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Abstract 

Two experiments were conducted to explore implicit 

memory within the auditory modality. It was hypothesized 

that there would be significant auditory priming in a masked 

word discrimination task. It was also hypothesized that 

subjects who performed an elaborative encoding task would 

show little or no advantage in the priming test when 

compared to subjects who performed a structural encoding 

task, but they would perform significantly better on a 

recognition test. It was also hypothesized that, with an 

appropriate encoding task, subjects would show a sensitivity 

to voice changes in the priming test. The results indicated 

significant auditory priming, and elaborative encoding had a 

greater effect on recognition performance than priming. No 

sensitivity to voice change was found. The findings are 

interpreted as support for the theory that auditory priming 

is mediated by a perceptual representation system. 
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Implicit Memory in the Auditory Modality: 

The Search for an Auditory Word Form System 

Until recently, the term memory has been used to 

describe an individual's ability to consciously retrieve 

previously learned information. Research examining human 

memory used recall or recognition as its dependent measure. 

These standard tests are explicit memory tests. They 

measure the subject's ability to intentionally retrieve 

previously studied information. However, recently, memory 

researchers have begun to extensively study implicit memory 

for previously learned information (Schacter,1987). 

Implicit memory refers to memory for previously studied 

information that does not require intentional or conscious 

retrieval of the information. Implicit memory is revealed 

by a subject's enhanced performance on a task that relies on 

a prior study episode when the subject is not intentionally 

trying to retrieve the information from that study episode. 

For example, Graf and Mandler (1984) showed that subjects 

were much more likely to complete word stems with the 

correct target word when they had had exposure to the target 

word in a previous learning condition than when they had 

not. Many other tasks besides stem completion have been 

used to study implicit memory, including the identification 

of words and pictures, (e.g.,Jacoby & Dallas, 1981; Light & 
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Singh, 1987) lexical decision tasks, (e.g., Scarborough, 

Gerard, & Cortese, 1979), and object decision tasks (e.g. 

Schacter, Cooper & Delaney, 1990). 

Research comparing implicit and explicit task 

performance has found three primary dissociations between 

implicit and explicit memory tasks: 1) differences in the 

effects of encoding manipulations, 2) differences in 

modality specificity, and 3) differences in the performance 

of certain groups of neurologically damaged patients. The 

finding that implicit and explicit memory can be dissociated 

has generated a great deal of theoretical interest. The 

first dissociation between implicit and explicit tasks, the 

effect of the type of encoding task used in the study 

condition, is particularly striking. Explicit memory tests 

are strongly affected by the type of encoding task in which 

the subjects engaged. Craik & Tulving (1975) showed that 

subjects' performance on a recognition task was higher when 

they focused their attention on the word's meaning than when 

they focused their attention on the surface features of the 

word. Recent studies of implicit memory have shown that in 

many cases, unlike explicit memory, type of encoding does 

not affect performance (e.g., Jacoby & Dallas, 1981; 

Schacter & Graf, 1986; Roediger & Blaxton, 1987; Schacter & 

McGlynn, 1989) . 
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The second important dissociation is provided by the 

finding that implicit memory tasks are effected by modality 

shifts to a much greater degree than are explicit memory 

tasks. Several studies have shown that shifting to a visual 

test after an auditory study condition reduces or eliminates 

implicit memory effects but has little or no effect on 

explicit performance (Schacter & Graf, 1989; Jacoby & 

Dallas,1981; Roediger & Blaxton, 1987). This dissociation is 

also present when subjects are given a visual study 

condition and a auditory implicit memory test (Jackson & 

Morton, 1984; Bassili, Smith, & MacLeod, 1989). The third 

dissociation has been provided by neuropsychological studies 

of organic amnesia. Although amnesic patients' performance 

on explicit memory tasks is severely impaired, they show 

normal or near normal performance on many implicit memory 

tasks (e.g., Shimamura & Squire, 1984; Graf, Squire, & 

Mandler, 1984). 

The dissociations found between implicit and explicit 

memory tasks have sparked a heated theoretical debate about 

whether or not the data require the postulation of separate 

memory systems underlying implicit and explicit memory 

phenomena. Some researchers have argued that implicit 

memory tasks tap a memory or quasi-memory system that is 

fundamentally different from the system which is tapped by 
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explicit memory tests (Squire, 1987; Hayman & Tulving, 

1989). Other researchers have argued that both implicit and 

explicit memory tap the same unitary memory system, and the 

dissociations between the tasks can be explained by the 

different processing demands of implicit and explicit tests 

(Roediger & Blaxton, 1987). Roediger and Blaxton (1987) 

have argued that the dissociations between implicit and 

explicit memory tasks can be explained by the fact that most 

implicit memory tasks require data driven processing, 

whereas explicit memory tasks typically require conceptually 

driven processing. 

Both views have problems adequately explaining the 

findings of implicit memory research. The multiple memory 

systems theorists have not said much about the function of 

the system underlying implicit tasks, nor have they 

justified the need for separate systems by showing 

functional incompatibility between the systems (Sherry & 

Schacter, 1987). Also, Witherspoon and Moscovitch's (1989) 

finding of stochastic independence between two implicit 

memory tasks made the argument that separate implicit and 

explicit memory systems must exist because they exhibit 

stochastic independence untenable. On the other hand, 

theorists who account for dissociations between implicit and 

explicit memory tasks by appealing to processing differences 
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have great difficulty adequately explaining why amnesics 

show preserved performance on implicit memory tests 

including category instance production (Graf, Shimamura, & 

Squire, 1985) and free association (Schacter, 1985), tasks 

that require conceptually driven processing. 

Schacter (1990) has attempted to incorporate the 

processing and multiple systems views of implicit memory, as 

well as findings from neuropsychology, into a theoretical 

framework that explains and predicts the empirical findings 

of implicit memory research. He postulates that many of the 

implicit memory tasks reflect the creation of specific 

memory traces laid down in a modular perceptual 

representation system. The perceptual representation system 

is composed of a number of distinct subsystems that process 

and represent information about the form and structure of 

words, objects, and other types of stimuli; but do not 

directly process or represent semantic or associative 

information about those stimuli. 

Schacter (1990) argued that neuropsychological studies 

of patients with reading and object processing deficits 

provided independent evidence for the existence of the 

perceptual representation system. For example, studies of 

dyslexia have described patients that are able to read even 

irregular words but are unable to make semantic judgments 
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about words they have read (Schwartz, Saffran, & Marin, 

1980; Sartori, Masterson, & Job,1987). Warrington and 

Shallice (1980) described a patient who could only read by a 

tedious letter by letter method. When asked to read the word 

as a whole, the patient was unable to perform. However, the 

patient had normal production and comprehension of speech, 

indicating that the patients verbal semantic system was 

intact. They postulated that the word form system, a 

perceptual representation system that processes and 

represents the form and structure of words apart from 

semantics, had been damaged. Research with agnosics, 

patients who are unable to recognize familiar objects even 

though their vision is unimpaired, has indicated a 

separation between the processing of semantic and 

associative information about visual objects and the 

processing of information about the form and structure of 

those objects (for a review see 

Humphreys & Riddoch, 1987). These findings have led to the 

postulation of a perceptual representation system termed the 

structural description system that processes and represents 

the form and structure of objects separately from semantic 

information about them (Riddoch, Humphreys, Coltheart, & 

Funnell, 1988). 
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Schacter (1990) argues that these perceptual 

representation systems underlie many of the observed 

implicit memory effects. In implicit memory tests, such as 

word stem completion and word fragment completion, a trace 

laid down in the word form system could account for the 

enhanced performance for previously learned material. It 

would be insensitive to semantic encoding processes but 

sensitive to study/test changes in certain types of surface 

features and modality shifts. Also, there is no reason to 

believe that the word form system is impaired in amnesics. 

Therefore, they should show normal performance on implicit 

tasks mediated by this system. In implicit memory tests 

such as picture identification and object decision, the 

trace laid down in the structural description system is 

postulated to be responsible for the implicit memory 

findings. It would be unaffected by semantic elaboration, 

sensitive to study/test changes in relevant surface feature 

and modality shifts, and it should be unimpaired in 

amnesics. 

Schacter's (1990) theoretical framework seems to 

predict and explain most of the major findings in implicit 

memory research. It incorporates both the multiple memory 

systems and processing views, and it ties the memory 

research to the neuropsychological research in a concrete 
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fashion. However, Schacter only directly addresses the tie 

between the implicit memory phenomenon and perceptual 

representation systems within the visual modality. He 

alludes to the fact that a similar distinction between 

representation of form information and semantic information 

has been indicated for the auditory modality, but he does 

not pursue the idea. 

Case studies of auditory agnosics indicate a 

form/semantic distinction with in the brain systems that 

process auditorily presented words (Ellis & Young, 1988). 

Several researchers have documented patients with what has 

been termed word meaning deafness (Kohn & Friedman, 1986). 

These patients are able to repeat spoken words but do not 

understand them. However, they do have access to the 

meaning of the words by other modalities, as is evidenced by 

their normal reading comprehension and use of words in 

spontaneous speech. These patients' deficits would seem to 

indicate a disconnection of an auditory word form system 

from the verbal semantic system. There are also patients 

that display an inability to comprehend spoken or written 

words, though they can repeat those words and have fairly 

normal spontaneous speech. These transcortical aphasic 

patients may even have semantic category specific deficits. 

Since these patients have a normal semantic understanding of 



15 

pictures, it has been postulated that systems that 

specifically represent verbal semantic information have been 

damaged (McCarthy & Warrington,1990). These deficits might 

be explained in terms of the destruction or disconnection of 

auditory information from verbal semantics with no need for 

the postulation of a specific auditory word form system. 

However, other patients have been documented with a form of 

auditory agnosia termed pure word deafness (e.g., Shoumaker, 

Ajax, & Schenkenberg, 1977; Metz-Lutz & Dahl, 1984; 

Caramazza, Berndt, & Basili, 1983). Pure word deafness is a 

brain disorder that leaves the patient unable to repeat or 

understand auditorily presented words even though speech 

production, reading, writing, hearing, and the ability to 

recognize non-speech sounds is preserved. This deficit 

would seem to implicate the destruction of a system that 

specifically represents and processes the phonological forms 

of words. 

Evidence of dissociations between the phonological form 

of spoken words and the semantic and associative properties 

of those words has lead some researchers to postulate that 

the phonological form of words is processed and represented 

separately from semantic and associative information about 

words (Ellis & Young, 1988). If such an auditory 

perceptual representation system exists, and Schacter (1990) 
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is correct about the role of perceptual representation 

systems in the implicit memory phenomenon, then implicit 

memory tests within the auditory modality should show 

effects that are similar to implicit tests in the visual 

modality. There should be no effect of elaborative 

encoding, surface feature changes should impair implicit 

more than explicit memory, modality shifts should greatly 

reduce or eliminate implicit memory performance, and 

amnesics should be unimpaired on the tasks. 

Implicit memory in the auditory domain has not been 

thoroughly investigated, and therefore, many of the 

questions posed in the last paragraph are not readily 

answered. A number of studies have shown performance 

improvements for previously presented words in auditory 

discrimination tasks (Jackson & Morton, 1984; Kempley & 

Morton, 1982; Hannigan, Shelton, Franks, & Bransford, 1980; 

Ellis, 1982), but no studies have compared the effects of 

elaborative versus non-elaborative encoding in these tasks 

or attempted to directly compare these auditory priming 

effects to explicit memory performance. Jackson & Morton 

(1984) and Ellis (1982) both examined priming effects for 

visually and auditorily presented words during a word 

discrimination task. They each asked their subjects to 

discriminate words masked by white noise some of which had 
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been previously presented either visually or auditorily. 

Both studies found that only auditorily presented words 

showed significant priming. Therefore, it was concluded 

that auditory priming effects are modality specific. 

Bassili, Smith, & MacLeod (1989) examined modality changes 

in an auditory word stem completion task. They found 

greater priming when the encoding condition was presented in 

the same modality, but they did find significant cross-

modality priming. Though their results didn't support the 

hypothesis that auditory priming effects are strictly 

modality specific, they did show that priming is enhanced 

when the same modality is used at study and test. 

Although modality specific effects on auditory priming 

have been shown, (Jackson & Morton, 1984; Ellis, 1982? 

Bassili et al, 1989) the questions of whether auditory 

priming, like visual priming, is insensitive to elaborative 

encoding and more sensitive to surface features than 

auditory recognition remain to be answered. These are the 

questions that this research will address. If auditory 

priming is mediated by an auditory perceptual representation 

system similar to the visual word form system postulated to 

mediate visual word priming (Schacter, 1990), then it should 

be insensitive to elaborative encoding; by contrast, 

explicit memory for words should be enhanced by elaborative 
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encoding. Also, auditory priming should be more sensitive 

to changes in the surface features of the stimuli, such as 

voice, than explicit recognition. Some relevant evidence 

has been provided by Jackson & Morton (1984), who studied 

the effects of voice changes between study and test in their 

experiment and found no significant effects of voice. 

However, they asked their subjects to categorize the words 

in the study condition, emphasizing only semantic encoding 

of the words. Therefore, small effects of voice changes may 

not have been robust enough to show significance. Graf and 

Ryan (1990) have shown that format specific effects in 

implicit memory only occur if the study condition focuses 

the subject's attention on the format. They found that 

subjects' performance decreased when print format changed 

between study and test only if the subjects encoding task 

focused on the readability of the print but not if the 

encoding task focused on the pleasantness of the word. 

Therefore, it is reasonable to assume that focusing the 

subject's attention on the meaning of a word during an 

auditory encoding task will not produce voice specificity 

effects. However, if subjects in a non-elaborative encoding 

condition are asked to focus on qualities of the speaker's 

voice then the voice change manipulation may produce a 

significant decrement in priming. 
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Two experiments were performed to examine some of the 

unanswered questions about implicit memory performance in 

the auditory modality. They were designed to compare 

auditory implicit and explicit tasks on some of the 

dimensions that have produced dissociations in the visual 

modality. 

Experiment 1 

Rationale 

In experiment 1, subjects were asked to make either 

category judgments or pitch judgments about words presented 

by six different speakers. Afterwards, they completed a 

short distractor task, state generation, and then they were 

asked either to discriminate words embedded in white noise 

(the implicit task) or perform an auditory word recognition 

task (the explicit task). In both tasks, half of the tested 

items were previously presented words and half were new 

words. Also, half of the previously presented words were in 

the same speaker's voice and half were in a different 

speaker's voice. 

Four main hypotheses were tested in the experiment. 1) 

Because the study of auditory material has been shown to 

enhance performance on subsequent auditory discrimination 

tests (Jackson & Morton, 1984), it is hypothesized that 

subjects will show priming for previously presented words in 
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the implicit memory condition. 2) Because this priming 

effect is hypothesized to be the result of traces laid down 

in a perceptual representation system that is separate from 

semantics, it is hypothesized that there will be little or 

no effect of encoding condition on the implicit memory task, 

whereas there should be a significant effect of encoding 

condition on explicit performance. 3) In accordance with 

the findings of Jackson and Morton (1984), it is 

hypothesized that there will be no effect of voice change on 

the recognition test or in the implicit memory condition 

following the category judgment encoding. 4) Finally, as 

reported by Graf and Ryan (1990), it is hypothesized that 

the subjects in the implicit memory condition who made pitch 

judgments during the encoding task will exhibit reduced 

priming performance for words that have changed voices. 

However, it is not hypothesized that voice change will 

effect the recognition performance of the subjects in the 

pitch judgement condition, even though Graf & Ryan (1990) 

found this to be the case in their study. 

Method 

Subjects 

Ninety-six introductory psychology students from the 

University of Arizona participated in this experiment. They 

received class credit for their participation. 
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Materials 

Forty-eight words were used. They were separated into 

two lists of 24 words for the encoding task, and all 48 were 

used for the testing conditions. The lists were matched for 

frequency, concreteness, and length (Pavio, Yuille, & 

Madigan, 1968). The words were drawn from four semantic 

categories: 1) animals, 2) food or drink, 3) places people 

can live, and 4) occupations or roles. Each list contained 

six words from each of the four categories. The words were 

recorded by six different speakers, three male speakers and 

three female speakers. Each word was recorded in one male 

voice and one female voice; so that voice changes between 

study and test always include a change in the sex of the 

speaker. The words were recorded into a Macintosh computer 

using a MacRecorder, and the computer generated the white 

noise and mixed the words and the white noise together. 

Four tapes were used to record two presentations of the 

first list of 24 words, two presentations of the second list 

of 24 words, two presentations of the auditory 

discrimination test, and two presentations of the 

recognition test. The presentation tapes included 24 words 

spoken clearly. The auditory discrimination tests included 

48 words embedded in white noise. The recognition tests 

included 48 words spoken clearly. Two copies of each list 
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presentation and testing condition were made to allow for 

exhaustive counterbalancing for voice changes. The 

presentation lists were also counterbalanced. 

Tapes were presented using a cassette deck and 

headphones. A simple test booklet and pencils were also 

used. The first page of the test booklet contained either a 

four point number scale for pitch (high, medium high, medium 

low, low) or category (animals, food, places, occupations) 

and 24 numbered blanks where the subjects could make their 

responses. The second page had fifteen letters with blank 

areas next to them where the subjects could write in the 

names of states for the distractor task, and the last page 

had 48 numbered blank lines where the subjects could write 

in their responses during the testing condition. 

Procedure and Design 

The experiment employed a 2x2x2 factorial design. 

There was a between subjects variable of encoding task with 

two levels, rating the pitch of the speaker's voice (non-

elaborative) and categorizing the words (elaborative). Type 

of test was also a between subjects variable with two 

levels, discriminating degraded words (implicit test) and 

recognizing the words (explicit test). Voice was a within 

subjects variable with two levels, the same voice at study 

and at test and a different voice at study and at test. 
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Subjects were tested individually. First, 24 words 

were presented auditorily, and subjects were asked to either 

rate the pitch of the speakers voice on a four point numeric 

scale or categorize the words into four given categories. 

They had five seconds between each word to make their 

decision. This was the encoding condition. The subjects 

then had fifteen letters of the alphabet presented to them, 

and they were asked to generate the name of a state that 

begins with each letter. This was the distractor task. 

There was no time limit in this task. It took most subjects 

three or four minutes to complete this task. Finally, 

subjects were asked to either try and discriminate 4 8 

degraded words or recognize the words from the encoding task 

from 48 auditorily presented words. This was the testing 

condition. In both tasks, half of the words had been 

presented during the encoding task, and half were new words. 

Also, half of the previously presented words were in the 

same voice as the encoding task, and half were in a 

different voice. Subjects had seven seconds between words 

to make their response in both tasks. The experiment was 

then completed, and the subjects were debriefed. 

Results 

A series of statistical analyses were performed on the 

proportional data obtained from experiment 1. A criterion 
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alpha level of .05 was used to determine significance for 

all statistical analyses. The data supported a conclusion 

that there was significant auditory priming. There was, 

also, a greater effect of elaborative encoding on the 

explicit recognition test than on the implicit word 

identification test. However, there was no evidence of 

sensitivity to voice changes in any condition. 

A 2x2 ANOVA was performed to ascertain whether or not 

significant priming was obtained in the experiment. It 

included encoding task and whether the words were primed or 

unprimed as the independent variables, and the proportion of 

correctly identified primed and unprimed words as the 

dependent variable. A significant main effect of priming 

was found, F(1,95)=43.56, MSe=.015. pc.001. This indicated 

that the subjects correctly identified primed items more 

often than unprimed items. There was also a significant 

main effect of encoding task, F(l,95)=4.74, e<-05- This 

finding reflects the fact that subjects in the category 

judgement encoding condition identified a greater proportion 

of the primed and unprimed items than the subjects in the 

pitch judgement encoding task. However, the interaction 

between encoding task and priming was not "significant, 

F(1,95)=2.61, p=.ll. This seemed to imply that the 

magnitude of the priming effect was not significantly 
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different in the two encoding conditions. Table 1 shows the 

mean proportion of primed and unprimed items. A separate 

Table 1. 

Mean proportion of correct auditory identification of 

studied and non-studied words as a function of encoding task 

and voice condition 

Studied Words Non-Studied Words 

Encoding Same Voice Different Voice Mean Baseline 

Pitch .40 .38 .39 .27 

Category .51 .46 .48 .28 

Mean .45 .42 .44 .28 

ANOVA for the analysis of the explicit recognition 

performance alone showed a significant main effect of 

recognition,F(1,95)=584.05, MSe=.02. £<.001. There was also 

a significant interaction between encoding and recognition, 

F=64.89, p<.001, indicating that subjects in the elaborative 

encoding task performed more accurately on the recognition 

test than the subjects in the structural encoding task. The 

means can be seen in Table 2 on the next page. 
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Table 2. 

Mean proportion of correct recognition and false alarms of 

studied and non-studied words as a function of encoding task 

and voice condition 

Studied Words Non-Studied Words 

Encoding Same Voice Different Voice Mean False Alarms 

Pitch .72 .67 .70 .28 

Category .90 .86 .88 .06 

Mean .81 .76 .79 .17 

Another 2x2 ANOVA, including encoding task and test 

condition as the independent variables and the difference 

scores produced by subtracting the proportion of unprimed 

items or false alarms identified from the proportion of 

primed or recognized items identified as the dependent 

variable, was conducted. The analysis revealed a 

significant main effect of encoding task, F(1,95)=83.77, 

MSe=.017 e p<.001. This finding reflected an overall 

advantage shown by subjects in the category judgement 

encoding task. A significant main effect of test condition 

was also found, F(1,95)=287.35, gc.001. This showed an 
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advantage for subjects in the recognition condition. 

Perhaps the most important finding was a significant 

interaction between encoding task and testing condition, 

F(l,95)=38.29, pc.001, indicating a difference in the 

magnitude of the effect that the type of encoding task has 

on the different testing conditions. Planned comparisons of 

Table 3. 

Mean proportion of primed or recognized items minus unprimed 

items or false alarms as a function of encoding task and 

testing condition 

Encoding Implicit Explicit 

Pitch .123 .413 

Category .203 .826 

the means showed that the subjects in the elaborative 

encoding task (category judgement) performed significantly 

more accurately than the subjects in the structural encoding 

task (pitch judgement) regardless of the testing condition, 

t(22)=9.29, pc.001, for the recognition test and, 

t(22)—2.93, £<.01 for the word identification test. The 

interaction can be more clearly understood by referring to 

Figure 1 on the next page. 
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Figure 1. Interaction between encoding task and test type. 

A 2x2x2 ANOVA was performed to examine any effects of 

the voice change manipulation. Encoding task, testing 

condition, and same or changed voice were the independent 

variables, and the proportion of the primed or recognized 

items presented in the same or a changed voice was the 

dependent variable. The analysis revealed no significant 

main effects of voice change, F(l,19l)= 2.09, MSe=.029. 

p>•14, or interactions between encoding condition and voice 

change, F(l,191)<1,type of test and voice change, 

F(1,191)<1, or encoding, test and voice change, F(1,191)<1. 
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There were simply no significant differences between the 

proportion of same and changed voice items recognized or 

primed. 

A 2x2 ANOVA was also analyzed using encoding task and 

testing condition as the independent variables and the 

difference score produced by subtracting the proportion of 

changed voice items primed or recognized from the proportion 

of same voice items primed or recognized as the dependent 

variable. The analysis showed no significant main effects 

of encoding condition, F(1,95)<1, or test type, F(1,95)<1, 

and no significant interaction between encoding condition 

and test type, F(1,95)<1. This indicates that voice changes 

had no effect on priming or recognition. 

Because the analyses consistently revealed no effects 

of voice change in any of the conditions, additional 

subanalyses were performed to attempt to rule out several 

possible explanations for the lack of effects. First, an 

analysis of the fundamental frequencies of the speakers' 

voices were conducted to ascertain whether or not all of the 

speaker pairs were significantly different on this important 

aspect of vocal pitch. If the fundamental frequencies of 

the paired male and female speakers were not different, the 

lack of voice change effects could be due to the similarity 

of the voices. A random sampling of the words were analyzed 
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for each speaker of the male/female pairs, and a comparison 

of their mean fundamental frequencies was done. The 

analysis showed a significant difference between the mean 

fundamental frequencies of all of the male female pairs, 

t(78)=7.69, pc.01, for the first pair, t(78)=2.77, pc.01, 

for the second pair, and, t(78)=11.99, £<.01, for the third 

pair. All of the female speakers had significantly higher 

fundamental frequencies than the males that were paired with 

them. 

A second subanalysis examined the pitch ratings of the 

words presented in noise by eight subjects, four hearing 

each word identification presentation. This was done to 

determine whether or not the subjects could still 

distinguish the male and female voices of each of the voice 

pairs when the words were presented in noise. Because six 

voices were used, there were three male/female voice pairs. 

The analysis confirmed that the female voices were rated as 

significantly higher than the males they were paired with, 

t(126)=12.09, p<.001, for the first pair, t(126)=7.80, 

pc.OOl, for the second pair, and, t(126)=27.07, pc.OOl, for 

the third pair. The results indicated that the subjects 

could discriminate the pitch differences of the male and 

female voices even when the noise was present. 
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Discussion 

Four hypotheses were tested in this experiment. The 

first hypothesis, that subjects would show priming for 

previously presented words when they were asked to identify 

words embedded in white noise, received clear experimental 

support. The second hypothesis, that the encoding task 

should have little or no effect on priming but a significant 

effect on recognition performance, received mixed support. 

On one hand, the type of encoding task had a smaller effect 

on the priming test than on the recognition test, thereby 

providing support for the hypothesis. However, on the other 

hand, a significant priming advantage was found for subjects 

who performed the elaborative encoding task. The third 

hypothesis proposed that there would be no effect of voice 

change on the recognition test or on priming in the 

elaborative encoding condition; the results were consistent 

with this expectation. Finally, the fourth hypothesis, that 

subjects in the implicit condition who performed the 

structural encoding task would show reduced priming for 

words that had changed voices, was not supported by the 

results. 

The lack of voice change effects witnessed in this 

experiment conflicted with the original hypothesis that 

changes in surface features, such as voice, would reduce 
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priming when an appropriate encoding task had been 

performed. This hypothesis was based on findings in the 

visual modality that seemed to indicate that the perceptual 

representations system that is proposed to mediate visual 

priming maintains representations of specific surface 

features of the visual stimuli (Schacter, 1990, for review). 

However,the specific nature of the perceptual representation 

subsystem proposed to be mediating auditory word priming has 

not been fully explored. It is not unreasonable to propose 

that an auditory word form system might lay down a somewhat 

more abstract trace that no longer contains specific voice 

information. This proposition does not seem unlikely given 

the amount of categorization of speech sounds that must take 

place in order for phoneme recognition to occur. However, 

at this point, it is not clear whether the notion of a 

perceptual representation system that operates on abstract 

auditory information is a correct interpretation of the 

data. Even though subjects' ratings indicated that they 

were capable of discriminating male from female voices 

presented in noise, it is possible that critical features of 

the surface information for priming facilitation are lost 

when the words are embedded in noise. Until voice change 

effects on priming have been tested using non-degraded 
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stimuli, the sensitivity of the proposed auditory word form 

system can not be adequately ascertained. 

Though the hypothesis that the encoding task would have 

no effect on priming was not supported by the results; there 

was some indication of a dissociation between the effects of 

the encoding task on implicit and explicit task performance. 

The observed interaction between encoding task and type of 

test showed that the magnitude of the facilitation provided 

by elaborative encoding was much greater for subjects who 

performed the explicit test than those who performed the 

implicit test. However, if auditory priming is mediated by 

a perceptual representation system that does not represent 

semantic information, no significant effects of elaborative 

encoding on priming performance should be found. Because a 

significant facilitation of priming for subjects who 

performed elaborative encoding was found, it would seem that 

performance was, at least, partially mediated by something 

other than an auditory perceptual representation system. A 

close examination of the individual subject data revealed 

that the abnormally high priming scores of three subjects in 

the elaborative encoding condition accounted for the 

difference found between the effects of the two encoding 

tasks on priming performance. 
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Bowers and Schacter ( 1 9 9 0 )  studied the effects of test 

awareness on priming performance in a word stem completion 

task. They found that during the course of a priming 

experiment a minority of subjects report becoming "test 

aware" that is, they become aware of the relationship 

between an implicit task and a prior study episode. Some of 

these test aware subjects attempt to explicitly remember the 

words from the study list in order to facilitate their 

completion of the word stems. Bowers and Schacter (1990) 

observed a facilitation of priming performance when target 

words were studied in an elaborative encoding condition as 

compared to a structural encoding condition. Because the 

facilitation of priming performance found with elaborative 

encoding in the present experiment is accounted for by the 

data from three subjects, it seems likely that the findings 

may reflect explicit retrieval strategies being employed by 

a few test aware subjects. If this interpretation of the 

data is correct, then a modification of the instructions 

that discourages subjects from using explicit strategies 

should eliminate the facilitation of priming found with 

elaborative encoding. A second experiment was designed to 

test this hypothesis. 
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Experiment 2 

Method 

Subjects 

Thirty-two introductory psychology students acted as 

subjects for the experiment. They received class credit for 

their participation. 

Materials. Procedures and Design 

The materials were identical to those used in 

Experiment 1.The procedures and design of Experiment 2 were 

identical to those of Experiment 1 with two exceptions. 

First, instead of subjects being instructed to try and 

correctly identify as many of the words embedded in white 

noise as possible, they were told that the experiment was 

designed to study which auditory features are most salient 

when degraded by noise, and that their task was to write 

down the first word that came to mind when they heard the 

degraded stimuli. This manipulation was designed to 

convince the subjects that writing down the first word that 

came to mind would best suit the purpose of the task. It 

also discouraged subjects from using explicit retrieval 

strategies since recalling the words from the study 

condition would not necessarily add to the information they 

believed the experimenter was looking for. The design of 

the experiment was also changed from a 2x2x(2) factorial 
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design to a 2x(2)x(2) factorial design. Because the effect 

of elaborative encoding on recognition had already been 

demonstrated as a between subjects manipulation, the 

independent variable, testing condition, was changed from a 

between subjects factor to a within subjects factor in order 

to reduce the number of subjects needed for adequate 

statistical power. All subjects received the implicit test 

first immediately followed by the recognition test. 

Results 

A series of statistical analyses were performed on the 

data obtained from Experiment 2. A criterion alpha level of 

.05 was used to determine significance for all statistical 

analyses. The results showed significant priming, a 

significant effect of elaborative encoding on the 

recognition test but not the word identification test, and 

no effects of voice changes. 

A 2x2 ANOVA, including encoding task and primed or 

unprimed items as the independent variables and the 

proportion of correctly identified words in noise as the 

dependent variable, was done to determine whether 

significant priming occurred. A significant main effect of 

priming was foundj F(63)=35.01, MSe=.017. p<.001. This 

indicated that subjects correctly identified more words that 

had appeared on the study list than words that had not 
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appeared on the study list. No significant effect of 

encoding was obtained, F(63)<1, and there was no significant 

interaction between encoding task and priming status, 

F(63)<1,. The mean proportion of primed and unprimed items 

can be seen in Table 4 on the next page. These findings 

showed that there were no significant differences in the 

magnitude of priming for the two encoding groups. It also 

revealed that the two encoding groups were approximately 

equal in the proportion of words they correctly identified. 

Table 4. 

Mean proportion of correct auditory identification of words 

as a function of encoding task and voice condition 

Studied Words Non-Studied Words 

Encoding Same Voice Different Voice Mean Baseline 

Pitch .51 .50 .51 .31 

Category .59 .47 .53 .35 

Mean .55 .48 .52 .33 

An ANOVA analyzing the recognition data showed a significant 

main effect of recognition, F(l,63)=209.67, MSe=.17. p<.001. 

There was also a significant interaction between encoding 
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and recognition, F ( 1 , 6 3 ) = 1 4 . 8 1 ,  JDC. O O I, indicating that the 

subjects in the elaborative encoding task performed 

significantly more accurately than the subjects in the 

structural encoding task. The mean proportions can be seen 

in Table 5. 

Table 5. 

Mean proportion of correct recognition and false alarms as a 

function of encoding task and voice condition 

Studied Words Non-Studied Words 

Encoding Same Voice Different Voice Mean False Alarms 

Pitch .65 .65 .65 .28 

Category .82 .78 .80 .21 

Mean .74 .72 .73 .24 

Another 2x2 ANOVA was performed that included encoding 

task and testing condition as the independent variables and 

the difference score produced by subtracting the proportion 

of unprimed items or false alarms from the proportion of 

primed or recognized items as the dependent variable. A 

significant main effect of encoding task was found, 

F(63)=10.80, MSe=.026. g<.01, indicating that subjects in 
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the elaborative encoding task performed more accurately than 

subjects in the structural encoding task. A significant 

main effect of testing condition was also found, 

F(63)=45.67, pc.001. This simply shows the expected 

advantage for subjects in the recognition condition. The 

most important finding was the significant interaction 

between encoding task and testing condition, F(63)=13.52, 

p<.001. The means can be seen in Table 6. 

Table 6. 

Mean proportion of primed and recognized items minus the 

proportion of unprimed and false alarm items as a function 

of encoding task and testing condition. 

Encoding Implicit Explicit 

Pitch .201 .323 

Category .185 .602 

Planned comparisons showed no significant difference between 

the priming scores of subjects who performed the elaborative 

encoding task and subjects who performed the structural 

encoding task, t(30)>-l but<0. This indicated that the 

implicit test was unaffected by the type of encoding task 

the subject performed. A significant difference was found 
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between the recognition scores of subjects who had performed 

the elaborative encoding task and subjects who had performed 

the structural encoding task, t(30)=4.3, p<.01. The finding 

reflected the enhanced recognition performance of the 

subjects in the elaborative encoding condition. The 

interaction is clearly expressed in Figure 2 on the next 

page. 

A 2x2x2 ANOVA was also performed. It included encoding 

task, testing condition and same or changed voice as the 

independent variables, and the proportion of primed and 

recognized words presented in the same or a changed voice as 

the dependent variable. There was no significant main 

effect of voice change, F(123)=1.80, MSe=.029. g>.18. There 

were no significant interactions between encoding and voice 

change, F=1.47, p>.22, test and voice change, F<1, or 

encoding, test and voice change, F<1. 

Another 2x2 ANOVA was performed to examine the role of 

voice changes in priming and recognition when the 

appropriate difference score is analyzed. Encoding task and 

testing condition were the independent variables, and the 

difference score produced by subtracting the proportion of 

changed voice words either recognized or primed from the 

proportion of same voice words recognized or primed was the 

dependent variable. This analysis showed no significant 
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Figure 2. Interaction between encoding task and test type. 

main effects of encoding task, F=1.39, MSe=.04 5. p>.24, or 

test type, F<1, and no significant interaction between 

encoding task and test type, F<1. 

General Discussion 

The experiments presented here were undertaken to 

extend Schacter1s(1990) theory that priming is mediated by 

modality specific perceptual representation systems to the 

auditory domain. Schacter (1990) has proposed that visual 

priming is mediated by perceptual representation systems 

that store specific traces of the structural information 
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about the visual stimuli. Because these systems operate 

specifically on structural information, they are not 

affected by elaborative encoding. Also, because these 

representations include specific perceptual traces that 

should be sensitive to structural information, surface 

feature changes, such as script changes, can effect the 

amount of priming that takes place. 

A number of studies examining visual word and object 

priming have found that elaborative encoding does not effect 

priming performance but does facilitate recognition (e.g., 

Jacoby & Dallas, 1981; Schacter & Graf, 1986; Roediger & 

Blaxton, 1987; Schacter & McGlynn, 1989; Schacter, Cooper, & 

Delaney, 1990). This dissociation was also found to some 

extant in the first experiment presented here, but it was 

more robust in the second experiment. Once instructions 

were given that dissuaded subjects from using explicit 

strategies to complete the implicit task, no effects of 

elaborative encoding on priming performance were found. 

This finding parallels the findings in the visual priming 

literature, and it is consistent with the interpretation 

that an auditory perceptual representation system, mediates 

the auditory priming found in this task. 

Though surface changes have been shown to reduce visual 

priming in some tasks, the present experiments produced no 
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reliable voice change effects. This finding, though 

inconsistent with some of the hypotheses of the experiments, 

was not entirely unexpected. The priming literature is rife 

with inconsistent findings regarding the sensitivity to 

surface features in implicit tasks. Some researchers have 

found strong sensitivity to surface feature changes in 

implicit tasks, while others have found little or no effects 

of surface feature changes (for review see Graf & Ryan, 

1990). 

In this instance, there are a few alternative 

interpretations of the lack of surface feature effects. One 

interpretation is that the proposed auditory word form 

system may represent the structural information about words 

at a more abstract level than the visual word form system. 

Specific voice information may not be adequately represented 

in the system to allow it to mediate priming at the same 

level regardless of voice changes. This proposal is quite 

consistent with a number of theories of speech perception 

(e.g. Mann & Liberman, 1983; Sawusch, 1986). These theories 

view phonetic coding and recognition as a process of 

categorization which extracts the necessary auditory 

information and ignores the excess variation. A categorical 

based system would operate more efficiently if non-essential 

information, like voice features, were simply not 
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represented in the system. Such a system should not be 

affected by voice changes. 

An alternative interpretation would hold that the 

auditory word form system does represent voice information, 

but the noise obscures the critical features of the voice 

that would facilitate priming in the same voice condition. 

This second interpretation seems to enjoy some support, 

since Gagnon and Sawusch (1990) in both naming tasks and 

lexical decision have found facilitated priming in same 

voice conditions as compared to different voice conditions . 

However, they used immediate testing. The subjects saw the 

prime immediately before the test item appeared; so there 

was no delay. Therefore, it is not clear whether the 

finding of voice change effects was a function of using non-

degraded stimuli or no delays. Immediate tasks, such as the 

ones they used, are not necessarily tapping into the systems 

involved in the long term retention of information. An 

experiment using lengthy delays and non-degraded stimuli is 

necessary to clarify the role of voice information in 

auditory priming. 

Another interesting explanation for the lack o-f 

sensitivity to voice change in this task is provided by 

theories that propose separate acoustic and phonetic 

processing systems. Mann and Liberman (1983) proposed two 



separate systems for phonetic and auditory perception. One 

system categorized relevant information into phonemes and 

discarded excess information, while the other system 

maintained a representation of all the acoustical variation. 

Zaidel (1978) has also proposed separate acoustic and 

phonetic systems. However, he proposes that both systems 

can be used to recognize speech, and that the two systems 

reside in separate hemispheres. Zaidel's (1978) work with 

split brain patients (patients with severed corpus 

collosums and anterior commisures) would seem to support the 

hypothesis that the left hemisphere recognizes speech by 

categorizing complex sounds into phonemes, thereby losing a 

great deal of the extra acoustical information, while the 

right hemisphere recognizes words by matching the global 

acoustical pattern with little or no loss of acoustical 

information. He also found some evidence that the right 

hemisphere cannot recognize words presented in noise. This 

finding would seem particularly relevant to the apparent 

lack of sensitivity to voice changes in the word 

discrimination in noise task. Perhaps only the left 

hemisphere system is operating in this particular task, and 

it is not sensitive to voice features. However, if no noise 

were present, traces in the right hemisphere might mediate 
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additional priming which would be sensitive to voice 

changes. 

In summary, consistent with the findings of other 

researchers, both experiments showed significant priming in 

the word identification in noise task (e.g. Jackson & 

Morton, 1984; Kempley & Morton, 1982; Hannigan et al, 1980; 

Ellis, 1982). Once subjects were dissuaded from using 

explicit strategies to complete the implicit task, the 

classic dissociation of the effects of elaborative encoding 

on implicit and explicit memory tests, reported by 

researchers examining visual priming, was found (e.g. Jacoby 

& Dallas, 1981; Schacter & Graf, 1986; Roediger & Blaxton, 

1987; Schacter & McGlynn, 1989). No reliable voice change 

effects were found in the experiments. Though this was not 

predicated, a few possible explanations of the finding have 

been put forth, but further study is needed. All of the 

findings are consistent with the view that an auditory 

perceptual representation system mediates auditory word 

priming. 
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APPENDIX A 

Instructions Experiment 1 

Pitch Judgement, Distractor, and Word Discrimination Tasks 

In the first portion of this task, you will be asked to 

listen to 24 words presented by different speakers. Your 

task is to rate the pitch of the speakers voice. This is 

your rating sheet. Your task is to rate each speakers voice 

for its pitch quality. If you think the speakers voice is 

low write down a 1. If you think the speakers voice is 

moderately low write down a 2. For moderately high write 3, 

and for high write 4. Please make a rating for each of the 

twenty-four stimuli. Please do not skip any. You have five 

seconds between stimuli to make your rating. Do you have 

any Questions? 

Now we would like to study your general knowledge. 

This sheet of paper contains 15 letters with blank areas 

next to them. Your task is to think of the name of a state 

that begins with that letter. There is no time limit in 

this task, but we ask that you respond to the letters in 

order. If you get stuck on a letter (this is not uncommon) 

skip it and go to the next letter. Please do not go back to 

any letters you skipped. 

In the last portion of the task, you will be asked to 

listen to 48 words embedded in white noise. They are very 



difficult to understand. Your task is to discriminate the 

word. You have seven seconds between stimuli to write down 

the word. If you can't understand the word, cross out the 

space and move to the next line. However, if you have a 

guess, write it down. Do you have any questions? 



49 

APPENDIX B 

Instructions Experiment 1 

Category Judgement and Recognition Tasks 

In the first portion of this task, you will be asked to 

listen to 24 words. Your task is to categorize the words 

into four categories. This is your recording sheet. If you 

feel the word best fits into the category animal then you 

would write a 1 in the space. If it best fits into the 

category of food or drink write 2. If it is a place people 

can live write 3. If it is an occupation or role write 4. 

Please do not skip any words. You have five seconds between 

stimuli to make your decision. Do you have any questions? 

In the last portion of your task, we are interested in 

how well you remember the words you heard in the first task. 

You will be presented with 48 auditorily presented words. 

Some of those words are the words you heard in the judgement 

task you performed earlier. You must try to think back to 

the first task and circle the numbers corresponding to the 

words from that task. You have seven seconds between stimuli 

to make your response. Do you have any questions? 
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APPENDIX C 

Instructions Experiment 2 

Pitch Judgement, Distractor, and Word Discrimination Tasks 

In the first portion of this task, you will be asked to 

listen to 24 words presented by different speakers. Your 

task is to rate the pitch of the speakers voice. This is 

your rating sheet. Your task is to rate each speakers voice 

for its pitch quality. If you think the speakers voice is 

low write down a 1. If you think the speakers voice is 

moderately low write down a 2. For moderately high write 3, 

and for high write 4. Please make a rating for each of the 

twenty-four stimuli. Please do not skip any. You have five 

seconds between stimuli to make your rating. Do you have 

any Questions? 

Now we would like to study your general knowledge. 

This sheet of paper contains 15 letters with blank areas 

next to them. Your task is to think of the name of a state 

that begins with that letter. There is no time limit in 

this task, but we ask that you respond to the letters in 

order. If you get stuck on a letter (this is not uncommon) 

skip it and go to the next letter. Please' do not go back to 

any letters you skipped. 

In this portion of the task, you will be asked to 

listen to 48 words embedded in white noise. They are very 
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difficult to understand. Your task is to write down the 

first word that comes to mind when you hear the stimulus. 

We are interested in which auditory features are most 

salient when words are degraded by noise; so it is not 

particularly important that you write down the actual word 

embedded in the noise. There are no right or wrong answers 

in this task. You have seven seconds between stimuli to' 

write down the word. If it doesn't sound like a word, cross 

out the space and move to the next line. However, if you 

have a guess, write it down. Do you have any questions? 
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APPENDIX D 

Instructions Experiment 2 

Category Judgement and Recognition Tasks 

In the first portion of this task, you will be asked to 

listen to 24 words. Your task is to categorize the words 

into four categories. This is your recording sheet. If you 

feel the word best fits into the category animal then you 

would write a 1 in the space. If it best fits into the 

category of food or drink write 2. If it is a place people 

can live write 3. If it is an occupation or role write 4. 

Please do not skip any words. You have five seconds between 

stimuli to make your decision. Do you have any questions? 

In the last portion of your task, we are interested in 

how well you remember the words you heard in the first task. 

You will be presented with 48 auditorily presented words. 

Some of those words are the words you heard in the judgement 

task you performed earlier. You must try to think back to 

the first task and circle the numbers corresponding to the 

words from that task. You may also have heard some of the 

words in the previous word discrimination task; so be very 

careful to think back to the judgement task and be sure the 

word was presented in that task and not just the word 

discrimination task. You have seven seconds between stimuli 

to make your response. Do you have any questions? 



APPENDIX E 

WORD LISTS 

LIST A 

bird 

snake 

cattle 

geese 

dove 

leopard 

sauce 

macaroni 

apple 

corn 

salad 

butter 

village 

prison 

hotel 

city 

cellar 

camp 

Animals 

Food or Drink 

Places People Can Live 

LIST B 

lark 

mule 

insect 

horse 

lobster 

hound 

peach 

lemon 

lemonade 

potato 

wheat 

wine 

cabin 

home 

cave 

palace 

colony 

cottage 
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Occupations or Roles 

artist star 

queen judge 

banker king 

poet builder 

wife beggar 

butcher slave 
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