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ABSTRACT 

 Semantic memory is the storage of world knowledge or facts, while associative 

memory contains information about how words are related in context of speech or writing 

(Tulving, 1993; Nelson, McEvoy, & Dennis, 2000).  For example, the word pair CAT-

DOG is semantically related because cats and dogs have many of the same features, such 

as legs, tails, fur, house pets, etc.  CAT-DOG is also associatively related because the 

words appear together frequently in text such as “it’s raining cats and dogs”.  Research 

examined to see if these two types of memory are separable or if all context and 

dictionary knowledge are contained in one memory system (Lucas, 2000).  Currently, 

results are mixed on the separability of these two memory systems, where effects are 

seemingly dependent on stimuli used.  Previous studies had difficulty controlling for both 

relationships for word pairs, meaning that word pairs were dually related despite claims 

for single relationships. 

 Several studies were designed using large semantic and associative word norm 

databases (Maki, McKinley, & Thompson, 2004; Nelson, McEvoy, Schreiber, 2004).  

These databases made it possible to create separate word lists; so only one relationship 

(semantic or associative) was present.  From there, priming for both memory types was 

tested using a rapid serial visual presentation task (RSVP) and judgment task.  In the 

RSVP task, participants watched a very fast presentation of symbols, which were either 

distractors or target words.  Participants were required to name the target word they saw 

among the distractors.  Priming occurred when target words that were related were named 

more than unrelated target words.  In a judgment task, participants were asked to read 
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two words and rate how much they thought the words belonged together based on their 

feature overlap (how many features they share) or their associative relationship (how 

many people out of 100 would put them together).  Judgments were part of the related 

word pair for the RSVP task to create priming.  Priming for both relationships was found, 

which indicated that these two systems were separate.     

Judgments showed that people could separate the two memory systems when 

making judgments.  Associative judgments were processed by associative information 

but not semantics, while semantic judgments required both associative and semantic 

information.  However, attentional differences in judgments found previously did not 

transfer to priming results (Buchanan, Maki, & Patton, 2007).   These studies, including 

priming tasks, showed that information appeared to be readily accessible (including 

semantic information) but in a different order of processing.  Associative information 

appears to be processed earlier at a word or lexical level while semantic information is 

processed later and in a separate store.  From there, judgment processes might occur even 

later than information processing used for priming. 
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CHAPTER 1 

INTRODUCTION 

Semantic memory is the memory store that contains all the dictionary knowledge 

or facts we have gathered, while episodic memory contains life events or episodes 

(Tulving, 1993).  For example, knowing that the television series Battle Star Galactica is 

taking an eight month hiatus from having new shows is stored in semantic memory while 

remembering the first time you saw the show is stored in episodic memory.  Semantic 

memory contains all the information an encyclopedia would have, such as spelling, 

pronunciation, definition, and the interconnections between meanings of related words 

(Hutchison, 2003).  Therefore, not only does semantic memory contain the information 

about the different races on Battle Star Galactica, but also how they are similar (i.e. the 

races all look like humans, even though one race is robotic).  These interconnections 

between words were discovered and are studied through the use of semantic priming.  

Semantic priming occurs when there is a facilitation of processing (i.e. faster reaction 

times for reading) of one word following the presentation of a word related in meaning 

(Meyer & Schvaneveldt, 1971).  So, if people are reading about MONEY or LOANS, the 

word BANK is much easier to process because its related meanings have already been 

activated in semantic memory. 

Expanding on Quillian’s (1967) theory of spreading activation, Collins and Loftus 

(1975) outlined the most cited and most used model to explain semantic memory and its 

connections.  They proposed that people have a very large number of concepts that are 

stored in semantic memory as nodes in a network.  These nodes are linked to each other 
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by links that represent the relationship between those two nodes.  For example, a link can 

be an “isa” relationship, where APPLE would be connected to FRUIT because it is a type 

of fruit.  This node representation is a localist representation of information where each 

node specifically means a concept, so APPLE would have a single node.  As memory is 

searched or a word is activated, links between words are outlined so that these nodes are 

in turn activated.  Activation constantly expands so that all concepts linked to APPLE 

would be traced and then all their links would be activated and so on.  Activation 

decreases as it expands outwards from the original concept being processed, so that 

concepts that are less related to APPLE will have less activation than the first related 

concepts.  These nodes are also organized by their related links, so that very similar 

concepts (APPLE-ORANGE) will have more links than concepts that only share a few 

features (APPLE-FIRE TRUCK, i.e. red things).  Concepts are also stored in a lexical 

network that contains the information of pronunciation, which is connected to the 

semantic network.  Therefore, each node in the semantic network has a corresponding 

node in the lexical network, and they are linked through positive connections. 

The Collins and Loftus’ (1975) model is an early connectionist model of semantic 

memory, and other researchers use connectionism to explain the lexical network in the 

same way (Plaut, McClelland, & Seidenberg, 1995).  Plaut (1995) argues that a local 

representation of nodes is not necessary and that a distributed representation of concepts 

explains semantic priming equally well.  Semantic priming in a local network occurs by 

activating a node or concept, and activation spreads out to related concepts in the 

network.  As the next concept comes along to be activated, then activation is easier or 
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quicker because features are already activated due to the previous concept’s connections 

(Collins & Loftus, 1975).  Basically, the network does not have to work as hard to 

activate the concept because it is already partially activated.  However, the Collins and 

Loftus local representation model differs from the distributed view of representation and 

semantic priming.  The distributed network is programmed so that activation of a concept 

is the activation of its features, and a pattern of activation is the representation (Plaut, 

1995).  Concepts are related when their patterns of activation overlap, and similarity 

increases with activation pattern overlap.  Semantic priming occurs because the pattern of 

activation is similar; therefore it takes less time to retrieve the next pattern. 

A later model used to understand semantic priming, in much the same way as the 

Collins and Loftus, is the Interactive Activation Model.  The Interactive Activation 

Model (IA) was first proposed to understand how word context would change letter 

perception, which is shown in Figure 1 (McClelland & Rumelhart, 1981).  The model is 

similar to the Collins and Loftus (1975) model in that it posits that lexical information is 

contained in a network, where nodes represent different letters and words.  A visual input 

layer is first activated, which contains the physical feature letter nodes.  These features 

nodes are then connected to a layer of letter units, which in turn are connected to the 

words they spell.  Instead of connections that are descriptive in nature (i.e. “isa”), the 

connections are either positive (excitatory) or negative (inhibitory).  Positive connections 

activate the letter/word to which they are connected, while negative connections prevent 

activation of the node to which it was connected.  Stolz and Besner (1996; 1999) have 

expanded this model to explain semantic priming and furthermore, the absence of 
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semantic priming.  After the word level that is present in the original IA model, they add 

a semantic store where words are connected to their meanings.  

 

 

 

 

 

 

 

Figure 1.  The original Interactive Activation model. 

  

The main difference between spreading activation models and the IA model is 

that words are not connected to each other in the IA model, only to their meanings.  With 

in each level of the IA model (i.e. word level or semantic store) there are negative links, 

which prohibit words or semantic information from activating each other.  The only 

positive connections are between levels, which go both upwards to the next higher level 

(i.e. words to semantic store) and back down to lower levels of analysis, which provides 

support for the currently activated word (Stolz and Besner, 1996).  Semantic priming 

occurs in the positive connections between the word and semantic levels.  The 

information in the semantic level is already activated when the second word is being 

processed in the word level; therefore any overlap they have in meaning is already 

activated.  This overlap and reactivation of concepts feeds back down to the word level 

Semantics 

Letters 
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strengthening activation, which speeds up the identification of the second word.  The IA 

model has also been used recently to explain how blocking of semantic information can 

occur (Smith & Besner, 2001).  The connection that flows downward from the semantic 

level to the word level is blocked so that information about features or meaning is not 

sent back to the word level, which prohibits semantic priming. 

These models are used to predict semantic priming effects from lexical decision 

tasks, naming tasks, perceptual identification tasks, the Stroop task, and judgment tasks 

(see Hutchison, 2003 for a review).  The lexical decision task is the most often used task 

to test semantic priming.  Participants are shown symbol pairs sequentially and asked to 

decide if the symbols are words or non-words, usually on a keyboard.  Naming tasks and 

perceptual identification tasks are run in a similar way, but participants name symbol 

pairs orally.  The typical finding was that there are faster responses to the second word 

(e.g. the target word, BUTTER) after making a lexical decision on the first word, which 

was the prime word (e.g. BREAD) in comparison to an unrelated target word (e.g. CAR).   

These processes are influenced by a number of attentional factors, such as post-

lexical matching and expectancy generation (Neely, 1991).  Both of these factors 

involved using attentional resources and prime word context to generate matches to the 

prime word, which speed reaction time to the target word because those words have 

already been processed.  In the spreading activation and IA models, these attentional 

processes bias processing in the network to words that could follow the prime word 

because of their relatedness to the prime word.  For example, after seeing the word 



Texas Tech University, Erin Buchanan, August 2008 

6  

BREAD, participants might generate the related word BUTTER before it appears which 

speeds processing of BUTTER because the network is already processing it.  

Other factors that influence semantic priming are stimulus onset asynchrony 

(SOA), relatedness proportion, and masking.  SOA is the amount of time between the 

onset presentation of prime word and the target word, and priming has been shown at 

both short SOAs (50-100ms) and long SOAs (200-600ms) (de Groot, 1984; Perea & 

Gotor, 1997; Ferrand & New, 2004).  Relatedness proportion is the number of related 

pairs in comparison to the number of unrelated pairs, which will predict the amount of 

semantic priming (Neely & Keefe, 1989).  Lists with higher relatedness proportions 

showed stronger semantic priming (i.e. larger reaction time differences between related 

and unrelated word pairs) than low related lists (Brown, Hagoort, & Chwilla, 2000).  

However, relatedness proportion was usually a concern when experimenters were testing 

the automaticity of semantic priming.  Low relatedness proportions were used to keep 

participants from generating expectancies of forthcoming words, which is a controlled 

process (Neely, 1991).  Masking is another control on expectancy generation and is used 

when trying to test the automaticity of semantic priming.  Masking paradigms are used 

because they reportedly eliminate conscious perception of the prime word by displaying 

the prime word very quickly and then covering the word with a mask (usually random 

symbols) to block the perceptual afterimage.  Semantic priming is usually seen even 

when the participants could not report the prime word consciously (Deacon, Hewitt, 

Yang, & Nagata, 2000). 
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Although semantic priming has been argued to be relatively automatic (Shelton & 

Martin, 1992), semantic information and priming can be blocked and eliminated due to 

task instructions (Stolz & Besner, 1996; 1999).  Stolz and Besner showed elimination of 

semantic priming when a letter search task is used.  Participants were asked to detect 

whether a target letter occurred in the prime word before performing a lexical decision 

task on the target word.  Brown, Roberts, and Besner (2001) asked participants to 

perform a similar task, only they required ignoring the prime word in some of the trial 

conditions.  Therefore on some trials, participants used the prime word for part of the task 

(i.e. does CARROT contain an O) and in some of the trials they focused on another set of 

stimuli presented below the prime word.  In a completely different set of trials, 

participants only performed a lexical decision task, using the same ignore-use prime word 

conditions.  Semantic blocking was seen in both experiments: there was no priming 

facilitation recorded when a letter search task was used.  However, priming was still 

found for all words (including ignored words) when only the lexical decision task was 

used.  These results suggested a block of semantic information occurred.   

  The IA Model can also be used to explain semantic blocking from the last 

experiment.  In the IA model, information is sent to the semantic level with connections 

back to the word level, which is how semantic priming occurs.  In their experiment, 

Smith and Besner (2001) posited that the link from semantic word store to the word level 

was blocked during the letter search task.  The context of the experiment required the use 

of the letter and word levels for detecting the letters and lexical decision on the second 

word.  The letter search biased information processing to these lower levels and 
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information was prevented from being sent back to the word level to perform the search 

task effectively.  However, information was processed at the semantic information level 

because priming was seen from ignored words in the lexical decision task.  If all 

information to the semantic level was blocked (i.e. both to and from word level), the 

priming should not be seen from the ignored words in the lexical decision task. 

Another issue with semantic priming has been the use of self-selected stimuli for 

experimental research.  Semantic relationships are not the only type of relationship 

between pairs of words.  Associative relationships are said to be the relationships of 

words that occur together frequently in text and speech, such as HELP and WANTED 

(Nelson et al., 2004).  Fischler (1977) was one of the first experimenters to try to separate 

associative connections to get “pure” semantic priming using a lexical decision task.  

Many others have followed suit showing only semantic priming (McRae & Boisvert, 

1998), only associative priming (Thompson-Schill, Kurtz, & Gabrieli, 1998) or a 

combination of both types of priming (Hodgson, 1991; Williams, 1996; Ferrand & New, 

2004) using traditional priming techniques such as naming and lexical decision.  These 

studies selected word pairs that appeared to have one relation or the other, and then 

experimenters normed the words by having participants rate the word pairs.  Word pairs 

were then generally passed down experiment-to-experiment, which just perpetuates the 

use of words that are not controlled.  The problem was and is that most studies of pure 

semantic priming have weak to moderate associative relationships (Lucas, 2000). 

With the advent of large databases of associative (Nelson et al., 2004) and 

semantic (Maki et al., 2004; McRae, Cree, Seidenburg & McNorgan, 2005) norms, 
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controlling for opposing relationships has become much easier.  The Nelson et al. (2004) 

free association norms contain over 72,000 word pairs.  The database was created by 

having participants complete a free association task, which required them to name the 

first word thought of given a cue word.  For example, participants received a booklet that 

contained words like BOOK with spaces to write in related word like READ.  These 

responses were then compiled across participants to create the probability that a cue word 

will elicit the response word with little context effects.  The reliability of these norms is 

quite high (r=.89) and norms have been averaged over several thousand participants, with 

approximately 150 responses per word pair.  Forward strength (FSG) is the probability 

that the first word listed will elicit the response word, while backward strength (BSG) is 

the probability that the response word will elicit the cue word.  Cueing with the word 

CAT will bring to mind the response MOUSE about 26% of the time (FSG for CAT-

MOUSE), while MOUSE will elicit CAT about 54% of the time (BSG for CAT-

MOUSE).  These strengths can be reversed for the pair MOUSE-CAT.  Free association 

measures lexical information that is due to experience, so common phrases and culture 

are embedded in the norms (such as the word pair ROCK-ROLL). 

Similar to a free association task, feature production tasks are tasks that required 

that participants make a list of necessary features for an object (such as legs, tail, fur, etc. 

for the word DOG).  McRae, Cree, Seidenberg, and McNorgan (2005) normed 541 living 

(DOG) and nonliving (KNIFE) concrete words by asking participants to list features of 

word including the word’s physical properties (how it looks) and functional properties 

(what it is used for).  The responses were collected and put into a frequency database, 
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similar to the Nelson et al. (2004) free association norms.  However, instead of averaging 

across participants, words are listed with their raw frequencies, so the feature overlap 

between concepts can be assessed.  To compute the feature overlap, the cosine (COS) for 

all pairs of words was calculated by multiplying the vectors and dividing by their length.  

Complete overlap of features would be a score of 1.0, while completely unrelated words 

would have a COS of 0.0.  Vinson and Vigliocco (2007) recently created a similar 

database by having participants perform a feature production task.  They found similar 

results for cosine values as the McRae et al. (2005) norms and in fact, when the 

overlapping pairs are compared they have a high correlation (r=.91) (Maki & Buchanan, 

in press). 

 WordNet is a large-scale electronic dictionary that links words through a 

hierarchical network, where nodes are linked by relationship (such as is-a or has-a).  This 

dictionary has been used to create another measure of semantic similarity, the JCN, 

which is named after Jiang and Conrath (1997) who created the measure (Maki et al., 

2004).  JCN measures semantic distance by combining information on how far along the 

hierarchy a word appears (i.e. how specific it is) and how far (how many links) it is from 

the word it is paired with.  This method allowed for the creation of a database that has 

more word pairings than that McRae et al. (2005), and comparable to the Nelson et al. 

(2004) database.  To test the database, participants made judgments on the relatedness of 

word pairs (completely related in meaning to completely unrelated in meaning) (Nelson 

et al., 2000).  These ratings were then compared to the computed JCN, which showed that 

participant’s ratings decreased as semantic distance increased.  This finding indicated that 
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people are sensitive to semantic distance, which supported the use of the database for 

semantic similarity measures.  All of these databases provide an easy and efficient way of 

dissociating associative and semantic priming by directly creating word pairs without the 

opposing relationship. 

 The experiments presented here are designed to dissociate semantic and 

associative priming by making use of these databases.  Word pairs were created with 

orthogonal relationships, so that priming was exclusively due to one relationship or 

another.  Priming was tested by using a rapid serial visual presentation (RSVP) task 

where participants had to detect words presented at a very high rate.  Priming has been 

shown before with this type of task, and priming was shown as increased rates of report 

for target word as opposed to faster reaction times (Maki, Frigen, & Paulson, 1997; 

Davenport & Potter, 2005).  This type of task also allowed for control of SOA by 

changing how many distractors are presented between the prime and target word.  

 Further support for semantic blocking was seen with word pair judgment tasks.  

Participants in this judgment task are required to view pairs of words and judge them on 

their associative relationship by asking how many people out of a 100 would name a 

response word given a cue word (i.e. 76 people would say FOUND in response to 

LOST).  These ratings are then compared to their forward strength value (FSG), which 

should correspond one to one if ratings were perfectly aligned with their strength values.  

However, Maki (2007a) found that participants consistently overrate word pairs, so that 

the relationship between judgment and actual relationship is linear with a slope of less 

than .5.  Participants decreased ratings when word pair relationships are set to zero, but 
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the ratings are still 10 to 12 percent higher than the actual relationship.  The slope of the 

relationship between judgments and word pair relationship was nearly unchangeable, 

even after discrimination training.  Discrimination training gave participants feedback on 

their ratings, which told them their rating and the actual rating of word pairs.  Participants 

continued to be insensitive to associative strength even after this training (Maki, 2007b). 

This insensitivity does not seem to pertain to feature overlap judgments on 

semantic word pairs, however (Maki, Krimsky, & Munoz, 2006).  Participants were again 

asked to judge pairs of words, but this time on their feature overlap (i.e. how many 

features these items share).  Participants were able to accurately perform this judgment 

and had very high ratings of inter-rater reliability.  However, some interesting findings 

happened when both semantic and associative judgments were put together in the same 

experiment (Buchanan et al., 2007).  Word pairs were created with both semantic and 

associative links and the word pairs were judged on either type of relationship.  

Participants were given descriptions of semantic and associative relationships and asked 

to rate word pairs on their relatedness.  Semantic pairs were judged on their feature 

overlap and associative pairs were judged on how many people out of a 100 would name 

a response word given a cue word, as described earlier.  Participant ratings were 

compared to relatedness values from the databases mentioned.  It appeared that semantic 

information was blocked during the associative judgment task because semantic 

relatedness values did not predict participant’s judgments in the associative judgment 

task.  However, associative information seemed to be available because it predicted 

participant’s ratings in both associative and semantic judgment conditions.  Associative 



Texas Tech University, Erin Buchanan, August 2008 

13  

information was used less in the semantic conditions, than associative judgment 

conditions, as seen by difference in the predictor weights for both judgment types.  

The present experiments were designed to answer two questions.  First, in Chapter 

2, Experiments 1-5 tested if separate priming could be found for a set of orthogonal 

associative and semantic word pairs.  To do this, a combined hybrid task was created by 

putting the judgment and RSVP task together.  See Table 1 for explanation of the word 

pairs used.   Participants first made a judgment on a pair of words (e.g. HORSE – COW) 

for either their semantic feature overlap or their associative relationship; these will be 

called judgment pairs.  They then monitored an RSVP stream for a target word that was 

matched with a word in the judgment pair (e.g. HORSE – PONY); these will be called 

priming pairs. Priming was tested by seeing if report rates of the target in the RSVP 

stream increased due to the target judgment before the RSVP task.  It is also discussed 

how judgments should influence priming relationships, since judgments show 

asymmetrical attention effects. 

Table 1. Types of pairs used in Experiments 1-5. 

Description of Pair Type of Pair Example of Pair 

Words that participants 
rated in either an associative 
or semantic judgment 
condition. 

Associative Judgment Pair ATOM – SCIENCE 

Semantic Judgment Pair PATROL – POLICE 

Unrelated Judgment Pair POPCORN – BUTTER 

Word pairs that created 
priming for the RSVP task.  
One word from judgment 
pair was part of the priming 
pair. 

Associative Priming Pair ATOM – BOMB 
Semantic Priming Pair PATROL – GUARD 
Unrelated Priming Pair POPCORN – POPE  
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The experiments in Chapter 3 were designed to answer the possibility of where 

exactly an associative store would fit into current models of priming and word 

identification.  Experiments 6-7 were designed to understand where and how information 

was activated and possibly filtered from processing.  As will be seen with the 

asymmetrical attention results from the judgment task, not all information was used when 

making judgments.  Therefore, Stolz and Besner’s (1996) and Smith and Besner’s (2001) 

letter search and lexical decision task paradigms were used to test how information, 

especially semantic information, can be blocked in traditional priming experiments.  Both 

of these tasks involved participants searching words for letters in some conditions (does 

CARROT contain an O?) and performing a lexical decision task in other conditions (is 

WERK a real word?).  Traditionally, a letter search task has been shown to block 

semantic priming from occurring when words are related.  Differences in judgment and 

priming mechanisms will be discussed along how semantic and associative information is 

processed.  These results are discussed in terms of placing an associative store in the 

Interactive Activation Model 14And how information was processed for both priming 

and judgment tasks (McClelland & Rumelhart, 1981).  
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CHAPTER 2 

EXPERIMENT 1 

Experiment 1 was conducted to assess priming of semantic and associative word 

pairs.  Priming research has shown mixed effects on dissociating the word pair types, but 

there has been some success in showing that word relationships can be separated (Ferrand 

& New, 2003).  Priming was tested using a rapid serial visual presentation (RSVP) task.  

In the RSVP task, participants are required to detect targets in a fast paced stream of 

stimuli.  Priming has been shown from words presented in the RSVP stream and from 

words presented before the RSVP stream (Maki, et al., 1997; Davenport & Potter, 2005).  

Since the RSVP technique allows for priming effects, even when the prime is outside the 

RSVP stream, it was used to test both priming types.  The prime word was presented 

before the RSVP as part of the judgment pair. The combination of these two paradigms 

allows testing of both blocking and priming at once. 

In this experiment, participants judged words on their semantic feature overlap or 

associative relationship as part of the RSVP task to see if the same dissociation of word 

pair relationship could occur in priming.  For example, participants would judge the 

judgment pair HORSE-COW for either semantic or associative relationship, followed by 

the RSVP stream, which would contain the word PONY.  HORSE-PONY was the prime-

target pair, which is only semantically related.  COW-PONY was unrelated, so that 

priming only came from one of the words in the judgment pair.  Judgment pairs were 

placed equally in each judgment condition to see how blocking occurs for each word pair 

type.   
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Buchanan et al. (2007) showed that there was asymmetrical attention to word pair 

relationships in a judgment task with related word pairs.  Participants judged words on 

either their semantic feature overlap or their associative relatedness.  Those ratings were 

averaged across participants, and each word pair had an average rating for both semantic 

and associative relatedness.  Database scores on both semantic relatedness (COS; McRae 

et al., 2004) and associative relatedness (FSG; Nelson et al., 2004) were used to predict 

the average rating on each word pair.  Two multiple linear regressions were performed 

using the FSG and COS variables as predictors of the rating scores.  These regressions 

showed differential processing of information in each rating task and are presented in 

Figure 2.  

Judgment data showed that semantic information could be blocked or ignored 

when processing associative word relationships.  Therefore, if the judgment effects are 

transferable to the priming phenomenon, then one should see that semantic information 

would be ignored during an associative judgment task.  There should be the same cross 

over effect as in Figure 2 for priming, where semantic priming would be suppressed or 

blocked during the associative judgment task.  During the semantic judgment task, 

semantic priming should be increased along with a decrease in associative priming.  The 

judgment data should continue to mimic previous studies and have only associative 

information predicts associative judgments, as seen in Figure 2.  However, it was found 

that semantic and associative priming was consistently seen across experiments and 

conditions, so that priming and judgment tasks appeared to tap into different processes.   
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Figure 2.  Beta values showing cross over predictions from Buchanan et al. (2007).  Beta 
values were created from regression analyses predicting word pair ratings with the FSG 
and COS database scores. 
 

Method 

Participants   

All 25 participants were recruited from the Texas Tech University human 

subjects’ pool, and all participants received general psychology course credit for their 

participation.  Participants were excluded from the analysis if they performed below 20 

percent correct on the RSVP task.  Four participants were excluded from the analyses: 
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one participant did not finish the experiment, and three participants performed below 

20% correct, by typing one of the judgment words instead of the RSVP stream word. 

Apparatus.  

The participants were tested individually using personal computers equipped with 

15-in. color monitors. Displays were synchronized with the refresh rate of the monitors 

(75 Hz). 

Materials   

Several types of stimuli were created for these experiments by using two of the 

databases described earlier.   Forward strength (FSG) and backward strength (BSG) were 

used for associative relationships from the Nelson et al. (2004) database, and JCN from 

the WordNET database was used for semantic relationships (Maki et al., 2004).  See 

Table 2 for means for each variable for Experiment 1. 

Table 2. Means of Associative and Semantic Variables for Pairs in Experiment 1. 

 FSG BSG JCN 

Associative Judgment Pairs 0.082 0.003 20.351 

Semantic Judgment Pairs 0.241 0.000 0.000 

Unrelated Judgment Pairs 0.097 0.034 12.042 

Associative Priming Pairs 0.592 0.017 20.351 

Semantic Priming Pairs 0.027 0.006 0.145 

Unrelated Priming Pairs 0.000 0.000 32.000 

Note. FSG and BSG are scaled from 0.00 – 1.00 where 1 indicates a strong associative 
relationship.  JCN is scaled from 0.00 – 32.00 where 0.00 indicates complete semantic 
similarity. 
 

Prime - Target Pairs.  Two word pair lists were created, one with semantic 

relationships only, and one with associative relationships, which formed orthogonal word 
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pairs.  For associative word pairs, the FSG measure was kept as high as possible, while 

insuring no backward relationships (BSG approximately 0), and keeping the JCN 

measure very low on semantic overlap.  The same procedure was used to created 

semantic word pairs, JCN overlap was kept high, while FSG was very low.  For example, 

DEVELOP-CREATE is high on the semantic factor and low on the associative factor; 

PEANUT-BUTTER is high on the associative factor and low on the semantic factor.  

Unrelated Pairs.  Unrelated pairs were also used to control for relatedness 

proportion, which is the ratio of related word to unrelated words.  This ratio was kept at 

.25 for each of the different word types or .5 for the whole experiment.  For example, 

SAYING-SCALE is low on both semantic and associative factors.  Unrelated pairs were 

created by randomly repairing words in the database so that these pairs were neither 

associatively nor semantically related.  

Judgment Pairs.  Judgment pairs were created by collecting words that were both 

semantically and associatively related to the prime word in the prime - target pairs.  Both 

relationships were allowed because judgment pairs received both semantic and 

associative judgments across participants.  One word from the judgment pair was the 

same as the prime word from the prime-target pairs.  The other word in the judgment pair 

was unrelated to the target word in the prime-target pairs to make sure the prime word 

was the only prime for the target in the RSVP stream.  For example, in the judgment pair 

HORSE-COW, the prime target pair would be HORSE-PONY, so that COW-PONY are 

kept unrelated as described in the unrelated pairs method.  A fixation cross was presented 
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in the middle of the screen, and the judgment words were presented with one word above 

the fixation cross and one word below the fixation cross. 

Judgment Word 
+ 

Judgment Word 
 

These judgment pairs subtended visual angles of 2 o horizontally and 2.54o vertically from 

a viewing distance of 45 cm, and individual words subtended visual angles of 2 o 

horizontally and .60 o vertically. 

There were 54 associative pairs, 54 semantic pairs, and 108 unrelated pairs, which 

were counterbalanced across the semantic and associative judgment blocks: 27 

associative word pair trials, 27 semantic word pair trials, and 54 unrelated word pair 

trials.  These trials were presented randomly in each block. 

Distractor Stimuli.  Distractor stimuli in the RSVP stream consisted of a random 

combination of 8 characters drawn from a set of numbers {0-9} and a set of symbols {@ 

# $ % ^ & * < >}, as are normally used in RSVP tasks. 

Procedure 

See Figure 3 for a graphical representation of the task.  Participants were 

instructed on the details of the task.  They were informed that they would be performing 

two tasks together that were not related.  The first task was to view a pair of words 

presented in the middle of the screen.  Participants were shown the judgment pair (split 

across the middle of the screen) but asked to withhold the judgment until after the RSVP 

task.  The judgment pair was presented for 1000ms before the RSVP trial would start.  

The RSVP task only included one target word presented in each stream. The RSVP 
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stream always contained 10 items: one target and 9 distractors.  SOAs included were 67, 

133, and 400ms, which were at lag 1 (first word presented), lag 3 and lag 6 respectively.  

After the RSVP task was shown, participants were presented with a prompt to type the 

words they saw in the RSVP stream.   

 
Figure 3. Representation of the judgment and RSVP task for Experiment 1. 

After the RSVP word was entered, the judgment pair would reappear with the 

instructions on how to judge the words.  See Appendix A for complete instructions.  The 

judgments were described as either associative or semantic, where association judgments 

were "the number of college students out of a 100 who would give the response word 

given the cue word" and semantic judgments were prompted by asking for the percentage 

of feature overlap the two words shared.  The two blocks, one for associative judgments 

and one for semantic judgments, were randomly counterbalanced across participants.  

horse 
+ 

cow 
 

0?&^7*59 
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Each participant received every word pair once but the word pairs were counterbalanced 

across participants so that they appeared in both semantic and associative judgment 

blocks. There were always 15 practice trials for each block of judgment type.  The 

judgment was entered by typing the number corresponding to their judgment and pressing 

the enter key. The next trial proceeded at a self-paced rate.  

Results 

Proportion correct of target words in the RSVP tasks were averaged across word 

type.  Only obvious spelling errors were corrected (e.g. POTATOE was corrected to 

POTATO), everything else was counted as a missed word. Judgment scores were also 

collected from participants to compare to previous findings and their actual relatedness 

on associative and semantic measures. 

Priming   

Overall, separate associative and semantic priming was found, along with stronger 

associative priming over semantic priming.  Priming was measured by subtracting 

unrelated word pair percent correct from the percentage correct for each type of related 

word pairs for each lag.  See Figure 4 for mean differences of word types across lag by 

judgment type.  A 2 X 2 X 3 (word pair relationship by judgment type by lag) repeated 

measures ANOVA was analyzed on the difference scores.  Only a significant word main 

effect was found F(1,20) = 31.016, p<.001, η2 = .608, which indicated that overall 

associative priming, M = .377, SE = .038, was found significantly more than semantic 

priming, M = .273, SE = .036.  There was no significant effect of judgments on priming, 
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F<1 or lag, F(1,20) = 2.111, p=.134, nor were any of the two-way or three-way 

interactions significant, Fs<1.   

 
Figure 4. Mean differences for associative and semantic word pairs by judgment type for 
Experiment 1.  Error bars are standard error of the mean. 
 

Judgments   

In this experiment, the same results were found as Buchanan et al. (2007), where 

associative information predicts both judgment conditions, while semantic information 

predicts only semantic judgments and not associative judgments.  Two multiple linear 

regressions were performed on ratings of judgment pairs, which were averaged across 

participants for each word pair.  FSG was used as an associative measure and JCN was 

use as a semantic measure to predict ratings in each judgment condition.  For associative 

judgments, only FSG predicted ratings (β = .392, t = 5.979, p<.001), while JCN did not 

predict associative judgments (β = -.013, t = -1.639, p=.103).  For semantic judgments, 
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both FSG (β = .191, t = 3.030, p=.003) and JCN (β = -.407, t = -6.457, p<.001) scores 

predict ratings on word pairs. 

Latencies 

 Latencies for judgments on each word pair were also recorded.  The latencies 

were trimmed according to a procedure described by Van Selst and Jolicoeur (1994).  

This method eliminates reaction times over 3 standard deviations from the mean in a 

repeating pattern until no reaction times are over 3 standard deviations from the mean.  

This procedure took out extremely long judgment times, which were mostly present at the 

beginning at each block directly after instructions.  The reaction times were trimmed for 

each participant, and then judgment reaction times were averaged over word pairs for 

each judgment condition.  Therefore, each word pair has an average reaction time for 

both the semantic and associative judgment condition.  In this experiment, associative 

M=3094.12, SE=76.65 and semantic M=3230.52, SE=83.63 judgment times were not 

significantly different from one another, t(215) = 1.018, p=.301. 

Discussion 

Priming was found from the judgment prime to the target word in the RSVP task 

across all the lags used in this experiment.  Semantic and associative priming were still 

separable by using the FSG (Nelson et al., 2004) and JCN (Maki et al., 2004) databases.  

In the priming data, associative word pairs were always reported more than unrelated 

pairs, and more than semantic pairs overall.  Semantic word pairs were also primed, 

being reported more than unrelated pairs, but not as highly as the associative word pairs 

across time and judgment condition.  Judgments showed the same pattern of relationship 
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as before, where associative information is used to make both types of judgments and 

semantic information is only used for semantic judgments (Buchanan et al., 2007).  

During an associative judgment condition, information from semantic relationships 

seemed to be suppressed (since semantic information did not predict associative 

judgments) and associative information was also lowered during semantic judgments.  

Although separate priming was found and participant judgments were replicated, the 

predicted suppression of semantic information during a priming task was not found.  

Priming for semantic words pairs was found in both the semantic and associative 

judgment conditions, which indicates that semantic information may have been available 

early on for priming and then ignored for the judgment task. 
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EXPERIMENT 2 

One potential confound with Experiment 1 was the nature of the judgment pairs 

across semantic and associative word pair types.  Semantic judgment pairs and 

associative judgments pairs had different types of relationships, where semantic 

relationships were much stronger for semantic judgment pairs than associative judgment 

pairs, M associative pair = 20.351 versus M semantic pair = 0.000; see Table 2.  Although all word 

pairs were judged in both the semantic and associative judgment conditions across 

participants, JCN values could be problematic for the regression analyses.  To correct this 

problem, a new set of stimuli was created with more even values on FSG and JCN 

variables for semantic and associative judgment pairs.  These new judgment pairs were 

tested in the exact same way as Experiment 1 to show that both priming and blocking 

occur for the separate relationship types. 

Method 

Participants   

36 participants were recruited from the same pool as described in Experiment 1.  

Two participants were excluded from this analysis: these two participants performed 

below 20% correct, usually by typing one of the judgment words instead of the RSVP 

stream word. 

Materials  

Pairs were created in the same manner as described in Experiment 1, however the 

judgment pairs were selected to make sure averages for both associative and semantic 

judgment pairs were not different from each other and there was a range of values.  See 
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Table 3 for variable means.  Again, there were 54 associative word pairs, 54 semantic 

word pairs, and 108 unrelated word pairs: which were split evenly across associative and 

semantic judgment blocks. 

Table 3. Means of Associative and Semantic Variables for Pairs in Experiment 2. 

 FSG BSG JCN 

Associative Judgment Pairs 0.075 0.007 15.456 

Semantic Judgment Pairs 0.122 0.014 12.435 

Unrelated Judgment Pairs 0.105 0.033 12.108 

Associative Priming Pairs 0.573 0.011 20.582 

Semantic Priming Pairs 0.023 0.006 0.186 

Unrelated Priming Pairs 0.000 0.000 32.000 

Note. FSG and BSG are scaled from 0.00 – 1.00 where 1 indicates a strong associative 
relationship.  JCN is scaled from 0.00 – 32.00 where 0.00 indicates complete semantic 
similarity. 
 
Procedure   

The procedure was exactly the same as Experiment 1 and is shown Figure 3. 

Results 

Priming   

Again, strong associative and semantic priming was found, with associatively 

primed words being reported more than semantically primed words.  Figure 5 shows the 

different means of each world pair type minus the unrelated word pairs averages for each 

lag and judgment type.  A 2 X 2 X 3 (word pair relationship by judgment type by lag) 

repeated measures ANOVA was analyzed with approximately the same results as 

Experiment 1.  The word relationship main effect was significant F(1,33) = 26.379, 

p<.001, η2 = .444, which indicated that associative priming, M = .354, SE = .038, was 
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stronger than semantic priming, M = .249, SE = .024.  The other main effects and 

interactions were non-significant, all Fs <1.333. 

 

Figure 5.  Mean differences for associative and semantic word pairs by judgment type for 
Experiment 2.  Error bars are standard error of the mean. 
 

Judgments   

Asymmetrical judgment effects were replicated in this experiment, so semantic 

information only predicted semantic judgments and associative information predicted 

both associative and semantic judgments.  Two multiple linear regressions were 

performed using FSG and JCN to predict word pair ratings in associative and semantic 

conditions.  Associative judgments were predicted by FSG (β= .247, t = 3.706, p<.001), 

but not by JCN (β = .021, t = .309, p=.758).  When making semantic judgments, both 

FSG (β = .191, t = 2.901, p=.004) and JCN (β = -.195, t = -2.956, p=.003) equally 

predicted word pair ratings on these word pairs. 
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Latencies 

 Latency data was trimmed according to procedures described in Experiment 1.  In 

this experiment, latency differences were found between the semantic and associative 

judgments conditions, t(215) = 12.680, p<.001.  Associative judgments, M=3744.92, 

SE=73.14, were significantly faster than semantic judgments, M=4907.32, SE=79.18. 

Discussion 

 These two experiments showed the separability of associative and semantic 

priming, using orthogonal and controlled word pairs.  The hybrid task did create priming; 

therefore, one does find priming from judgments.  Priming was stronger for associative 

words than semantic words, which showed that both types could prime words.  This 

finding goes against other researchers’ claim that both relationships must be present for 

priming to occur (see Lucas, 2000 for a review).  However, there were not transfer effects 

from the judgments, where judgment types would influence how much priming occurs.  It 

appeared as if associative information was always processed to a greater degree than 

semantic information regardless of instructions.  A lopsided information use for the 

actual judgment of word relationships was still found.  The different betas in the 

judgment data showed that associative information was used regardless of task and that 

information was available for both associative and semantic judgments.  However, 

semantic information was somehow “blocked” or ignored during an associative judgment 

task.  Even though this effect was found in the judgment data, the priming data showed 

that blocking or suppression of semantic information does not occur, just as seen in 

Experiment 1.  Reaction time data on judgments showed that associative information is 
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accessed faster than semantic information, as associative judgments are more than a 

second faster overall than semantic judgments.  This result may be different from 

Experiment 1 because of the mentioned problems with the judgment pairs for Experiment 

1. 
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EXPERIMENT 3 

 One interesting result from the previous two experiments was the overall boost in 

associative priming over semantic priming.  Although both types of words were 

significantly primed over unrelated word pairs, associative word pairs always show an 

advantage in priming over semantic word pairs.  Experiment 3 was designed to test if the 

presentation of the judgment pairs was the reason for this advantage in associative pairs.  

In both the previous experiments, the target was related to the top word in the judgment 

pair.  For example, in Figure 3, HORSE-COW is the judgment pair with HORSE 

presented on the top line above the fixation cross and COW presented on the bottom line 

below the fixation cross.  HORSE-PONY is the prime-target pair, so the top presented 

word in the judgment pair HORSE is related to the RSVP target word PONY.   

The presentation was kept this way to control the relationships of the judgment 

pairs, since associative relationships change depending on the order in which the words 

are presented.  Experiment 3 was designed to see if the order of the pairs presented 

changed the nature of priming in the hybrid task.  It may be that attention is focused on 

the top word in the previous experiments, which creates priming because it was the prime 

word.  If attention was focused or anchored to the top word, then placing the prime word 

on the bottom of the judgment pair would eliminate priming.  Priming would be 

eliminated if it were only attention based because the top word was processed and 

priming was created from this attentional processing.  When the prime word is the bottom 

word, this attentional priming should not be found, and only automatic priming should be 

found.  
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Method 

Participants   

There were 44 participants recruited from Texas Tech University as described in 

the general method.  A criterion of at least 20 percent correct on the RSVP task was used 

again in this experiment, which eliminated three participants from the analyses. 

Materials   

A new set of word pairs was created for this experiment.  They were created in 

the same way as described in Experiment 1, with one notable exception.  In Experiment 2 

the order of the judgment pair was constrained so that the first word (the word on top in 

the judgment alignment) was the prime of the prime-target pair.  This constraint was in 

place so that the judgment pairs would have a known relationship, since flipping the word 

order (from top to bottom) would change the associative relationship.  For example, 

BREAD-CRUST have a forward relationship of FSG=.25, but no backwards relationship 

of CRUST-BREAD (BSG is approximately zero).  Therefore, balancing the order of 

words within Experiment 2 would have been problematic, since it was required that the 

judgment pairs have a forward relationship.  To test if word order changes the nature of 

priming, a new list of words was created so that the judgment pair included the second 

(or bottom placed word) as the prime from the prime-target pair.  For example, PIG-STY 

was created for the judgment pair, so that STY-EYE was the associative priming pair.  

For semantic priming pairs, BANANA-SPLIT was a judgment pair, and SPLIT-TEAR 

was a priming pair.  Table 4 contains the means for these word pairs.  This procedure 

limited the number of word pairs to: 30 associative pairs, 30 semantic pairs, and 60 
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unrelated pairs, which were split evenly across the semantic and associative judgment 

block. 

Table 4. Means of Associative and Semantic Variables for Pairs in Experiment 3. 

 FSG BSG JCN 

Associative Judgment Pairs 0.058 0.065 22.353 

Semantic Judgment Pairs 0.051 0.092 19.946 

Unrelated Judgment Pairs 0.100 0.036 11.913 

Associative Priming Pairs 0.543 0.012 20.935 

Semantic Priming Pairs 0.014 0.007 0.236 

Unrelated Priming Pairs 0.000 0.000 32.000 

Note. FSG and BSG are scaled from 0.00 – 1.00 where 1 indicates a strong associative 
relationship.  JCN is scaled from 0.00 – 32.00 where 0.00 indicates complete semantic 
similarity. 
 

Procedure   

The RSVP task was shortened to three items: two distractors and one target item, 

therefore SOA was limited to 67ms.  In the first two experiments, priming was seen 

equally across all three lags (1, 3, or 6), regardless of judgment condition.  Therefore, the 

longer lags were eliminated to make the procedure simpler and the task shorter.  See 

Figure 6 for a representation of the shortened task.  Otherwise, the judgment and RSVP 

procedures were the same as the previous experiments. 
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Figure 6.  Representation of the judgment and RSVP task for Experiment 3. 

 

Results 

Priming 

Priming was found for each of the word pair types, although there was no 

difference in priming between associative and semantic word pairs in this experiment.  

See Figure 7 for the mean differences for word pairs by judgments.  A 2 X 2 (word pair 

relationship by judgment type) repeated measures ANOVA was analyzed on the data, 

which indicated that neither word type, F<1, nor judgment type, F(1,40) = 2.529, p=.534, 

nor their interaction, F<1, were significant.  Even though there were no differences 

between word relationship types in priming, all sets of relationships are significantly 
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primed greater than zero: associative words in an associative judgment, t  = 12.318, 

p<.001; semantic words in an associative judgment, t  = 12.217, p<.001; associative 

words in a semantic judgment, t = 14.669, p<.001; and semantic words in a semantic 

judgment, t  = 13.573; p<.001. 

 
Figure 7. Mean differences for associative and semantic word pairs by judgment type for 
Experiment 3.  Error bars are standard error of the mean. 

 

Judgments   

Associative information predicted participant judgments in the associative and 

semantic judgment conditions, while semantic information only predicted judgments in 

the semantic judgment condition.  Two multiple linear regressions were performed using 

FSG and JCN to predict word pair ratings.  For associative judgments, the associative 

beta was a significant predictor (β = .241, t = 2.632, p=.010), while JCN was not a 
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significant predictor of word pair ratings (β = .087, t = .946, p=.346).  In the semantic 

judgment condition, both associative information FSG (β = .212, t = .2.366, p=.020)  and 

semantic information JCN (β = -.196, t = -2.194, p=.030) predicted word pair ratings. 

Latencies 

 After trimming the latency data for this experiment, associative and semantic 

judgments were compared for their reaction times.  Using a paired sample t-test, reaction 

times for judgments were significantly different from each other, t(148) = 7.826, p<.001.  

This difference showed that associative judgments, M= 3348.36, SE=118.18, were made 

faster than semantic judgments, M=4348.75, SE=130.86.   

Discussion 

 The order of the presentation of the judgment pairs apparently changed the nature 

of priming in associative word pairs, but does not change how semantic pairs are 

processed or judgments are made on pairs.  As pairs are read, the word meanings and 

associations are activated, which causes priming for both types of word.  The associative 

advantage occurred in the first two experiments because the top word was related to the 

prime in the RSVP stream.  When the prime word was presented on the bottom in this 

experiment, the associative advantage was eliminated.  This difference was possibly due 

to the nature of English reading, which reads top to bottom; therefore, the top word was 

receiving more processing.  This effect was independent of judgments even though the 

associative judgment condition asks participants to name how many people would have 

given the SECOND word given the FIRST word.  One way to think about this result is 

that when the prime word is on top in the judgment pair, attention is directed to the 
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priming word.  This attention component along with an automatic priming component 

(Neely, 1991) creates a larger associative report rate.  In this experiment, attention is still 

directed to the top word in the judgment pair, which is no longer the priming word.  Now, 

only the automatic priming component is seen, so associative word pairs are reported less 

because they do not have a boost from attentional processing.  As seen in the other 

experiments, associative priming is greater because an attentional component (focusing 

on the top word) has boosted the processing of that word. 
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EXPERIMENT 4 

 In Experiment 3, the order of the judgment pair, or where the prime was placed, 

made a difference in associative priming.  One question about Experiment 3 is if the 

words used could have caused the reduction in associative priming or if only word order 

caused this reduction.  As noted earlier, one issue with these judgment word pairs is that 

associative relationships change depending on the order they are presented.  The word 

lists created for Experiment 3 were limited to 30 words because of this issue, which was 

less than the 54 pairs in Experiments 1 and 2.  Since this word set needed to be tested if it 

was some how different from the original set, a replication of the experiment using the 

words from Experiment 2 was performed.  These word sets were the same from 

Experiment 2, but the judgment pairs were reversed so that the bottom word was related 

to the target word in the RSVP stream.  However, since the judgment pair order was 

reversed, the associative judgment condition was eliminated due to a lack of associative 

relationship to make a judgment on.  For example, HORSE-COW has a predictable 

forward associative relationship, but does not have a backward COW-HORSE 

relationship.  The priming pair remained intact as HORSE-PONY, but the associative 

relationship was eliminated, and participants were asked to only make semantic 

judgments on the word pairs.  
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Method 

Participants   

 Twenty-three participants were recruited from the same human subjects’ pool as 

in Experiment 1.  One subject was eliminated from the analyses because of accuracy less 

than 20 percent correct on the RSVP task. 

Materials 

 Word pairs from Experiment 2 were used to test if the order of word pairs 

changed the priming relationship.  However, the judgment pairs were presented either as 

they were originally designed (see Table 3 for database means) or flipped so the target 

word was on top in the judgment placement.  See Figure 8 for an example.  When word 

pairs are flipped, their semantic values (JCN) stay the same, but forward and backward 

strengths are reversed, see Table 5 for the reversed pair characteristics.  The pairs were 

presented in both the original condition (prime top) or the flipped condition (prime 

bottom), which was counterbalanced across subjects so that words were equally presented 

in both conditions.  
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Time 

          Prime Top Condition                         Prime Bottom Condition 

Figure 8.  Display of the set up for judgment pairs for Experiment 4.  Timing is the same 
as Experiment 3: the judgment screen was shown for 1000ms, and each RSVP screen for 
67ms. 
 

Table 5. Means of Associative and Semantic Variables for Flipped Pairs in Experiment 4. 

 FSG BSG JCN 

Associative Judgment Pairs 0.007 0.075 15.456 

Semantic Judgment Pairs 0.122 0.014 12.435 

Unrelated Judgment Pairs 0.105 0.033 12.108 

Associative Priming Pairs 0.573 0.011 20.582 

Semantic Priming Pairs 0.023 0.006 0.186 

Unrelated Priming Pairs 0.000 0.000 32.000 

Note. FSG and BSG are scaled from 0.00 – 1.00 where 1 indicates a strong associative 

relationship.  JCN is scaled from 0.00 – 32.00 where 0.00 indicates complete semantic 

similarity. 

Procedure 

 As noted, flipping the word pair order eliminates the associative relationship for 

the judgment pairs; the associative judgment condition was dropped.  Dropping this 

condition allowed us to test all of the word set from Experiment 2 without asking 

participants to judge word pairs that were previously associatively related, but now would 
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be unrelated word pairs.  Otherwise, the procedure was exactly the same as Experiment 3 

using the shortened RVP task (see Figure 8), and participants only made semantic 

judgments on the word pairs. 

Results 

Priming 

 Contrary to Experiment 3, differences between semantic and associative priming 

were found for both the prime top condition and the prime bottom conditions.  See Figure 

9 for the priming differences.  The unrelated target report rate (percent correct) was 

subtracted out of the semantic and associative target report rate for both the prime top and 

prime bottom conditions.  A 2 X 2 (prime placement by word relationship type) repeated 

measures ANOVA was performed on the data.  The word pair relationship main effect 

indicated a significant difference in the associative priming, M=.427, SE=.033 and 

semantic priming, M=.263, SE=.022, where associative targets are reported more than 

semantic targets, F(1,21) = 48.197, p<.001, η2 = .687.  Placement of the priming word on 

either top or bottom of the judgment pair was not different from top to bottom, F<1 and 

neither was the interaction of word relationship and prime placement, F(1,21) = 1.701, 

p=.206.  
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Figure 9.  Proportion priming for the prime bottom and prime top conditions for 
Experiment 4. 
 

Judgments 

In this experiment, since the associative judgment condition was dropped, it was 

expected to find comparable results to Experiments 1-3 for the semantic judgment 

conditions.  As with those experiments, both associative and semantic database scores 

predict word pair ratings on the judgment pairs.  Two multiple linear regressions were 

performed using semantic information (JCN) and associative information (FSG) to 

predict either word pair ratings in the prime top condition or the prime bottom condition.  

In the prime top condition, associative information (β = .191, t = 2.898, p=.004) and 

semantic information (β = -.204, t = -3.102, p=.002) predicted word pair ratings.  The 

same effect is seen in the prime bottom condition, both associative information (β = .224, 
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t = 3.401, p=.001) and semantic information (β = -.154, t = -2.332, p=.021) significantly 

predict word pair ratings. 

Discussion 

 Experiment 3 indicated that word order placement for the judgment condition 

may have had an effect on priming for associative and semantically related word pairs.  

However, when this finding was tested with a different set of words, the effect 

disappeared and again associative word pairs were primed significantly more than 

semantic word pairs.  Judgment pairs still showed the same prediction effects, where 

associative and semantic information both predicted ratings in a semantic judgment 

condition.  These results from Experiment 4 showed that materials and not word order 

caused a reduction in associative priming, there was still support for the availability of 

associative information at all times and early in processing through the priming and 

judgment results. 
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EXPERIMENT 5 

After testing if word order can change priming for semantic and associative 

relationships, it was asked if judgment order could also change the nature of semantic and 

associative priming. By having participants judge the words after the RSVP task, it was 

assumed that they were processing the words to make a judgment during the RSVP task.  

However, it could be that forcing participants to make a judgment at the beginning of the 

test would cause them to process the word pairs in a different way than just presenting 

them the pairs to be judged later.  Also, by creating a judgment first, judgments may have 

created the cross over priming effect that is seen in the judgment task.  After a judgment, 

participants may be restricting information flow from the opposing judgment type, which 

would cause a decrease in priming for the opposite prime-target pair.  This effect would 

create a cross over priming effect as described in the introduction.  Two groups were 

given the hybrid judgment-RSVP task: one with judgments that preceded the RSVP task, 

and one with judgments that were after the RSVP task.  

Method 

Participants   

All participants were recruited as indicated in Experiment 1.  There were 25 

participants tested in the judgment first group: three were excluded because they 

performed less than 20 percent in the RSVP task.  Also, 24 participants were tested in the 

judgment second group, and only two were excluded for poor performance with less than 

20 percent on the RSVP task.  Therefore, 22 participants were analyzed in each group. 
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Materials   

The exact same materials as Experiment 2 were used in this experiment and 

means are presented in Table 3. 

Procedure   

See Figure 10 for the graphic representation of both groups for this experiment.  

The RSVP procedure was exactly as described in Experiment 3, where a 3-item stream 

was used with two distractors and one target.  The bottom left side of Figure 10 shows the 

judgment first group’s task.  They were told that they would first make a judgment on 

two words, which was followed by the RSVP stream where they had to watch for a 

target.  The judgment pair was presented on the screen and stayed on the screen until the 

participant entered their judgment.  Immediately after they entered a number for their 

judgment, the 3-item RSVP stream started.  After the RSVP stream was shown, the 

participant was shown a box where they entered the target word that appeared in the 

RSVP stream.  In the judgment first condition, there was no fixation cross between the 

words, unlike the first viewing of the words in the judgment second condition.  The top 

right side of Figure 10 shows the task for the judgment second group, which was 

performed in the exact same way as Experiment 3.   
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Figure 10.  Depiction of the task for Experiment 5.  The left side of the figure is the judgment 
first condition, and the right side of the figure is the judgment second condition. 
 

Results 

Priming   

Priming for both associative and semantic word types was found, with associative 

word pairs receiving more priming than other pairs.  Judgments did not affect priming, as 

with previous experiments, nor did judgment placement affect priming for word pairs.  A 

2 X 2 X 2 (word relationship type by judgment type by judgment placement) mixed 

design ANOVA was analyzed on this data set.  See Figure 11 for the mean differences of 

both groups by judgment and word type.  The word type main effect was significant 

F(1,42) = 98.898, p<.001, η2 = .704, indicating that associative priming, M = .456, SE = 
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.026, was significantly more than semantic priming, M = .275, SE = .020.  The word by 

group interaction approached significance, F(1,42) = 3.656, p=.063, probably because of 

the slight decline in priming from associative to semantic judgments in the judgment first 

group and a slight incline in priming from the semantic to associative judgments in the 

judgment second group (i.e. there is a cross over pattern across groups).  Judgments and 

the rest of the interactions were non-significant with Fs<1. 

 

Figure 11. Mean differences for both judgment first and judgment second groups by 
word type and judgment type.  Error bars are standard error of the mean. 
 

Judgments   

In this experiment, judgments were only predicted by associative information in 

both the semantic and associative judgment conditions and semantic information did not 

predict participant scores.  Two multiple linear regressions were again performed using 

FSG and JCN to word pair ratings.  Associative information (FSG) predicted word pair 

ratings in both the associative judgment condition (β = .411, t = 6.584, p<.001) and the 
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semantic judgment condition (β = .296, t = 4.511, p<.001).  Semantic information did not 

significantly predict word pair ratings in either the associative judgment condition (β = 

.100, t = 1.595, p=.112) or the semantic judgment condition (β = -.023, t = -.355, p=.723).  

This result was the same even if regressions were used to predict word pair ratings for 

each individual group, and reasons for the result are discussed in the general discussion. 

Latencies 

 The reaction times were trimmed in the same procedure that is described in 

Experiment 1.  In the judgment first condition, reaction time differences were not found, 

t(237) = .896, p=.371.  Associative judgments, M=4917.70, SE=121.99, were not 

significantly different from semantic judgment reaction times, M=4822.69, SE=113.81.  

The judgment second condition showed a different pattern of results.  As with the other 

experiments, a significant difference between the two judgment types was found, t(237) = 

6.604, p<.001.  Associative judgments, M=3244.02, SE=79.24, were significantly faster 

than semantic judgments, M=3896.46, SE=103.95. 

Discussion 

 This experiment showed that the associative advantage over semantic words in 

priming was not due to judgment placement and was probably independent of judgments.  

Priming, in general, also seemed to be independent of judgments, showing the same 

effect of priming regardless of judgment placement.  Associative information was primed 

more than semantic information regardless of judgment type, which may indicate that 

associative information was processed earlier than semantic information, since it was 

always used in both the judgment and priming tasks.  Again, associative information was 
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used to judge both associative and semantic word relationships, but semantic information 

did not seem to be used to predict participants’ judgment scores.  This finding was a bit 

odd considering both the task and word pair sets have been used previously, but possibly 

are due to a tendency to pick a small range of “relatedness” on the semantic judgment 

scale.  Restriction of judgments to this range would cause that variable to be non-

significant during a regression analysis.  Regardless, these sets of experiments showed 

how associative and semantic information can be separated and priming was significantly 

strong for both of them.  Also, associative judgments were found to be faster than 

semantic judgments in the judgment second condition.  Once associative information is 

activated, it may add to the ability for people to make judgments on those word pairs.  

However, activating and judging semantic relationships takes longer to perform and 

requires the use of associative information.  From here though, these results raise the 

question where associative information was processed through the system.  Since priming 

effects are shown to be separable, where should an associative store of information be 

placed and how does that information get processed? 
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CHAPTER 3 

INTRODUCTION 
 

In Experiments 1-5, priming and judgment tasks showed different results in the 

availability of information for the different tasks.  The first five experiments tested 

judgments and priming effects using a hybrid judgment and RSVP task.  Both judgment 

and priming results showed that associative information was always available and 

processed.  Associative priming was always found, even through the varied conditions.  

Judgments were always predicted by associative information, which indicated 

associations could not be blocked or restricted from processing.  Semantic information, 

however, was ignored during these tasks.  Judgments were only predicted by semantics 

during the semantic judgment condition.  Priming for semantically related words was less 

than associative priming for most experiments.  Latency data was analyzed to understand 

the time course of these judgments, which would indicate where these two stores 

(semantics and associations) were located in a current model of memory.  If one 

judgment consistently occurs faster than another it would indicate the two judgment types 

have different processing or that one is processed sooner than the other.  Associative 

judgments were made faster in most of these experiments, usually by a second or more.  

All these findings were used to place an associative store into the Interactive Activation 

model.  However, these findings were not completely decisive between where an 

associative store would be placed.  Therefore, two more experiments were designed to 

gather more evidence for an associative store in the IA model.  These experiments were 

used to further differentiate between associative and semantic relationships by using 
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traditional ways of testing priming, such as a lexical decision task in which participants 

determine if words presented are real words or non-words. 



Texas Tech University, Erin Buchanan, August 2008 

52  

EXPERIMENT 6 

 Experiment 6 was designed to test if information could be blocked or ignored 

with a different paradigm that has been used in previous literature for further support of 

dissociated effects for different word pair relationships.  Experiments 6 and 7 were based 

on designs from Smith and Besner (2001) and Stolz and Besner (1996) where participants 

were asked to perform a traditional lexical decision task and letter search.  In both types 

of experiments, semantic priming is eliminated (semantic information is blocked) when a 

letter search task is present as compared to a lexical decision task only.  These 

experiments tested both semantic and associative word pairs to see if there was a 

difference in priming and blocking when these word pairs are tested with the lexical 

decision versus letter search task.  If associative information can be blocked, priming will 

be eliminated in these lexical decision tasks.   

Method 

Participants   

All participants were recruited from the Texas Tech University human subjects’ 

pool and received course credit for their participation.  94 participants were tested in the 

experiment; however, 10 participants were excluded for low performance.  Low 

performance was defined as scoring less than 3 standard deviations below the average 

percent correct for any condition.  Basically, this amounted to scoring at or below chance 

for one of the conditions described in the procedure.  Eliminating participants was based 

on the Van Selst and Jolicoeur (1994) reaction time trimming procedure.  Participants 
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were excluded by their proportion correct instead of reaction time; otherwise the 

procedure was the same (presented in Table 6).  

Table 6. Proportion correct for each condition in Experiment 6. 

 Associative Semantic Non-words Unrelated 

Lexical Decision 0.972 0.942 0.914 0.920 

Letter Search 0.867 0.893 0.919 0.949 

Note.  These proportions do not include the participants who were eventually excluded. 

Apparatus.  

The same computer and apparatus were used as described in Experiment 1. 

Materials   

The stimuli were chosen from the word pairs created for Experiment 2, with the 

restriction that half the targets contained no repeated letters (COLD) and half the targets 

contained repeating letters (CARROT).  A set of non-words was created by changing a 

single letter of one of the original paired words in the stimulus set.  Stimuli were 

presented in the center of the screen and subtended visual angles of 2 o horizontally and 

.60 o vertically from a viewing distance of 45 cm.   Prime words were presented in white, 

while target words were colored blue or red.  One color indicated the lexical decision task 

(word-nonword judgment), while the other color indicated letter search task (repeated 

letter search), and colors were counterbalanced across participants.  Instructions for color 

task assignment were always present on the top of the screen.  

Procedure   

A replication of Smith and Besner’s (2001) letter search semantic blocking task 

was performed.  A 400 ms fixation cue was presented followed by the white prime word 

for 200 ms in the center of the screen.  The target word followed the prime word after 
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200 ms offset (SOA 400ms) and stayed on the screen until a response is entered.  The 

inter-trial interval was 1 sec from response to the next fixation cue.  Half of the trials 

were standard lexical decision task (“is this a word?”), and half the trials required a letter 

search (“is there a repeated letter?”).  Participants responded by pressing keys for yes and 

no on the keyboard (the “/” and “z” keys).  These keys were counterbalanced across 

participants, where yes and no equally appeared on each key.   

First, participants were instructed on how to perform the lexical decision task and 

which color indicated they should make a word-nonword decision.  After the instructions, 

they were given 15 practice trials of the lexical decision task only.  This practice was 

followed by instructions on how to perform the letter search task and which color 

indicated they should search for double letters.  Again, participants were given a set of 15 

practice trials for the letter search task, which was followed by a reminder of what colors 

indicated task set.  From there, a set of 30 practice trials was given that contained both 

the letter search task and lexical decision task mixed together.  See Appendix B for 

instructions read to participants.  After the practice trials, 360 trials of mixed lexical 

decision and letter search task were shown in four blocks of 90 trials each.  The trials 

broke down as follows: 180 letter search trials, 180 lexical decision trials which 

contained 30 associative pairs, 30 semantic pairs, 60 unrelated pairs and 60 nonword 

pairs.  See Table 7 for related word pair means. 
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Table 7.  Means for FSG, BSG, and JCN scores for related word pairs in Experiment 6. 

  FSG BSG JCN 

Associative Word Pairs 
Letter Search 0.575 0.013 20.196 

Lexical Decision 0.586 0.010 21.120 

Semantic Word Pairs 
Letter Search 0.024 0.006 0.181 

Lexical Decision 0.024 0.007 0.251 

Note.  FSG = Forward Strength, BSG = Backward Strength (Nelson et al., 2004) and are 
associative databases, while JCN (Maki et al., 2004) is a semantic database. 
 

Results 

 Reaction times were collected for this experiment and trimmed according to a 

procedure described by Van Selst and Jolicoeur (1994), as described in Experiment 1-5.   

Priming   

 Reaction times were recorded for both the letter search task and the lexical 

decision task.  Generally, priming was found for both associative word pairs and 

semantic word pairs over the unrelated word pairs in both the letter search and lexical 

decision task conditions.  Priming was assessed by the difference between unrelated word 

pairs’ reaction time and the related word pairs’ reaction time for each participant.  Figure 

12 shows the subtracted means for the associative and semantic word pairs by letter 

search and lexical decision task.  A 2X2 (word relationship by task condition) repeated 

measures ANOVA was performed on these difference scores.  Priming analyses showed 

a significant difference in word relationship type, which indicated that associative word 

pairs, M=110.988, SE=11.749, showed more priming than semantic word pairs mean 

M=51.564, SE=10.011, F(1,82) = 64.468, p<.001, η2 = .440.  The letter search and 

lexical decision tasks were not significantly different in their amount of priming, F<1.  

There was a significant interaction of condition and word pair relationship, 
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F(1,82)=5.477, p=.022, η2 = .063).  This interaction can be seen in Figure 12: the left 

panel for the letter search task shows a significant difference between associative and 

semantic priming, t(82) = 5.928, p<.001, while the right panel for lexical decision task 

does not show a significant difference between associative and semantic priming, t(82) = 

1.298, p=.198. 

 The difference scores for associative and semantic word pairs were also tested 

against zero to see if there was individual significant priming over unrelated word pairs.  

In both the letter search, t(82) = 3.176, p<.002, and lexical decision task. t(82) = 5.884, 

p<.001, associative word pairs were significantly primed greater than zero.  However, 

semantic word pairs were significantly primed in the letter search task, t(82) = 2.843, 

p=.006, while the lexical decision task did not show significant priming, t(82) = 1.222, 

p=.225.   
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Figure 12.  Subtracted means for the associative and semantic words in the letter search 
and lexical decision task.  Error bars are standard error of the mean. 
 

 These results do not replicate the original findings of Smith and Besner (2001) 

found, where a letter search task eliminated semantic priming.  Further analyses showed 

that Smith and Besner’s other previous findings were replicated in this experiment, such 

as longer decision times for non-word pairs.  To make sure that the experimental results 

found here were not radically different from the original experiment, a 4-word 

relationship by 2-task condition repeated measures ANOVA was performed on the 

original scores, the results of which are presented in Figure 13.  The main effect for word 

relationship (associative, semantic, unrelated, and non-words) was significantly different 

F(3,246) = 69.465, p<.001, η2 = .459, which indicated that the word pairs are primed at 
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different rates.  The condition (letter search, lexical decision) main effect was also 

significantly different, F(1,82) = 188.352, p<.001, η2 = .697, which showed that the letter 

search task, M=1493.692, SE=50.918, was much slower than the lexical decision task, 

M=1169.261, SE=37.955.  The interaction of word relationship and task type also was 

significant, F(3,246)=11.690, p<.001, η2 = .125.  This interaction appears to be driven by 

very slow non-word responses in the lexical decision task, M=1344.936, SE=51.126, 

which is significantly different from all the other responses (Associative word pairs: 

M=1036.716, SE=35.355, t(82) = -8.531, p<.001; Semantic word pairs: M=1132.183, 

SE=42.981, t(82)=-6.046, p<.001; Unrelated word pairs: M=1163.208, SE=34.435, t(82) 

= 7.249, p<.001).  In the letter search task, the non-word pairs, M=1518.401, SE=59.121, 

are not significantly different from the unrelated pairs, M=1541.318, SE=58.610, t(82)=-

1.766, p=.084, are only marginally different from the semantic word pairs, M=1469.215, 

SE=43.962, t(82)=-2.009, p=.048, and are significantly different from the associative 

pairs, M=1445.834, SE=48.989, t(82) = -2.703, p=.008.  These results are comparable to 

the results that Smith and Besner (2001) received showing that non-words are much 

slower than other word relationships and that the letter search task is also slower than the 

lexical decision task. 
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Figure 13.  Original reaction times for each word type and task condition for Experiment 
6.  Error bars are standard error of the mean. 
 

Discussion 

 These results are intriguing considering it has been shown in several different 

experiments, that letter search can decrease or eliminate semantic priming. However, in 

this experiment, many of the other original results from Smith and Besner’s (2001) 

experiment are found.  The difference in results could possibly be due to word list 

composition, as our word lists are from databases with defined relationships, while 

priming lists are usually handed down or borrowed from other experiments.  Another 

consideration is the way that experiment is designed.  This experiment always has a 

priming word presented before the task type, which is either lexical decision or letter 

search.  In the original semantic blocking experiments, the letter search was performed on 

the priming word, which was how processing was biased away from the semantic level.  

However, this experiment does help show how information is processed, and 
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asymmetrical results are still seen when comparing associative word pairs to semantic 

word pairs.  Associative word pairs showed very strong priming in both the letter search 

and lexical decision task trials, which indicated that this information is available at all 

stages of processing.  Lexical decision tasks are thought to activate information in a very 

quick manner, while letter search tasks are designed to bias information processing to a 

word level.  If associative information is always primed at this strong rate it lends support 

to Williams’ (1996) inter-lexical hypothesis, which claims that associative information is 

stored in the lexical links between words.  Since this experiment was not a clean 

replication of the original experiment, a different priming and blocking paradigm was 

tested in Experiment 7 to see if semantic or associative blocking could be found with this 

word set. 



Texas Tech University, Erin Buchanan, August 2008 

61  

EXPERIMENT 7 

 The Smith and Besner (2001) paradigm was an alteration of the first semantic 

blocking experiment performed by Stolz and Besner (1996).  It was decided to test this 

original paradigm with the current word set from Experiment 6 to see if blocking could 

be obtained for either semantic or associative words.  The experiment was designed to 

continue to test where an associative store could be placed in models of priming and how 

information is processed.  This paradigm did not separate the letter search and lexical 

decision task into two tasks where priming words were presented for each task separately.  

The letter search and lexical decision task were combined so that the letter search word 

primed the lexical decision task.  Also, for comparison reasons, a delayed condition was 

added so that the letter search task would be delayed and semantic priming could occur.  

Stolz and Besner found that this delay allowed semantic information to flow back down 

to the word level and induce priming for related word types, while the non-delay 

condition blocked semantic priming because of the letter search task set.   

Method 

Participants 

 Participants were recruited from the Texas Tech University human subjects’ pool 

and were again given course credit for their participation.  There were 126 participants 

run in this experiment, and no one was excluded from the experiment, although the 

average percent correct was tested for outliers using the 3 standard deviation procedure 

described in Experiment 6.  Table 8 shows these averages. 
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Table 8.  Proportion correct for each condition in Experiment 7. 

 Associative Semantic Non-Word Unrelated 

Simultaneous 0.715 0.564 0.612 0.731 

Delay 0.596 0.525 0.636 0.701 

  

Materials 

 Word pairs from Experiment 6 were used to create the priming and non-word 

pairs for this experiment.  Table 9 shows the means for the related word pairs.  The word 

pairs were not restricted to having double letters as before, but were arranged were half 

had a match to a target letter and half did not.  Non-word pairs again were created by 

changing one letter from an original pair from Experiment 2 (usually the unrelated word 

pairs).  More word pairs were added to this experiment, so the overlap between 

experiments is very high, but not perfect because more trials were added.  Word pairs 

were created in the same way as described in Experiment 2 and Experiment 6, using the 

non-word creation procedure and number of pairs from the original experiment.  Again, 

stimuli were presented in the center of the screen and slightly above the center but still 

individually subtended visual angles of 2 o horizontally and .60 o vertically from a viewing 

distance of 45 cm. 

Table 9.  Means of associative and semantic databases for Experiment 7. 

  FSG BSG JCN 

Associative Word Pairs 
Letter Search 0.560 0.013 20.144 

Lexical Decision 0.586 0.010 21.120 

Semantic Word Pairs 
Letter Search 0.025 0.007 0.240 

Lexical Decision 0.024 0.007 0.251 

Note.  FSG = Forward Strength, BSG = Backward Strength (Nelson et al., 2004) and are 
associative databases, while JCN (Maki et al., 2004) is a semantic database. 
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Procedure 

 Stolz and Besner’s (1996) combination letter search and lexical decision task was 

used.  This task was broken down into two blocks, where are described here. 

Simultaneous condition.  Participants were told how to do both the letter search 

and lexical decision task.  After the instructions, they were given 15 practice trials.  First, 

a fixation cross (+) appeared in the center of the screen for 1 sec to signal the start of a 

trial.  After this cross, participants first performed the letter search task.  A black word 

appeared in the middle of the screen, which was the prime word.  Above the black word a 

string of five letters would also appear as the word appeared.  For instance, a screen 

might look like this: 

MMMMM 

prime 

These letters were the probe letters used for the letter search.  Participants had to 

determine if the prime word contained the letter that was presented above it.  The probe 

letter matched the prime word exactly half of the time and mismatched half the time, so 

the yes/no response ratio was 1:1.  The probe letter was chosen equally from the 

beginning, middle, and end of the prime word set.  Responses were made by pressing 

keys marked yes and no on the keyboard, which was counterbalanced across participants.  

After the key was pressed, another black word appeared where the prime word had been 

located.  This second word was the target word, which was used for the lexical decision 

task.  Participants had to decide if this word was a real word or non-word using the same 

yes/no keyboard responses.  The next trial started after a 1 sec inter-trial interval.  The 
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simultaneous condition was always presented first, as described in the original 

experiment, to prevent carryover effects from the delayed condition (Stolz & Besner, 

1996). 

Delay condition.  The delay condition was always presented as the second block 

of the experiment.  The trials were presented in the same way as the simultaneous 

condition with one exception, when the probe letters appeared on the screen.  Again, a 1 

sec fixation cross was presented to let the participants know the trial was starting.  From 

there the prime word appeared on the screen alone for 200ms.  The participants were told 

they had extra time to study the words in this condition.  After the 200ms had elapsed, the 

probe letters appeared, and the participants proceeded with the letter search and lexical 

decision task as in the simultaneous condition.   

The trials were separated as follows:  There were 200 non-word pairs, which 

included 100 probe match trials and 100 probe non-match trials split evenly over the 

simultaneous and delay conditions (i.e. 50 probe match, 50 probe non-match trials each in 

the simultaneous and delay conditions).  100 unrelated pairs were split in the same way 

so that 25 probe match and 25 probe non-match trials appeared in each condition.  50 

associative word pairs and 50 semantic word pairs were each split into 12 probe match 

and 13 probe non-match for the simultaneous condition and 13 probe match and 12 probe 

non-match for the delay condition.  This split was flipped and counterbalanced across 

participants.  The yes/no ratio was also 1:1 for the lexical decision task because 200 non-

word pairs were used along with 200 word pairs (100 unrelated, 50 associative, 50 

semantic).   
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Results 

            The Van Selst and Jolicoeur (1994) recursive reaction time trimming procedure 

was again used to eliminate outlier reaction times.  Next, the unrelated word pair average 

reaction time was subtracted from the related word pairs for each condition to measure 

amount of priming.  These subtractions are presented in Figure 14.  Overall, associative 

priming was greater than semantic priming, and semantic priming was found only in one 

condition.   

Priming 

             A 2X2 (condition by word relationship) repeated measures ANOVA was 

performed to assess the priming for each condition.  The word relationship main effect 

showed a significant difference, F(1,125)=592.211, p<.001, η2 = .826, which portrayed 

that associative words have more priming than semantic words.  The task condition main 

effect was also significant, F(1,125) = 60.506, p<.001, η2 = .326, which shows that the 

simultaneous condition had slightly more priming than the delay condition.  The 

interaction between word relationship and task condition showed to be significant, 

F(1,125) = 39.368, p<.001, η2 = .240.  This interaction is caused by non-significant 

difference, t(125) = 1.682, p=.095 between semantic priming for the simultaneous 

condition, M=5.890, SE=1.093 and the delay condition M=3.289, SE=2.306.   The 

associative word pairs, however, show a significant difference, t(125) = -9.139, p<.001, 

between the two conditions: simultaneous M=32.132, SE=1.279 and delay M=46.721, 

SE=.644. 
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Figure 14.  Reaction time differences for the related word pairs in Experiment 7.  Error 
bars are standard error of the mean. 
 

     Again priming was tested by comparing subtracted scores to zero to see if the related 

word pairs were faster than the unrelated word pairs.  Associative word pairs are 

significantly primed in both the delay, t(125) = 72.493, p<.001, and the simultaneous 

conditions, t(125) = 25.128, p<.001.  In opposition to Stolz and Besner (1996) results, 

significant priming for semantic word pairs was found in the simultaneous condition, 

t(125) = 5.389, p<.001, but not in the delay condition, t(125) = 1.426, p=.156.   

Discussion 

 These results showed several different findings, especially with respect to 

Experiment 6.  First, very strong associative priming was found, even in a different 
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lexical decision / letter search task.  This finding speaks to the way that associative 

information is processed, as it appears that associative word pair information cannot be 

ignored or blocked through any of these experiments, and that information is processed at 

an early and fast rate, which is indicated by very fast priming.  Semantic information in 

this experiment was blocked in the delay condition, but not in the simultaneous condition, 

which did not replicate previous results.  Semantic information was blocked in the delay 

condition, while the simultaneous condition showed very small priming.  Previously (in 

this paper), semantic priming was found to be much larger, so priming is being 

suppressed relative to normal results.  The results here show that semantic information 

can be restricted due to task set, but since the results did not replicate the original 

experiment, it is unclear how semantic blocking occurs. 
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CHAPTER 4 

GENERAL DISCUSSION 

These experiments were designed to answer a couple of questions about the 

nature of semantic and associative memory.  While this topic has been researched before 

(see Hutchison, 2003 for a review), there have been some methodological problems with 

previous studies.  First, many studies have used self-selected word pair stimuli that 

participants normed as part of the experiment as “purely” semantic word pairs or words 

with both relationships to study the associative boost.  However, as explained earlier, 

there are multiple databases of semantic and associative word pairs, which have shown to 

measure separate types of information (Maki & Buchanan, in press).  The experiments 

presented here made use of these databases to create separate, orthogonal word pairs to 

test only semantic and associate priming, with two purposes. 

First, as presented in Chapter 2, several experiments were designed to test the 

nature of both semantic and associative priming when they are separate from each other.  

To test priming relationships, a hybrid judgment and RSVP paradigm were created.  First, 

participants viewed a set of related word pairs in which they made a semantic or 

associative judgment.  The judgment contained a priming word that was related either 

semantically or associatively to the target word in the RSVP stream.  After viewing a 

target word plus several distractors in the RSVP, they were required to report the target 

word.  From this paradigm, several interesting results were revealed.  First, judgment data 

indicated that associative judgments are only predicted by associative information and 

that semantic judgments are predicted by both semantics and associations.  Second, both 
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associative and semantic priming were found, which indicated that these relationships 

could be separated from each other.  This dissociation was explained in terms of types of 

IA models.  Latency data on these judgments also showed that there was something 

separate about associative and semantic judgments; associative judgments were 

consistently faster than semantic judgments in most experiments. 

Since these relationships were found to be separable, it led to a second question 

about where an associative memory store would be placed in memory models.  The data 

alone from the hybrid task did not show exactly the nature of associative blocking, which 

was necessary to understand for placement of an associative store.  In Chapter 3, priming 

and blocking of associative and semantic information was tested through a combination 

lexical decision and letter search task used by Stolz and Besner (1996) and Smith and 

Besner (2001).  In these tasks, participants judged related pairs of words if they were 

either a real word or non-word or if the word contained certain letter combinations.  

These tasks have been known to show no semantic priming, which indicated that 

semantic information could be blocked from use because of task set.  In current results, 

associative information was not blocked and priming was seen in all conditions and 

experiments.  Semantic priming was eliminated in several of the conditions across both 

experiments in Chapter 3.  Both data from priming and data from judgments of memory 

types helped in understanding how information is processed and where associative 

information is stored. 

One current model of memory, that also explains priming, is McClelland and 

Rumelhart’s (1981) Interactive Activation (IA) model.  This model was originally used to 



Texas Tech University, Erin Buchanan, August 2008 

70  

describe reading and word recognition processes, but has since been modified to explain 

priming and how people understand how words are related (Stolz & Besner, 1996).  The 

IA model, shown in Figure 15A, starts with a letter level that is activated when letters are 

seen.  The activation then flows upwards, and letters are connected to the words they 

create in the word or “lexical” level.  This level has also been assumed to hold 

phonological and orthographic information (Collins & Loftus, 1975).  However, all 

meaning information is stored separately in a top most level, where words have two-way 

connections to their features.  Priming occurs in these two-way connections.  When one 

word is activated, meaning or features in the semantic store are also activated.  The 

second related word also shares some of the same feature activation, so the flow of 

meaning information back down to the word level is partially the same.  A person already 

has that meaning information activated, so pulling up the next word is very quick and 

identification of that word is improved. 

Another feature of the IA model is how semantic information can be restricted or 

blocked due to task set (Stolz & Besner, 1996; 1999).  Several experiments have shown 

that semantic information is not always automatic and depending on the experimental 

task can be ignored during experiments (Smith & Besner, 2001; Chiappe, Smith, & 

Besner, 1996; Brown et al., 2001).  The link from the semantic store back down to the 

word level is blocked from sending back information, so semantic priming will be 

eliminated when attention is diverted elsewhere.  The claim is that word meanings are 

activated but that the semantic activation is not propagated back to the word level and 

thus does not aid in lexical identification. 
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Figure 15. Proposed models for an associative store using the Interactive Activation 
framework.  An associative store and links have been added from the original Stolz and 
Besner (1996) model. 
 

However, the IA model does not have a good description of where associative 

information would be stored.  Figure 15 demonstrates several placements of an 

associative information store in the IA model, which were tested by the experiments 

described here.  Williams (1996) has proposed an “inter-lexical” hypothesis for 

associative or common occurrence links that stated that information would be stored at 

the lexical or word level, which is shown in Figure 15A.  Since associative information is 

stored at the word level, priming from associative relationships would always occur 

because to identify the word would automatically bring up links between the words.  

Also, associative information could not be restricted or blocked when word identification 

was necessary because they are stored in the same level.   
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The model in Figure 15B would indicate that associative information cannot be 

blocked in a semantic task, since the semantic information flows down to associative 

information back to the word level.  However, associative information could be blocked 

when only associative links are being used, just as in semantic blocking during a letter 

search task.  Associative priming would still occur in the same way as described for 

semantic priming, where information is already activated at that level, so when the 

second related word appears, the connections are already activated.  However, during a 

semantic task, there should be more or stronger priming for associative links because 

both the semantic and associative connections are being activated and associative links 

are receiving information both on the upward path to semantic features and the 

downward path back to the word level. 

The last model, as seen in Figure 15C, places associative information next to 

semantic information as a separate store.  This placement would have been supported by 

findings that show that associative information can be blocked as well as semantic 

information.  If blocking occurs in the same ways seen in semantic blocking literature, it 

would support this model since semantic information is stored separately from word links 

as well (in comparison to Figure 15A).  Figure 15C would be preferable over Figure 15B 

if associative information can be blocked during a semantic judgment task.  This finding 

would support the use of a separate store that is not between word and semantic levels 

because associative information is separable from semantic information.  There is a 

connection between semantic and associative information because of phenomena such as 
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the associative boost, so that associative information can be utilized, although not 

necessarily.   

Judgments of semantic and associative memory can also be partially understood 

from these models.  The model in Figure 15A would predict that during an associative 

judgment task, only associative information should be important when making those 

judgments because the semantic store is not necessary and is therefore ignored.  During a 

semantic judgment task, both associative information and semantic information should be 

involved in making judgments because the information flows back down from the 

semantic store and associative information is already present in the lexical level.  The 

model in Figure 15B would predict basically the same pattern of results from the 

judgment data.  Associative information would be used during the associative task 

because that level would be activated and information would be sent back down to the 

word level, and during the semantic judgment task activation flows through both the 

associative store and semantic store.  It might be argued that the associative information 

should predict judgments stronger because of double activation, as argued with priming.   

The model in Figure 15C would predict a complete separation of information 

processing for both judgment types.  Since the semantic and associative stores are 

separate, each information type should only be involved in their individual judgment 

types.  There are connecting arrows between the semantic and associative store because 

of the known influence of associative links on semantic priming (i.e. the associative 

boost), but it is not necessarily clear that this interaction would occur in judgments.  But 
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because of these links, the model could predict different processing, where associative or 

semantic information would play a role in opposing judgment types.  

In Experiment 1, participants performed a judgment task on associatively or 

semantically related word pairs, while also searching a rapid serial visual presentation 

task (RSVP) for a word that was either related to the judgment word pairs or unrelated to 

the judgment word pairs.  In this experiment, priming for semantic and associative pairs 

was found above unrelated word pairs in the RSVP task regardless of judgment type.  

These results answered the first question about the nature of separate priming.  It is not 

necessary to have both relationships for priming of either associative or semantic 

relationships to occur.  These priming results do not rule out any of our models yet 

though.  If Model 15B strictly predicts stronger associative priming because of the 

stronger activation, then that model is not supported.  The same amount of priming for 

associative word pairs is seen in both the semantic and associative judgment conditions.  

The judgment data found helped sort out which model best described an associative store.  

For judgments, associative information always predicted word pair ratings, in both the 

semantic and associative conditions.  This finding supported Model 15A because 

associative information cannot be blocked or ignored, which may have indicated 

associative information was stored at a word level.  This finding does not necessarily rule 

out other models, but supports the theoretical idea of Model 14A the most. 

Experiment 2 was a replication of Experiment 1 with a different word pair set to 

make sure judgments were not influenced by a biased word set.  Priming and judgment 

results were basically the same as Experiment 1.  Associative priming overall was 
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stronger than semantic priming, but both were stronger than unrelated word pairs.  

Judgments had a lopsided pattern of information use, where associative information 

predicted both associative and semantic judgment conditions while semantic information 

only predicted semantic judgment conditions.  This replication further supported that 

priming could occur with only one relationship type, either semantic or associative.  

Since the judgment data was replicated, it supports the use of Model 15A because 

associative information again could not be blocked. 

Experiment 3 tested if the order of the judgment pairs made a difference in 

priming and judgments using the RSVP and judgment task.  A new set of word pairs was 

tested so that the order of the judgment pair could be reversed.  Originally, the top word 

in the judgment pair was related to the target word in the RSVP stream.  Here, the order 

of the pairs was flipped so that the bottom word was now related to the target in the 

RSVP stream, otherwise the RSVP and judgment task remained the same.  This 

experiment found interesting results because it was the only time that associative priming 

was not found to be significantly reported more than semantic priming.  However, both 

relationship types were primed more than unrelated word pairs.  Associative information 

was decreased to the level of semantic priming, which may indicate that Model 15C 

could explain priming.  Model 15B would predict an increase in priming during semantic 

tasks, so a restriction of information during a semantic task (where information has to go 

through the associative store twice) does not support this model.  Judgments remained the 

same as the previous two experiments, which may support either model. 
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The concern about Experiment 3 was that the word set used somehow biased the 

results to restrict associative priming because the words were different from the previous 

experiments.  Therefore, Experiment 4 was designed with word pairs from Experiment 2 

for a partial replication of Experiment 3.  The word pairs were again reversed to see if 

reading order does change priming but because of this change, the associative judgment 

condition was left out.  When word pairs were reversed, associative relationships for 

judgments were eliminated, and analyses on judgments on word pairs with zero 

relationships would have been difficult.  The semantic judgment condition was examined 

for both priming and judgment results.  Associative priming was again significantly 

different than both unrelated word pairs and semantic word pairs, and semantic word 

pairs were primed more than unrelated word pairs.  Because information was not 

restricted in this experiment, it appeared that the word set in Experiment 3 could have 

been slightly different than other word sets.  Judgments showed the same pattern as all 

the other experiments: semantic and associative information predicted word pair’s 

ratings.  These results appear to favor Model 15A, but could also be supportive of Model 

15C. 

After testing for word order of the judgment pairs, Experiment 5 was tested to 

examine if judgment placement could change priming.  In one condition, participants 

judged priming words before the RSVP stream, while other participants judged priming 

words after the RSVP stream.  Both groups showed significant priming over unrelated 

word pairs and significant associative priming over semantic priming.  There was no 

difference between the two groups, so priming words, which were part of the judgment 
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pair, just need to be seen to create priming.  Judgment data only partially replicated 

previous results.  Associative information predicted word pair ratings in both the 

associative and semantic conditions, while semantic information did not predict word pair 

ratings.  While this result was a bit odd considering all previous findings, it did not 

disconfirm model predictions.  Semantic information may have been ignored or blocked, 

which is a restriction of the downward arrows in any of the model predictions.  There is a 

favor for Model 15A because of the consistent findings of strong associative priming and 

an inability to restrict or block associative information during any judgment or priming 

task.  The other models all have downward arrows from an associative store, which 

strongly indicate that flow of information can be changed due to task set, as seen with 

previous semantic priming findings. 

After several different tests on the combined RSVP and judgment task, it was 

clear that other manipulations of judgments or word pairs would produce basically the 

same results.  Associative priming was always found to be very strong, and usually 

stronger than semantic priming.  The next set of experiments was designed specifically to 

sort out model types by using some of the original semantic blocking designs created by 

Stolz and Besner (1996) and Smith and Besner (2001).  These experiments tested how 

semantic information can be blocked and specifically if the downward arrow from the 

semantic store back to the word level was where the block of information occurred.  If 

associative information can be blocked, this paradigm would show that block of 

information, which would rule out Model 15A and show that Model 15C is probably a 

better placement of an associative store.  However, if associative information continues to 
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show a lack of restriction, then Model 15A would be a better visualization of current 

data. 

Smith and Besner’s (2001) semantic blocking experiment was repeated in 

Experiment 6.  Participants were required to perform either a lexical decision task (“is 

this a word?”) or letter search task (“does this word have double letters”) on target words.  

First, they were shown prime words very briefly in white, followed by the presentation of 

the target word.  The target word was colored to indicate either the letter search or lexical 

decision task.  The participant would then indicate yes or no on the keyboard to the 

specific task question.  Previously, the letter search task was found to eliminate semantic 

priming, and restrict information from the semantic store.  In this experiment, however, 

semantic information does not show the same pattern.  Semantic priming was blocked 

during the lexical decision task, while being significantly different from unrelated word 

pairs in the letter search task.  This result did not replicate the original findings, so there 

are still some questions as to how semantic blocking occurs.   

This finding was possibly due to word pair lists or the design of the experiment.  

Primes were always shown before a decision was made on the words, so information 

from the semantic store could still flow back down to the word level, even when 

participants are trying to concentrate on the word level only.  But associative word pairs 

are primed significantly more than unrelated pairs in both the letter search and lexical 

decision task conditions, which indicated that associative information could not be 

blocked, while semantic information was.  This result highly favors Model 15A, since 
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both Models 15B and 15C have links from the associative store back to the word level 

that should act in the same manner as the semantic store links. 

Given that Experiment 6 was not a replication of previous results, which may 

have indicated the word set or experimental instructions went awry, another semantic 

blocking experiment was replicated.  Stolz and Besner’s (1996) original blocking 

experiment was used, where participants were required to do a letter search and lexical 

decision task again.  The main difference from the previous experiment was that the letter 

search was performed on the priming word, and the lexical decision task was performed 

on the target word.  The letter search task was supposed to bias information processing to 

the word level, which was supposed to suppress semantic priming.  To show that 

semantic priming can still occur if given enough time, a delay condition was added so 

that the letter search was delayed for a short time.  This delay condition allowed 

participants to process the priming word for a short time before searching it, which was 

supposed to allow semantic information to flow downward to the word level. 

Again, there was not a complete replication of the original experiment.  Semantic 

information was blocked in the delay condition, where information was supposed to have 

time to enhance word identification at the word level.  Very small (5ms) semantic 

priming was seen in the simultaneous condition, where the letter search was supposed to 

block meaning processing.  However, these two conditions did not different in their 

reaction times over unrelated word pairs.  Either way, semantic information was partially 

restricted from being used, especially if normal priming differences are considered.  

These results supported that the semantic store may be separate from the word level store, 
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since that information could be ignored.  Associative priming was found in both the 

simultaneous and delay conditions, which was much higher than unrelated word pairs.  

These results favor Model 15A over Models 15B and 15C because associative priming 

cannot be restricted. 

All of the experiments described here show very strong associative priming, with 

several types of priming paradigms and manipulations to try to get associative blocking.  

There can be no question about the answer to priming and word pair relationships.  

Associative and semantic priming are indeed separate entities, and while dual 

relationships can help priming, they are not necessary to create enhanced identification 

for related words.  Both types are shown to prime in a newer paradigm of priming with 

the RSVP task and a tradition lexical decision task experiment.  It was shown that 

semantic information was blocked using both the judgment task and the lexical decision-

letter search task.  For Models 15B and 15C to be valid, associative information needed 

to be blocked or restricted during one of the experiments.  However, this finding could 

not be found through several manipulations and experiments.  Model 15A does not 

require that associative information be able to be blocked, in fact, it almost requires that 

associative information be used constantly since those links are stored at the word level.  

It appears that this Model 15A best describes the current data found, and that associative 

information is stored at the lexical level, separate from the semantic store. 

One problem with the Interactive Activation model, even after adding associative 

links to the word level, is that the model does not have an obvious output mechanism.  In 

McClelland and Rumelhart’s (1981) original model, the output was the activation of the 
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word that was being read.  However, when Stolz and Besner added the semantic store 

with its downward links, it became less clear where a “yes/no” decision for lexical 

decision tasks was occurring.  As in their discussion, priming certainly comes from the 

word level because the task is usually to decide if a word is a real word.  Semantic 

information feeds back to the word level, so those decisions are faster due to increased 

activation.   

 

 

 “yes”/”no”/”word” 

 Output 

 

 

Figure 16.  The modified IA model with an associative store and proposed output 
mechanism. 
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experiments).  In Experiments 5-6, associative priming was significantly faster than 

semantic priming, which also supports placing the associative store in the word level and 

that output comes from the word level.   

Semantic priming occurs because the information flows back to the word level for 

output.  Since information has to flow through an extra store, it would take longer for that 

information to be processed, which is seen in Experiments 5-6.  This extra time needed 

for information to flow to the output layer could also explain why semantic priming is 

eliminated or very small.  Semantic blocking can occur because the output is at a 

different level than the semantic store.  Since that output is placed at the same level as the 

associative store, it also explains why associative information cannot be blocked and why 

priming is found in every experiment.  

This type of output may only be suitable for priming results though.  If judgment 

tasks are considered, an output placed at an associative store may also explain why 

differential results are found for associative and semantic judgments.  If participants are 

asked to make an associative judgment, then they only need to stop at the word and 

associative level to get information to make that judgment.  The downward arrow from 

semantics can be ignored due to task set, like in the letter search tasks for priming.  

Semantic judgments will be made much in the same way that priming occurs.  

Information from the semantic store flows back down to the word level, so both 

associations and semantics are considered in semantic judgments.  This output could also 

explain why semantic judgments take longer on average to make than associative 

judgments.  Since information has to flow back down about semantics to the word level, 
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then it would take longer to process all the information needed to make the semantic 

judgment. 

Another possibility is to consider the differences in the nature of priming and 

judgment tasks.  Priming tasks usually involve presenting one word at a time and there is 

enhanced identification for the second word because of the first word.  The modified 

model in Figure 16 works well with seeing single words in succession, as it was 

originally designed for single word reading.  In a judgment task, participants see both 

words together, which activates the meanings and associations of words simultaneously.  

The modified IA model does not necessarily explain how both words are activated and 

compared.  So, judgments actually occur because two different representations are being 

compared at the same time.  Figure 17 presents an idea of how judgment decisions might 

be reached using the IA Model 15A as a base for word reading. 

 

 

  

 

 

  

 

 

 

 

Figure 17.  A proposed model for how judgments are made, using the IA Model 15A as a 
base for reading the judgment words. 
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In this model, both word representations are activated at the same time.  

Depending on the type of judgment, a comparison process between word representations 

will be made.  For associative judgments, activation of the associative links will 

determine the strength rating of the judgment because activating a word automatically 

activates their associates.  The judgment process is simply to see if the links between 

those two words are activated and then a judgment can be made.  This procedure does not 

require the use of semantics; therefore semantic information will not play a part in 

associative judgments as seen in Experiments 1-5.  Semantic judgments require more 

processing because the comparison procedures are different.  After activation in the 

associative level, the semantic level is activated with all the features of the words 

presented.  In Figure 17, features like fur, tails, whiskers, etc are all activated at the 

semantic level.  A judgment is made on the relationship of the two words by comparing 

how many features overlap between the two semantic stores.  This process takes longer 

than comparing one link between the associative stores, which is why semantic 

judgments usually take longer than associative judgments.  Associative information is 

also sent to the semantic level, which is why associative information predicts semantic 

judgments along with semantic information. 

The distinction between which model better explains how judgments are made 

needs to be researched further.  It is clear that judgments are processed in a different 

manner than priming processes because different effects are found for the two types of 

tasks.  Arguably they could be considered the same overall cognitive process if they 

appeared to influence one another, but judgments seemed to have no effect on priming 
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results and priming first does not seem to change judgment predictions.  Both of these 

tasks showed that associative information is somehow separate from semantic 

information since the two word relationships produced different results on experimental 

tasks.  This separation led to the proposal of a modified Interactive Activation model to 

include a place for associative links to be processed.  Priming results appeared to support 

one model, and associations are placed at the lexical level where words are processed.  

Further research needs to be pursued to understand the interaction of word relationships 

when word pairs presented are allowed to vary on both association and semantics.  These 

studies further the understanding of how associative information is processed and if it is 

indeed stored at the lexical level. 
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Appendix A. Instruction Set for Experiments 1-5. 
 
Instructions for Semantic Judgments: 

This experiment is partially concerned with the how humans perceive similarities 

between the characteristics which define words. Consider the word (and concept of) 

TORTOISE. We know that a TORTOISE is a reptile with an exoskeleton and a hard 

shell. If we compare the word TORTOISE with the word TURTLE, we find that they 

share a majority of the same features. Therefore their definitions or characteristics 

overlap greatly.  

When compared, the words TORTOISE and SNAIL are found to have 

characteristics that are fairly similar, but there are almost as many dissimilar traits as 

there are similar. For example, both animals are reptiles and have exoskeleton shells. 

However a tortoise is a reptile and a snail is a mollusk. 

This means that the characteristics only moderately overlap. Although 

TORTOISE and SNAIL share many of the same taxonomy traits, the psychological 

concepts shared by TORTOISE and SNAIL differ from the taxonomical traits in the 

sense that the psychological traits separate the two concepts more than taxonomy would. 

If we compare the word TORTOISE with the word BANNER we find that there is 

very little which these two objects have in common. TORTOISE and BANNER are so 

dissimilar because the concepts of what make a TORTOISE and what make a BANNER 

hardly overlap at all. For example they are both physical objects, but a TORTOISE is 

animate and a BANNER is inanimate. 
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Words, as mentioned earlier, also vary in their association.  When asked to rate 

their feature overlap, your ratings of pairs of words should be based ONLY on how many 

features the words share. 

 

Instructions for Associative Judgments: 

This experiment is partially concerned with the structure of human associative 

memory.  Consider the word (and concept of) DOG.  We know that dogs breathe, eat, 

sleep, have four legs, have tails, are generally friendly toward humans, and, for some of 

these reasons, are related to other animals like cats.  All this knowledge is structured in 

some way and the mental structure is thought to come about through a process of 

associative learning.  So, for example, we often see the word DOG appear in the same 

context as the word CAT.  "It's raining cats and dogs."  "I have two dogs, but my 

neighbor has a cat."  And so on.  By experiencing the words CAT and DOG together 

many times, we develop an association (a mental connection) between them.  With lots of 

this kind of associative learning experience during our lives, we develop a very large and 

very complex associative memory. 

Psychologists are interested in understanding the structure of associative memory 

and have several ways of investigating it.  One method of investigating associative 

memory is known as a test of "free association."  In free association tests, participants 

like you are given a series of words and are asked to respond to each word by writing the 

first word that pops into mind. 
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You will be asked to judge two words based on their association.  When you do 

this think about this: 

Assume 100 college students from around the nation gave responses to each CUE word. 

How many of these 100 students do you think would have given the RESPONSE word? 
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Appendix B.  Instructions for Experiment 2. 

This experiment is concerned with how people process words.  You will be asked to view 
words and judge them.  These words are color coded for the type of judgment you will 
have to make. 
 
FOR ALL THE BLUE WORDS: 
Whenever you see a blue word, you should ask yourself if the word on the screen is a real 
word or a fake word.  For example, you would say yes to a word like COLD, but no to a 
fake word like WERM.  You will press the keys marked "Y" and "N" for yes and no.  
Any questions?  If no, press the enter key to try some for practice. 
 
FOR ALL THE RED WORDS: 
Whenever you see a red word, you should ask yourself if the word on the screen has any 
repeating letters.  For example, you would say yes to a word like DOCTOR, but no to a 
word like HAVE.  You will press the keys marked "Y" and "N" for yes and no.  Any 
questions?  If no, press the enter key to try some for practice. 
 
Now you are going to perform both BLUE and RED word judgments at the same time.  
Remember: 
BLUE WORDS: Is this a real word? 
RED WORDS: Are there repeating letters? 
This reminder will always be printed on the top of the screen, in case you forget.  Any 
questions?  If no, press the enter key to try some for practice. 
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Appendix C.  Extended Literature Review. 

Semantic Memory 

 What makes the difference between cows and horses?  Visually, they are very 

similar: each with four legs, tails, and grass eating animals.  Fortunately, the differences 

between cows and horses are stored in our own mental dictionary or semantic memory 

store.  Semantic memory contains all information about objects or general world 

knowledge and is frequently described as a mental dictionary (Tulving, 1993).  This 

memory system holds not only the definitions of words, but also their spelling, 

pronunciation, and relationships between words (Hutchison, 2003).  For example, horses 

and cows are similar because they share related features, which is stored in semantic 

memory.  The fact that both animals are found on farms and ranches would also be stored 

in semantic memory, which is the relationship between the words.  One way to study 

these interrelations is through semantic priming, which is seen as an increased processing 

speed due to word relatedness (Meyer & Schvaneveldt, 1971).  In other words, semantic 

priming is the speeded response to a word after the presentation of another related word.  

For example, in a news article about dairy farming and ranching, reading about horses 

and cows on those farms is very efficient and quick because the meanings of those words 

have already been processed.  

Models of Semantic Memory 

Semantic priming and other research has lead to several models of semantic 

memory that are used to explain how processing was speeded to due word relatedness.  

The most commonly used and cited model is the Collins and Loftus (1975) spreading 
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activation model.  This model was an expansion of Quillian (1967) and Collins and 

Quillian’s (1969) model that first described semantic memory connections, which was an 

early connectionist model.  Information, such as the concept COW, was stored as a node 

in a network containing large numbers of concepts.  To understand how these concepts 

are related to each other, links between the nodes were established.  For example, links 

could be several types, the most common being an “isa” relationships, where COW 

would be linked to ANIMAL because cows are types of animals.  Each specific node had 

a coded meaning, such as cow and horse, which was a localist representation of 

information in this semantic model.  Therefore, each concept was only stored in one node 

and all other information was stored through the links to other nodes.   

Word reading facilitation was found through the links between related nodes and 

their activation.  As we are reading, memory is searched for the concepts we are reading 

about.  Once that concept is found, it is activated, which in turn activates all the links to 

that node.  From there, all the nodes from those links are activated, which activates more 

links and activation expands in a spreading fashion.  Therefore, when COW was 

activated, the nodes ANIMAL, FARM, LEGS, etc. were activated, which also activated 

HORSE because the two concepts have those nodes in common.  This activation spread 

from the original node outward, but activation decreased as it expanded outwards.  

Decreasing activation allows the first related concepts to be the most activated, while less 

related concepts are only slightly activated.  This part of the model helped explain how 

semantic priming was strong for highly related words, but less strong for only weakly 

related words.  This effect was also found because nodes are organized based on their 
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links, where similar concepts have more links (i.e. COW-HORSE) than concepts that 

only have a few links in common (i.e. COW-PONY).  All of these concept nodes were 

linked to a lexical network that contains pronunciation information. 

Connectionist modeling continues to be used to try to explain semantic priming 

and other word related effects, much as the Collins and Loftus model (1975; Plaut et al., 

1995).  One of the main issues with the Collins and Loftus model was how the words are 

represented, in a localist representation where each concept was a labeled node.  Yet, this 

localist representation was not necessary and required more nodes than necessary to 

predict the same results (Plaut, 1995).  A local network mimicked semantic priming by 

activating a node, which in turn spread activation to other nodes as discussed earlier.  

Activation was easier or quicker for related words because the previous concept has 

already activated those connections (Collins & Loftus, 1975).   

However, the distributed representation network does not have each node as a 

specific concept, rather concept representation was distributed over the entire network.  

As a word was activated, it was the pattern of features for that word or a pattern of 

activation that represents the word and not a specific node (Plaut, 1995).  This model has 

been suggested as a better alternative to the localist representation because the brain does 

not store specific concepts to specific neurons.  Semantic priming was portrayed with 

distributed models as the overlap in activation of features, therefore similar words will 

have similar patterns and the network already has part of that pattern activated, which 

makes the second word easier to process. 
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McClleland and Rumelhart (1981) first designed the Interactive Activation model 

to explain how letter perception would change due to context of other letters.  This model 

was a localist connectionist model that holds that lexical information was contained in a 

network.  Features, letters, and words were represented by different nodes, which were 

represented on different levels.  First, physical features of letters were activated, which 

was contained in the visual input layer.  This layer and feature nodes were connected to 

the letters they form, and the letter layer was connected to the word nodes that the letters 

spell.  However, all these connections were either positive or negative unlike the Collins 

and Loftus (1975) model where connections were descriptive.  Activation of different 

levels occurred through the positive connections and negative connections would inhibit 

the activation of the connected nodes.  This model has been expanded to include a last 

level where words were connected to their meanings (Stolz and Besner, 1996).  The word 

to semantic level was explained as where semantic priming occurred.  As words were 

activated, the meanings of words were also activated and information was feed back 

down to the word level.  As the second word appeared, the activation from the prime 

word was still present, thus speeding further activation of that meaning. 

The Interactive Activation model differs from spreading activation models in a 

couple of important ways. First, in the Interactive Activation model, words do not 

activate each other, only their meanings.  In spreading activation models, the target word 

would eventually be activated, while in the Interactive Activation model there were 

negative links that prohibit words from activating each other.  The Interactive Activation 

model only had positive connections between levels, so activation only went upwards 
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(i.e. letters to words to semantic level) and back downwards (i.e. semantics to words, etc.) 

but not laterally.  As information flowed back from the semantic to word store, it 

supported the currently activated word (Stolz & Besner, 1999).  As mentioned, activation 

overlap quickened identification of the second word.  The use of top-down flowing links 

helped explain semantic blocking (Smith & Besner, 2001).  Given the right task 

instructions, the semantic to word store links can be blocked.  This block prohibited 

semantic information form going to the word level, which eliminated semantic priming. 

McKoon and Ratcliff (1989; 1992) have proposed a completely different type of 

model to explain semantic priming, the compound cue hypothesis.  They argued that 

people form pairs of words that are stored together by frequency of use, so that CAT-

DOG would be easy to recognized because of its frequent use (e.g. “it’s raining cats and 

dogs”).  Pairs were formed in short-term memory when reading or performing a task and 

then long term memory was search for that pair, which was the compound cue.  Pairs that 

were very familiar will be brought to mind quickly, which was why people responded 

faster to the second word.  If familiarity was very low, then the cue would be hard to 

bring to mind, which resulted in slow response times.  We store a large number of these 

word pairs, which are learned in context. 

Testing Semantic Memory 

These models predicted semantic priming effects from several different types of 

tasks.  Interference from word meaning activation can be seen as far back as in the Stroop 

task (Stroop, 1935).  The Stroop task involved a printed color word “BLUE”, which was 

printed in a different color (i.e. RED).  Participants were asked to name the color of the 



Texas Tech University, Erin Buchanan, August 2008 

102  

ink that the word was printed in.  However, participants found this task very difficult, 

making many errors and greatly slowing reaction time to name the color of the ink when 

the ink and the word do not match.  This task first showed how semantic activation of 

meaning could be relatively automatic, even though this effect can be eliminated and is 

much debated (Smith & Besner, 2001).  The Stroop effect can be eliminated by asking 

participants to focus on single letters or a part of the word for color naming.  For 

example, the word BLUE might be cued to focus on the E for color naming.  Stroop 

dilution can also be seen if only one letter is colored in an opposing color, while the rest 

of the letters are gray (Roberts & Besner, 2005).  Even now, the Stroop task has been 

used to determine the exact nature of the semantic memory store and how information 

from the semantic memory store can be blocked to better perform the task. 

By far, the most used task for investigating semantic memory and priming has 

been the lexical decision task (Hutchison, 2003).  The lexical decision task places two 

words together on a screen, and participants are required to make a “lexical” decision on 

the word pairs by saying if the pairs are words or nonwords.  There are three types of 

pairs: words that are semantically related, unrelated words, and word-nonword pairings.  

Semantic priming was found when related word pairs have faster reaction times than 

unrelated word pairs.  One problem with this task was the explicit pairing of words that 

makes obvious what the experiment was testing.  To solve this problem, the continuous 

or single lexical decision task was created (Ford, 1983).  In a continuous lexical decision 

task, participants are still required to make a word-nonword decision on words, but 

instead of pairing words together on the screen, the words were presented sequentially.  
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As participants respond to one word, another word was displayed on the screen and 

words were paired by appearing together in sequence.  Semantic priming was still a faster 

response to the related word, which was now the second presented word in the lexical 

decision task.  These effects were also found when participants were asked to orally name 

the words that were presented (Perea & Gotor, 1997).  Participants were given words 

sequentially as with the continuous lexical decision task, but asked to speak the word 

orally instead of making a word-nonword decision on them.  Again priming was the 

faster reaction times to name the second word after being presented with a related word. 

Event related potentials (ERP) have the capability to study the nature of semantic 

memory and semantic priming.  ERPs measure brain activation as processes occur, with 

relatively good temporal resolution.  The N400 wave is a negative waveform that occurs 

approximately 400 ms after a stimulus is presented to a participant (Brown & Hagoort, 

1993).  This wave has been described as a "contextual integration process", where word 

meanings are integrated together (Silva-Pereyra, Rivera-Gaxiola, Aubert, Bosch, Galan, 

& Salazar, 2003).  When related words are presented there is an attenuation of the N400, 

or it curves more positively, which reflects the lack of contextual integration because the 

word meanings have already been activated by the first word.  The N400 has been used to 

study semantic priming, since it is thought to reflect evidence for semantic processing of 

words, and also provides additional evidence for studies in semantic priming. 

Problems with Testing 

 A general problem with testing semantic memory is that there are several 

controlled processes that also predict semantic priming as opposed to automatic 
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activation in the semantic network (Neely, 1991).  Controlled processing means that the 

person is biasing processing of words and semantic connections in some way.  

Expectancy generation was one of those types of processes and was the idea that as 

people read words they create an expectancy of what is going to come next, especially in 

sentences.  Expectancy generation was considered a controlled process because people 

were theoretically consciously generating related words, instead of automatic activation 

of word meanings.  Semantic priming occurred when the expectancy set generated 

includes the word that was read or seen soon after.  For example, CAT might generate 

LION, DOG, and HISS, so when DOG appears it was processed quicker than an 

unrelated word, such as PAPER, because DOG had already been partially processed.  

Post lexical matching has been described in a similar way, where people delay 

processing on the second word until they have compared it to the original word to see if 

the words match.  Processing for the second word was easier if the words match, whereas 

a mismatch causes a delay in processing (Neely, 1991).  For example, two words were 

presented, CAT-DEG, participants delayed their response to CAT until after DEG had 

been processed and determined to be a nonword.  If two related words were presented, 

MOUSE-CHEESE, the decision that both are real words was very quick because 

participants have checked the second word to see if it was related to the prime word.  If 

they are related, this biased processing in the same way that expectancy generation 

quickened semantic processing.  Semantic priming was found because that bias speed the 

response to the second word. 
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                       Researchers have devised ways to eliminate controlled processing to test 

the automaticity of semantic priming.  Priming studies were usually lexical decision 

tasks, where participants have to decide if the symbol presented was a word or nonword.   

Traditionally words were presented in pairs; the first one was the prime, which facilitated 

the processing of the second word (the target).  This type of procedure allowed 

participants to form expectancies because the words were already paired together, which 

indicates they should be processed together.  The single or continuous lexical decision 

task was the modification that helped eliminate expectancy formation.  In a single lexical 

decision tasks, participants were asked to judge one set of symbols at a time if they are 

words or non-words, so there was no obvious pairing between words (Ford, 1983).  

This procedure did not necessarily control for post lexical matching, however, so 

researchers started to mask the prime words, so prime words could not be named.  

Masking involved showing a word for a very short time, followed by a set of symbols 

that covered up where the prime was presented.  This procedure allowed for semantic 

priming, but kept the participants from using any controlled mechanisms, since the word 

was not nameable (Brown & Hagoort, 1993).  Masking controlled for expectancy 

generation by not allowing participants to generate words and controlled for post lexical 

matching because there was no word to compare to.  Stimulus onset asynchrony (SOA) 

has been used similarly as masking to control for expectancy generation effects.  SOA is 

the amount of time between the presentation of the first prime word and the onset or 

beginning of the presentation of the second target word (de Groot, 1984).  SOA 

controlled the amount of time that participants had to generate target words by keeping 
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the time between prime and target very short.  Longer SOAs have been said elicit 

controlled mechanisms because participants have longer to generate those expectancies 

(Hutchison, Neely, & Johnson, 2001). 

Participant’s use of post lexical matching is influenced by the relatedness 

proportion of the experiment.  Relatedness proportion was the ratio of related word pairs 

to unrelated word pairs in an experiment (Neely et al., 1989).  As the number of related 

word pairs increased, participants began to notice that such a pattern was emerging and 

they used the relationships between words to help with the task.  In a lexical decision 

task, the relationship between words would bias the participant's answer toward "word" 

because that relationship exists.  The absence of a relationship between the words would 

bias participants to answering "nonword" to that trial.  Relatedness proportions were 

generally kept low (below .3 or 30 percent) to keep participants from using post lexical 

matching to perform the task.  Hutchison (2007) found that participants were sensitive to 

relatedness proportion effects, and semantic priming increased linearly with relatedness 

proportion and expectancy generation. 

 One way to use both SOA and masking together was to use a rapid serial visual 

presentation (RSVP) task.  In an RSVP task, participants are required to detect stimuli 

presented at a very high rate in time, usually around 10 stimuli per second.  One to three 

target words were usually presented during the course of the task, where the rest of the 

stimuli were distractors (i.e. meaningless symbols).  This task controlled for SOA effects 

because the distance between words could be controlled by placing distractors between 

them or placing the stimuli directly after one another in time.  Varying SOAs could be 
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created to be test for priming.  Masking was created by the next word in the RSVP 

stream, and it has been found that masking was one cause for participants missing words 

that were presented in the RSVP stream (Shapiro, Arnell & Raymond, 1997; Vogel & 

Luck, 2002).   

 Priming has been shown before with this type of task, and priming was found as 

increased rates of report for target word as opposed to faster reaction times (Maki et al., 

1997; Davenport & Potter, 2005).  Priming was tested by creating an attentional blink, 

which was described as missing a second target in an RSVP stream because it was 

presented close in time to another first target (Vogel, Luck & Shapiro, 1998).  The 

attentional blink caused participants to miss words, so priming would increase the report 

of those words for related pairs presented in the stream as opposed to unrelated pairs 

presented in the stream.  Priming has also been shown from words in the stream that were 

distractors (Maki et al., 1997) and to words that were presented outside the RSVP task 

(Davenport & Potter, 2005).  For example, the word CHEESE might be presented before 

the start of the RSVP stream and there would be increased reports of the word MOUSE if 

it was presented in the RSVP stream because of the word relationship. 

Associative memory 

Testing semantic memory has also been complicated by word pairs because there 

is more than one relationship type between pairs of words, such as associative 

relationships.  These relationships are created through text and speech and are the 

common co-occurrences of those words together in print or talk (Nelson, et al., 2000).  

HELP and WANTED are an example of a word pair that does not have any semantic 
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meaning together, but occur commonly together on signs, which makes them related.   

Associative relationships are also described as the probability that one word will elicit 

another word (Ferrand & New, 2004).  This type of relationship between words captures 

more of the social uses of words in language and is ever changing as culture evolves 

(Nelson et al., 2004).  For example, culture has influenced associative relationships so 

that the most common word to come up with INSTINCT is BASIC, and ROCK and 

ROLL are very highly associatively related.  

There have been several studies that try to dissociate the difference between 

semantic and associative priming, however studies usually lack control on their stimuli 

sets (Hodgson, 1991; Williams, 1996; Ferrand & New, 2004).  In these experiments, 

word pairs were usually selected that appeared to have one relationship or the other.  

Those word pairs were sometimes then normed by a set of participants who would rate 

the word pairs on their semantic similarity or associative relationship.  Word pairs were 

then generally passed down experiment-to-experiment, which just perpetuated the use of 

words that are not controlled.  The problem was and is that even most studies of pure 

semantic priming have weak to moderate associative relationships (Lucas, 2000). 

Word Norms 

 One solution to separating out semantic and associative relationships is to use the 

collection of norms and databases that exist for both word types.  These databases and 

models are created to help better understand the nature of the underlying relationships in 

both semantic and associative memory.  They have been used to understand semantic 

priming and other psycholinguistic phenomenon, but very rarely as controls for 
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associative and semantic priming.  If they have been used as such, it was an error in the 

opposite direction.  For instance, there have seen several occasions that semantic 

similarity was created with an associative relationship database (Potter, 2005).  Not only 

does this muddle the results of semantic priming, it also makes associative priming 

unclear because even those associative relationships were not controlled for semantic 

relationships.  With the advent of these large databases of semantic and associative 

information it is much easier to control for each type of relationship. 

Nelson et al. (2004) has created the largest associative word norm database to 

data, which contains about 72,000 pairs of free association norms.  Free association 

norms were created by asking participants to name the first word that comes to mind 

given another cue word (Nelson et al., 2000).  Participants would receive a booklet of 

these words, which might contain words like LOST and NEW, where most participants 

would fill in FOUND and OLD.  Free association is the probability that a cue word will 

elicit a response word, which was calculated by averaging the responses to cue words 

over participants.  Nelson et al. (2000) asserted that the reliability of these norms is quite 

high (r=.89), especially since the responses have been averaged over several thousand 

participants (e.g. approximately 200 participants per word pairing).  There are two types 

of free association measures that are used here for experimental purposes.  Forward 

strength (FSG) is the probability that the first word listed will bring to mind the response 

word, while backward strength (BSG) is the probability that the response word will bring 

to mind the cue word.  If the word CAT was presented to a participant about 26% of the 

time the participant will respond with MOUSE (which is the FSG for CAT-MOUSE).  
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However, if the participant was cued with the word MOUSE about 54% of the time, they 

would respond with the word CAT (which is the BSG for CAT-MOUSE).  These 

measures can be reversed for the opposite pairing of the word pair, for example MOUSE-

CAT.  Free association is affected by culture and common phrases, so word pairs like 

ROCK-ROLL are highly related due to their appearance in print and language.  Free 

association taps into lexical information that emerges due to experience. 

From the Nelson et al. (2004) database another associative measure was created, 

which was word association space (WAS) (Steyvers, Shiffrin, & Nelson, 2005).  Steyvers 

et al. (2005) took the Nelson et al. database and manipulated it so that the database was 

scaled to find the shortest distance between two words.  This distance was calculated by 

finding the natural log function between the words in an association space.  All paths 

between words were created and the natural log for the FSG between words along the 

word paths were summed.  This method allowed for the examination of indirect 

relationships, such as CAT-CHEESE, which is only related the word MOUSE (i.e. CAT-

MOUSE, MOUSE-CHEESE) because those word links are included in the FSG and BSG 

summation.  The WAS measure has been able to successfully predict results from 

experiments on recognition memory, cued recall, and free recall. 

Semantic word norms have been created in much the same way as free association 

measures.  Participants were also given a list of words, but instead of writing the first 

word that comes to mind, they were instructed to list all the necessary features of that 

cued word.  For instance, a participant might list legs, tail, fur, barks, etc. for the cued 

word DOG.  541 words were normed for both living words (DOG) and nonliving 
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concrete words (CHAIR) by McRae et al. (2005).  They asked participants to not only list 

the necessary features of the object but also its physical properties (how it looks) and 

functional properties (what the word was used for, i.e. CUTTING for KNIFE).  All of the 

responses were then complied into a database that contains the frequency of each word 

response.  In comparison to the Nelson et al. (2000) database, these frequencies are not 

averaged across participants; instead feature overlap was assessed by comparing the raw 

frequencies.  The feature overlap cosine (COS) for pairs of words was calculated by 

multiplying the frequencies and dividing by the number of frequencies.  If words have the 

same meaning and share all the same features, then their cosine score was 1, while 

completely opposite words with no shared features have a cosine of 0.  This cosine 

measure was used not only in this database, but also several other semantic relationship 

databases as well. 

Another measure of semantic similarity through feature overlap is the JCN 

measure created by Maki et al. (2004).  JCN is named after the original researchers who 

designed the formula, Jiang and Conrath (1997).  The JCN database was created by using 

WordNet, which is a large-scale online dictionary.  This dictionary contains definitions of 

words in a hierarchical network, and similar to the Collins and Loftus (1975) model, 

nodes are linked together by relationship (such as is-a or has-a).  This organization 

information was used to combine both the specificity of the word (i.e. how far down the 

hierarchy it is) and how many links away from the word it was paired with.  WordNet has 

many more entries than the McRae et al. (2005) feature production norms, therefore this 

database allowed for a much larger set of semantically related word pairs.  Maki et al. 
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(2004) tested this database by asking participants to make relatedness judgments on pairs 

of words by assigning word pairs scores of completely related to completely unrelated.  

Participant ratings were compared to JCN values and were found to be highly related, 

where as participant ratings decreased as word pair semantic distance increased.  This 

database has been used in predicting and explaining judgments of relatedness and for 

creation of word pairs for experiments. 

Related meanings of words has also been pulled from large bodies of text based 

on the idea that words that are close in meaning will appear frequently together in text.  

The Hyperspace Analogue to Language (HAL) was created by Burgess and Lund (1997) 

to understand how semantic knowledge is used in sentence processing.  The model 

learned words by scanning text 10 words at a time and noting what words occur together 

by marking the how far apart they appeared from each other.  They used 70,000 of the 

most frequent words that appeared in the corpora, which were then subjected to 

multidimensional scaling to see if the words overlapped in high dimensional space.  

Multidimensional scaling places words in a several dimension space, where words with 

common occurrences will appear bunched together because multidimensional scaling 

seeks to find the shortest distance between words.  This model has been used to 

understand verb use, parsing, and semantic priming. 

Latent Semantic Analysis (LSA) was another one of the first attempts at 

understanding semantic similarity due to co-occurrence in text (Landauer & Dumais, 

1997).  To compute similarity the model scanned each text base and computed the 

frequency of local co-occurrence, which was how often two words appear together in a 
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small word window and how closely they appeared (how many words apart).  Singular 

value decomposition was then used to reduce the number of vectors in the database, so 

that 300 dimensions were retained for roughly 60,000 words.  Semantic similarity for 

word pairs was usually computed as the cosine between these two word’s dimension 

scores.  LSA has been used to investigate many psychological phenomena such as 

children’s word learning and comparing the meaning of two separate texts (Landauer & 

Dumais, 1997). 

 The Correlated Occurrence Analogue to Lexical Semantics (COALS) model is 

very similar to LSA, also computing semantic similarity based on texts (Rhode, 

Gonnerman, & Plaut, 2004).  The model created the same co-occurrence matrix as LSA, 

using a very small window (4 words) calculating both the distance and frequency words 

appear together.  One model of COALS used singular value decomposition, as with LSA, 

and one model excluded all but the most used 14,000 columns of the matrix (as defined 

by having the most values, since many cells are blank in the matrix).  The relationship 

between pairs of words was computed by the correlation of the two rows of the matrix, 

instead of their cosine value.  Both models predicted performance on several tasks (such 

as word ratings) and semantic similarity equally well. 

 BEAGLE (Bound Encoding of the Aggregate Language Environment) has also 

been offered as an alternative to LSA (Jones, Kintsch, & Mewhort, 2006).  BEAGLE 

included information about the context in which a word appears by using a memory 

function that collects the co-occurrence of words in text.  The memory function also 

encoded the relative position of words together in text, so that both position and 
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frequency co-occurrence were represented together.  This representation was slightly 

different from the above mentioned databases because it encoded word order and not 

distance from other words.  Word pair similarity was also computed as a cosine between 

the two words vectors, which was represented in semantic space, similar to WAS.  

BEAGLE has been used to predict performance on semantic, associative, and mediated 

priming. 

Another use of memory in text-based models was Kwantes’ (2005) semantics 

model (SEM).  In the model, Kwantes’ created a memory representation for every 

context the word appears, or every document the word was located in.  Words were then 

probed and the degree to which the memory representation matched the probe was 

similarity between words (as computed by the cosine of two vectors).  The probe created 

an activation for each word, and the semantic representation of a word was the activation 

of the averaged across memory contexts.  Kwantes’ argued that semantic representation 

was based on retrieval not only into semantic memory, but also episodic memory of the 

context in which the word occurred. 

Examples of Priming 

 Semantic priming has been shown with many types of relationships including 

synonyms, antonyms, property relations, category members, etc (Lucas, 2000).  For the 

concerns of this review, studies concentrating on the difference between semantic and 

associative priming will be highlighted.   Fischler (1977) was one of the first researchers 

to try to make this distinction.  He normed words to get “purely” semantic pairs, which 

were tested through a lexical decision task to capture semantic priming.  Semantic 
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priming was found, so that related word pairs were responded to faster than unrelated 

word pairs.  The priming strength depended on the semantic similarity as judged by 

participants in the norming study.  Association pairs also created priming, but the mutual 

relatedness of pairs did not correlate with the size of the priming effect.  Therefore, the 

combination of both semantic and associative relationships did not increase the size of 

the priming effect. 

 Moss, Ostrin, Tyler, and Marlen-Wilson (1995) argued that functional 

relationships were necessary for semantic only priming.  Functional relationships were 

described as instruments, which were related by performing actions on one another 

(HAMMER-NAIL) and scripts were words that belong to the same schema 

(RESTAURANT-WAITER).   These two types of relationships were considered to be the 

main proportion of semantic relationships.  Moss et al. tested these relationships with 

either strong or weakly associated words to see if association was necessary to create 

priming.  Only instrument items were found to prime in both an auditory and visual 

lexical decision task and priming was found with and without association.  Therefore, 

they concluded that instrument items can semantically prime without association. 

 McKoon and Ratcliff (1995) and Perea and Gotor (1996) have both tested the 

nature of synonyms and antonyms in semantic priming.  McKoon and Ratcliff presented 

participants with lists of words that were either primarily synonym pairs or primarily 

antonym pairs.  There was priming found for these words given that they matched the 

context of the list presented (either synonym or antonym) using a lexical decision task.  

However, reduced priming was found when a naming task was used, so the results on this 
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type of priming were mixed.  Perea and Gotor (1996), conversely, found priming for 

synonyms during both a lexical decision task and naming paradigm.  In another 

experiment, they found both synonym and antonym priming using short SOAs (66ms and 

166ms) with a masked priming experiment.  One issue with using synonums and 

antonyms was that they were represented in the associative word norms also (i.e. LOST-

FOUND has a very strong associative relationship).  Priming occurred in the Perea and 

Gotor experiments using both weakly and strongly associated items, albeit very small 

effects.   

 Perea and Gotor (1997) have further tested associative and semantic priming at 

very short SOAs.  They presented participants with a mix of associatively and 

semantically related words in both a lexical decision task and a naming task.  They used a 

naming task to help for controlled processing and to show evidence from both the lexical 

decision task and the naming task, which has traditionally small priming effects.  Their 

first experiment found priming for both word pairs at short SOAs (e.g. 50ms, 67ms), 

while experiment two found priming at 67ms for word pairs, including associative 

synonyms.  They argue that strong associative relationships were not necessary for 

priming and that semantic priming could be separated from associative priming, 

especially at very short SOAs. 

Keifer (2002) argued that at these short SOAs it was important to find semantic 

priming because at longer SOAs priming may have passed.  He used masked priming and 

the N400 to detect if semantically related words were primed at short SOAs.  There was 

N400 attentuation for related word pairs in both the masked and unmasked conditions, 
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which indicated that priming had occurred for both word pairs at short SOAs. The next 

experiment tested if partial information was available from the masked prime to make a 

controlled judgment on the target word.  To do this, Kiefer asked participants to judge if 

the masked word was semantically or visually related to a presented context word.  If 

partial information was pulled from the masked prime, then these judgments would be 

above chance.  However, he found that judgments were around chance guessing, so no 

partial information was available to make judgments on the words.  Therefore, semantic 

information was found to be automatically spreading from the masked word. 

Hodgson (1991) also has tested the nature of semantic and associative priming at 

long and short SOAs.  Word pair lists were created so that there were associatively 

related, semantically related and categorical pairs.  Participants were tested using a 

lexical decision task and reliable priming was found for all word pair types at all SOAs, 

both long and short.  He concluded that finding both types of priming meant that the 

network in models of semantic memory also contained associative and categorical 

information, so it was not exclusively semantic.  The next experiment tested if there was 

predictive strength in having associatively related semantic word pairs or if just general 

association created priming.  The word pair lists were then tested again using a naming 

task, but no priming was found for any word pairs.  Hodgson concluded that any pair of 

related words will create priming effects and it was not necessarily one type or another 

that created priming. 

 This finding of priming at all SOAs was replicated in Ferrand and New’s (2004) 

experiment, which found significant priming at both short (<50ms) and longer (>500ms) 



Texas Tech University, Erin Buchanan, August 2008 

118  

SOAs using a lexical decision task.  Using French norms, they created two lists of word 

pairs that were dichotomously related, therefore creating purely associative and purely 

semantically related pairs.  They tested these word pairs by having participants rate pairs 

on their semantic relatedness, which was found to coincide with the word norms in 

French.  Significant priming was found in both the associative word and semantic word 

conditions, indicating that these two word types could prime independently of each other. 

However, Williams (1996) also tested pure forms of semantic, associative, and 

other word pair types for priming effects.  Associative pairs were broken into normative 

associative words, which were words found in word association norms and collocates, 

which were words that are frequently found together in text.  He tested these word pairs 

by using a masked lexical decision task with very short SOAs so no controlled process 

would be used.  Only the collocated word pairs were significantly primed, which 

generated the inter-lexical priming hypothesis.  In the inter-lexical priming hypothesis 

Williams stated that associative information was stored between word connections at the 

lexical or word representation level.  This information was gathered through the use of 

words in language continuously, so as they were activated together, a linked was formed 

that stored the information of how they were used together.   

One problem with this hypothesis is that semantic priming is usually seen in 

experiments, and Thompson-Schill et al. (1998) claimed that semantic relationship was 

necessary for priming to be found.  They used free association norms to control the 

forward and backward strength for semantically related pairs, while also creating word 

pairs that were associatively related only.  They used a lexical decision task with short 
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SOAs to test the difference between semantic and associative priming.  They found 

priming for associative pairs with several types of relationships.  Symmetric pairs had 

equal forward and backward strengths, while asymmetric pairs had non-equal 

relationships between forward and backward strength.  Equal priming was found for both 

types of these associative pairs, but words with no semantic relationship were not primed.  

They concluded that semantic relatedness was necessary to create priming effects but that 

the nature of the associative relationship did not matter for priming.   

Associative priming through the lexical level was supported, however, by findings 

of Shelton and Martin (1992).  They used a single lexical decision task to test associative 

and semantic word pairs in a mediated priming task.  Mediated priming is the finding that 

words that are not directly related will prime each other.  This priming involves having an 

indirect relationship between the prime and the target, so that the words do not seem 

related, but there is third related word for both of them For example, LION will prime 

STRIPES even though these two words are not directly related, but indirectly related 

through the word TIGER.  They found that only associative pairs, which were taken from 

word norms, showed mediated priming.  The semantic pairs with no association did not 

prime each other, therefore priming only occurs at the lexical level, as Williams (1996) 

suggests. 

Mediated priming studies have also shown that even when people do not see the 

connection between word pairs, priming will still occur.  Kreher, Holcomb, and 

Kuperberg (2006) asked participants to judge the semantic relatedness of words pairs for 

directly, indirectly (mediated), and unrelated word pairs.  They found that only related 
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words pairs were seen as semantically similar, and similar pairs had significantly 

different ratings from indirect and unrelated, which did not differ.  However, even though 

participants did not judge the indirect word pairs to be related, an N400 modulation was 

seen for the second word in those pairs.  A linear relationship was found: highly related 

words or the direct pairs had strong attenuation, while indirect pairs had a weaker 

modulation, and unrelated showed a normal N400.  This linear pattern was also seen 

when participants are asked to judge for semantic categories, which asked if the two 

words were in the same category.  The N400 priming effect was seen even when 

participants said there was no relationship between indirectly related words, which 

supported the existence of priming for mediated pairs. 

Koivisto and Revonsuo (2001) were interested in what cognitive 

representations created priming effects.  They used a single lexical decision task to test 

three different types of relationships, pairs of lexically associated words, semantically 

associated words, or unrelated pairs.  Lexically associated words did not belong in the 

same semantic category and did not share semantic features (e.g. wind - mill); while 

semantically associated words belonged in the same semantic category (e.g. sofa - bed).  

Reaction time priming was found for both sets of words as compared to unrelated pairs.  

However, the N400 results presented a different picture of semantic priming.  

Semantically associated words only modulated the N400 waveform early (250-375 ms), 

while lexically associated words modulated the N400 waveform both early and late (250-

500 ms).  Since these types of word modulated the N400 differently, it appeared that they 

were two different processes or that they may tap into different stores of information.  
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The attentional blink literature has been used to test semantic and associative 

priming using the RSVP task mentioned earlier.  Shapiro, Driver, Ward and Sorensen 

(1997) showed semantic priming using a 3-target RSVP task.  The three-target task was 

created so that the second target would be “blinked” (i.e. missed) to see if missed targets 

would prime the third target.  They found semantic priming for the third target, even 

when the prime word was missed and could not be reported.   Shapiro et al. argued that 

type information was drawn from words in the attentional blink, which was the 

information on the abstract category for that word.  This type information would prime 

the next word in the RSVP stream, which provided support for category semantic priming 

in the attentional blink. 

Potter, Dell’Acqua, and Pesciarelli (2005) found semantic priming (albeit using 

word association norms) using the same type of design.  They created a newer form of 

the RSVP task, so that there were two streams of stimuli presented at once.  Participants 

were required to monitor both streams for words that will be presented among distractors.  

This change allowed for several interesting alterations.  First, SOA could now be 

manipulated at an even finer level because words can be present on the screen at the same 

period of time (e.g. one being in the top stream and one being in the bottom stream).  

Now priming could be found from the second target to the first target because they are 

presented at the same time or very nearly at the same time (i.e. SOA of 27ms with an 

overlap of 27ms).  When the two targets in the RSVP stream were related, there was an 

increase in report for both target words.  However, when the words overlap, the second 

target would actually prime the first target as compared to reports when the targets do not 
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overlap.  These findings showed that priming could happen during the attentional blink, 

especially at very short SOAs, including when presented nearly on at the same time in the 

RSVP stream (also see Davenport & Potter, 2005). 

  Associative priming was also seen with the attentional blink paradigm (Maki et 

al., 1997).  Word pairs were created using the word association norms and tested in 

several different types of RSVP streams.  First, if the words were associated, then 

priming was seen for the second target in the RSVP stream, which was seen as an 

increased report rate for target two for related pairs as opposed to unrelated pairs.  Using 

the Shapiro et al. (1997) 3 target stream also indicated priming for target three when the 

second target was blinked and words were associatively related.  These effects continued 

to be found when participants are told to ignore the priming word in the RSVP stream.  

Maki et al. (1997) then tested the duration of priming by varying the number of 

distractors presented between the target words (e.g. varying SOA).  When both words 

were targets, priming was found up to 400ms away from the prime word.  For instance, 

after the first target word was presented (the prime word) there could be one to 

approximately four distractors between the prime word and the second target word for 

priming to occur.  Distractor priming was found at short distances, usually one to two 

distractors between prime and target or about 100 to 200ms.  Therefore, target two report 

increased between one to two distractors after the prime word, which participants were 

told to ignore.  These experiments indicated that associative priming can be found in the 

attentional blink, especially at short SOAs. 

Finally, both the attentional blink and traditional tasks for priming can be put 
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together to show priming in a different way.  Visser, Merikle, and Dilollo (2005) asked 

participants to perform both an RSVP task and lexical decision task at the same time.  

Participants were told to monitor the RSVP stream for the first target, which was a letter 

or number.  They were required to say if this target was a letter or number and then watch 

for the second target in the RSVP stream.  The second target was always a word, and 

participants were asked to perform a lexical decision task and name if the second target 

was a word or nonword.  After the stream was over and both target questions were 

answered (i.e. letter/number and word/nonword), then a three letter word stem would 

appear.  Participants were explicitly instructed not to use the word from the RSVP stream 

to fill in the word stem.  If the lexical decision task was correct, then there was a very low 

use of the target word in the stem completion task.  If the lexical decision task was 

incorrect (which indicated they had not seen the word), then there was a higher use of the 

word to complete the stem task.  This indicated that the second target in the RSVP was 

primed but not completely processed, which was similar to masked priming.   

All of these varying studies have indicated priming for either semantic or 

associative priming or a combination of both.  None of them however, have been 

completely controlled with word norms to really separate the difference between these 

two types of priming.  The proposed study will try to dissociate the nature of semantic 

and associative priming.  These word pairs will be studied both when they are completely 

separate (i.e. only one relationship) and with varying relationships between the two types 

of relationships.  The study will test these relationships by using a combination of several 

paradigms mentioned (RSVP and lexical decision task), but will also test the blocking of 
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those types of information.  More specifically, blocking for associative information will 

be explored to see if the Interactive Activation Model can be modified to fit associative 

priming. 

Examples of Blocking 

One of the main arguments concerning semantic and ultimately associative 

priming, is if the spread of information is automatic or controlled.  Semantic priming was 

usually assumed to be automatic, but recently has been shown to be blocked due to task 

instructions (Stolz & Besner, 1996; 1999).  Combinations of semantic priming measures 

were used and people were effectively able to block semantic information when the task 

set does not involve the use of meaning information.  Smith (1979) was the first to test 

contextual effects of semantic priming or if semantic priming would facilitate other tasks.  

Participants performed a letter search task along with a lexical decision task.  In the letter 

search task, participants were asked if a string contained a target letter, and then 

performed a lexical decision task.  Smith found that the processing of the target word was 

facilitated as long as the proceeding word was semantically related.  Semantic priming 

was blocked if participants were required to do a letter-by-letter analysis of the prime 

string.  Letter-by-letter search was activated by identical probes (same prime repeated), 

and conditions where letter search was required for both prime and target.  Smith 

concluded that semantic activation no longer occurred if a letter search was necessary, 

however even letter search did not block semantic priming in some conditions when the 

prime word was semantically similar. 
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Stolz and Besner (1996) also tested semantic information blocking due to task 

requirements using a letter search task.  Participants were asked to search a word for a 

target letter and indicate if that target letter is present.  For example, participants would 

be asked if the word CARROT contained an O.  After the letter search decision, a target 

prime word would appear, and participants would perform a lexical decision task on this 

second word.  If semantic memory was always used when words are read or analyzed, 

then priming should be seen for words related to the letter search word, such as RABBIT 

for CARROT.  However, semantic priming was not found when participants performed 

the letter search task first for all cases of related words, unlike Smith’s (1979) original 

findings.   

Mari-Beffa, Valdes, Cullen, Catena, and Houghton (2005) tested Stolz and 

Besner's (1996) task to see if the N400 priming effect was still present, even after 

behavioral priming had been eliminated.  They found larger N400s for related words 

when letter search task was used as compared to unrelated words, indicating inhibition of 

semantic level activation for related words or blocking of the word to meaning path in 

Stolz and Besner's (1996) model.  This effect was opposite of what is normally found in 

lexical decision tasks, where related words pairs produce an attenuated N400.  The larger 

N400 reflected the contextual integration process because a controlled process had 

blocked information from traveling to the semantic level.  These findings seemed to 

indicate that semantic activation can be controlled or blocked. 

However, Heil, Rolke, and Pecchinenda (2004) found an opposite effect using the 

same task as Mari-Beffa et al. (2005).  They had semantically related, unrelated and 
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repeated word conditions, where the participant was first asked to judge if the prime word 

contained a target letter.  Reaction times were decreased for the repetition pairs only, so 

no semantic priming was found because semantically related and unrelated pairs did not 

differ in their reaction times.  But unlike Mari-Beffa et al., a small significant N400 

attenuation was seen during the related contexts.  The inclusion of the repeated pairs may 

have made the related pairings more obvious or meaning readily available for related 

pairs.  Participants may not have been inhibiting semantic information in Heil et al.'s 

study because it helped them do the second task, especially since the relatedness 

proportion was high.  The N400 finding indicated that semantic activation was partially 

automatic, even when task demands did not include semantic information. 

According to Stolz and Besner (1996), the letter search task only required the use 

of the lexical or word information level, so meaning information from the semantic level 

was blocked.  When this information was blocked, the second word had to completely be 

processed for meaning, unlike when semantic priming occurs and the target word has 

already been partially processed.  Further support for this type of paradigm and results 

was seen in Chiappe et al. (1996), where domain specific blocking was found.  They 

asked participants to perform a letter search, followed by a global color decision on the 

prime word (i.e. what color is the word).  When the letter search was used, no semantic 

priming was found, which indicated a block of semantic information so the task can be 

performed.  However, in the color decision task, semantic priming was found.  The 

differences between the tasks indicated that there was competition between the lexical 

and semantic levels in the letter search task because semantic information could interfere 
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with the letter search task.  That competition did not extend to the color decision task 

because the meaning of the word did not affect the processing of its color. 

In their review paper on semantic blocking, Stolz and Besner (1999) also showed 

how the Stroop task can be altered to eliminate semantic priming, or word interference 

from the printed word.  In a similar vein to their original experiment, they asked 

participants to perform the Stroop task and name the color of the ink the word was 

printed in.  Normally, this task produces interference when the ink color and the word are 

not the same, such as BLUE printed in red ink.  However, the Stroop interference could 

be eliminated when participants were cued to look at one letter of the printed word for the 

ink color.  Also, the Stroop effect was eliminated when only one or few of the letters 

were printed in the opposing color and the rest of the letters are printed in grey.  Again, 

Stolz and Besner (1999) argued that these tasks eliminated semantic information because 

the focus of the task was on the lexical level.  Semantic information was not necessary to 

complete the task, so participants blocked that information. 

All of these studies have indicated a block of semantic information, but 

examining the Interactive Activation model shows that there are two places that semantic 

information can be blocked.  First, the word information can be completely blocked from 

traveling up to the semantic memory store, so no semantic information is ever activated 

or available.  Alternatively, semantic information could be activated but that information 

can be blocked from traveling back down to the word level.  Therefore, meaning about 

words is activated but prevented from being used during the letter search task.  Both 
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Brown et al. (2001) and Smith and Besner (2001) have performed experiments to 

determine exactly where the block of semantic information is occurring. 

Brown et al. (2001) study followed the same general paradigm as the previous 

experiments, only they required participants to ignore the prime word on some of the trial 

conditions.  There were three sets of stimuli that appeared on the screen, which included 

a prime word, target word and set of numbers or letters.  In some conditions, participants 

would search the prime word for a letter (does DOCTOR contain a C?).  However, in 

another set of trials, participants would use the set of letters or numbers to search for a 

target (does DNCTDR contain a C or does 134857 contain a 4?).  During the 

letter/number search priming was not found from either the target word when it was 

searched or from the target word when it was ignored.  The task set of performing letter 

search completely blocked semantic information.   

The last set of trials indicated where the block of semantic information occurred.  

Another set of trials was a set of lexical decision trials, but that still contained the three 

types of stimuli.  Therefore, in some trials participants would use the real prime word for 

the lexical decision task, while others would use the distractor letters presented under the 

prime word.  If semantic priming was completely blocked from word to letter level, then 

ignored primes in the lexical decision task should not prime target words.  However, if 

semantic information is only blocked from the semantic level back down to the word 

level, then ignored primes could prime the target word because now the letter search task 

was not blocking that information.  Brown et al. (2001) found priming in all conditions of 
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the letter search task, indicating that semantic information was blocked from the semantic 

level back down to the word level during a letter search task. 

Smith and Besner (2001) found the same effects using a slightly different 

procedure.  Participants were given a prime word that was read, which was followed by a 

lexical decision task or letter search task.  The prime word was presented in two different 

colors, which cued participants for either the lexical decision task or the letter search task.  

Since the prime word was presented before the letter search or lexical decision task, it 

was supposed to activate semantic memory.  This design was backwards from the 

original design where the letter search was presented first, followed by a lexical decision 

task.  In this paradigm, semantic memory has been activated by reading the prime word, 

so any differences found between the two conditions is due to a block on the semantic to 

word level links.  Smith and Besner found that the letter search task showed no priming, 

while the lexical decision task showed normal priming effects.  This finding indicated 

that during the letter search task the prime word’s meaning was blocked so the letter 

search could be performed.  All of these results supported an active block of semantic 

information to the word level during specific task instructions. 

Judgment Priming and Blocking 

Further support for semantic blocking was seen with word pair judgment tasks.  In 

judgment tasks, participants view pairs of words and judge them on their associative 

relationship by asking how many people out of a 100 would name a response word given 

a cue word (i.e. 76 people would say FOUND in response to LOST).  These ratings were 

then compared to their forward strength value (FSG), which should correspond one to 
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one if ratings were perfectly aligned with their strength values.  However, Maki (2007a) 

found that participants consistently overrate word pairs, so that the relationship between 

judgment and actual relationship was a nearly a flat linear line.  Participants ratings 

decreased when word pair relationships were set to zero, but the ratings were still 10 to 

12 percent higher than the actual relationship.  The slope of the relationship between 

judgments and word pair relationship was nearly unchangeable, even after discrimination 

training.  Discrimination training gave participants feedback on their ratings, which told 

them their rating and the actual rating of word pairs.  Participants continued to be 

insensitive to associative strength even after this training. 

This insensitivity does not seem to pertain to feature overlap judgments on 

semantic word pairs, however (Maki et al., 2006).  Participants were again asked to judge 

pairs of words, but this time on their feature overlap (i.e. how many features do these two 

items share).  Participants were able to accurately perform this judgment and had very 

high ratings of inter-rater reliability.  However, some interesting findings happen when 

both semantic and associative judgments are put together in the same experiment 

(Buchanan et al., 2007). Word pairs were created with both semantic and associative 

links, so that they were judged on either type of relationship.  Participants were given 

descriptions of what semantic and associative relationships and asked to rate word pairs 

on their relatedness.  Semantic pairs were judged on their feature overlap and associative 

pairs were judged on how many people out of a 100 would name a response word given a 

cue word, as described earlier.  Participant ratings were compared to relatedness values 

from the databases mentioned and it appeared that semantic information was blocked 
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during the associative judgment task because semantic relatedness values did not predict 

participant’s judgments in the associative judgment task.  However, associative 

information did not seem to be blocked because it predicted participant ratings equally 

well in both associative and semantic judgment conditions.  

GENERAL DISCUSSION 

 Research on semantic priming has focused on the facilitation of processing due to 

word relatedness and if that facilitation is automatic or can be controlled.  Semantic 

priming appears to be a mixture of both automatic processing of word meaning and 

controlled processing.  Participants notice when word relatedness becomes an important 

factor for the experiment and start to generate word possibilities (expectancy generation 

due to high relatedness proportions) or wait for the second word to appear before they 

make a lexical decision (post lexical matching).  However, these controlled processes can 

be eliminated through the use of masking, RSVP tasks, and low relatedness proportions, 

which all indicate the automaticity of word meaning processing.  Event related potential 

research has also been used to determine if semantic priming is mainly automatic or 

controlled.  Research from the neuroscience field portrays the same results, which is that 

semantic priming is not only complicated but also dependent on task or instructional set. 

 Several models of semantic priming have been proposed including connectionist 

network models (Collins & Loftus, 1975; Plaut, 1995) and a conceptual model that is a 

modification of a connectionist model (Stolz & Besner, 1996).  The Interactive 

Activation model (IA) includes a separate semantic store to explain how blocking of 

semantic information can occur, which is not directly addressed in the other connectionist 
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models.  Blocking research was originally tested to show how semantic priming could be 

controlled and therefore meaning activation is not completely automatic.  However, 

blocking has been an important tool to understanding the nature of semantic 

representation.  This research has shown that meaning information is stored separately 

from lexical information, such as spelling and pronunciation.  The IA model is used to 

explain the flow of information from letter detection to word activation through meaning 

processing. 

 The IA model provides a starting point for understanding associative priming.  

Research on associative priming has been very mixed and problematic.  Previous studies 

have had complications with word pairs that were not completely separable from 

semantic relationships, although they claimed to be.  Associative priming has been shown 

through several studies using lexical decision tasks, naming tasks, and RSVP paradigms.  

The nature of associative priming, and if the same effects occur as semantic priming, 

needs to be further researched using semantic and associative relationship databases that 

have been created.  These databases dissociate word pair relationships so the nature of 

each type of memory can be assessed separately, or their interaction effects can be 

measured.  As these studies are conducted a better view of associative priming will 

emerge. 

 From there, models of memory can be adjusted to understand how associative 

relationships are processed.  The IA model presents the best explanation of current work 

on associative and semantic priming and could be easily modified to also model 

associative memory.  Blocking research has expanded our knowledge of semantic links to 
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words and lexical information and provides an opportunity to assess where associative 

information is stored in the memory and word processing network.  Several theories of 

associative information have been presented, such as Williams (1996) inter-lexical 

hypothesis.  This hypothesis states that associative information is stored between word 

links on the lexical level.  However, the problem with these hypotheses is that they have 

not been fully explored as semantic priming has been.  Future research should not only 

focus on the dissociation of these two types of word relationships, but also how they are 

represented. 
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