyses, F2(1,28)=50.44.  

     Analysis of the error rate revealed no affect of priming on the error rate in either the 

subject, F1(1,34)=3.23, or the item analyses, F2(1,28)=2.8.  

Masked semantic priming.  The reaction time analysis for the semantically related pairs 

revealed a 16 ms masked semantic priming effect in both the subject, F1(1,34)=6.8, and 

item analyses, F2(1,40)=9.38.   The interaction between the associatively-related pairs 

and antonyms did not reach significance in either the subject, F1(1.34)=1.31, or the item 

analyses, F2(1,40)=1.05.

     Error rate analysis revealed no significant effect of priming in either the subject, 

F1(1,34)=6.6, or the item analysis, F2(1,40)=1.1 or in the interaction between the 

associatively related pairs and antonyms, both F1 and F2<1.

2AFC visibility test.  Performance was 60% correct and this was significantly better than 

chance performance, t(35)=5.71.

Discussion

     A significant 16 ms masked semantic priming effect and a rather large 53 ms masked 

repetition priming effect were obtained in Experiment 3.  It would therefore appear that 

the interpolated mask used in Experiment 2 had interfered with priming in some way.  At 

this point, one may be tempted to conclude that what is necessary for masked semantic 

priming is that the prime have at least 50 ms of uninterrupted processing time either by 

manipulating the prime duration or SOA.  But what needs to be explained further is why 
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that should be the case.  Priming effects are observed at 42 ms for a semantic 

categorization task so to claim that 42 ms is not sufficient time for the semantic activation 

would be inconsistent with this evidence.  Taking a closer look at the results of the 2AFC 

visibility test and its relationship to the experimental results may provide a clue.

     In Experiment 1, a masked semantic priming effect was absent at the 42 ms prime 

duration and performance on the visibility test was at chance.  At the longer 55 and 69 ms 

prime durations, a masked semantic priming effect was obtained and better than chance 

performance was found on the visibility tests.  In Experiment 2, as was the case for the 42 

ms prime in Experiment 1, a masked semantic priming effect was absent and as in 

Experiment 1, participants were performing at chance on the visibility test.  In this 

experiment, semantic priming was observed and performance on the visibility test was 

the highest yet at 60% correct.  Taken together, the results suggest some type of link 

between masked semantic priming and better than chance performance on the visibility 

tests.  That is, it may be the case that at the longer prime durations (55, 69 ms) or when a 

blank frame is interpolated, participants are becoming sufficiently aware of the prime and 

this increased awareness is contributing to the masked semantic priming effects.  The 

question of whether prime awareness is a factor for obtaining masked semantic priming 

effects will be addressed more directly in Experiment 4.  

D.  Experiment 4

     The purpose of this experiment was to increase the level of prime awareness in an 

experimental condition previously shown not to produce a masked semantic priming 

effect and where performance on the visibility test was at chance.  To do this, the same 
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masking procedure will be used as in Experiment 2, but to increase the level of prime 

awareness, a 28 ms blank frame will be presented prior to the prime.  If one obtains 

semantic priming under these conditions, it will provide strong support for the argument 

that awareness is a necessary and sufficient condition for semantic priming.  

1. Method  

Subjects. A total of 42 undergraduate students enrolled in an introductory Psychology 

course at the University of Arizona participated in this experiment for which they 

received partial course credit and gave informed consent.

Materials and Design.  The same items from Experiment 1 were used in Experiment 4.

Procedure.  The procedure was the same as in Experiment 1 except for the masking 

sequence.  In this experiment, a forward mask consisting of a row of hash marks (####) 

was presented for 495 ms, then a blank frame for 28 ms, immediately followed by the 

prime in lower case letter for 42 ms.  An interpolated mask consisting of a row of hash 

marks (####) was then presented, immediately followed by a 495 ms target in upper case 

letters.

2.  Results – Mean reaction times and error rates are shown in Table 4.

Masked repetition priming.  Reaction time analysis revealed that there was a significant 

40 ms masked repetition priming effect, which was significant in both the subject, 

F1(1,40)=21.45, and item analyses, F2(1,28)=32.74.  

Masked repetition priming.  Reaction time analysis revealed that there was a significant 

40 ms masked repetition priming effect, which was significant in both the subject, 

F1(1,40)=21.45, and item analyses, F2(1,28)=32.74.  
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Fig. 4  Masking procedure in Exp. 4

Table 4
Mean lexical decision times (ms) and percent error rates as a function of prime (Experiment 4) 

Prime type RT %E

Identity 555 5.4
Unrelated 595 8.0
Priming 40*

Semantically-related 559 6.6
Unrelated 577 7.0
Priming  18*

*p<.05

     Analysis of the error rate shows that priming had a significant effect only on the 

subject errors, F1(1,40)=4.9 but not on item errors, F2(1,28)=2.06.

Masked semantic priming. Analysis of the reaction time revealed a 18 ms masked 

semantic priming effect which was significant in both the subject, F1(1,40)=13.14 and 

495 ms   #######

      doctor

28 ms

42 ms

      #######

      NURSE

28 ms

495 ms
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item analyses,   F2(1,40)=10.16.  There was no significant interaction between the 

associatively-related pairs and antonyms, both F1 and F2<1.

     Error rate analysis shows no significant affect of priming, both F1 and F2<1 and 

similarly, no significant effect of priming on the interaction between associatively-related 

pairs and antonyms, F1(1,40)=1.61and F2(1,40)= 1.13.   

2AFC visibility test.  Performance was at 57.7% correct which was significantly above 

chance performance, t(41)=3.66.

Discussion

     There was a significant 18 ms masked semantic priming effect and 40 ms masked 

repetition priming effect in Experiment 4 and as expected, participants were performing 

better than chance on the 2AFC visibility test.  The results of this experiment combined 

with the findings of the previous experiments, clearly demonstrate that at least in the 

masked lexical task, there exists some type of relationship between awareness and 

masked semantic priming.  

Preliminary Discussion

      Most theories of semantic priming have assumed that the activation of semantic 

information and the spread of this activation to related concepts is an automatic one.  

However, the results of Experiment 1 through 4 would dispute that claim.  It may be the 

case that semantic information can be activated by mere exposure, but it is not the case 

however, that this activation alone is sufficient for producing the semantic priming 

effects.  The experimental results combined with the results of the 2AFC visibility tests 

establishes that there is in fact a relationship between partial prime awareness and 
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semantic priming effects.  It would appear that a degree of awareness of the prime, if only 

at the lowest level of conscious involvement, must be present for the facilitatory effects 

to be observed.  Perhaps what links all of the previous masked lexical decision studies 

where masked semantic priming effects were found, is that in all cases, the participants 

had become partially aware of the prime. 

     In the next chapter, why priming effects are observed in the masked semantic 

categorization task using similar conditions as in the lexical decision task where it is 

absent, will be explored. 



71

CHAPTER 3 EXPERIMENTS 5-6 

     The masked semantic categorization task, like the masked lexical decision task, has 

been used extensively to study masked semantic priming.  In fact, some have argued that 

it may be the more sensitive test of semantic activation because unlike lexical decision, 

semantic categorization cannot be performed using ancillary properties inherent to the 

word, such as the number of orthographic neighbors (Andrews, 1992; Grainger & Jacobs, 

1996) or familiarity (Balota & Chumbley, 1984) instead necessitates retrieval of semantic 

properties.   For this reason, perhaps, it is not too surprising that masked semantic 

priming effects have been reported for prime durations less than 50 ms in semantic 

categorization but not in the lexical decision task.  However, as discussed in the 

introduction, less than ideal experimental design has left open several possible non-

semantic interpretations of the results.  More recent masked semantic categorization 

studies have addressed the issue of limited set size and pre-experimental exposure of the 

items, but the possibility of a response congruency effect still remains.  The reason is that 

the condition in which one would expect to find priming is the condition where both the 

prime and target are necessarily exemplars of the category.  In an animal categorization 

task, for example, the condition in which one would expect to find priming is one where 

both the prime and target are animal names (i.e. raccoon-GIRAFFE).  But this is also the 

very condition in which the responses to the prime and target are identical (both require a 

“yes” response).   In effect, convincing evidence of masked semantic priming effects 

have not yet been demonstrated in the semantic categorization task.
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     Before issues regarding task differences could be raised, what needs to be established 

is whether a genuine semantic priming effect can be observed in the masked semantic 

categorization task when response congruence effects have been eliminated.  The way to 

do this is to equate the related and unrelated for possible response congruence effects.  

The easiest way to achieve this is to use semantically-related pairs that are not exemplars 

of the category such as bread-BUTTER, when the task is to decide whether the target is 

“the name of an animal.”  Hence, even though the semantically related pairs are response 

congruent (that is, they would both require a “no” response in an animal categorization 

task), because the unrelated pairs (i.e. radio-BUTTER) are also response congruent (both 

requiring “no”), any observed priming effect should reflect semantic processing and not 

response congruency.  This was tested in Experiment 5.

A.  Experiment 5

     In order to avoid a response congruency effect, the semantically related pairs used in 

the previous lexical decision experiments were used in an animal categorization task.   

The prime duration was 42 ms, the same duration in which masked semantic priming 

effects were absent in the lexical decision task (Experiment 1).   Under these conditions, 

any priming effects should be semantic in nature. 

1.  Method  

Subjects. A total of 40 undergraduate students enrolled in an introductory Psychology 

course at the University of Arizona participated in this experiment for which they 

received partial course credit and gave informed consent.
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Materials and Design.  The same items used in the semantically-related and identity 

prime conditions in Experiment 1 were used in Experiment 5.  Two semantically related 

pairs, tiger-STRIPES and cat-DOG, because they contained animal names were replaced 

with foot-SHOE and wave-OCEAN, respectively.  There were a total of 104 exemplar 

targets ranging from 3 letters (i.e. ELK) to 9 letters (i.e. ALLIGATOR) all preceded by a 

non-exemplar word prime of the same length.  

Procedure. The masking procedure was the same as in Experiment 1.  All primes were 

presented for 42 ms.  The instruction given to the subject was to decide whether the upper 

case word was a name of an animal, and to respond as quickly but as accurately as 

possible.  No mention of the prime was made.  There were 10 practice items.

2.  Results – Mean reaction times and error rates are shown in Table 5. 

Table 5
Mean semantic categorization reaction times (ms) and percent error rates as a function of prime 
(Experiment 5) 

Prime type RT %E

Identity 557 7.1
Unrelated 605           12.0
Priming  48*

Semantically-related 570 8.3
Unrelated 584 9.7
Priming  14*

*p<.05

Masked repetition priming.  There was a significant 48 ms repetition priming effect 

which was significant in both the subject, F1(1,38)=68.57 and item analyses, 

F2(1,14)=131.11.
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     Similarly, error analysis revealed that priming had a significant effect on error rates in 

both subject, F1(1.38)=7.01 and item analyses, F2(1,14)=8.27.

Masked semantic priming.  There was a significant 14 ms semantic priming effect in both 

the subject, F1(1,38)=6.14 and item analyses, F2(1,40)=9.47.  The interaction between 

the associatively related pairs and antonyms was not significant, both F1 and F2<1.

     Error analysis revealed no effect of priming on error rates in either subject, F1(1,38)= 

1.26 or item analyses, F2(1,40)=.63.  Similarly, priming did not affect the error rate on 

the interaction between associatively related pairs and antonyms, both F1 and F2<1.

2AFC Visibility test.  Participants performed at 49.4% correct which reflected chance 

performance.

Discussion

     There was a significant 48 ms masked repetition priming effect that was slightly larger 

than what was found in Experiment 1.  But more importantly, there was a significant 14 

ms masked semantic priming effect in this experiment that was absent in Experiment 1, 

which confirms that masked semantic priming effects can be obtained for this task.   

More surprising, is the fact that the presence of a semantic priming effect in this task was 

not accompanied by a better than chance performance on the visibility test as it had been 

in the lexical decision tasks.  Clearly, these findings suggest that task differences are a 

contributing factor.   In what ways can tasks differ?  The type of information that is 

retrieved may differ.  In the case of the semantic categorization task, because the task 

would almost surely necessitate the retrieval of meaning, this information may be 

retrieved before any other properties of the word.  But the same may not be said for the 
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lexical decision task.  In that task, the quickest way to decide the lexical status of 

stimulus may be through monitoring the activation level of its orthographic neighbors and 

hence, meaning may not be necessary.    Meaning may only become necessary if the 

monitoring system fails.   

     Two tasks may also differ in when semantic information becomes available.  In 

semantic categorization, meaning may be the first to be accessed but in lexical decision 

because its usefulness to the task is limited, may be the last to be accessed.  When the 

prime is present for only 42 ms, this information may become available too late to have 

any effect on the target. 

     Another way that tasks could conceivably differ is in the degree of reliance one task 

places on semantic information.  Heavy reliance may be placed on meaning in the 

semantic categorization task but for the same reasons cited above, information other than 

meaning may be more useful in the lexical decision task.   Meaning may simply be 

ignored in the lexical decision task when the prime is masked.  Perhaps, the observation 

that semantic priming effects begin to emerge with increased prime visibility 

(Experiment 1 – 4) is suggestive that some level of awareness is necessary to attend to the 

meaning of a word.

     An interesting question to consider is whether directing attention to meaning would 

produce semantic priming effects in the lexical decision task.  There is extensive 

evidence on the effect of context in modulating priming effects.   Presumably attentional 

resources can be re-directed by manipulating the context in which the task is to be 

performed, a paradigm used mostly to demonstrate that semantic activation and hence, 
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semantic priming is not an automatic process (Besner, Smith & McLeod, 1990; Chiappe, 

Smith & Besner, 1996; Friedrich, Henik & Tzelgov, 1991; Smith, Besner & Miyoshi, 

1994; Stolz & Besner, 1996, 1997, 1999).   In one study by Stolz & Besner (1996), a row 

of a single letters was presented above the prime word.  Participants were asked to decide

whether that letter was contained in the prime word presented below it.  As soon as a 

response was made in the letter detection task, the target was presented for lexical 

decision.  What Stolz and Besner found was that semantic priming was greatly reduced

under these conditions.   According to them, since the task performed on the prime 

involved judgment of its physical properties not its semantic properties, the activation 

produced by the prime was confined mostly to the lexical level.  Consequently, with little 

activation reaching the semantic level, only a minimal amount of semantic priming could 

be obtained.

     In Experiment 6, an attempt was made to increase the saliency of word meaning and 

thus, encourage its use during lexical decision.  In order to achieve this, the forward 

mask, previously a series of hash marks, was replaced with a word mask (as originally 

used in the Forster & Davis (1984) paper).  In a subset of filler prime target pairs, the 

word mask was semantically related to the target.  For example, when the forward word 

mask was HEALTH, the target word was SICKNESS.   If a masked semantic priming 

effect is observed under these conditions, this can be taken as evidence that meaning 

is available but ignored under masked conditions in lexical decision.

B. Experiment 6
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     In an attempt to increase the salience of meaning in the lexical decision task, the 

context was manipulated to draw attention to the relationship between the prime and 

target.  If meaning is available but simply ignored in lexical decision, then promoting its 

use should generate a masked semantic priming effect.

        Fig.  Masking procedure in Exp. 6

1.  Method  

Subjects. A total of 30 undergraduate students enrolled in an introductory Psychology 

course at the University of Arizona participated in this experiment for which they 

received partial course credit and gave informed consent.

Materials and Design.  The same items from Experiment 1 were used in Experiment 6.  

The forward mask consisting of a series of hash marks was replaced by an upper case  

word mask.  The 30 semantically related filler prime-target pairs included in all the 

previous experiments were replaced by 54 filler pairs.   In these pairs, the prime was an 

          in

        COLD

HOT
495 ms

42 ms

495 ms
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unrelated word, but the word masks were semantically related to the target (i.e. HEALTH-

junior-SICKNESS).  

Procedure.  The procedure was the same as in Experiment 1. 

2.  Results – Mean reaction times and error rates are shown in Table 6.

Masked repetition priming.  A 55 ms masked repetition priming effect was obtained 

which was significant in both subject, F1(1,28)=28.97 and item analyses, F2(1,28)=31.6.  

Error analysis revealed that priming did not affect error rates, both F1 and F2<1

Table 6
Mean lexical decision reaction times (ms) and percent error rates as a function of prime (Experiment 6) 

Prime type RT %E

Identity 556 6.5
Unrelated 611 6.9
Priming 55*

Semantically-related 583 6.8
Unrelated 580 6.8
Priming -3 
 
*p<.05

Masked semantic priming.   There was no significant masked semantic priming effect 

obtained in either the subject or item analyses, both F1 and F2<1.  In fact, there was a 

slight inhibitory effect of –3 ms.

     Similarly, analysis of the error rates revealed no priming effect on error rates for either 

the subject or item analyses, both F1 and F2<1.  

2AFC Visibility test.  Participants were performing at 48.5% correct which reflected 

chance performance.
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Discussion

     There was a significant 55 ms masked repetition priming effect but a slightly 

inhibitory masked semantic priming effect.  The failure to find a masked semantic 

priming effect in this experiment could suggest one of two things.  One is that attending 

to the meaning has no effect in generating semantic priming effects in the lexical decision 

task.  But this assumes that the manipulation in this experiment was in fact effective.  

There are several reasons to argue against that.  The failure to find an effect may be the 

result of having relatively low of the related forward word mask and target pairs.  The 54 

filler pairs constituted approximately 20% of the total items and this may have been too 

low to be noticeable during the course of the experiment and attending to the meaning of 

the prime may have never occurred. 

     There is another issue to consider regarding the failure to find an effect with this type 

of manipulation.  That is, the question of how attention was distributed and whether this 

occurred at the appropriate time during the trials.  Studies in attention have found that 

how attention is spatially distributed can be a function of many factors including task 

demands and spatial proximity of the stimulus.  It may be the case, that by using a related 

forward word mask, too much attention was directed to the forward word mask and the 

target, and the meaning of the prime was never processed.   Or, another possibility is that 

because the two visible stimuli on each trial, the forward word mask and the target, were 

both displayed at predictable intervals, participants were able to temporally modulate 

their attentional resources.  For example, Naccache, Blandin & Dehaene (2002) found 

reliable masked priming in a number judgment task only when the appearance of the 
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target was predictable but not when it varied from trial to trial.  What they propose is that 

participants are able to open a window of attention when they are able to predict when the 

target will appear.  However, when the target appears at varied time intervals, this 

window of attention cannot be sustained and therefore, no priming can be observed.  A 

similar process may have occurred in Experiment 6.  Instead of leaving an attentional 

window open long enough to include the prime and target, participants may have been 

able to open and close separate windows of attention for the forward word mask and then 

the target, effectively excluding the prime.
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CHAPTER 4:  GENERAL DISCUSSION

Summary of findings

     Experiment 1 examined the time course of masked semantic priming effects using 

three prime durations, of particular interest was the 42 ms prime duration.  A masked 

semantic priming effect was obtained only for the 55 and 69 ms prime durations, the two 

durations where visibility test performances were better than chance.  No masked 

semantic priming effect was found at the 42 ms prime duration.  In contrast, a masked 

repetition priming effect was observed for all three prime durations.  The absence of a 

masked semantic priming effect at 42 ms prime duration suggested that 42 ms may not be 

sufficiently long to process the prime adequately.  This hypothesis was tested in 

Experiment 2.  A 28 ms interpolated mask was inserted as a way of increasing the SOA 

and hence the processing time on the prime.  Although a repetition priming effect was 

found, no semantic priming effect was observed and again, participants performed at 

chance on the visibility test.  The absence of a masked semantic priming effect in 

Experiment 2, despite the 70 ms SOA, and a slight reduction in the repetition priming 

effect, may have been the result of interference from the interpolated mask.  To test this, 

in Experiment 3, the interpolated mask was replaced by a blank frame of the same 

duration.  Both masked repetition and semantic priming effects were obtained but unlike 

Experiment 2, performance on the visibility test was better than chance.  The results of 

Experiment 3 suggested two possible conclusions.   One is that the masked semantic 

priming effect was the direct result of the removal of the interfering mask.  The second is 

that the blank frame had increased awareness of the prime and hence affected 
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performance.  Support for the second possibility is found when comparing results from 

the visibility tests and experiments from Experiment 1 through 3 which showed that a 

masked semantic priming effect was consistently found whenever performance on the 

visibility test was better than chance.  In Experiment 4, the hypothesis that what is 

required for masked semantic priming is increased prime awareness was tested.   An 

identical masking procedure as Experiment 2 was used in which masked semantic 

priming was absent, except that a 28 ms blank frame was inserted prior to the 

presentation of the prime.   As predicted, the visibility test showed better than chance 

performance along with a masked semantic priming effect.  A stronger repetition priming 

effect was also obtained.  Experiment 5 tested whether similar results as those found in 

the masked lexical decision task would be obtained when a masked semantic 

categorization task was used.   In order to avoid any possibility that the obtained priming 

effect could be attributed to a response congruence effect, semantically related pairs that 

were not exemplars of the category were used.  Unlike in the masked lexical decision task 

a masked semantic priming effect was obtained with a 42 ms prime even though 

performance was at chance on visibility test.  The results of Experiment 5 suggested that 

semantic information may be processed differently in the semantic categorization task 

because it places more emphasizes on meaning than in the lexical decision task.  In order 

to direct attention to the meaning of words, in Experiment 6, the mask was replaced by a 

word that was semantically related to the target.  A masked repetition priming effect was 

obtained but a masked semantic priming effect was absent and as Experiment 4 would 

predict, performance was at chance on the visibility test. 
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General conclusion

     These experiments provide strong evidence that in the lexical decision task, semantic 

activation is not a sufficient condition for obtaining a masked semantic priming effect.  In 

addition, partial awareness of the prime appears to be relevant (see Table 6).   However, 

partial awareness does not appear to be critical in semantic categorization. Taken 

together, these findings pose a serious challenge to the traditional view of semantic 

priming.  

Table 7 Semantic priming (in ms) and % correct on 2AFC visibility test

   Experiment                Semantic priming             % correct

     1 – 42 ms                           -2   50.3
           55 ms                          14                                 53.5*
           69 ms                          22                                 57*

       2                                   -3                                 54.1

          3                                   16                                 60*

          4                                   18                                 57.7*

          5                                   14                                 49.4

          6                                   -3                                  48.5             

* = above chance performance        

Implications for traditional accounts of semantic priming

     The findings of this study dispute two fundamental assumptions underlying most 

theories of semantic priming.  The first is that the two components involved in the 
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semantic priming effect, activation of semantic properties and the resultant spreading 

activation to the related words, occur automatically.  This implies that no conscious 

control can be exercised over the process nor does the process require any use of 

conscious resources. The failure to find a semantic priming effect under conditions where 

awareness of the prime is absent as indexed by the 2AFC visibility test performance 

refutes at the very least the claim that the process of spreading activation is an automatic 

one.   The second assumption is that because spreading activation is a perceptual 

phenomenon, similar effects should be observed in any task that requires lexical access.  

This assumption is also found to be incorrect as it was shown that priming effects can be 

observed at shorter durations in the semantic categorization task without the benefit of 

partial awareness of the prime while absent in the lexical decision task.  What is clearly 

indicated is a re-interpretation of the nature of the priming effect in the lexical decision 

task and what role awareness plays.

Re-interpretation of priming in lexical decision 

     I propose that the priming effects observed in the lexical decision task are the result of 

a retrospective semantic-matching process as proposed by Keefe and Neely (1989).  In 

this process, a check is made to see if a relationship exists between the prime and the 

target but only after the target is presented.  Detecting that the prime and target are 

semantically related provides additional evidence that the target is in fact a word allowing 

for a fast “yes” response to be generated.  The absence of a relationship for an unrelated 

prime and target would not lead to a fast “no” response because the target will still be a 

word.   This however, does predict fast responses when the target is a nonword because 
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the absence of a relationship would provide additional information to reject it as a word.   

Although the retrospective semantic-matching process has been claimed to be a strategic 

one which operates when the prime and target are fully visible, I would argue that this 

process can nevertheless occur under conditions of partial prime visibility, e.g., when the 

prime duration is relatively long (55 & 69 ms) or when the masking conditions are less 

than effective.  In order to understand how the retrospective semantic-matching process 

could operate, there are two concepts that need to be re-defined.  First, one needs to think 

about conscious awareness not as an all or nothing phenomenon but as a continuum.  

That is, although processes defined as automatic can operate in the absence of conscious 

awareness (Posner & Snyder, 1975), it is not necessarily the case that all other cognitive 

processes require the same amount of conscious awareness during their operations.   

Second, that conscious awareness is a graded phenomenon.  As shown in Figure 1, 

conscious awareness can vary from low to high levels.  These levels represent the degree 

of involvement the central executive would have during the performance of any given 

task.  In turn, to which level information must reach is a function of the task that needs to 

be performed.  On this view, information reaching only the lowest level would involve 

the central executive to be minimally involved in the operations of a task.   For example, 

detecting color is considered an automatic process.  Information need only reach the 

lowest level of conscious awareness because it does not require that the central executive 

be heavily involved in its operations.  The same cannot be said about solving an equation 

in calculus.  This would require (for most people) the central executive to expend all of 

its resources to accomplish the task.  The successful completion of a task would depend 
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on the information reaching the appropriate level.  To apply this model to explain the 

findings from the lexical decision task, one would need to assume that the retrospective 

semantic-matching procedure requires at least an intermediate level of conscious 

awareness.   This is because the central executive must have access to some semantic 

properties of the prime in order to establish that a relationship exists between the prime 

and the target.   Inferring from this relationship that the target is a word requires a 

decision from the central executive.   It would appear that 50+ ms is the required prime 

duration for the information to reach its appropriate level.  However, as was shown in 

Experiment 3 and 4, the use of a 42 ms prime does not preclude the information from 

                                                      Visual
                                                                                                        Experience

              High (i.e. calculus)                                                             Visible

              Intermediate (i.e. retrospective match)                                Partial                                                               

              Low (i.e. S-R mapping)                                                        Absent

               Fig. 6 Levels of CE involvement as a function of task

 Central executive



87

reaching the same level.  This is because the mask did not immediately precede or follow 

the prime to disrupt its processing.  Furthermore, I propose that that visual awareness of 

the prime is the result of, not a prerequisite, for priming effects.  That is, becoming 

visually aware of the prime can be thought of as being an indicator of how high within 

the levels of conscious awareness information had reached and not the reason why 

priming effects are obtained.

     There is one line of evidence that is problematic for this model.  Bodner and Masson 

(2003) have found increased semantic priming effects in a masked lexical decision task 

using a 45 ms prime when the proportion of semantically related or repetition primes 

were high (.8) compared to when it was low (.2).   The finding that stronger semantic 

priming effects were obtained for the high proportion condition is consistent with the 

strategic use of the primes such as in a retrospective semantic-matching procedure, 

however, what is difficult to explain is why this was obtained using a 45 ms prime.   One 

possible explanation may be found in the way the data was analyzed.  In their 

experiment, instead of analyzing the effects over a common set of items in the high and 

low proportion conditions, comparisons were made between an unequal number items 

(i.e. .8 vs .2).  There may have been more opportunity for spurious effects to be 

introduced in the high proportion condition and produced an artificially inflated the 

effect.  

     With respect to the semantic categorization results, it is clear that the process 

responsible for semantic priming does not require conscious awareness and therefore 

must require minimal central executive involvement.  As mentioned earlier, this cannot 
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be considered a case of spreading activation since the same effect should be observed in 

lexical decision.  A possible alternative is that of a “decision priming” effect similar to 

what has been proposed by Forster (2004).   In order to explain a paradoxical result, in 

which masked repetition priming was obtained despite the absence of any frequency 

effect, Forster proposed that what was being primed was the process of categorizing the 

prime, not the retrieval of its semantic properties.  That is, the process involved in 

evaluating the prime is somehow being transferred to the target so that less time is 

required to reach a decision, not unlike the transfer of appropriate processing effects  

found in episodic memory processing (Blaxton, 1989; Graf, 1990).  This could explain 

the priming effects obtained in the semantic categorization task  (Experiment 5).  That is, 

because the related pairs share common semantic features, the evaluative process to 

decide that the target is not an animal would be similar to the process already applied to 

the prime.  As a result, only an abbreviated process would be necessary in order to reach 

the same decision, that the word is not an animal, for the target.  

     Finally, the 2AFC visibility test adopted in these experiments was not intended to be 

an absolute measure of awareness, but only a relative measure by which levels of 

awareness could be compared between the experiments and between the different 

masking conditions used.  The goal was to explore whether a relationship existed 

between prime awareness and semantic priming.   However, there are some drawbacks to 

this particular method that need to be considered.  First, the prime and target pairs used in 

the 2AFC test were orthographically and semantically unrelated.  If as some studies have 

shown, there is a difference in perceptibility of the prime when it is semantically related 
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to the target, then the 2AFC visibility test would have underestimated the level of 

awareness for the semantically related primes in the experimental trials (Bernstein, 

Bissonnette, Vyas & Barclay, 1989; Dark & Benson, 1991; Fischler, 1977).

     Secondly, the two alternative word choices were always 1 letter different from each 

other (i.e. EVACUATION vs. EVALUATION).   This means that in order to be correct, all 

of the letters in the prime would have had to be identified.   Partial information would 

only induce guessing but not necessarily lead to accurate choices (Kouider & Dupoux, 

2004).  This makes this test stringent compared to tests where detecting only the presence 

or absence of a prime is required.  In such a task, almost any salient perceptual dimension 

(i.e. perceived brightness) could be used to perform the task accurately.  Again, the 

difficulty in having to discriminate between orthographically similar items may have led 

to an underestimation of prime awareness in the experimental trials.  

     Another problem with using any type of visibility test to assess awareness is that 

implicit memory processes could affect how the task is performed.  For example, it has 

been shown that even when a word is presented under masked conditions, it nevertheless 

imparts a sense of familiarity when it is subsequently presented.  It has been argued that 

this sense of familiarity biases one towards a “yes” response, if that is what the task 

requires (i.e. masked lexical decision) (Bodner & Masson, 1997; Bodner & Masson, 

2001) or in a recognition task, a sense of familiarity is misattributed as the sense of 

having seen the word previously (Jacoby & Whitehouse, 1989; Debner & Jacoby, 1994).  

In fact, it has been found that even when a word is presented under masked conditions, it 

is more likely to be used in a subsequent stem completion task than a word which had 
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never been presented (Forster, Booker, Schacter & Davis, 1990).  The implication is that 

on a visibility test, the sense of familiarity could be used to choose between the two 

choices.  If that is the case, then what the test would have been measuring is not prime 

perceptibility but prime familiarity.   

Final discussion – Proposal for future research

     What was challenged in this study was not whether semantic activation is occurring 

without conscious awareness but whether this leads to semantic priming effects.  It is 

difficult to argue given the results that semantic priming effects in the lexical decision 

task can be obtained without partial awareness of the prime.  The association is too strong 

to conclude otherwise.  Pursuing this line of investigation would be in effect not a study 

of unconscious lexical processes but that of post-lexical strategic components.  What 

would be a more interesting enterprise, is to understand what might be happening in the 

semantic categorization task, in particular the operations underlying the “decision” 

priming effect.  

     Finally, as mentioned earlier, the possibility that related words may be better 

perceived than unrelated words should be pursued further.  The “decision” priming effect 

is couched on the assumption that subjects were performing without conscious awareness 

and therefore, it would be critical to determine that was in fact the case.  A better test may 

be to present the prime using the same masking procedure as the experiment but to 

inform them that the prime would be an animal name.  In this way, the task will be 

similar to a semantic categorization task but it would also test if better perceptibility of 

the prime is a function of information to link to the prime to the target. 
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APPENDIX A

Semantically related pairs used in Experiment 1 – 6

good – BAD salt - PEPPER
above – BELOW doctor - NURSE
top – BOTTOM floor - CEILING
dirty – CLEAN cat - DOG
hot – COLD toast - JAM
birth – DEATH needle - THREAD
live – DIE bacon - EGGS
wet – DRY bread - BUTTER
empty – FULL church - PRIEST
stop – GO comb - BRUSH
love – HATE cheese - CRACKER
guilty – INNOCENT cup - SAUCER
early – LATE door - WINDOW
borrow – LEND eyes – NOSE
win – LOSE fork - SPOON
high – LOW king - QUEEN
always – NEVER moon - STARS
day – NIGHT storm - CLOUD
on – OFF teacher - STUDENT
in – OUT table - CHAIR
work – PLAY washer - DRYER
rich – POOR tiger - STRIPES
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