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ABSTRACf 

Interference effects are widespread in tests of explicit memory, such as recall and 

recognition. Implicit memory, in contrast, appears to be highly resistant to such effects. 

Four experiments were performed to provide a systematic investigation of interference in 

one implicit memory task, stem completion. In the first two experiments the cues used in 

the stem completion task uniquely identified one studied item (e.g., test cue ANT __ _ 

only one studied item, say, ANTIQUE, began with "ANT"). Performance in a single-list 

control condition was compared to a three-list interference condition in Experiment 1. No 

indication of interference, proactive or retroactive, was obtained. In Experiment 2, the 

effect of similarity of the interfering material to the targets was examined by using 

neighbours (words that shared all but one letter) in the interfering lists. In addition, 

completion performance was measured on words from each list. There was no 

interference attributable to the similarity manipulation, and there was no sign of a buildup 

of interference across list positions. In the final two experiments, the cues were non

unique, i.e., more than one studied item matched the stem cue (e.g., study ANTIQUE, 

ANTENNA, ANTLER; test cue ANT __ ). Because such a test limits the subject to 

one response out of the three studied alternatives, comparison to a uniquely-cued 

condition can lead to incorrect conclusions. Instead, an appropriate method of analyzing 

the data was developed. Using this analysis, proactive interference was detected in the 

stem completion task. The combination of findings from the unique and non-unique cue 

conditions suggested that there was no interference during encoding (e.g., no 

unlearning), but that interference effects arose during retrieval. A search mechanism that 

could explain the pattern of results was proposed. 
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INTERFERENCE EFFECTS IN IMPLICIT AND EXPLICIT MEMORY 

Although studies of memory often focus on what is remembered, explanations of 

forgetting are equally important. Throughout the 1930s, 4Os, 50s, and 60s one of the 

most influential explanations of forgetting was provided by interference theory. In 

contrast to decay theories of forgetting, which stated that information is simply lost from 

memory over time, interference theory focused on the extent to which prior and 

subsequent learning impaired memory for target information. An enormous amount of 

research suggested that interference effects are widespread. Both retroactive and 

proactive interference (the tendency for recent learning to interfere with old learning and 

for old learning to interfere with new, respectively) were demonstrated across a variety of 

tasks (including, for example, recognition, cued recall, pair-matching). The effects of 

variables such as similarity of interfering material to targets and delay of test were also 

studied in detail. Based on the results of these studies, several ideas about the 

mechanisms responsible for interference were introduced (e.g., response competition and 

unlearning), but no one theory was able to provide a satisfactory account of the results 

(Wickelgren, 1976). Eventually, the emphasis on research into forgetting shifted away 

from interference theory towards the newer information-processing approaches, which 

emphasized encoding/retrieval interactions. Nevertheless, during the time that 

interference theory was popular, the research program raised interesting questions about 

how new items are encoded, the loss of old items, the ability of various kinds of tests and 

cues to gain access to studied items, and the processes that operate during retrieval. 

More recently, the focus in memory research has shifted in a new direction: the 

study of implicit memory. The term, implicit memory, was introduced by Graf & 

Schacter (1985) to contrast with explicit memory, the form of memory that is tested by 



10 

tasks such as recall and recognition. Whereas explicit memory refers to the conscious, 

intentional recollection of a prior episode, implicit memory is revealed by the facilitation 

of task performance following prior experience with an item, even though the task makes 

no reference to the prior episode. Further, the production of a response from the 

previously studied material in an implicit memory task is not necessarily accompanied by 

awareness of that episode. Implicit memory has been studied using a number of tasks, 

including lexical decision (Forster & Davis, 1984), perceptual identification (Jacoby, 

1983; Scarborough, Gerard, & Cortese, 1979), stem completion (Graf & Mandler, 

1984), fragment completion (Tulving, Schacter & Stark, 1982), free association (Schacter 

& McGlynn, 1989), and category instance production (Graf, Shimamura & Squire, 1985; 

Kihlstrom, 1980). 

Many variables that are known to affect explicit memory have now been investigated 

with respect to implicit memory tasks. The most striking result of this research has been 

the large number of demonstrations of dissociations between implicit memory and explicit 

memory. Explicit memory, for instance, is highly sensitive to degree of elaboration and 

delay, but is relatively unaffected by changes of modality from study to test. In contrast, 

implicit memory shows little effect of degree of elaboration or delay (e.g., Schacter & 

Graf, 1986a; Graf & Mandler, 1984; Tulving, Schacter & Stark, 1982), but is often 

reduced by changes of modality (e.g., Schacter & Graf, 1989; Jacoby & Dallas, 1981). 

A few variables have also been shown to affect the two forms of memory in similar ways. 

For example, some amount of semantic study processing is important for both implicit 

and explicit memory for new associations (Graf & Schacter, 1985), and the proportion of 

items tested affects performance in both kinds of tasks (Jacoby, 1983). Nevertheless, it 

is the existence of dissociations that has fuelled the search for theoretical accounts of the 

two kinds of memory. 
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Interference, in spite of its strong influence in the development of explicit memory 

research, has not been studied to any great extent in the implicit memory field. The 

ubiquity of interference effects in explicit memory might suggest that interference is a 

fundamental characteristic of human memory. Implicit memory, however, seems to be 

remarkably resistant to interference (Jacoby, 1983; Graf & Schacter, 1987; Sloman, 

Hayman, Ohta, Law & Tulving, 1988; but see also Mayes, Pickering & Fairbairn, 1987; 

Nelson, Keelean, & Negrao, 1989). Further, implicit memory effects sometimes persist 

for at least a week (e.g., Tulving, Schacter, & Stark, 1982), although they can also be 

reduced after a matter of hours or days (e.g., Graf & Mandler, 1984; Sloman et aI, 1988). 

Such findings raise the question of how information is "forgotten" or lost from implicit 

memory. Under what conditions (if any) do prior and interpolated learning experiences, 

which reduce explicit memory performance, also cause a reduction in the facilitation of 

task performance normally seen in a single-list paradigm? If interference can be obtained 

in implicit memory, is it affected by the similarity of the intervening items to the targets? 

As in the explicit memory studies, answers to these questions would provide valuable 

insights into the nature of the storage and retrieval processes in implicit memory. Such 

information would not only allow refinement of current theories of implicit memory, but 

would also expand the range of data available for comparison of explicit and implicit 

memory processes, and thus contribute to the debate about the nature of the memory 

system or systems underlying the two types of memory. Given these possible benefits, it 

seems worthwhile to pursue a systematic investigation of the effects of interference 

manipulations in implicit memory. 

In the first section of this paper, a brief overview of the historical development of 

interference theory in the explicit memory domain will be presented. Next, a summary of 

some current theoretical views of implicit memory and the status of interference research 



in that field will be presented. In the third section, an approach to studying interference 

will be developed. Finally, a series of experiments that investigated interference in the 

stem completion task will be described. 

INTERFERENCE IN EXPLICIT MEMORY 

12 

Most of the classic studies of interference used the paired-associate paradigm that 

was commonly used in memory research at the time. In a typical interference experiment, 

subjects studied two lists of words and were then tested for their memory of one of the 

lists. In the control condition, the cue words and response words were unrelated (A-B 

list followed by C-D). In the interference condition, the two lists both used the same cue 

words (A-B, A-C). To test for the effect of subsequent learning on recall (retroactive 

interference), subjects were tested on their memory for the first list using cued recall. 

Interference was indicated if fewer A-B items were recalled in the interference condition 

than in the control condition. Specifically, the presence of additional items with the same 

cue tenn decreased the ability of the subject to recall the targets. Similarly, studies of 

proactive interference tasks tested recall for the second list An alternative way of testing 

for interference was to have all subjects study the A-B and A-C lists, and then compare 

the number of words recalled from each list One way of accomplishing this would be to 

give a memory test after each of the two lists. Alternatively, a final test might be given 

after both lists were studied, and the relative proportions of first-list and second-list 

responses could be tallied. If, for example, more items were recalled from List 1 than 

from List 2, buildup of proactive interference would be indicated. That is, the presence of 

the first list interfered with recall of the latter items. 
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Many of the standard types of memory tests were used to study interference, 

including cued recall, yes/no recognition, and pair-matching. In addition, some 

techniques were specially devised for the study of intelference, such as Modified Free 

Recall (MFR), in which subjects were asked to give the first word they could remember 

that was paired with the cue, whichever list it came from (Underwood, 1948), and 

Modified Modified Free Recall (MMFR), in which subjects recalled all the words that 

they had studied with the cue (Barnes & Underwood, 1959). All of these tasks were 

used to study the effects of manipulating variables such as: degree of list learning; time 

between learning and test; and similarity of interpolated material to targets. Retroactive 

interference was obtained across a wide range of conditions and tasks. Proactive 

interference effects proved a little more elusive, but they have been demonstrated. One 

variable that had a strong effect on both retroactive and proactive interference was 

similarity: more interference was typically found as the similarity between the targets and 

interfering information was increased (e.g., McGeoch & McDonald, 1931). Detailed 

summaries of interference findings can be found in, e.g., Baddeley (1976); Crowder 

(1976), Murdock (1974). The present review will focus on theoretical explanations of 

interference. 

Several mechanisms were proposed to explain the observed retroactive interference 

effects. Some of these mechanisms focused on retrieval, others on storage. The first 

explanation was a retrieval- based mechanism: response competition (McGeoch, 1942). 

In this theory, learning of the C response does not weaken the B response: both are 

independently encoded. At retrieval, however, all responses paired with a stimulus word 

compete, and the strongest trace wins. (The idea of trace "strength" will be used 

throughout the current discussion in an atheoretical sense (cr., Rexser & Tulving, 1978) 

to refer to the ideas that: a "stronger" trace will win a response competition with a 
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"weaker" trace; trace strength may vary with time; and strength is affected, in some way, 

by the type of encoding processes used.) The amount of competition is increased when 

the targets are more similar. McGeoch's theory also included two other factors, which 

are often ignored. First, he proposed that the association formed during learning includes 

more than just the nominal stimulus. The functional stimulus also includes elements of 

the learning situation. In addition, he discussed "inadequate set" at the time of retrieval. 

That is, the subject might be focussed on different elements of the stimulus at learning and 

test time, and the difference in focus would reduce ability to retrieve. These factors 

resemble the later ideas of encoding specificity (Tulving & Thomson, 1973) and encoding 

variability (Martin, 1968). McGeoch's (1932) theory predicted that recall errors should 

be intrusions (i.e., responses from the other studied lists), and that the number of 

intrusions should be related to the amount of interference, as measured by the number of 

trials required to relearn a list. The second part of this prediction was not supported 

(Melton & Irwin, 1940). 

The next theoretical development was Underwood's (1948) two-factor theory. In 

addition to response competition, a storage factor, unlearning, was hypothesized. That 

is, there was thought to be specific unlearning of A-B pairs during learning of subsequent 

lists. In order to test this theory, the technique of Modified Modified Free Recall 

(MMFR) was developed (Barnes & Underwood, 1959). In MMFR, subjects were asked 

to write all responses they had learned to a particular stimulus word. Results of MMFR 

experiments showed that there was some unlearning of B responses as the degree of 

learning of subsequent lists increased, but the B lists were not completely lost. An 

additional prediction from two-factor theory was derived from the analogy of unlearning 

to extinction in a classical conditioning paradigm. Unlearning, like extinction, was 



expected to exhibit spontaneous recovery. Little evidence was found to support this 

prediction. 
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The next version of interference theory waS another retrieval-based explanation: the 

response-set suppression hypothesis (Postman, Stark & Fraser, 1968). According to this 

approach, subjects were thought to use a strategy to systematically suppress all responses 

from the previous list while learning a new list. This suppression then carried over into 

the test phase, and so recall from earlier lists was poor. Further, if there was a delay 

before recall, use of the strategy was less effective, and so reduced amounts of 

interference would be observed when delayed tests of memory were used. Successful 

use of this strategy clearly depended on subjects' ability to discriminate among the lists. 

Some tests of the response-set suppression hypothesis used forced-choice 

recognition tasks rather than cued recall. When the distractors were not studied words, 

little retroactive interference was observed (e.g., Postman et ai, 1968). This result 

provided evidence against the earlier idea that correct responses are lost or unlearned. 

When distractor choices were from studied lists, however, retroactive interference was 

detected (Anderson & Watts, 1971). That is, when subjects had to discriminate list 

membership in order to give a correct response, interference occurred. This result was 

taken as support for the response-set suppression hypothesis. The recognition results 

also produced some problems for the theory. For instance, the amount of interference 

increases when the same cues are used in both lists, i.e., more interference was found 

from an A-B, A-C study phase than from an A-B, C-D (Anderson et ai, 1971). The list 

suppression hypothesis, however, does not predict differential suppression depending on 

cue similarity and so fails to predict a difference between the two conditions. Strong 

interference is also found if the items in the interpolated list are formed by repairing A and 

B items (Postman & Stark, 1969). In this case, there should be no need to suppress list 1 
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responses, which are the same as the list 2 responses, so no interference should be 

observed. Another problem for the response set suppression hypothesis arises from 

consideration of a mixed list paradigm. In this case, A-B, A-D (interference) items and 

A-B, C-D (control) items are intermixed in one list, and recall is poorer in the interference 

condition than in the control (Weaver, Rose & Campbell, 1971). This should not occur if 

interference is the result of suppression of a list, because there is actually only one list. 

ff, however, subjects are in some way able to identify the A-B pairs as llfirst listll items 

and suppress them, then they should all be suppressed regardless of whether they are 

followed by A-D or C-D items. 

A different approach to interference theory was presented by Martin (1968). His 

idea was that each stimulus has many different possible encoding and the attributes 

accessed by the retrieval cue may not match those encoded at study time. To the extent 

that the attributes do not match, retrieval will be impaired. In Martin's encoding 

variability theory, subjects first learn the IIgestaltll of the A-B pair, and then learn a 

retrieval plan that allows them to get back to the target. Retroactive interference occurs 

when the subjects' encoding of the A cue is biased to those attributes encoded in the most 

recent list. This theory encounters problems, too. For example, it has no way of 

accounting for interference in free recall, where there are no external cues to be encoded 

(Postman & Underwood, 1973). 

The above theories were designed mainly to account for retroactive interference. 

Theories of proactive interference were less well developed. Proactive interference was 

harder to demonstrate than retroactive interference. Like retroactive interference, it was 

affected by similarity. In addition, proactive interference effects were highly sensitive to 

factors such as spacing of lists, degree of list learning, and delay of test. Such findings 

lead to the idea that proactive interference was due to difficulty in list discrimination. For 



example, when there were long breaks between lists, subjects were better able to 

discriminate list membership. After lengthy delays, however, the lists became harder to 

discriminate. There was no role for storage factors such as unlearning in this account. 
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Research on interference has dropped off considerably since the late 1960s as the 

emphasis on theories of memory has shifted more to information processing approaches. 

In these approaches, forgetting is now studied in terms of encoding/retrieval interactions. 

The amount of forgetting observed is cue-dependent, in that the target is more likely to be 

recalled if the cue was present when the target was encoded (e.g., Tulving, 1974 ; 

Murdock, 1989). These views take the position that there is little unlearning. Rather, 

interference effects are attributable to failure of retrieval processes to gain access to the 

stored representations. One line of research that continues in the interference area is 

Anderson's work on the fan effect (e.g., Anderson, 1974). Anderson's approach differs 

from the classic interference designs in a couple of ways. Rather than studying isolated 

word pairs, Anderson uses propositions (sentences) as the material to be learned. In his 

experiments, subjects study a series of propositions about fictional individuals. The 

number of statements about each individual (the fan) is varied. In contrast to the classic 

interference studies, the propositions are studied until they can all be recalled or 

recognized perfectly. Using accuracy measures (e.g., number of facts recalled), these 

results would not appear to show interference. The dependent variable Anderson uses, 

however, is reaction time to recognize a fact. Reaction time has been shown to increase 

as the number of propositions learned about an individual increases. That is, learning 

related facts interferes with speed of access to that information. Such findings cannot be 

attributed to unlearning because all propositions can be recognized. Instead, the results 

point to a characteristic of the retrieval process that causes it to be slowed when many 

related propositions exist (Anderson, 1983). 
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Interest in interference has also surfaced in the computational modelling literature. 

Several models of memory have been shown to be subject to "catastrophic" retroactive 

interference in the sense that, as the models learn new items, they lose earlier items 

(Ratcliff, 1990; Carpenter & Grossberg, 1987; 1988). Because these results are 

incompatible with human memory, modifications of the models have been necessary, and 

many of these problems have now been overcome (e.g., Carpenter & Grossberg, 1987). 

One recent study has used the SAM model (Gillund & Shiffrin. 1984; Raaijmakers & 

Shiffrin, 1981) to motivate experimental work that investigated the locus of interference 

effects (Murnane & Shiffrin, 1991). They concluded that each item was stored 

independently (i.e., no interference during storage), and that these representations 

interfered with each other during retrieval processing. Accurate modelling of interference 

effects, however, is still a challenge for computational models of memory. 

In summary, there does not seem to be anyone satisfactory theory of interference in 

explicit memory. Wickelgren (1976) reviewed the various mechanisms proposed to 

underlie interference and concluded that there was some support for all of them. First, 

there appears to be some unlearning, or loss of items during the course of studying 

multiple lists. Second, there is a response competition mechanism operating, in the sense 

that several responses may be produced, and subjects then have to decide which 

competitor belonged to the target list (c.f., McGeoch's view in which only the strongest 

competitor would be produced). Because list membership information is also forgotten 

over time (and in fact may not have been well-learned in the first place), intrusion errors 

are made. Finally, there is also support for a response suppression factor, revealed by the 

changes in interference across time. Moreover, recent research strongly suggests that the 

major locus of interference effects resides on the retrieval side rather than storage. 
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INTERFERENCE IN IMPLICIT MEMORY 

Before beginning the discussion of interference in implicit memory, it is necessary 

to comment on the application of the concept of interference to this domain. In explicit 

memory interference tasks subjects are required to recall an item from a specific context 

(e.g., the first list learned). A critical feature of these tasks, then, is that subjects have to 

discriminate list membership. The task is made more difficult when it is structured so that 

intrusion errors can occur. For example, in recognition, little interference is found when 

foils are words that were not studied; interference does occur when the foils were also 

studied words,(Anderson & Watts, 1971). Implicit memory tasks, in contrast, are tasks 

that by definition do not make reference to any prior episode. The subject's ability to 

distinguish lists is irrelevant, because there is no reference to prior lists in the task 

instructions. Further, the term "intrusion error" in implicit memory is somewhat 

misleading. There is really no error, per se, since no "correct" list was specified to the 

subject and "correct" is, in fact, an arbitrary decision by the experimenter. It is still 

interesting, however, to ask whether the facilitation of processing studied words is 

affected by presentation of additional lists. Interference in implicit memory, then, can be 

operationally defined as a reduction in amount of priming relative to a control condition 

Jacoby (1983) examined interference using a perceptual identification task, in which 

subjects are required to identify briefly-presented words. He gave subjects study/test 

trials on each of 5 successive days, and also gave a final test on the fifth day that 

contained items from all studied lists. There was no decline in priming on the immediate 

tests across days, i.e., no buildup of proactive interference. In addition, the data from the 

final test were considered as a function of the day on which the items were studied. In 

this analysis, a decline or increase in the amount of priming across days would indicate 



proactive or retroactive interference, respectively. No evidence for interference was 

found. 
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Mayes et al (1987) studied interference in a free association task and in cued recall 

with amnesic patients and control subjects. The studied items were pairs of related words 

(e.g., bee-wasp~ bee-honey). Control subjects studied an A-B list for 1 trial. Patients 

received 5 study trials, in order to equate their degree of learning to that of the controls. 

Following the study trial(s), both groups of subjects were tested on the A-B items. They 

then studied A-C and were tested for the A-C items. In the explicit memory condition, 

subjects were informed that there would be a memory test, and were given explicit 

instructions that specified the target list when tested with the A word as a cue. In the free 

association condition, no mention of memory was made at study or test. The results of 

the A-C tests were compared to those of the A-B test to look for proactive interference. 

Equivalent levels of proactive interference were found in both groups in the free 

association task, and equal number of intrusions of first list items were found in the two 

groups. In contrast, in the cued recall task, patients showed more proactive interference 

and more intrusion errors than normal controls. 

Graf & Schacter (1987) studied interference in a cued stem completion task 

following study of a list of word pairs. In the control condition, for example, SHIRT -

ANGER was studied, but no other presented pairs contained the cue word SHIRT. In 

the interference condition, SHIRT appeared once paired with ANGER, again paired with 

WINDOW, then paired with ENERGY, and so on. The test stimulus for this item in the 

retroactive interference condition was SHIRT - AN . In the first experiment, each 

word cue in the interference condition was paired with 5 different words, and both 

retroactive and proactive interference were tested. There was no evidence of interference, 

which was measured by comparing completion rates in the control condition to the 
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inteIference condition. In the explicit task, in which subjects were asked to recall the item 

SHIRT - AN_' _, both proactive and retroactive interference were obtained. In a 

second experiment that examined only retroactive interference, subjects learned the two 

interference lists so that they could recall them perfectly. Again, substantial interference 

was found in the explicit task (pair-matching), but there was no retroactive inteIference in 

the implicit task. 

Sloman et al (1988) studied interference using a fragment completion task in which 

the fragments allowed only a single completion. Subjects studied a list of words for a 

later memory test. They then studied and recalled a series of lists. Some of these lists 

contained words that were semantically related to the target words; others had words with 

similar orthographic forms to the targets, and still others had unrelated words. Another 

group of subjects performed a nonverbal task, in which they played a video game, for 

approximately the same length of time. No evidence of retroactive interference was found 

in the final fragment completion task or in a two-alternative forced-choice recognition 

task. To investigate proactive interference, Sloman et al (1988) used a list-length 

manipulation. They compared completion following a 10-word list to completion 

performance for the last 10 items of a 100-word list. In addition, they looked for buildup 

of intralist proactive inteIference by comparing completion rates across deciles of the 100 

word list. No evidence of proactive interference was found on either the fragment 

completion test or on a yes/no recognition task. There was, however, some suggestion of 

intralist proactive interference in the explicit task when the dependent variable being 

considered was confidence ratings. 

Finally, Nelson et al (1989) investigated retroactive interference using word 

fragment completion. Their fragments, unlike those used by Sloman et at (1988), 

allowed more than one possible completion. In one experiment, subjects either learned 
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one list (A) or two lists (A, B). The B list was either unrelated to A; semantically related; 

or orthographically related (e.g., HEEL-PEEL). The fragment cues were such that either 

of the orthograpically-related items fit the fragment In both implicit and explicit tests for 

the A items using the fragment cues, retroactive interference was obtained for the 

orthographically-related items compared to the single list, semantically-related and 

unrelated list conditions. In another experiment, the B list items were selected so that 

semantically related words were also orthographically related (e.g., BLAME-SHAME). 

Thus, either the A or B list word could be produced to fit the fragment. Retroactive 

interference in the implicit test was found in the semantic+orthographic similarity 

condition, but no additional interference was obtained beyond that in the orthographic

similarity condition. That is, similarity of meaning did not cause any additional 

interference beyond that attributable to the orthographic-similarity. One difficulty with 

Nelson's results is that retroactive interference was found in both the implicit and explicit 

tasks. Because no dissociation was demonstrated between the two tasks, it is possible 

that the results obtained in implicit memory are attributable to the use of explicit memory 

to perform the completion task (Schacter, Bowers & Booker, 1989). Further studies with 

this experimental design are necessary to establish a dissociation between the two tasks 

before these results can be accepted with confidence. For the purposes of the present 

discussion, this finding of retroactive interference in fragment completion will still be 

considered, but will be treated as tentative evidence. 

When does interference occur in implicit memory? 

The results of the five studies of interference in implicit memory were mixed. Three 

studies failed to find any evidence of interference; one found retroactive but not proactive 
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interference and one found proactive but not retroactive interference. What factors could 

account for the differences in the results? First, consider the nature of the tasks that were 

used. One way to think about the relations among these tasks is to consider their 

locations along the data-driven/conceptually-driven continuum. Data-driven tasks are 

those that focus the subject primarily on non-semantic, structural features of the cues. 

Conceptually-driven tasks, in contrast, make more use of semantic processing. Many 

variables have been shown to have differential effects on these two classes of tasks (e.g., 

Roediger et al, 1988), so it could be that interference manipulations are also sensitive to 

this distinction. The three studies that failed to find interference employed perceptual 

identification, a data-driven task; fragment completion, also data-driven; and the cued 

stem completion task, which contains both conceptually-driven and data-driven 

components (Roediger et al, 1988; Schacter, in press). The tasks that showed 

interference were free association, which is likely conceptually-driven (Roediger et al, 

1988), and the data-driven fragment completion task. Thus the occurrence of 

interference cannot be predicted from the classification of tasks according to the data

driven/conceptually-driven distinction. Differences in processing demands among tasks, 

then, do not seem to account for the differences in the results. 

Consider next the types of encoding manipulations used. Oraf & Schacter (1987) 

and Sloman et al (1988) informed their subjects that they would receive a subsequent 

memory test for the target items. In addition, the subjects in the former experiment 

performed an orienting task in which they generated a sentence containing the target pair 

of words. In the latter, subjects' encoding processes were not controlled. Jacoby's 

subjects' simply read the target words aloud. They were not told initially that there would 

be a subsequent test using those targets, although they were informed at test that old 

words might be included. Beyond the first day, then, the subjects knew that some items 
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might be re-tested. Both Mayes and Nelson gave incidental learning trials. Their subjects 

rated the strength of association between the word pairs, or rated the concreteness of the 

words, but were not told there would be a subsequent memory test. Once again, the 

occurrence of interference cannot be predicted on the basis of the type of encoding tasks 

performed, because some experiments in both groups used semantic encoding tasks. One 

interesting point, though, is that two of the three studies that failed to find interference 

used intentionalleaming, and both the studies that found interference used incidental 

study conditions. Implicit memory studies have often used incidentalleaming, however, 

and still demonstrate robust priming effects (Bowers & Schacter, 1990), so it seems 

unlikely that this procedural difference would produce the observed differences in the 

interference studies. 

Finally, consider the nature of the cues used in the tasks. The experiments that did 

not produce interference used unique cues, i.e., the cue uniquely identified one target 

word, and therefore eliminated the possibility of intrusion errors. In perceptual 

identification, the word itself is presented at test Graf et al (1987)'s test cues consisted 

of a word and a stem. Although the same cue word was presented several times, the stem 

of the target was always unique. For example, if SHIRT-ANGER, SHIRT -

WINDOW, SHIRT - ENERGY were studied, the cue for the retroactive interference test 

would be SHIRT -AN __ . The presence of multiple targets paired with SHIRT might 

lead to response competition in the sense that multiple items in memory could be activated 

by the cue word SHIRT. The cue AN __ , however, uniquely identifies one of the 

competing pairs and so eliminates the ability of response competition to affect the word 

produced. That is, there is no possibility here of an "intrusion error": SHIRT

WINDOW cannot be produced as a response to the cue SHIRT -AN __ . Similarly, the 
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Sloman et al (1988) fragments had only one possible solution and so there was again no 

possibility of an intrusion. 

Consider now the Mayes and Nelson studies, both of which showed interference. 

In Mayes' study, the cue was the first item of the studied pair, and one pair in each list 

had started with that cue word. Thus, when the non-unique cue was presented, either of 

the primed targets could be produced. Similarly, in the graphemically-related condition of 

Nelson's experiments, where retroactive interference was reported, the cue was not 

unique: either HEEL or PEEL could be produced to the fragment cue. This feature of the 

cues may well be the critical difference between the two groups of experimental findings: 

interference is observed only when non-unique cues are used. 

Non-unique cues in implicit memory tasks 

Before proceeding, a problem in interpreting the results of experiments that test 

implicit memory with non-unique cues must be discussed. Interference in implicit 

memory was operationally defined above as a reduction in priming in an interference 

condition (e.g., A-B, A-C) as compared to a control condition (e.g., A-B, X-C). To 

illustrate the problem, consider the free association test used by Mayes et al (1987) and 

assume for the moment that the memory system supporting this task is not affected by 

interference, in the sense that, if both BEE-WASP and BEE-HONEY are studied, they 

will be independently encoded and equally accessible. In a control condition the lists 

included only one pair with the cue word BEE, say, BEE-WASP. The subject is then 

tested with BEE- ? and would produce WASP with some probability. In a retroactive 

interference condition BEE-WASP occurs in List 1 and BEE-HONEY in list 2. Given the 

test cue BEE - ?, the target response is still WASP, as in the control condition. Now, 
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however, there are two possible primed responses and, under the assumption of no 

interference, the subject is equally likely to produce WASP or HONEY. If the subject 

says HONEY, comparison of completion rates for the interference condition with the 

control condition will demonstrate reduced priming of the List 1 item, WASP, i.e., 

retroactive interference has been shown according to the operational definition of 

interference. But this conclusion is incorrect because the assumption in this example was 

that there was no interference in this memory system. A similar situation would arise in a 

proactive interference design. In this case, the target would be HONEY. If the subject 

produced the response WASP in the interference condition (which is possible, because 

both responses have been encoded), the amount of priming of the second list would be 

reduced relative to the control. In other words, comparison to a control can incorrectly 

lead to the conclusion that there is interference, either retroactive and proactive, in this 

hypothetically interference-free system. 

As a further example, suppose that a subject's responses are all from List 1. This 

would suggest that there is no retroactive interference, because the completion rate would 

be the same as that of the control. But, that subject's proportion of List 2 responses is 

now zero, and so is reduced relative to a proactive interference control, which tests only 

the List 2 items. The conclusion is thus that there is proactive interference. Note that 

whether interference is detected or not depends on whether one has chosen to look for 

retroactive interference or proactive interference. 

It is clear from these examples that the "interference" that is observed by comparing 

control and interference conditions is an artifact of testing with non-unique cues rather 

than a reflection of the underlying representations. The difficulty in the interpretation of 

the results is caused by the fact that the subject can only give one response. The observed 

completion rate when two responses are possible must show a reduced level of priming 
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compared to a control condition, in which only one possible completion was studied. 

Further, by only allowing one response, the test situation does not provide any 

information about the accessibility of the second studied word, which in the hypothetical 

example is as strong as the alternative that was produced. The problem arises only in 

implicit memory studies that use non-unique cues, because the criterion for "correct" is 

arbitrarily determined by the experimenter. In implicit memory tasks that use unique 

cues, there is only one correct (i.e., previously-studied) response, so the interpretation 

problem does not arise. Similarly, in explicit tasks, specification of the target list ensures 

that there is only one correct answer, even if the nominal cue is non-unique. 

Is there an alternative way of analyzing non-unique cue data that provides useful 

information about interference in implicit memory? Suppose that, instead of using an 

interference condition and a control condition, all subjects study A-B and A-C lists and 

are then tested with the cue A. Because no target list is specified in the implicit task, both 

the B and C items are likely to be given as responses. If the number of B (List 1) 

responses and of C (List 2) responses are calculated and compared, what would constitute 

evidence for "no interference" ? If both the B and C items are equally accessible, then 

there should be approximately as many B responses as C responses. (More precisely, if 

the two alternatives are independently encoded, the completion rates for both the A-B list 

and for the A-C list should be half of the rate obtained when only one list is studied.) By 

looking at the pattern of responses across lists, then, it is possible to detect the absence of 

interference. 

In addition, the patterns of completion rates can be used to identify interference. 

First, suppose that the presence of interfering material causes a general reduction in 

strength of encoding of all the studied items in memory relative to a control. If the 

encodings are weaker, then access to the stored items should be less likely, and even 
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lower rates of completion (i.e., less than half of the rate when only one list was studied) 

should be observed. Again, though, the A-B rates and A-C rates would be approximately 

equal if the reduction in strength applies equally across all items. 

Next, suppose that the memory system supporting implicit memory is subject to 

proactive interference. That is, the first items to be studied are strongly encoded, but later 

items are less strongly encoded. If tested with non-unique cues, the more-strongly 

encoded items will win a response competition with the later, weaker items, and so 

completion rates of List 1 items will be higher than rates for List 2. Similarly, if there is 

retroactive interference in implicit memory, the completion rates for List 1 items will be 

lower than for List 2, because the earlier items are in some sense weakened by the 

interfering lists. Once again, the patterns of responses across lists can be used to draw 

correct inferences about the underlying interference in implicit memory. 

It may still be of interest to compare performance in an interference (non-unique 

cue) condition to a control (unique cue) condition. Although it has been demonstrated 

above that comparisons based on absolute levels of performance are incorrect, 

comparisons of patterns across lists can still be made. Suppose, for example, analysis of 

non-unique cue data showed proactive interference (predominance of List 1 responses). 

Patterns of completions across lists from unique cue data could also be examined 

(separately) for indications of proactive interference. Because there are no comparisons 

of magnitude of responses here, the interpretation of the data by this analysis is not prone 

to artifacts. 

Using the analysis of data outlined here, non-unique cues as well as unique cues can 

be used to study interference in implicit memory. The operational definition of 

interference in implicit memory can now be refined as follows: 
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(i) when cues are unique, interference is obtained if the amount of priming detected 

in an interference condition (e.g., multiple lists) is less than in a control 

condition 

and 

(ii) when cues are not unique, there is 

(a) no evidence for interference if the amount of priming is equal across lists, 

is approximately equal to one-half of the amount of priming obtained in a 

control condition 

(b) retroactive interference if the amount of priming of List 2 items 

exceeds that of List 1 items 

(c) proactive interference if the amount of priming of List 1 items 

exceeds that of List 2 items 

Reconsideration of studies that used non-unique cues 

Mayes et ai's (1987) report of proactive interference and Nelson et aI's (1989) 

retroactive interference results with non-unique cues can now be reconsidered in light of 

the revised operational definition of interference. Nelson did not report data on 

"intrusions", so it is not clear whether the retroactive interference he found is real (i.e., 

shows as an increasing rate of completion across list position) or is an artifact of the test. 

Given this uncertainty of the interpretation of the data, along with the lack of the 

dissociation in the experiment discussed above, Nelson's results will not be considered 

further. 

Mayes et al (1987) presented data that allow two comparisons to be made. First, the 

A-B list showed more priming in the test that immediately followed it than the A-C list 
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showed in the test immediately following its presentation. These results indicate a 

buildup of proactive interference. Although this is a different measure of PI than that 

discussed above, the same problem with interpreting the results exists, because there was 

only one response available in memory after the A-B list was learned, but there were two 

available after the A-C list had been presented. The reduction in priming following A-C 

suggests that the B and C responses might be competing for production in this task, but 

little more can be concluded from this result. Mayes et al (1987) also presented 

lIintrusion ll data (i.e., A-B responses) in the final test as well as A-C responses. Using 

the interpretation proposed above, these proportions can be compared in order to draw 

further conclusions about the mechanisms operating in this task. The number of 

completions from A-B and A-C lists by amnesic patients were approximately equal (4.0, 

4.3 items, respectively), and so.the appropriate conclusion seems to be that there is no 

interference. In the normal control group, the number of A-B and A-C completions were 

3.6 and 4.6, respectively. This difference might not be significant, but shows a trend 

toward retroactive interference. Contrary to Mayes et al's (1987) claims, there is no 

support for the existence of proactive interference in the free associations task according 

to the present analysis. 

Differential susceptibility to interference of implicit and explicit memory? 

The conclusion from the preceding discussion is that there seems to be little 

evidence for the existence of interference in implicit memory: only when non-unique cues 

were used was there a trend to retroactive interference. In contrast, interference is a 

pervasive result in explicit memory tasks, although encoding and retrieval conditions can 

be arranged to minimize the effects of that interference. Is there anything inherent in the 
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two kinds of memory tasks that would account for these differences in susceptibility to 

interference? Two approaches to answering this question will be taken. First, several 

theoretical accounts of implicit memory have been proposed to account for dissociations 

between implicit and explicit memory. These frameworks will be examined to see if they 

provide any explanations of the interference phenomenon. In the second approach, 

mechanisms such as unlearning and response competition, which seem to underlie 

interference effects in explicit memory, will be examined to see how they might apply to 

implicit memory tasks. 

Interference and Theories of Implicit Memory 

Based on the widespread observations of dissociations between implicit and explicit 

memory, two main theoretical views of implicit memory have been developed: 

processing views, and systems views. Systems views explain dissociations between 

implicit and explicit memory in terms of the different memory systems supporting 

performance in the two kinds of tasks. Processing views, in contrast, attribute 

dissociations to the fact that the two kinds of tasks invoke different kinds of processing. 

Schacter (1990; see also Tulving & Schacter, 1990) presented a systems view of 

implicit memory in which performance in data-driven implicit memory tasks is said to be 

largely a result of a stored perceptual representation of the studied items. According to 

this framework, presentation of a stimulus causes the creation of a record in a perceptual 

representation system (PRS). It is access to this representation that facilitates 

performance in many implicit memory tasks. Explicit memory, in contrast, is supported 

by a memory system that stores semantic information, and also information about the 

context in which the items were encountered. This latter system is essentially episodic 



32 

memory, as defined by Tulving (1983). Dissociations occur because of the differential 

nature of the information stored in each system, and because the two systems operate 

according to different principles. According to the systems view, the differential 

susceptibility to interference of explicit memory and implicit memory is attributable to the 

differential characteristics of episodic memory and PRS. The mechanisms of PRS, 

however, are not yet defined in detail, so there is no theoretical basis for predicting the 

lack of interference in implicit memory. There is, for example, no obvious reason why 

mechanisms such as response competition and unlearning could not operate in PRS. 

Indeed, data about interference effects would be useful in helping to flesh out the 

description of the operation of this system. The systems view does, however, predict that 

all implicit memory tasks that are supported by PRS should show similar performance 

under interference manipulations. 

One processing approach distinguishes between elaboration and activation (Oraf & 

Mandler, 1984). Activation occurs automatically when an item is presented, and 

strengthens the features of that item. Elaboration creates new links among items. On this 

view, explicit memory depends on the links formed by elaboration, whereas implicit 

memory is primarily a result of activation, which facilitates subsequent processing of that 

item. Explanations of interference in explicit memory, then, would focus on factors 

affecting the links among items. The activation mechanism can be used to derive 

predictions about performance in implicit memory tasks. If more than one list has been 

presented, activation of the items from the first list should be starting to decay by the time 

testing is performed. In this case, then, retroactive interference would be predicted: the 

later, more highly activated items, would show more facilitation than the earlier items. 

The prediction clearly is not supported by the data reviewed above. 
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A second processing approach has been proposed by Roediger (e.g., Roediger et ai, 

1989). He has argued that most explicit memory tasks are conceptually-driven, i.e., they 

make use of semantic representations and abstract, meaning-related processing. Implicit 

memory tasks, in contrast, are largely data-driven, i.e., they tend to make use of the 

lower-level, structural features of the stimulus rather than semantic features. According to 

this view, then, observed dissociations between explicit and implicit memory are actually 

reflections of conceptually-driven vs data-driven processing rather than characteristics of 

two different kinds of memory. Because interference has been found so widely in 

conceptually-driven explicit memory tasks, this view predicts interference in conceptually

driven implicit memory tasks, which share the same processes. There is, however, little 

support for the prediction. No clear prediction is made about interference in data-driven 

tasks. 

To summarize: the theoretical accounts of implicit memory are not sufficiently 

detailed to shed any light on the reason for the lack of interference in implicit memory. 

Some general predictions were derived about the kinds of tasks that were likely to show 

interference, but there was little support for these predictions. The discussion turns now 

to a consideration of mechanisms that underlie interference in explicit memory, and their 

applicability in implicit memory tasks. 

Interference Mechanisms 

To establish a basis for this discussion, consider first a task analysis of implicit and 

explicit tasks that are presented after a multiple list study phase. In the implicit memory 

task a cue is given and the subject is asked to produce the first word that comes to mind 

that fits that cue. When a candidate response is produced, the only criterion necessary for 
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accepting that response is whether it fits the cue. In stem completion, for example, with a 

cue WIN __ , the candidate needs only to be checked to ensure that its starts with the 

letters "WIN". Presumably there are several routes that can produce a candidate 

response. If there was no previously-studied word that fits the cue, candidate 

completions for the word stem would be produced from the lexicon (Forster & Davis, 

1984). If a studied word fits the cue, a response can also be produced from the memory 

representation of that item. In order to account for the priming that is observed, it can 

either be assumed that the memory route is faster than the lexical route, or that the 

presence of the memory representation combines with the lexical alternatives to bias the 

choice of that item (c.f., Ratcliff, McKoon, & Verwoerd, 1989). In addition, if multiple 

possible completions are stored in memory, there could be competition among those 

alternatives before a candidate is selected. Once a candidate is produced, the task is 

complete, as long as the word really starts with the given stem cue. There is no need to 

check on the source of this response to satisfy the requirements of the task - it could be 

lexically generated or it could come from a memory system, and if it comes from a 

memory system, the list to which it belongs is irrelevant (For some implicit tasks the 

criterion is even less stringent In free association, for example, the only requirement is 

that the response is a word. No semantic or graphemic restrictions have to be satisfied.) 

In the analogous explicit task, stem cued recall, the subject is asked to remember the 

word from the target list that started with those 3 letters. Given the cue, a candidate is 

also produced. The candidate must fit the cue, as in the implicit task, but there are 

additional requirements to be satisfied. First, the candidate must be a studied item. That 

is, it must be identifiable as belonging to the context in which it was learned. 

Additionally, in a multiple list paradigm, its exact list membership must be ascertained 
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differential criteria that must be satisfied in implicit and explicit tasks). 
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The preceding task analyses can now be used to evaluate mechanisms that might 

produce interference in implicit memory. An obvious choice of candidate mechanisms to 

be considered are those mechanisms that were proposed in explicit memory: unlearning, 

response competition, list discrimination, and response set suppression. Unlearning, for 

example, could affect an implicit memory task. If items are lost from the relevant memory 

store, then an implicit memory task would obviously not be able to gain access to those 

items and would thus show interference. The results of the experiments cited above, 

however, argue against the existence of unlearning that can affect an implicit memory 

task, because target items' accessibility was unaffected by the presence of unrelated items. 

It is possible, however, that the presence of highly similar items might disrupt encoding. 

If this was the case, then priming should be reduced below the levels expected when there 

is no interference, whether cues are unique or non-unique. There was again little 

evidence for this: several experiments manipulated similarity of interfering items to 

targets, but found no interference (Mayes et aI, 1987; Sloman et al, 1988). 

Next, consider response competition. If cues are unique, there seems to be little 

possibility of response competition in either implicit or explicit memory. If for example, 

subjects study A-B, X-C, the test cue A seems unlikely to gain access to the X-C 

representation and thus trigger response competition. Even if the X-C representation is 

activated, it can easily be rejected because it does not match the A cue. In the case where 

the cue is not unique (e.g., study A-B, A-C; rest A - ?), competition among the multiple 

items paired with the cue could occur in both implicit and explicit memory tests. In the 

explicit task, the subject must then decide which of the candidates that have been accessed 

is the correct response. This list discrimination, as discussed above, seems to be very 
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difficult. In the implicit task, on the other hand, several candidates may be activated by 

the cue, and whichever one wins the competition (is most strongly activated, or is 

accessed most rapidly) will be produced. No additional checking of the candidate for its 

source is necessary. Whether the observed interference effect is artifactual, retroactive, or 

proactive depends on the relative strengths of the representations of the competitors. 

Finally, response suppression was identified as an important mechanism in 

interference in explicit memory. Suppression takes place while the subject is attempting 

to learn subsequent lists, so when learning List 2, the subject suppresses all List 1 

responses. When the subject is then asked to recall List 1, those responses are still being 

suppressed and are thus not accessible for recall. After a delay, the suppression is lifted, 

and retroactive interference is reduced (e.g., Baddeley, 1976). It is difficult to evaluate 

the relevance of this mechanism to implicit memory tasks. First, if an incidental learning 

task was used, it seems that the response suppression strategy would never be engaged 

and so should not have an effect on either explicit or implicit memory. With intentional 

instructions, however, the strategy could be adopted. If suppression is maintained as a 

conscious strategy by the subject, there is no reason why it would be used during an 

implicit memory task, because there is no reference in the task to the prior episode. If, 

on the other hand, its effect is to reduce activation of the first-list items, it could reduce the 

likelihood of gaining access to those items. The importance of this mechanism to 

interference theory in explicit memory was the need to explain the temporal course of 

retroactive interference, but it does not at present seem relevant to implicit memory. 
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Interference in implicit memory: Hypotheses 

Based on the preceding analysis, hypotheses about interference in implicit memory 

can now be specified. In a uniquely-cued implicit memory task, there is little evidence for 

unlearning, and response competition and list suppression seem unlikely to occur. Thus, 

no interference is expected in uniquely-cued tasks. When the cues are not unique, 

response competition can occur in implicit memory tasks. Occurrence of response 

competition, however, does not necessarily mean that interference will be observed. As 

discussed above, if all competitors are independently encoded, there will be no 

interference - all competitors are equally likely to be produced. If, on the other hand, one 

of the competitors is stronger than the others, then either retroactive or proactive 

interference should be observed. Nothing in the preceding analysis leads to any 

predictions about which of the competitors will be stronger. If, for example, unlearning 

occurs, the earlier items will be lost (or weakened) as subsequent lists are presented. In 

this case, the more recent items would be stronger and so win the competition, i.e., 

retroactive interference should be detected. 

Results already in the literature provided several demonstrations of interference-free 

implicit memory performance when unique cues were used, and there was some 

suggestion that retroactive interference might be found with non-unique cues. These 

results, however, have been found across several studies, each using different tasks and 

experimental setups. In addition, no one study has systematically examined both unique 

and non-unique cues. The goal of the present research, then, was to select one implicit 

memory task, and use it to investigate interference effects with both unique and non

unique cues. The task chosen for these studies was stem completion. Stem completion is 

a data-driven task (Roediger et ai, 1989), as are many other tasks studied in implicit 
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memory, and so it seems to be a good choice for a "typical" or representative implicit 

memory task. In addition, stem cues can be readily used in an explicit memory task (stem 

cued recall) and therefore allows the study of dissociations between implicit and explicit 

memory using the same nominal cues (Schacter, Bowers & Booker, 1989). Finally, stem 

completion can be related to two of the major theoretical views of implicit memory, 

Roediger's processing view, and Schacter's (1990) perceptual representation system. 

Use of a data-driven task will thus set the stage for further theoretical discussions of the 

results of the present studies within these framework. 

Specifically, the present research is designed to (a) test the hypothesis that, when 

cues uniquely specify the target, there will be no interference in the stem completion task 

(Experiments 1 and 2); and (b) begin an investigation of the nature of the interference 

(artifactual, proactive or retroactive) that is detected when cues are not unique 

(Experiments 3 and 4). 

EXPERIMENT 1 

The first two experiments tested the hypothesis that no interference occurs in 

implicit memory when unique cues are used. Such a hypothesis, however, seems to 

require supporting the null hypothesis. To overcome this problem, each experiment will 

include an explicit memory condition, which, on the basis of the classic interference 

literature, is expected to show interference. With the inclusion of such a condition, the 

hypothesized result is in fact an interaction between implicit and explicit memory. Even if 

a dissociation is found, though, it could be argued that the manipulation was just too 

weak to produce interference in implicit memory. There are, of course, no objective 
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criteria for assessing "strength" of a manipulation, although those used here were thought 

to maximize the possibility of finding interference. Nevertheless, a single dissociation 

would not be very convincing support for a hypothesis that implicit memory is 

interference-free. Instead, converging evidence was sought from a second experiment, 

which used a different interference manipulation, and a different measure of interference. 

If no interference is found in either of these two strong manipulations, confidence in 

concluding that there is indeed no interference would be strengthened. 

Perhaps the simplest way to look for interference is to compare a condition in which 

subjects study only the list of target items to one in which additional, interfering lists are 

presented. If there is really no interference, then performance should not be any worse 

after studying additional lists than after studying only the targets. Such a design was used 

to study interference in a stem cued completion task following study of word pairs (Oraf 

& Schacter, 1987). No interference was found in their implicit task, although significant 

interference occurred in an analogous explicit task (stem-cued recall). The present 

experiment was performed to generalize the finding to the stem completion task. 

In the first experiment, subjects studied either one list or 3 lists of words in both 

retroactive and proactive interference designs. (Classic interference designs usually used 

only 2 lists. An additional interfering list was used here to try to increase the chances of 

detecting interference.) Because unique cues were required for the stem completion and 

stem-cued recall tasks, target words were chosen so that no two studied items began with 

the same 3 letters. For example, if ANTENNA was a target word, no other word starting 

with ANT was included in any of the study list(s). The prediction is that the presentation 

of additional lists will not interfere with accessibility to the targets, and so completion 

performance should be the same whether one list is studied or several lists are studied. 

Interference is expected in explicit memory, because this design essentially replicates the 
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e.g., Baddeley, 1976) 

Method 

Design 
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The independent variables are type of interference (retroactive or proactive); number 

of lists studied (one or three) and type of memory test (explicit or implicit). All variables 

were manipulated between subjects. 

Subjects 

192 University of Arizona students participated in the experiment. In return for 

their participation, subjects received credit toward the requirements for their introductory 

psychology course. 

Materials 

108 nouns were used as the target words. These nouns were selected so that no 

two target items have the same three-letter stem. Eighteen additional words were selected 

to be used as filler items (3 at the beginning and 3 at the end of each list). The fillers were 

also selected so that their stems were unique across all words used in the experiment. 

The 108 target nouns were divided into 3 sets of 36 words each (the A, Band C 

sets). Each 36-word set was then be divided into 2 I8-word subsets (AI,A2; BI,B2; 

CI,C2). In the interference conditions, the 3 24-word lists studied by the subjects were 

either AI, B 1, C 1 or A2, B2, C2 plus the filler items. The control groups studied A 1 or 

A2, respectively, in the retroactive interference condition, or CI or C2 in the proactive 
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interference condition. Lists were counterbalanced so that each 18-word subset appeared 

equally often in each list position, and so that each set appeared equally often as baseline 

and as studied items. 

The filler task for the control groups in this experiment was a non-verbal task. 

Tasks that do not use verbal stimuli are unlikely to lead to representations being stored in 

memory that might compete with the study list items, and so these groups provided a 

relatively pure measure of retention of items from one list. In addition, the non-verbal 

task was designed so that it took the same amount of time to complete as the time required 

to study two lists of words. This time requirement is necessary so that comparisons 

between the control and interference condition will not be confounded by a difference in 

elapsed time between study and test as would occur if, for example, subjects who studied 

only one list were tested immediately following study. A booklet containing 10 mazes 

was prepared. The same series of mazes were used for all subjects. The mazes were 

selected so that it was unlikely that any subject would complete all the mazes in the time 

allotted to this task. 

The test form for the stem completion task contained the stems of the 18 target items 

from the target list. (For the RI group, the List 1 stems were the critical items; List 3 

items were critical for the PI group.) The stems of the words from the 18-word subset 

that was not presented were also included on the test form (e.g., if the Al items formed 

the target list, then A2 items will be included as baseline items). These non-presented 

items were used to collect baseline completion rates. The critical and baseline stems were 

arranged in random order, along with 24 additional stems that served as distractor items. 

These distractors helped disguise the nature of the test from the subject so that the subject 

was unlikely to realize that this was a hidden memory test. Three versions of the test 

form were required to match the counterbalancing of the lists. 
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The test form for the cued recall test contained the stems of the 18 critical items from 

the target list in the same order that they appeared on the stem completion test form. 

There were no distractor items on the cued recall test form. 

Procedure 

Subjects were run either singly or in small groups. In the small groups, all subjects 

worked independently on each task. Instructions for each task were given to the group. 

The next task was not started until all subjects in a group finished the current task. This 

restriction meant that some subjects occasionally had to wait for a short time upon 

completion of a task. Such pauses were usually less than a minute in length. Subjects 

were given a test booklet that contained pages for recording ratings of the studied words, 

performing the filler task (control group only) and writing responses to the distractor and 

test tasks. Words in the lists were hand-printed on 3,0" index cards. Each subjects was 

given 3 packs of cards, one for each list. Within each pack, there were 5 copies of the 

list. Each list was separately randomized (shuffled) before the cards were given to the 

subject. The filler items were shuffled separately, and always placed so that there were 3 

fillers at the beginning and 3 at the end of each repetition of the list In order to control 

the encoding that subjects perform, they were asked to rate each item for pleasantness, 

using a scale of 1 to 5 (1 = unpleasant; 5 = most pleasant). Ratings were written in a test 

booklet. Subjects were instructed to study the list or lists for a later memory test and 

worked through the cards for the list at their own pace. At the end of each list, the 

experimenter instructed the subject to set that pack of cards aside and go on to the next 

list. Subjects were instructed to continue rating the items for pleasantness for each list. 

During repetitions of the same list, subjects could either make the same rating for each 
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about it at that time. 
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In the retroactive interference (RI) group, control condition subjects studied one list 

of words (list A) and then solved mazes for approximately 12 - 14 minutes (the time it 

takes the interference group to study 2 additional lists); interference condition subjects 

studied three lists (A, B and C). List A items were then tested. In the proactive 

interference (PI) conditions, control subjects performed the maze task for 12-14 minutes 

and then studied list C. The proactive interference group studied lists A, Band C. For 

the proactive interference group, the critical items to be tested were from list C. 

For the control groups, mazes were placed in the answer booklet at the appropriate 

point in the experiment. To encourage subjects to attend to the maze task, they were told 

that the task was being given to them because the experimenter was interested in the 

correlation between memory and spatial abilities, as measured by number of mazes 

completed. The maze data was in fact not used. Subjects worked on the mazes until the 

experimenter told them to stop. At that time, they either went on to the test phase (RI 

group), or to study the target list (PI group). 

Following the end of the study/maze phase, subjects were told that there were a few 

more tasks for them to do before they received the memory test. The two distractor tasks 

were designed to encourage a "set" in which su~jects wrote the first thing that came to 

find. This set should make the implicit memory task seem like just another filler task, and 

should reduce the likelihood of the subjects realizing that it was a memory test. The first 

distractor task was a name generation task. In this task, a series of first names was 

written in the answer booklet. The task was to write down the first surname that came to 

mind when they saw the first name. Sometimes the first name was followed by a letter 

(e.g., AMANDA B--->. In such cases, the subject was to write the first surname that 
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came to mind that started with the given letter. There were 40 items in this task. Subjects 

worked through the names in order and at their own pace. This task generally took about 

5 minutes to perform. 

The second distractor task was city generation. Subjects were given a sheet of 

paper with all the letters of the alphabet on it. They were told to go through the alphabet 

in order and, for each letter, think of the name of a city that started with that letter. If they 

could not think of a city for a particular letter, they were to leave it blank and go on to the 

next letter. Subjects continued until they reached the letter Z. If this task took longer than 

about 5 minutes, the experimenter told the subject to go on to the next task. 

Following the distractor tasks, the critical tests were given. Subjects in the implicit 

memory group received both a completion test and a recall test (although the recall data 

was not analyzed); subjects in the explicit group received only the cued recall task. In the 

stem completion task, subjects were told that they would see a series of 3-letter word 

beginnings on the page. For each one, they were to write down the first word that came 

to mind that started with those 3 letters. Subjects were also told that they might 

sometimes notice that the words they were writing were words they had just studied, but 

that that was all right. It was stressed that the idea was to write down the first thing that 

came to mind. Subjects were told to try to produce a word for every stem, and were also 

told that they could go on if they were unable to complete one. They were not allowed to 

go back to previous items. 

In the cued recall task, stem cues were presented in the same manner as in the 

implicit task. In this task, however, subjects were instructed to try to remember the 

words they had learned in the target list (List 1 for the retroactive interference group; List 

3 for the proactive group). The stems were to be used to help them remember those 

words. Subjects were told to remember as many words as they could but, if they could 
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not remember a word, they were told to guess, i..e, to write down any word they could 

think of that started with those 3 letters. Subjects were not allowed to go back to previous 

items. The recall task was performed by all subjects. 

Results 

The results are summarized in Table 1. All values reported are proportions correct 

Retroactive Interference. In explicit memory, more words were recalled following 

study of one list (control condition) than following study of 3 lists (interference condition) 

(M = .72 and .61, respectively). This difference was significant (E(1,46)=7.259, 

MSe=.021, 2<.01). 

In implicit memory, completion rates for studied items were higher than baseline 

completion rates in the control condition (.M.=.37 and .13, respectively) and in the 

interference condition (M=.35 and .14, respectively). In addition, completion rates for 

studied items were slightly higher in the control condition than in the interference 

condition (M=.37 and .35, respectively). The differences between baseline and studied 

conditions were significant for both the control condition (1(23)=-8.388,2<.01) and the 

interference condition (!(23)=-7.63, 2<.01). For the studied items, the difference 

between the implicit control and interference conditions was not significant 

(E(1,46)=.108, MSe =.021, 12.=.74). 

Proactive Interference. In explicit memory, more items were recalled in the control 

condition than in the interference condition (M=.75, and .70, respectively), but this 

difference was not significant (E(1,46)=1.526, MSe=.020, 12.=.22). 

In the implicit groups, completion rates for studied items were higher than for 

baseline items for both the control (M=.45 and .13) and interference conditions (M=.38 

and .15). These differences were significant (1(23)=-11.068, }2<.01, and 1(23)=-8.741, 
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Q<.01, respectively). In addition, completion rates were lower in the interference 

condition than in the control condition (M=.38, and .45, respectively), but this difference 

was not significant (E(1,46)=2.23, MSe =.028, Q=.14) 

Discussion 

In the retroactive interference groups, the expected results were obtained: fewer 

words were recalled following study of 3 lists than following study of a single list in 

explicit memory but there was no difference in completion rates between the two 

conditions in the corresponding implicit memory conditions. That is, retroactive 

interference was obtained in stem cued recall, but not in stem completion. The proactive 

interference results were less clear. Although there was a trend to proactive interference 

in explicit memory, the difference between the control and interference conditions was not 

significant Moreover, there was a similar trend to proactive interference in implicit 

memory. There are two problems with these results. First, it could be argued that, 

because there is no dissociation between implicit and explicit memory, subjects may have 

turned the implicit task into an explicit one (Schacter, Bowers, & Booker, 1989). The 

result in the implicit group, then, simply reflects the explicit result Perhaps even more 

problematic, however, was the fact that the manipulation used may just have been too 

weak to cause proactive interference on either type of memory test. Indeed, proactive 

interference has been somewhat difficult to show in explicit memory (e.g., Baddeley, 

1976). The unique stem cues, which eliminate the possibility of intrusion errors, may 

have been sufficiently powerful to reduce proactive interference effects in explicit 

memory. In order to draw any conclusions about proactive interference in implicit 
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demonstrated in at least one of the memory tests. 

EXPERIMENT lA 
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The goal of experiment lA was to retain the general design of the first experiment (a 

single list control vs a 3-list interference condition), but to find a variation that would 

produce significant proactive interference. One way to increase the likelihood of detecting 

interference is to try to increase the strength of the items from the interfering lists. It 

seems reasonable to assume that strengthening the interfering items should decrease the 

accessibility of the targets. Stronger items would also be more likely to win a response 

competition over the weaker targets, if such competition occurs. To create the differential 

strengths, interfering lists were studied 5 times each in Experiment lA, but the target list 

was only presented once. It was predicted that the extra trials on the interfering lists 

would increase the strength of those items, and thus be sufficient to produce proactive 

interference, at least in explicit memory. 

Method 

Design 

The independent variables were number of lists studied (one or three) and type of 

memory test (explicit or implicit). Both variables were manipulated between subjects. 



Subjects 

72 University of Arizona students (4 groups of 18 subjects) participated in the 

experiment. In return for their participation, subjects received credit toward the 

requirements for their introductory psychology course. 

Materials 
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The materials used in Experiment lA were the same as those used in Experiment 1. 

Procedure 

The procedure was essentially the same as in Experiment 1, except that (a) only the 

proactive interference groups were run and (b) the interfering lists were studied 5 times 

and the target list was studied once. To review briefly: subjects in the control condition 

solved mazes for approximately 15 minutes and then studied the list of 24 target words 

once. Interference group subjects first studied the 2 interfering lists (5 repetitions of 

each), and then studied the target list (once). Subjects performed a pleasantness rating 

task during the study phase. 

After studying the lists, subjects performed the name generation and city generation 

filler tasks. Implicit memory group subjects then performed the stem completion task and 

the cued recall task. Explicit memory group subjects performed only the cued recall task. 

Results and Discussion 

The results are summarized in Table 2. In explicit memory, more items were 

recalled after studying one list than after studying three lists (M=.64 and M=.48, 

respectively). The difference was significant (E(1,34)=11.56, MSe = .019, g<.01). In 

implicit memory, completion rates for studied items were significantly higher than 
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baseline completion rates for both the control condition (M=.36 and .12, respectively; 

1( 17)=7.59, n<.Ol) and the interference condition (M=.34 and .11, respectively; 

1(17)=8.31, n<.01). In addition, the completion rate was slightly lower in the 

interference condition than in the control condition (M=.36 and .34, respectively). The 

difference between the control and interference conditions was not significant; 

E(1,34)=.314, MSe=.017, Q>.5) 

When the interfering lists were studied 5 times and the target list was studied only 

once, significant proactive interference was obtained in explicit memory. In spite of the 

additional trials on the interfering lists, however, there was no indication of interference in 

implicit memory. Taken together, Experiments 1 and 1A supported the hypothesis that 

stem completion, like other implicit memory tasks, was resistant to interference under a 

manipulation that produced significant interference (retroactive and proactive) in explicit 

memory. Before drawing any broad conclusions about interference in the stem 

completion task, however, it is important to obtain converging evidence from at least one 

other experiment that maximizes the chances of finding interference. What aspects of the 

procedure or materials might affect interference? 

One factor that was shown to affect the amount of interference obtained in explicit 

memory was similarity between the target items and interfering items. In general, 

stronger interference effects were obtained as the similarity between the targets and 

interfering items increased (Baddeley, 1976). In Experiments 1 and lA, however, there 

was no systematic similarity between the targets and interfering items: if, for example, a 

target word was DENrIST, there were no other words in the study that were either 

semantically or orthographically related to DENrIST. Similar words might be more 

likely than unrelated words to interfere with each other during encoding or storage. If this 

interference occurred, then lower performance would be expected on the words that were 
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less well encoded. I t also seems more likely that response competition would occur 

among similar words than among unrelated words. Indeed it is hard to imagine that 

presentation of the cue DEN__ would trigger competition with unrelated words in the 

interfering list, such as ROAST and MONKEY. If there was some similarity among the 

items, however, the cue could gain access to both the target and the similar items. 

Although only the item that fits the cue can be given as a response, the competition among 

these items could slow the production of a response from the memory system and reduce 

the amount of priming observed. If similar items still fail to produce interference, 

however, the support for the claim that uniquely-cued implicit memory tasks are 

interference-free would be strengthened. 

EXPERIMENT 2 

The goal of Experiment 2 was to provide converging evidence for the no

interference hypothesis. The experiment was designed so include two measures of 

interference. First, performance in an interference condition in which interfering items 

were highly similar to the targets was compared to a control condition in which the 

interfering items were unrelated to the targets. If stem completion is not susceptible to 

interference, there should be no effect of similarity, i.e .• completion rates should be 

equivalent in the two conditions. The second measurement of interference in Experiment 

2 was performed by testing items from both the first and last lists. Such measures have 

been used in explicit memory tasks. and have often shown a buildup of proactive 

interference, i.e., more words recalled from the first list than from the last list. If there is 

no interference in implicit memory, there should be no change in completion rates across 

list positions. 
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The first issue is to identify the dimension of similarity that might be relevant to a 

stem completion task. According to Schacter's (1990) PRS framework, data-driven 

implicit memory tasks like stem completion are based on a perceptual representation, so 

perceptual similarity rather than, say, semantic relatedness, is most likely to produce 

interference. For stem completion, then, the appropriate dimension should be visual or 

orthographic similarity. Maximal orthographic similarity can be obtained be using 

neighbours, Le., words that differ by only one letter. For example, for a target word 

BUfTER, the neighboUrs BITTER and BATTER were used to try to produce 

interference. Because unique cues were still required, it was also necessary to ensure that 

the neighbours all had unique stems (so, e.g., BITTER, BUTTER, BATTER would be 

acceptable but ALL, ALE, ALM would not). 

Once the decision was made to manipulate orthographic similarity, there was some 

concern about how well the subjects would encode the visual fonn of the words. In 

Experiment 1, the encoding task was pleasantness rating, which focussed the subject on 

the meaning of the word. With this semantic encoding task, then, it was possible that the 

visual fonn was largely ignored, and might not be well-encoded. Weak encoding of fonn 

would reduce the likelihood of response competition occurring among fonn-similar items. 

It was therefore decided that a form-based encoding manipulation, which forced the 

subject to attend to the visual form of the words, should be added to the experiment. For 

this encoding task subjects were required to count the number of enclosures in each word 

(Graf & Mandler, 1984). An enclosure is a completely enclosed space within a letter 

(e.g., the letters 0, p, a each contain one enclosure; the letters 1, t,r have no enclosures). 

Overall, the encoding manipulation should produce an effect in explicit memory but not in 

implicit memory: more words should be recalled after semantic encoding than after form

based encoding (e.g., Graf & Mandler, 1984; Jacoby & Dallas, 1981). With respect to 
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interference, however, the enclosure task, which focusses attention on the letters of the 

word rather than on its meaning, should produce a stronger encoding of form than a 

semantically-oriented ta..c;;k such as pleasantness ratings. With a stronger representation of 

form, more interference from neighbours might then be expected following form-based 

encoding than following pleasantness ratings. 

Because interference was measured in this experiment by the change in performance 

across lists positions, a single-list condition was not required. Instead, all subjects in 

Experiment 3 studied 3 lists and were then tested either on items from List 1 or items from 

List 3. Any differences in performance between List 1 and List 3 would indicate the 

occurrence of interference. 

To summarize the predictions, then: according to the no-interference hypothesis, 

even the strong form similarity of neighbours will not be sufficient to produce interference 

in the stem completion task. That is, performance is expected to be equal for items in 

both control (unrelated) and interference (form-similar) conditions, regardless of whether 

encoding was focussed on the form or the meaning of the words. In addition, if there is 

no interference, there should be no difference in performance on items from the first and 

last list positions. In explicit memory, similarity of the targets and interfering items 

should produce interference relative to the condition in which there is no similarity. 
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Method 

Design 

The independent variables were: type of encoding (semantic or form); list position 

(list 1 or 3); similarity (control (none) or form-similar) and type of test (stem completion 

or cued recall). Similarity was manipulated within subjects. Type of encoding, type of 

test and list position were between subjects variables. Thus there were 8 groups, 

produced by the combination of 2 types of encoding x 2 list positions x 2 types of test 

Subjects 

144 University of Arizona students (8 groups of 18 subjects) participated in this 

experiment as part of the requirement for a research methods class. Subjects were 

randomly assigned to test condition, i.e., cued recall or stem-completion, and to list 

position 1,2 or 3. 

Materials 

List items. All items used in this experiment were words of 4,5 or 6 letters. 

Words were judged by the experimenter to be words that all subjects would know. All of 

the selected target items began with stems that have at least 5 possible completions, 

according to the Concise Oxford English Dictionary. 

Eighteen target nouns were selected. For each of these nouns, 2 neighbours were 

selected for the form-similar condition. The items were chosen subject to a number of 

restrictions. Half of the neighbour triplets consisted of all rhyming words (e.g., I-llLL, 

PILL and MILL), and half contained at least one non-rhyme (e.g., COUGH, DOUGH, 

BOUGH; BEAD, LEAD, DEAD). All members of the triplet had unique stems. Next, 
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an additional 2 sets of 18 words were selected to fonn the control condition items. 

Finally, 18 nouns were selected to serve as fillers. None of the control or filler items 

were neighbours of any other item in the study, and no 2 words in the study began with 

the same 3-letter stem. 

The target nouns were divided into 3 sets of 6 items each so that each set contained 

3 targets with rhyming triplets (one 4-letter word triplet, one 5-letter and one 6-letter 

triplet) and 3 non-rhyming triplets (one 4-letter-, one 5-letter- and one 6-letter triplet). 

The target list was composed of one set of targets in the interference condition (Le., 

matched with neighbours in the interfering list), and one in the control condition 

(unrelated words in the interfering lists). The third set was not presented: its items were 

used to collect baselines in the implicit memory task. Finally, the remaining 18 items 

were assigned to the three lists to be used as fillers. 

Each list thus contained 18 items: 6 in the interference condition,6 in the control 

condition, and 6 fillers. The 3 subsets of the original set of 18 targets were 

counterbalanced so that each item appeared equally often in every condition (baseline, 

control, interference). In addition, the lists were counterbalanced so that each subset of 

targets appeared equally often in each list position. (Filler items and control items were 

not counterbalanced because of the difficulty of finding suitable sets of neighbours that 

satisfied the constraints of unique stems and at least 5 completions.) Nine subjects were 

required to complete the counterbalancing. (See Appendix A for a table illustrating the 

counterbalancing. ) 

Test fonns. The test fonn for the completion task contained stems of the 6 control 

and 6 fonn-similaritems from the target list. The remaining words from the lists were not 

tested. Six baseline (not studied) stems were also included. Distractors were included 

on the test fonn to bring the total number of stems tested to 36. These distractors served 
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to disguise the nature of the test from the subject so that the subject was unlikely to realize 

that this was a hidden memory test. Three versions of the test fonn were used for 

counterbalancing purposes. 

The cued recall task included the same critical stems as the completion task, in the 

same order. There were no distractor items in the recall task. Nine versions of this test 

were used. 

Procedure 

Subjects were tested individually. All items and instructions were presented by an 

IBM computer. Subjects were told that they were taking part in a memory experiment, 

and that they would see 3 lists of words that they were to learn for a subsequent memory 

list. The lists were then presented on the screen, one item at a time. Order of list items 

was randomized for each subject on each trial. On the first trial of each list, 3 filler items 

were presented at the beginning of the list, and 3 fillers at the end. On subsequent 

repetitions of the lists, the filler items were randomized along with the targets. Each item 

remained on the screen for 4 seconds. There was a 1 second pause between items. At the 

end of each list presentation, a message appeared, telling the subject that that was the end 

of that presentation of the list. The subject pressed the ENTER key on the computer 

keyboard to go on to the next presentation. The list numbers were explicitly given in these 

messages (e.g., That was the end of List 1. Press ENTER to go on to List 2). Subjects 

perfonned either pleasantness ratings (semantic encoding group) or enclosure counts 

(fonn encoding group), and wrote their ratings or counts in an answer booklet. Subjects 

studied the target list (either List 1 or List 3) once and each interfering list 5 times, for a 

total of 11 list presentations. 
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After all 3 lists were presented, subjects performed two distractor tasks. The 

distractor tasks were the name and city generation tasks used in Experiment 1. The only 

difference here was that the instructions and cues appeared on the computer screen. 

Subjects recorded their responses in their answer booklets, and pressed the ENTER key 

to go on to the next item. 

Following the distractor tasks, the critical tests were given. Subjects in the implicit 

memory group received both a completion test and a recall test (although the recall data 

was not analyzed); subjects in the explicit group received only the cued recall task. The 

stem completion task was presented in the same way as in Experiment 1, except that the 

3-letter word beginnings were presented one at a time on the screen. In the cued recall 

task, the stem cues were presented in the same manner as in the implicit task. In this task, 

however, subjects were instructed to try to remember the words they had learned in the 

target list (either list 1 or 3, depending on the group). The stems were to be used to help 

them remember those words. Subjects were told to remember as many words as they 

could but, if they could not remember a word, they were told to guess, i..e, to write 

down any word they could think of that started with those 3 letters. Subjects were not 

allowed to go back to previous items. 

Results 

The results of Experiment 2 are summarized in Table 3. 

Explicit memory. Overall, more items were recalled from List 1 than from List 3 

(M=.59 and .49, respectively).; more in the interference (similar) condition <M=.S8) than 

in the control (unrelated) condition (M= . .50); and more following semantic encoding 

(M=.62) than following form-based encoding <M=.46). Further, for all encoding and 

interference conditions, more items were recalled from List 1 than from List 3. 
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The data from Lists 1 and 3 in both the semantic and fonn encoding conditions were 

combined in a single ANOV A. There were significant main effects of encoding 

(E(1,68)=15.345, MSe=2.031, p<.Ol) and list position (E(1,68)=5.199, MSe=.056, 

n<.05). Interference condition (similar vs unrelated) was marginally significant 

(E(1,68)=3.334, MSe=.063, n=.07). There were no significant interactions (all n-values 

> .5). 

Implicit memory. Completion rates for studied items were higher than for baseline 

items. Overall, the completion rates for List 1 items and List 3 items were virtually 

identical <M=.35 and .36, respectively); slightly higher in the interference (similar) 

condition <M=.37) than in the control (unrelated) condition (M=.34); and nearly identical 

following semantic encoding (M=.36) and fonn-based encoding (M=.35). 

Planned t-tests showed that all of the control and interference results were 

significantly above baseline. An ANOVA of completion rates for studied items revealed 

no significant main effects or interactions (all n-values > .4). 

Discussion 

The expected encoding effect was obtained in explicit memory: more words were 

recalled following semantic encoding than following a shallow, fonn-based encoding 

task. In addition, there was a buildup of proactive interference: more words were 

recalled from the first list from the last list. And finally, fonn-similarity had a marginally 

significant effect, but in the opposite direction to that expected: more words were recalled 

in the fonn-similarity condition than in the control condition. One possible explanation 

for the reversal is that subjects detected the similarities, especially in the rhyming words, 

and were able to use them as a mnemonic device. For example, when BUTTER was 
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presented, the subject might remember previously seeing BATTER, and then rehearse 

BA TIER-BUTTER together. The extra rehearsal would strengthen rather than interfere 

with recall of BATTER. (c.f., Robbins & Bray, 1974). 

In implicit memory, none of the manipulations had a significant effect. Type of 

encoding, as expected, did not affect completion rates. Further, there was no evidence 

for interference on either measure: there was no difference between performance on 

similar items and unrelated items; and an equal number of completions were observed 

across all list positions, both for form-similar items and for dissimilar items. This pattern 

of results provides a clear dissociation with the explicit results, so arguments about 

explicit memory contaminating implicit memory can be ruled out. One possible 

explanation for the lack of interference from neighbours is that, as in explicit memory, the 

neighbours reinforced the target rather than interfered with it. In fact, there was a slight 

(non-significant) tendency toward more completions in the form-similar condition than in 

the control condition. Additional support for the idea that neighbours may prime each 

other in the stem completion task has been obtained by Forster (1991, personal 

communication), who has shown that study of, e.g., CHICKEN, primes completion of 

THICKEN given the stem cue THI __ . 

The motivation for using form-based similarity to try to create interference was the 

PRS view of Schacter et al. That is, if implicit memory performance is based on 

representations in this pre-semantic system, only pre-semantic features should create 

interference. Although not predicted by the PRS view, the possibility of semantic 

similarity causing interference in implicit memory (as it does in explicit) should also be 

considered. Pilot studies were performed using essentially the same design as 

Experiment 2 but with triplets of semantically-related items rather than triplets of 

neighbours in the interference condition. Related items were chosen from the same 
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semantic category as the targets (e.g., GENERAL, COLONEL, ADMIRAL). Again, 

there was no sign of interference in implicit memory. Indeed, it is difficult to see how 

such semantically related items would interfere at retrieval. The cue GEN_ seems 

highly unlikely to be able to gain access to the words COLONEL or ADMIRAL and thus 

trigger interference or response competition. Semantic similarity also failed to produce 

interference in fragment completion (Sloman et ai, 1988; Nelson et ai, 1989). 

It seems, then, that it is extremely difficult to demonstrate interference in stem 

completion with unique cues: dissimilar items do not interfere (Experiment 1 and lA), 

semantically-similar items do not interfere, and form-similar items not only do not 

interfere with each other but may even slightly strengthen each other. Although it might 

be worth further effort to explore other aspects of form similarity that could cause 

interference, the focus of the present studies was instead turned to the use of non-unique 

cues. As discussed above, when several targets match the cues competition between 

responses should occur. Inspection of the patterns of results across list position should 

provide insight into the relative accessibility of the alternative items. If indeed there is no 

interference in implicit memory, all the studied items should be equally accessible, and 

equal completion rates would be expected across list positions. 

EXPERIMENT 3 

In this experiment, subjects studied three lists that contained some words with 

unique cues (e.g., DENTIST, ROAST and MONKEY in lists 1,2 and 3, respectively) 

and some with non-unique cues (e.g., ANTENNA, ANTLER and ANTIQUE in lists 1,2 

and 3, respectively). Words from all three list positions were tested. In the unique cue 

condition, then, the stems DEN __ , ROA __ , and MON __ were all included in 
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the test. In the non-unique cue condition, the test stem ANT __ was presented, and 

the number of occurrences of each of the targets (ANTENNA, ANTLER, ANTIQUE) 

was counted. In addition, a fourth word that started with same stem was also identified 

(e.g., ANTHEM), and the number of ANTHEM responses were also counted as a 

measure of baseline completion rate. (The four words that shared a stem were, of course, 

counterbalanced across list position and baseline conditions.) 

The unique-cue condition was included here to provide a replication of the control 

condition (unrelated words) of Experiment 2, in which there was no difference in 

completion performance across list positions in stem completion. What might be expected 

to occur in the non-unique condition? First, interference could occur during encoding 

(e.g., unlearning). In Experiment 2, however, there was no indication of such 

interference among words that shared all but one letter. In the present experiment, there is 

considerably less form similarity among the non-uniquely cued words, which share only 

the first 3 letters. It seems unlikely, then, that this small degree of similarity will produce 

interference during encoding. The situation at retrieval, however, is quite different from 

the uniquely-cued conditions of the previous experiment. Here, the cue ANT __ could 

trigger response competition among the three studied words, ANTENNA, ANTLER, and 

ANTIQUE. If the strengths of the three alternatives differ, the strongest will be produced 

or, if all are equally strong, they are equally likely to be produced. Given the suggestion 

that there is no interference during encoding, the most likely outcome would seem to be 

that the three items are all independently encoded and will thus be equally likely to be 

produced. Thus, equal completion rates would be expected for items from all 3 lists, as 

in the uniquely-cued condition. 

Before turning to the detailed description of the experiment, a couple of comments 

about the analysis of the data are needed. First, it should be noted that comparisons of the 
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absolute values of the completion rates in the unique and non-unique conditions are not 

meaningful. This conclusion follows from the fact that the non-unique test restricts the 

subject to only one of the three possible studied responses. As discussed in an earlier 

section, comparisons of condition with such restrictions to a uniquely-cued condition will 

provide spurious evidence for interference. Instead, the unique and non-unique conditions 

will be analyzed separately, and only the pattern of responses across lists will be 

important. Second, the measurement of baseline values in the unique-cue condition 

requires comment because it varies somewhat from the standard measure of baseline. The 

standard measure was used in the unique cue condition baselines: stems of items not 

presented during study were tested in order to assess baselines (e.g., study ANTLER, 

DENTIST, ROAST; test BUT __ to get a baseline for the other target in the quadruplet, 

BUTTER). In addition, no words starting with BUT_ had been studied in the 

experiment. For the non-unique condition, however, the test cue was presented after 3 

possible completions had been studied (e.g., study ANTENNA, ANTLER, ANTIQUE; 

test ANT __ ). Completions were tallied for each of the studied alternatives, and also 

for the unpresented member of that quadruplet (ANTHEM, in the example). So, in this 

case, the baseline is the probability of writing a non-studied word, ANTHEM, given that 

the subject has studied some ANT __ words (cf, the standard measure, in which no 

item beginning with that stem has been studied). The study phase, of course, increases 

the likelihood of the subject responding with one of the studied items. Such responses 

will therefore force the baseline to be lower than in the standard measure, where no 

possible completions had been presented in the study phase. The absolute magnitude of 

the baselines will not be a problem, however, when it is the pattern of responses across 

lists that is important rather than the size of the difference between baseline and studied 

items. 
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To summarize: in this experiment both unique and non-uniquely cued items will be 

studied. Items from all three lists will be tested. In explicit memory, interference (i.e., 

change in number of words recalled across lists) is expected for both unique and non

unique cues. In the unique cue condition, proactive interference is expected, as in 

Experiment 2. In implicit memory, no interference is expected with uniquely-cued items. 

If there is no interference in implicit memory, even when items share stems, then equal 

completion rates are also expected across lists in the non-uniquely cued condition. 

Method 

Design 

The independent variables were type of cue (unique or non-unique), list position (1, 

2 or 3) and type of test (stem completion or cued recall). List position and cue type were 

within-subjects variables. Type of test was manipulated between subjects. 

Subjects 

48 University of Arizona students (2 groups of 24 subjects) participated in this 

experiment in return for credit toward their introductory psychology class. Subjects were 

randomly assigned to test condition, i.e., cued recall or stem-completion. 

Materials 

List items. All items used in this experiment were words that were judged by the 

experimenter to be words that all subjects were likely to know. All of the selected target 

items began with stems that have at least 5 possible completions, according to the Concise 

Oxford English Dictionary. 
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Twelve quadruplets of target nouns were selected so that all words in a quadruplet 

started with the same three-letter stem (e.g., ANTIQUE, ANTENNA, ANTLER, 

ANTHEM). No 2 quadruplets in the study began with the same 3-letter stem. An 

additional 36 words were selected for use in the unique cue condition. Finally, 18 nouns 

were selected to serve as filler items in the studied lists. (Three fillers were presented at 

the beginning, and three at the end of each list.) Except for the words within the same

stem quadruplets, no two items began with the same stem as any other word in the study. 

The twelve target quadruplets were divided into two sets (sets A and B) of 6 

quadruplets each. The A set items were then used in the non-unique cue condition; the B 

set served as targets in the unique cue condition. For the unique condition, one item was 

selected from each of the B quadruplets. The remaining 3 members of the quadruplet 

were not used. Three items from the non-unique set were then randomly assigned to each 

of these targets to form quadruplets of uniquely-cued items. Four subsets were then 

formed from the A set and from the B set by assigning one item of each quadruplet to the 

first subset (creating an Al and Bl set); the second item to the second subset (A2 and 

B2), etc. 

The targets were counterbalanced so that each subset of A and B appeared equally 

often in each list position and as baseline (not presented) items. That is, one quarter of 

the subjects would study Al and Bl in List 1, A2 and B2 in List 2 and A3 and B3 in List 

3, respectively, and the A4 and B4 sets would be used to collect baselines; another quarter 

would study A2+B2, A3+B3 and A4+B4, and Al +B 1 served as baseline, etc.. The A 

and B sets were not counterbalanced across cue condition. Because all items were 

initially chosen to met the same criterion (i.e., they belonged to a quadruplet of non

uniquely cued items) and the items were randomly assigned to sets, there is no reason to 

expect any systematic differences between the items in the two sets. Finally, the filler 
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items were divided into three subsets, Fl, F2 and F3, which were used in Lists 1,2 and 

3, respectively. Filler items were not counterbalanced across list positions - the Fl items 

were always used as fillers for the first list presented~ the F2 items for the second list; and 

F3 for the final list. Each list thus consisted of 18 items: 6 non-uniquely cued, 6 

uniquely-cued, and 6 fillers. Four subjects were required to complete the 

counterbalancing. 

Test forms. The test form for the completion task contained the 6 non-unique cues, 

and the 24 unique cues (6 studied items from each list plus 6 baseline items). The 

remaining words from the lists (the fillers) were not tested. Distractors were included on 

the test form to bring the total number of stems tested to 72. Only one version of the test 

form was required. 

The cued recall task included the same critical stems as the completion task, in the 

same order. No distractor items were used in the recall task. Four versions of the test 

form were needed. 

Procedure 

Subjects were run either singly or in small groups. In the study phase, each of the 

three lists were studied three times. Subjects were given 3 packs of cards, one for each 

list. Before the cards were given to the subject. each list was separately randomized 

(shuffled) so that there were 3 filler items at the beginning and 3 at the end of the list. At 

the end of each time through the list, the experimenter instructed the subject to shuffle the 

cards and go through them again. After 3 times through a list, subjects were instructed to 

go on to the next pack of cards. Pleasantness ratings were made during the study phase. 

Following the study phase, subjects performed the name and city generation tasks, 

as in Experiment 1. Subjects in the implicit group then performed the stem completion 
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task followed by the stem cued recall task. Explicit group subjects performed only the 

stem cued recall task. In the recall task, no target list was specified (c.f., Experiments 1 

and 2, where subjects were asked to recall, e.g., the first list). Instead, subjects were 

given modified free recall (MFR) instructions, i.e., they were instructed to try to 

remember any word they had learned that started with those three letters. They were told 

to write down whichever studied word they remembered first. The need for switching to 

modified free recall arose from the use of non-unique cues. In the stem completion task, 

the goal is to find out which completion subjects are most likely to produce. To get the 

analogous data for the explicit memory task, no target list should be specified. (When 

cues are unique, no such problems arise, because the cue matches only one target.) 

Results 

The results of Experiment 3 are summarized in Table 4. 

Explicit memory. More words were recalled from the last list than from the first 

two lists for both the uniquely-cued items CM=.60, .66, .69 for Lists 1,2,3, 

respectively) and the non-uniquely-cued items (M=.26, .26, .30 for Lists 1,2,3, 

respectively). Separate ANOVAs were performed for the unique and non-unique 

conditions. There were no significant effects of list position in either condition. Planned 

comparisons on the non-unique cue data using t-tests showed no significant differences 

between any pair of lists. For the unique-cue data, the difference between List 1 and List 

3 was marginal (1(23)=-1.877, p=.07). No other pairs of lists showed significant 

differences. 

Implicit memory. In the unique cue condition, the highest completion rate was 

found for List 2 items (M= .33, .40, .36 for Lists 1, 2,3, respectively). In the non

unique cue condition, there were more completions from List 1 (M=.24) than from Lists 2 
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and 3 (M=.17 for both). Planned comparisons of the responses at each list position with 

the baseline value for that condition showed that all conditions and list positions were 

significantly (p<.05) above baseline, except for list 1 in the unique condition, which was 

only marginally significant (p=.08). ANOV As on the unique and non-unique cue 

condition data showed no significant effects of list position (Q> .2). Planned 

comparisons on the non-unique cue data using t-tests showed that the difference between 

completion rates of List 1 items and List 3 items was marginally significant (t(23)=1.704, 

p=.lO). The difference between List 1 and List 2 completion rates was not significant 

(t(23)=1.326, p=.20). In the unique cue condition, there were no significant differences 

among pairs of lists. 

Discussion 

In explicit memory, there was a nonsignificant trend towards retroactive interference 

with both unique cues and non-unique cues: more items were recalled from the final list 

than from the earlier lists. The unique cue result failed to replicate the finding of proactive 

interference under similar conditions in Experiment 2. One design difference between the 

two experiments may have contributed to the different directions of the two sets of results: 

in Experiment 2, list positions were tested between subjects, but Experiment 3 used a 

within subjects test. It is not immediately obvious, however, why such a change would 

lead to an opposite pattern of results. Because the direction of the explicit memory result 

is not relevant to the interpretation of the implicit memory data, the difference will simply 

be noted without further search for an explanation. 

In the implicit memory unique cue condition, there was no difference in completion 

rate across lists. As in Experiment 2, then, there was no interference when unique cues 
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were used. In the non-unique cue condition, there was a trend toward proactive 

interference, i.e., a predominance of List 1 responses, but that trend was only marginally 

significant. In addition, the completion rates for List 2 and List 3 (.17 for both) were 

quite low. If these rates were not significantly different from baseline, then the claim of 

proactive interference would be strengthened: there would be no evidence of implicit 

memory for these later list items. The List 2 and 3 completion rates were, in fact, 

significantly above the baseline value (.06). It should be noted again, though, that the 

baseline measure used here differs from standard baselines, which are typically in the 

range .11 - .19 (the values obtained in the first three experiments). It is rather striking 

that the .17 val ue for Lists 2 and 3 is well wi thin the range of standard baseline values. 

That is, if a standard baseline measure had been used in this experiment, the conclusion 

would be that there was no evidence for implicit memory for items from the last 2 lists - a 

striking demonstration of proactive interference. It was argued earlier that the baseline 

measure used in this experiment was appropriate when only the pattern of completion 

rates for studied items was being analyzed. The present comparisons, however, force a 

reconsideration of which baseline measure is appropriate. 

When standard baselines are collected, the stem cues do not match any studied 

words. For example, the cue ANT_ would be tested following study of lists that did 

not contain any ANT words. Proportions of each of the target responses (e.g., 

ANTIQUE, ANTLER and ANTENNA) would then be determined. (Items would, of 

course, be counterbalanced across the studied and baseline conditions.) Use of this 

measure provides infonnation about the relative likelihood of production of each 

response. In the Experiment 3 situation, however, the baseline of, say, ANTHEM would 

be computed in a situation in which ANTIQUE, ANTLER and ANTENNA were all 

studied. The studied items are now, of course, more likely to be produced than the 
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baseline item (by definition of implicit memory), and so reduce the value of the baseline. 

Further, the three studied items will be produced in proportions that reflect their 

occurrence in the experimental situation rather than the baseline likelihoods. The latter 

baseline measure, then, does not provide an accurate estimate of baseline probabilities of 

producing a target word. If comparisons are to be made between baseline and studied 

items, the standard measure of baseline is appropriate one for the non-unique condition. 

(It is worth repeating, however, that the baseline issue does not alter the outcome of the 

analysis of completion rates across list positions.) 

Given the trend toward proactive interference in Experiment 3, which was the first 

sign of any interference whatsoever in stem completion, and the problem with the baseline 

measure, it was judged to be worthwhile to make an additional attempt to study the use of 

non-unique cues. 

EXPERIMENT 4 

It was thought possible that, in Experiment 3, the inclusion of stem cues for items 

from all lists in the test might have contaminated the results of the unique cues. Suppose 

that there really is a proactive interference effect for non-uniquely cued items, i.e., there is 

a low probability of producing a list 3 item as a completion. There were also, however, 

stems from uniquely-cued List 3 items on the test, some of which are likely to be 

completed with the word studied in List 3. Once access has been gained to some List 3 

words via the unique stems, it is possible that all List 3 items are "reactivated" and thus 

made more accessible (c.f., Sloman et al, 1988). Such increased accessibility could 

increase the number of List 3 responses to the non-unique cues beyond what would 

otherwise be expected and mask the proactive interference effect. The preceding scenario 
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is admittedly speculative, but there have been some reports of implicit memory 

performance being influenced by the nature of the other items tested. Jacoby (1983), for 

example, found more priming on a perceptual identification task when 90% of the tested 

items were "old" (Le., previously studied) than when only 10% were old. To remove the 

possibility of contamination of the List 3 results by the presence of List 1 and List 2 cues, 

only non-uniquely cued items were used in Experiment 4. In addition, the standard 

baseline measure was used in Experiment 4. Use of this baseline allows comparison of 

completion rates to baselines to assess whether there is any facilitation of performance at 

the later list positions. 

In Experiment 4, subjects studied 3 lists, all made up of non-uniquely cued words. 

Responses were scored to determine the proportion of responses from each list. I t was 

predicted that the use of lists made up of all non-unique cues would strengthen the trends 

found in Experiment 3. Specifically, retroactive interference was expected in explicit 

memory, and proactive interference was expected in implicit memory. 

Method 

Design 

The independent variables were list position (1, 2 or 3) and type of test (stem completion 

or cued recall). List position was a within-subjects variable. Type of test was 

manipulated between subjects. 
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Subjects 

48 University of Arizona (2 groups of 24 subjects) participated in this experiment as part 

of the requirement for a research methods class. Subjects were randomly assigned to test 

condition, i.e., cued recall or stem-completion. 

Materials 

List items. All items used in this experiment were words that were judged by the 

experimenter to be words that all subjects were likely to know. All of the selected target 

items began with stems that have at least 5 possible completions, according to the Concise 

Oxford English Dictionary. 

Twenty-four triplets of target nouns were selected so that all three words in a triplet 

started with the same three-letter stem (e.g., ANTIQUE, ANTENNA, ANTLER). An 

additional 18 triplets, also selected so that all members had the same stem, served as filler 

items. Three fillers were presented at the beginning, and three at the end of each studied 

list. No 2 triplets in the study began with the same 3-letter stem. 

The twenty-four target triplets were divided into two sets (sets A and B) of 12 

triplets each. Within each set, three lists were then formed by assigning one item of each 

triplet to one list (AI or B1, respectively); the second item to a second list (A2 or B2); and 

the remaining item of the triplet to the final list (A3 or B3). Similarly, the filler items were 

divided into three subsets, F1, F2 and 8, and assigned to lists. Each list contained 18 

items: 12 targets and 6 fillers. 

The targets were counterbalanced so that sets A and B appeared equally often as 

baseline (not presented) and studied items. That is, half of the subjects would study the 

AI, A2 and A3 items, and the B set would be used to collect baselines; for the other half, 

the B items would be studied, and the A set would be the baseline items. In addition, the 
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lists were counterbalanced so that each subset of targets (A 1,A2,A3 or B 1 ,B2,B3) 

appeared equally often in each list position. Filler items were not counterbalanced across 

list positions - the F1 items were always used as fillers for the first list presented; the F2 

items for the second list; and F3 for the final list. Six subjects were required to complete 

the counterbalancing. 

Test forms. The test form for the completion task contained the stems of all 12 

target items. The remaining words from the lists (the fillers) were not tested. The 

twelve baseline (not studied) stems were also included. Distractors were included on the 

test form to bring the total number of stems tested to 48. Only one version of the test 

form was needed. 

The cued recall task included the same critical stems as the completion task, in the 

same order. No distractor items were used in the recall task. Nine versions of this test 

were used. 

Procedure 

Subjects were tested individually. All items and instructions were presented by an 

IBM computer, as in experiment 2, with the exceptions noted below. Subjects performed 

a pleasantness rating task while they studied 3 lists of words. On the first trial of each 

list, 3 filler items were presented at the beginning of the list, and 3 fillers at the end. On 

subsequent repetitions of the lists, the filler items were randomized along with the targets. 

Each list was presented 3 times. Subjects then performed distractor tasks (name and city 

generation), followed by either a stem-cued recall task (explicit group) or a stem 

completion task and a stem-cued recall task (implicit group). In the cued recall task, 

subjects were instructed to try to remember any word they had learned that started with 

those three letters (modified "free" recall). Subjects were told that they might notice that 
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they had studied more than one word that started with the same stem, but that they should 

just write down whichever one they remembered first. 

Results 

The results of Experiment 4 are summarized in Table 5. 

Explicit memory. There was a slight trend toward more words being recalled from 

list 3 (.M=.34) than from lists 1 and 2 (.M=.32 and .31, respectively). An ANOVA 

revealed that there were no significant effects of list position. 

Implicit memory. At all list positions, completion rates for studied items were 

higher than baseline completion rates. Considering only the studied items, there were 

more completions from List 1 and List 2 (M= .31 and .29, respectively) than from List 3 

(.21). Planned comparisons between completion rates in the baseline and studied 

conditions were significant for List 1 and List 2 (1(17)=3.654, n<.01 and 1(17)=3.940, 

n<.01, respectively). The List 3 completion rate was not significantly different from 

baseline (1(17)=.697, p=.S). An ANOVA of the completion rates for studied items 

showed a marginally significant effect of list position (E(2,34)=2.628, MSe=.019, 

p=.087). Planned comparisons on list positions were also performed. The difference 

between List 1 and List 3 was significant (1(17)=2.691, n<.OS), and the difference 

between List 2 and List 3 was marginally significant (1(17)=1.861, p = .08). 

Discussion 

In Experiment 4, using all non-uniquely cued items in the study lists, the same 

proportion of words was recalled from each list position in the stem-cued recall test. 

Under modified recall instructions, then, SUbjects were equally likely to recall a studied 
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word from any of the 3 lists. The lack of an interference effect in the explicit task was 

somewhat surprising in light of the frequent observations of interference in similar 

designs (e.g., Baddeley, 1976). It should be noted, however, that most of the classic 

interference studies used paired associates as the study materials, and presented one 

member of the pair as a recall cue. Although the present use of shared 3-letter stems is 

clearly analogous to the earlier A-B, A-C designs, it is possible that stem cues will not 

produce the same patterns of results as whole word cues. For example, a stem might be a 

highly effective cue for a target word, even under interference conditions, whereas the 

first word of a pair, which contains little information about the word with which it was 

studied, might be more susceptible to interference effects. Indeed, the present results 

support this notion: interference seems to be difficult to obtain with stem cues. 

In the implicit task, subjects were less likely to complete the stem with the word that 

was studied in the last list. This tendency showed up both in a comparison of studied 

items to baseline (the list 3 items were not significantly different from baseline), and in a 

comparison of completion rates across the 3 lists (although this effect was only marginal). 

The results of Experiment 4 have strengthened the suggestion in Experiment 3 of 

proactive interference in the non-uniquely cued stem completion task. 

Although both Experiments 3 and 4 showed proactive interference in stem 

completion, there was one interesting difference: in experiment 4, both the List 1 and List 

2 completion rates were above baseline, and the two rates were essentially the same; in 

Experiment 3, only List 1 rates were significantly different from baseline. In other 

words, the extent of the proactive interference effect differs between the two experiments. 

In Experiment 3, List 1 seemed to have interfered with both list 2 and list 3 items, 

whereas List 2 performance was unaffected in experiment 4. It is not immediately 

obvious what might have caused this difference. Different materials were used in the two 
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experiments, but are unlikely to have produced such a difference in outcome. There were 

also a few procedural differences. Experiment 4 was presented by computer, and the 

presentation time for each item wa~ fixed at 5 seconds, with a 1 second interval between 

items. The items in experiment 3 were presented on index cards, which the subjects 

worked through at their own pace. Observation of the subjects suggested that the subjects 

who used cards worked through their lists at a faster pace than the 5 seconds per item rate 

presented by the computer. Thus the interval between List 1 and the test was shorter in 

Experiment 3 than in Experiment 4. It might be expected that, after the short delay, both 

List 1 and List 2 responses would still be strong and therefore be above baseline. It was 

after the longer delay, however, that completion rates from both lists were above baseline. 

One other difference in the procedure was a more noticeable break between lists when 

cards were used than on the computer. Although the end of a list was indicated on the 

computer screen by a message and instructions for studying the next list were repeated, 

subjects did not usually take a break before going on. When cards were used, however, 

the experimenter collected the first pack of cards, passed the subject a new pack, and 

verbally repeated the instructions. It is not clear how the effect of such a break might 

affect implicit memory performance. The break would seem most likely to influence 

contextual factors, which should only affect explicit memory; there were no apparent 

differences in explicit memory performance between Experiments 3 and 4. Nevertheless, 

further investigation of factors such as spacing between lists is suggested. 
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GENERAL DISCUSSION 

The first two experiments used a uniquely-cued stem completion test in 

manipulations that were thought highly likely to produce interference: in the first, 

performance following study of 1 list of words was compared to performance following 3 

lists; in the second, the interfering words differed from the targets by only letter. In both 

cases, the manipulations had an effect on stem-cued recall (the explicit task), but stem 

completion (the implicit task), failed to show any sign of interference. In contrast, the 

two experiments that used non-unique cues demonstrated proactive interference in the 

stem completion task. 

Repeated failure to find interference with unique cues, even with strong 

manipulations such as these, gives support for the conclusion that there is no interference 

in stem completion when unique cues are used. Interference, as discussed above, can 

occur during encoding/storage processes or retrieval processes (or both). The present 

results suggest that neither the presence of additional lists, nor the presence of highly 

similar items decreased either the strength of the encoding or the accessibility of the target 

items. Thus, the implications of these findings with respect to the storage and retrieval 

processes that underlie the stem completion task are: (a) all items are independently 

encoded, whether unrelated or similar in form and (b) the retrieval processes that operate 

in stem completion are unaffected by similarity or by additional information. 

In contrast to the lack of interference with unique cues, non-uniquely cued stem 

completion showed a proactive interference effect. The present finding of proactive 

interference with non-unique cues was not consistent with the results of Mayes et aI's 

(1987) study, which used non-unique cues in a free association task. That study showed 

a small (possibly non-significant) trend towards retroactive interference in the normal 
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control group. There are several possibilities for the differences between the two sets of 

results. First, free association is a conceptually-driven task, and stem completion is data

driven. It is possible that different kinds of implicit memory tasks show different patterns 

of interference. A second possibility arises from the fact that Mayes used a different 

subject population than the present studies. Mayes' normal subjects were controls for a 

group of amnesic patients, and could differ from college students on many measures, 

such as age and IQ. Finally, Mayes' subjects received only one trial on each list; in the 

present studies, lists were repeated. Because of these differences in subjects and in task, 

the fact that Mayes' results differ from those of the present studies does not give sufficient 

cause to doubt the present results, at least as far as the completion task is concerned. 

The demonstration of proactive interference raises the question of the fate of the 

later-list items. That is, it has been shown that the first list response is most likely to be 

produced first, but are the items from the other lists also accessible? The results of the 

first two experiments suggested that all list items are independently encoded, even in the 

case of neighbours. Based on these findings, it seems unlikely that there would be any 

interference during encoding among items that share a stem, which have fewer letters in 

common with each other than neighbours. In addition, when unique cues are used, all 

items can be accessed equally well. Accessibility of items that share a stem, however, 

cannot be assessed by the stem completion task, which restricts the subject to a single 

response. Two modifications to this task can be made in order to test accessibility. In the 

first modification, items would again share 3-letter stems, but would be tested with a 

unique test cue. For example, a fourth letter could be added to the stem cue in order to 

produce a unique cue (e.g., to test ANTENNA, ANTLER, ANTIQUE, use the test cues 

ANTE __ , ANTL __ , and ANTI __ instead of the cue ANT __ ). Equal 

completion rates for all items would support the prediction that all items are independently 
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encoded when they share stems. To test the accessibility of these independently encoded 

items by a non-unique cue, a second modification of the stem completion test can be used. 

In this version of the test, subjects would be required to write, say, the first three 

completions that come to mind instead of just a single completion. If completions with 

words from all lists are produced, support would be provided for a retrieval mechanism 

that is able to gain access to all encoded items with a non-unique cue. 

What mechanism could account for both proactive interference with non-unique 

cues, and no interference with unique cues? First, consider the various theoretical 

frameworks of implicit memory. Mandler's activation view, as described earlier, lead to a 

incorrect prediction of retroactive interference in implicit memory. Systems views and the 

other processing views were generally unhelpful in forming predictions about conditions 

under which interference would occur. These views, of course, were developed to 

account for patterns of dissociations between explicit and implicit memory. Thus, their 

focus is more on the distinctions between the two kinds of tasks than on the details of the 

mechanisms underlying any given task. Until such details are incorporated, the systems 

and processing views will not be able to suggest any mechanisms that might explain the 

present results. 

Because of the repeated findings that items seemed to be independently encoded, 

even when highly similar, it seems clear that the observed proactive interference effects do 

not take place during encoding. Instead, it is necessary to try to identify a retrieval 

process that can explain the results. The proposed mechanism is a search through the 

memory system that supports performance in the stem completion task. Such a search 

proceeds through the studied items in the order that they were presented until a match to 

the stem cue is located. With a unique cue, search would continue through all the items 

until a match was found, whether the item that matched that cue occurred in an early list or 
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a later list. The search process would therefore be equally successful for List 1 and for 

List 3 items as long as the cue is unique. With a non-unique cue, the List 1 item would be 

found first and produced. List 2 and 3 items, which are also available in memory, would 

not be found because the search stops before reaching them. Note that a later list item 

might sometimes be retrieved if, for some reason, the target list 1 item was weakly 

encoded and the match failed. A search process, then, can account for the failure to find 

interference in implicit memory tasks where cues are unique, and for the finding of 

proactive interference when cues are not unique. 

The problem with this account, however, is its requirement of a memory system that 

preserves the order of presentation of the studied items. Suppose that it is the PRS that is 

searched. There seems to be no provision for encoding of temporal information, since 

PRS holds only the perceptual representation of the item. Maintaining temporal 

information could be accomplished if PRS was viewed as a large buffer to which new 

information is added sequentially as it is encountered. During retrieval the buffer could be 

searched from its beginning. The search would likely include pre-experimental 

information as well as studied items. This proposed structure for PRS would, in 

combination with a search process, account for the present data. Such a major extension 

to the PRS fmmework could not be adopted, however, without converging support from 

other areas of implicit memory research. 

The idea of a search process producing the targets in implicit memory tasks is 

appealing in that it readily accounts for the interference results obtained, and additional 

predictions can easily be derived from the idea For example, the search hypothesis 

would predict that List 3 items should be accessed more slowly than List 1 items. This 

prediction could be tested using an implicit memory task such as lexical decision that uses 

reaction timc as the dependent variable. Interesting questions are also raised about where 
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the search starts. Is the presentation of the first list always the starting point? Would 

spacing of lists or delay of test affect the beginning of the search? Any such changes 

would, of course, be reflected in the facilitation of performance: whichever list is at the 

beginning of the search will show highest facilitation. In spite of the interesting questions 

raised, however, the requirement of preservation of temporal order in memory is a strong 

one, which is not easily incorporated into existing theories of implicit memory. Further 

investigation of the predictions of the hypothesis, and development of alternative 

mechanisms to explain the results must also be considered before the search mechanism 

can be accepted. 

The present series of experiments provided a systematic investigation of interference 

in the stem completion task. There was strong support for the hypothesis that the stem 

completion task, like so many other implicit memory tasks, is interference-free when 

unique cues are provided. Perhaps the most interesting finding was the demonstration of 

proactive interference in stem completion with non-unique cues. There are several 

implications of these findings for understanding the operation of implicit memory, at least 

with respect to stem completion. First, there seems to be independent encoding of items, 

i.e., there is no evidence of storage-based interference effects. Thus, the locus of 

interference effects in stem completion appears to be the retrieval processes. These 

findings, then, provide further data that must be addressed by theories of implicit 

memory. In addition, interference manipulations have proven to be a very useful tool for 

investigating not just interference, per se, but broader questions about the processes 

underlying implicit memory task performance. 

More generally, it should be noted that the present hypotheses about the relation 

between cue type and interference were developed without analysis of any specific task. 

It is tempting, then, to generalize from the present results with stem completion to implicit 
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memory tasks as a whole (i.e, both data-driven and conceptually-driven tasks). This 

generalization can be compared with the predictions of Roediger's processing view and 

Schacter's PRS view. Suppose, for example, that interference was studied using a 

conceptually-driven implicit memory, such as category instance production. In this task, 

subjects are given a category name and asked to write the first instances of that category 

that come to mind. According to the present logic, the same patterns of interference 

should be observed in category instance production as in stem completion, because both 

are implicit memory tasks. The processing view, in contrast, does not require the same 

performance in the two tasks, because they are supported by different processes. 

According to Schacter's view, performance on data-driven tasks, such as stem 

completion, is supported by the PRS. The PRS view, however, does not address 

conceptually-driven tasks. Like the processing view, then, the PRS approach does not 

require similar patterns of performance on data-driven and conceptually-driven tasks. A 

further series of experiments should be performed with another data-driven task to test the 

generality of the present findings within the realm of data-driven tasks. In this case, the 

present view, the systems view and the processing view are in agreement: all predict that 

the same patterns of performance should be found in all data-driven tasks. 

Finally, there is one issue that remains unanswered after these studies of 

interference: the loss of information from implicit memory. The present studies have 

found no evidence of loss of information attributable to interference over an interval of 

approximately 20-25 minutes. It seems unlikely, then, that interference is the mechanism 

by which information is forgotten from implicit memory over longer time periods, unless 

we are looking for interference in the wrong way. There may, for example, be some 

other aspect of "similarity" that is relevant to stem completion and would lead to 

interference. But, if interference is not the mechanism for forgetting, what other 
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mechanism might cause the loss of facilitation of perfonnance in implicit memory tasks? 

Better understanding of loss of infonnation in implicit memory is clearly required to fill 

out current theories about this fonn of memory. 



Table 1 

Stem Cued Recall and Stem Completion as a Function of Interference Condition 

Stem Cued Recall 

Retroactive Interference 

control (1 list) 

interference (3 lists) 

Proactive Interference 

control (1 list) 

interference (3 lists) 

.72 

.61 

.75 

.70 

Stem Completion 

.37 (.13) 

.35 (.14) 

.45 (.13) 

.38 (.15) 

Note: target list was List 1 for retroactive interference; List 3 for proactive interference. 

Numbers in brackets are baseline values. 

Table 2 
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Stem Cued Recall and Stem Completion in Proactive Interference Design as a Function of 

Interference Condition 

Proactive Interference 

control 

interference 

Stem Cued Recall 

.64 

.48 

Stem Completion 

.36 (.12) 

.34 (.11) 

Note. Control condition was I-list group; interference group studied 3 lists. 

Target list was List 3 

Numbers in brackets are baseline values. 



Table 3 

Stem Cued Recall and Stem Completion as a Function of Target List and Type of 

Encoding Task 

Stem Cued Recall Stem Completion 

83 

List 1 List 3 List 1 List 3 

Semantic Encoding 

control 

interference 

baseline 

Form Encoding 

control 

interference 

baseline 

.63 

.69 

.48 

.54 

.55 

.60 

.34 

.48 

.34 

.37 

.15 

.33 

.36 

.22 

.35 

.38 

.18 

.34 

.36 

.19 

Note: Control condition items were unrelated; interference condition was form similarity 

(neighbours). 

Table 4 

Stem Cued Recall and Stem Completion as a Function of List Position and Type of Cue 

Stem Cued Recall Stem Completion 

List 1 List 2 List 3 List 1 List 2 List 3 baseline 

Unique cues .60 .66 .69 .33 .40 .36 .26 

Non-unique cues .26 .26 .30 .24 .17 .17 .06 



Table 5 

Stem Cued Recall and Stem Completion as a Function of List Position 

Stem Cued Recall 

Stem Completion 

baseline 

List 1 

.32 

.31 

.16 

Note. All cues were non-unique. 

List 2 

.31 

.29 

.12 

List 3 

.34 

.21 

.19 

84 
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APPENDIX A 

Counterbalancing of items in Experiment 2 

Subject condition target list interference lists 

Al control loot pastry prison 
form lead head bead 
baseline (bark) 

A2 control lead mile rare 
form bark bank back 
baseline (loot) 

A3 control bark spray quilt 
form loot foot root 
baseline (blizzard) 

BI control foot pastry prison 
form head bead lead 
baseline (bank) 

B2 control head mile rose 
form bank back bark 
baseline (foot) 

B3 control bank spry quilt 
form foot soot loot 
baseline (head) 

CI control soot pastry prison 
form bead lead head 
baseline (back) 

C2 control bead mile rose 
form back bark bank 
baseline (soot) 

C3 control back spray quilt 
form soot loot foot 
baseline (bead) 
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APPENDIXB 

Materials - Experiments #1 and 1A 

A1 B1 C1 A2 B2 C2 

admiral alley dentist snail worker wrinkle 
apple archery equation antique blanket actor 
burglar asterisk feather pillow volcano path 
glass bridge friend comet diamond curtain 
horizon cheese grain finger notebook dragon 
leather escalator lantern guitar opera elephant 
minister forest library boulder cricket candle 
rattle funnel locket portrait uniform museum 
lunch goose salad emblem explosion dance 
square harbor mansion jungle subway highway 
stamp heart monkey photograph sweater mermaid 
teapot timber officer jacket silver garden 
theater target outlaw author clarinet basket 
tourist planet roast husband perfume factory 
trophy recipe schooner purse turkey weapon 
vermouth shovel serpent prison valley infant 
victim slipper skirt engine floor domino 
whistle spider symphony quarter wallet window 

Fillers: 

nickel jewelry ruler 
hydrant icicle kettle 
rifle yeast nursery 

cyclone biscuit bench 
umbrella attic dungeon 
dwarf needle napkin 



87 

Materials • Experiment #2 

targets neighbours control 

loot foot soot pastry prison 
speak steak sneak actor metal 
pocket packet picket limb town 
cable table fable form hall 
popper copper hopper child earth 
gain pain rain number studio 

lead head bead mile rose 
beech bench belch robin swing 
ballet wallet mallet potato garden 
shout scout snout dust tail 
report resort retort pilot motor 
team seam ream marble father 

bark bank back spray quilt 
dough cough bough dream human 
ginger finger singer gene camp 
coast roast toast family public 
cattle battle rattle silk doll 
peer leer deer recipe insect 

Fillers: 

idea king whip 
lunch glass photo 
quart event guide 
author victim engine 
minute square stairs 
theater burglar horizon 
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Materials - Experiment #3 

targets non-unique stems control 

antique antenna antler victim roast 
cherry check cheese pillow slipper 
diamond diary diaper infant admiral 
grape grass gmin sauce dentist 
lease league leader finger patch 
priest prison prince floor tourist 
sheet sherry shell goose volcano 
trash track tmil scooter knight 

block blouse blood horizon silver 
class claim clamp teapot waiter 
dmgon draft dmma skillet concrete 
harbor harness harvest basket uniform 
monkey monster monarch glass mttle 
quart quail quack lunch jungle 
spruce spring spray opem twilight 
turnip turtle turkey elevator bird 

canvas candle cannon nature husband 
cream creek crest curtain window 
format forest force writer museum 
heaven health heart weapon funnel 
perfume person period alley engine 
recipe record receipt general verse 
theater theory theme actor factory 
valley valve value mansion garden 
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Materials . Experiment #4 

Al A2 A3 

antler antique antenna 
canoe candle cannon 
credit cream creek 
drama dragon draft 
element elephant elevator 
garden garment garbage 
gravy grape grain 
health heart heaven 
league lease leather 
mustard muscle music 
perfume person period 
turtle turkey turnip 

81 82 83 

blossom blood blouse 
check cheese cherry 
diamond diaper diary 
harvest harbor harness 
monument monkey monster 
pilot pilgrim pillow 
prison prince priest 
quail quart quack 
spruce spring spray 
thesis theory theater 
trombone trophy trousers 
winner winter window 

Fillers 

comment compass comedy 
mansion maniac manager 
sheet sherry shell 
skirt skillet skipper 
track trail tramp 
weapon weasel weaver 
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