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ABSTRACT 

Three assumptions of the pattern suppression model of retrieval-induced forgetting 

were examined, with a view to apply results toward making effective use of reminders. 

These assumptions included: (1) that retrieval-induced forgetting is retrieval specific, (2) 

that it results from retrieval competition and (3) that access to affected items is inhibited at 

the level of the item representation. 

In Experiment 1, the retrieval-specific nature of this effect was examined by 

contrasting the effects of read and generate tasks, conducted in the retrieval practice 

phase of the retrieval practice paradigm, on later free recall. Subjects showed retrieval-

induced forgetting only when the generate task was employed, suggesting that the 

retrieval process is necessary to produce a forgetting effect. 

The scope of retrieval competition was tested in both Experiments 2 and 3. 

Experiment 2 focused upon whether items become competitors simply by sharing semantic 

features with retrieval practiced targets, or whether competitors also must be subsumed 

within the domain of the retrieval practice cue. Items in the overlap between two 

categories were retrieval practiced as members of one of the paired categories (e.g., 

"lemon" was practiced as a "YELLOW" item, but was also a "FRUIT"). Subsequent 

recall of critical items from either the retrieval practiced (YELLOW) or overlapping 

(FRUIT) category was examined. Subjects showed retrieval-induced forgetting only for 

items that were members of the retrieval practiced category, suggesting that mere 

semantic relatedness is not sufficient to make an item a competitor. 



Experiment 3 was designed to examine: (1) whether nonstudied items in the 

semantic domain of an episodic retrieval cue act as competitors, and (2) whether item 

representations are inhibited in retrieval-induced forgetting. A perceptual identification 

task was administered as the last segment of the retrieval practice paradigm. These results 

were inconclusive, as no effect of retrieval practice was found either for reaction times or 

numbers of errors. Possible interpretations of this result in light of current literature are 

discussed, as are potential applications and future directions for this line of research, 

particularly in cognitive rehabilitation. 



REVIEW OF LITERATURE 

Reminders seem to work because they are associated with other information we 

are trying to recall. In cognitive theory, one possible mechanism for the action of a 

reminder is that its activation spreads to related information around it, making this related 

information temporarily more accessible (Collins & Loftus, 1975; Collins & Quillian, 

1970). Many cognitive scientists invoke this idea of spreading activation to explain such 

cognitive phenomena as semantic priming. For example, in a lexical decision paradigm, in 

which participants decide whether letter strings are words, the reaction time for "nurse" is 

speeded relative to baseline when shortly preceded by the item "doctor" (Meyer & 

Schvaneveldt, 1971). In spreading activation models, concepts like "doctor" and "nurse" 

have been described as nodes in a semantic network. One way to represent this network is 

to dictate that connections between nodes vary in length, depending on the extent to 

which the nodes are semantically related to each other. Highly related nodes have shorter 

connections between them and are closer in semantic space (Collins & Loftus, 1975). 

When "doctor" is activated in the lexical decision paradigm, the activation of this node in 

semantic space spreads to related concepts such as "nurse" and makes them more readily 

accessible. 

Similarly, Loftus and colleagues (Loftus, 1973; Loftus & Loftus, 1974; Loftus, 

Senders & Turkletaub, 1974) used category-plus-letter cues to prompt subjects to 

produce category members from semantic memory. Subjects were able to produce an 

item from a category more readily if they had recently generated another item from the 

same category than if they had not. Again, in the spreading activation model, the retrieval 
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of the first item activates related category members, making them temporarily easier to 

retrieve when cued. 

Along these lines, Postman (1971) proposed that when an item is encountered on a 

word list in a memory task, that item's associates ifrom the subject's prior experience are 

also activated. Similarly, J. R. Anderson (1972, 1976, 1983) advanced a model of free 

recall. Free Recall by Associative Nets (FRAN), and a model of semantic memory. 

Adaptive Control of Thought (ACT), in which activation of a cognitive unit spread along 

links to associated units and thus facilitated retrieval of information. ACT provides a 

tenable mechanism for a number of memory phenomena. For example, Anderson (1974) 

noted that the more facts subjects learned about a concept, the longer it took for them to 

decide if a statement about that concept were true. He referred to this observation as the 

fan effect, as he attributed it to the dissipation of a constant amount of activation into all 

links fanning from the node corresponding to a concept. As the number of pathways 

connected to that node increases, the speed at which the activation travels, in parallel, to 

related nodes decreases, which delays the processing of the proposition. 

More generally, spreading activation could contribute to models of a number of 

other fascinating memory phenomena, including: reactivation of memory in infants, 

hypermnesia, incubation effects in problem solving, and what Mandler (1994) termed 

"mind-popping." In all these instances, activation of just one part of a network appears to 

spread throughout and facilitate access to a web of related information. 

Reactivation of memory in infants, as demonstrated by Rovee-Collier and 

colleagues, is a particularly dramatic example of this type of occurrence. First, infants are 
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operant conditioned to produce leg kicks in order to make a mobile move. The procedure 

first involves tying a ribbon to an infant's ankle and then attaching it for 3 minutes to a 

stand that is near the crib. Meanwhile, the mobile hangs over the crib, attached to another 

stand. For these first three minutes, leg kicks produce no mobile movement. Next, the 

ribbon is detached fi^om the first stand and attached to the stand on which hangs the 

mobile. For 9 minutes, the infant is able to move the mobile by kicking, and the infant 

acquires this relationship during that time. For the final 3 minutes of the procedure, the 

ribbon is re-attached to the original stand, and these 3 minutes without the contingency 

between kicking and movement of the mobile serve as an immediate retention test. Infants 

are trained with this 15-minute procedure on two consecutive days and then can be 

retested for retention with the same 15-minute procedure. 

Rovee-Collier and her colleagues measure leg kicks during the initial 

nonreinforcement 3 minute period (baseline), and during the final nonreinforcement 3 

minute period (immediate retention). Kicking rates at delayed retention intervals are 

compared to the retention rate and to the baseline rate. If the delayed kicking rate is equal 

to the immediate retention rate, then no forgetting is presumed to have occurred. If the 

delayed retention kicking rate is above baseline, then, even though forgetting may have 

occurred, the infant is considered to remember the contingency. 

Rovee-Collier and her fellow investigators have conducted numerous of these 

mobile memory studies with infants fi^om the ages of 2 months to 6 months. They have 

found that 2-month-old infants have forgotten the contingency by 3 days, that 3-month-
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olds forget by 8 days, and that 6-month-olds' kicking rates have returned to baseline by 2 

weeks (Hill, Borovsky & Rovee-Collier, 1988; Rovee-CoUier and Gerhardstein, 1997). 

Interestingly, infants' demonstration of retention can be restored via a process 

dubbed reactivation. Reactivation is a reminding paradigm, and importantly, is not a re

training of the relationship. In this way, it is distinguished from reinstatement, which 

periodically re-trains the subject on the contingency throughout the retention interval. 

Reinstatement prevents forgetting by consistently boosting the memory before it is 

forgotten. In contrast, reactivation exposes the subject to a part of the paradigm which is 

not the contingency, and does so at a point in time when the subject no longer 

demonstrates memory for the trained relationship. After a certain incubation period, the 

subject will again retrieve the trained relationship, if the reactivation treatment is 

successful. 

In infants, reactivation of a forgotten memory has been repeatedly demonstrated in 

the mobile studies. Reactivation treatment consists of 2-3 minutes of passive viewing of a 

jiggling mobile, or of the crib liner that had been used during the initial training. These 

treatments are always given after the end of the infant's retention interval. Twenty-four 

hours after this treatment, infants receive a delayed retention test, and typically show 

retention once more (Rovee-Collier, Sullivan, Enright, Lucas & Fagen, 1980; Rovee-

Collier and Gerhardstein, 1997). Three-month-olds show retention not only for that day, 

but for another week after the first reactivation. Thus the retention interval for the 

memory after the first reactivation matches that for the memory after initial training. Even 

more interestingly, this retention interval is lengthened after a second reactivation 
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treatment. If 3-month-olds are allowed to forget the contingency after the first 

reactivation, and then are reactivated again, no evidence of forgetting is found as much as 

2 weeks after this second treatment. Rovee-Collier and Gerhardstein (1997) state that 

"repeated reactivations could theoretically eventuate in memories that are almost 

continuously accessible, achieving the status of'semantic' or 'generic' memory." 

Like reactivation, hypermnesia, incubation and mind-popping occur after a delay in 

which no opportunity to releam information has been provided. Again, access to part of a 

network appears, in time, to bring previously inaccessible information to mind. 

Hypermnesia occurs when words and/or pictures that had been inaccessible immediately 

after learning trials are later retrievable (see Roediger & Challis, 1989 for a review). 

Anecdotally, incubation refers to instances when a solution to a problem comes, seemingly 

unbidden, after at least one previously unsuccessful attempt to resolve an issue. 

Experimentally, it has been shown that delays filled with unrelated activity can be 

beneficial in approaching a problem (e.g., Fulgosi & Guilford, 1968). Mandler (1994) 

describes "mind-popping" as an occasion when "prior experiences have an effect on 

subsequent judgments or responses that are not intentional in the usual sense of the term; 

they have an effect when there is no deliberate attempt to recover the material." One 

illustration of mind-popping which he presented was Experiment 3 of Graf and Mandler 

(1984). In this study, subjects counted perceptual features of words on the study list, such 

as T-junctions. Subjects were then presented with word stems, half of which could be 

completed with words from the study list. Half of the subjects were instructed to 

complete these word stems with the first words that came to mind, and the other half were 
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asked to complete the stems with words from the study list. Subjects performing the 

explicit task completed 7.8 percent of the target word stems with list items, whereas the 

percentage of these completions was 20% for the subjects who had been given the implicit 

instructions. Similarly, Overson and Mandler (1987) presented passages to subjects and 

then compared implicit and explicit completion of word stems for some of the words 

contained in the passages. Subjects who were given the implicit task were able to 

complete the items much more quickly than those who attempted explicit retrieval of the 

words. Thus, under certain conditions, it appears that activation of a "reminder" can have 

a striking effect on access to related information. 

The part list cuing effect 

Suppose a person had studied a list of ten semantically related words and, upon 

recall, had been given three of these items as reminders. A spreading activation 

perspective, or a recall model such as J. R. Anderson's FRAN, would predict that recall of 

remaining items should be facilitated by the provision of the three reminders, to the extent 

that they activate related nodes near them in semantic space. 

In contrast to this prediction, paradigms employing similar "reminders" have 

revealed poorer recall of the complete set of information than if subjects received no list 

items as cues. This instance of impairment or at least a lack of facilitation from reminders 

is known in the literature as the part list cuing effect (Slamecka, 1968, 1969; Roediger, 

1973; Rundus, 1973; Watkins, 1975; Basden, Basden & Galloway, 1977; Mueller & 

Watkins, 1977; Roediger, Stellon & Tulving, 1977; Roediger & Schmidt, 1980; for 
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reviews see Roediger & Neely, 1982; Nickerson, 1984). A typical part list cuing paradigm 

presents sets of categorized words at study. For example, subjects in Experiment 1 of 

Mueller and Watkins (1977) studied several categories containing 6 items each. Later, a 

recall test was given. For all categories, the category name was given to prompt recall of 

items, but in some categories, instances from the study list were also presented, and 

subjects were asked to recall the remaining category instances. Percentage recall of items 

in control categories (in which only the category name was used to cue recall) was 

compared against percentage recall of uncued items in experimental categories (in which 

category instances were also presented at recall). When three cues from a category were 

presented along with the category name, percent recall of remaining items was at 48%. 

Recall of items in the control categories was significantly greater, at 58%. The effect of 

interest consists in subjects being less likely to retrieve uncued list items, also known as 

critical items, when they have received part list cues than when they have received no list 

members as cues at recall. Though most part list cuing paradigms have utilized 

semantically categorized lists, some have shown the effect with uncategorized, unrelated 

items (Slamecka, 1968; Roediger, Stellon and Tulving, 1977). 

Part list cuing and semantic memory 

Memory for events which includes details about the spatial and temporal context in 

which they were experienced is commonly referred to as episodic memory. Semantic 

memory, in contrast, taps into our general knowledge about the world and about language, 

devoid of any information from its originai learning context (Tulving, 1972, 1983). Most 
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part list cuing studies have investigated the part list cuing effect in episodic memory, but a 

few investigators have examined whether this phenomenon also occurs in semantic 

memory. 

In one experiment. Brown (1968) asked one half ofhis subjects to study a list of 

25 U. S. states for 5 minutes, prior to being asked to generate as many of the 50 states as 

possible in a given time. Control subjects had not studied this list prior to commencing the 

generation task. Subjects who had studied the list of 25 states recalled significantly fewer 

of the remaining 25 states than did control subjects. In another study, conducted with 

English students and the 40 counties of England, Brown first asked all the subjects to 

generate as many counties as they could in 6 minutes. One half the subjects then studied a 

list of 20 counties while the control group drew pictures. All the students were then again 

asked to generate as many counties as possible. Recall levels for both groups of students 

differed significantly fi'om their original recall. The students who had studied the list of 

counties recalled 10% fewer counties than they had originally, while the control group 

produced 11% more of these items. The interaction between study group and final recall 

was also significant. 

Karchmer and Winograd (1971) also conducted a study using recall of the 50 

states. They created two study lists of 25 states, using norms of fi"equency of state 

retrieval that they had collected with the subjects' classmates. One of the lists of 25 was 

composed of the most frequently retrieved state names, while the second contained the 

least frequently recalled states. In their first experiment, study of the states, in general, 

had a detrimental effect on recall of the remaining 25 states, in comparison to the 
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performance of the control subjects. The subjects who had studied the least accessible 

states recalled significantly less of the complementary set than did control subjects. The 

performance of those subjects who had studied the more accessible states, in contrast, had 

not differed significantly fi-om that of controls. In a second experiment, very similar to the 

first, the investigators found a significant effect with both experimental groups. 

In contrast to the preceding results, Nickerson (1984) describes work done with 

two colleagues. Smith, and Wallach. In this work, the investigators had subjects produce 

either the names of birds or of countries, after studying a list of either 20 birds or 20 

countries. For subjects in experimental conditions, the study list was congruent with the 

category ifrom which items were generated, but for controls, the study list was not fi^om 

the same category used for generation. Study lists were either composed of high or low 

ranking items, per the category norms ofBattig and Montague (1969), and were presented 

either one or three times to subjects. The investigators were surprised to find that subjects 

in the experimental conditions recalled no fewer critical items than did controls, 

irrespective of cue strength or number of study trials. Nickerson hypothesized that the 

target sets of "birds" and "countries" are quite large, and that the cue sets (20 items) 

represented a fairly small proportion of the entire set. This situation contrasts with one in 

which subjects study half of a well-defined target set as cues (as in the case of studying 25 

states). These investigators conducted another study in which some subjects were to 

produce countries in Europe and Asia, while others were permitted to name countries 

from anywhere in the world. Subjects in experimental conditions studied a list of 20 

countries from Europe and Asia, while controls studied a list of bird names. The 



participants who had been asked to generate countries only from Europe and Asia recalled 

fewer critical items than did controls. The other experimental group did not differ from 

controls with regard to recall of critical items. Furthermore, when the set of target 

countries was defined, the investigators found that the degree of retrieval impairment 

increased with increasing size of the cue set, though this trend did not reach significance. 

These results are suggestive that the proportion of cue items may need to reach a critical 

value before impaired recall of target, critical items becomes apparent. 

In another study, Brown and Hall (1979) asked subjects to produce four free 

associates to each of 20 stimulus words. Two days later, the subjects returned, and were 

asked to recall the items they had produced on the first occasion. A stimulus word was 

typed at the top of a page, and for the cued conditions, one or more of the items 

previously listed by the subject was provided at this second recall. Each subject received 

four cuing conditions and a control condition, which did not offer any part list cues. 

Within subjects. Brown and Hall (1979) manipulated the strength of the cues by 

presenting items from varying serial positions from the original output (i.e., the first free 

associate given for a stimulus item, or the second, third or fourth). Across subjects. 

Brown and Hall (1979) manipulated the number of cues received, from one to three. The 

authors found that subjects recalled fewer critical items when some associates were 

provided as cues than they recalled when only the stimulus word was the cue. No effects 

of either cue strength or number were found. The theoretical implications of these results 

will be revisited in the section discussing theories of the part list cuing effect. Brown and 

Hall (1979) acknowledged that subjects' recall on this second occasion may have been at 
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least partially episodic, as subjects may have recalled some items from the episode of 

generating them two days prior. They maintained that subjects' 70% success rate in 

retrieving items argued against recall being entirely episodic, as subjects were surprised by 

this recall test, and as 48 hours had elapsed since they had generated the items. 

Other work which has parallels to part list cuing in semantic memory includes that 

which requires successive semantic generation of items within a category (Blaxton & 

Neely, 1983; Brown, 1981; Brown, Whiteman, Cattoi, & Bradley, 1985). Brown (1981) 

cued subjects to generate items from given semantic categories in succession, with 

category-letter cues in one experiment, and with pictures in several follow up experiments. 

He found that subjects' response latencies increased with the number of successive 

retrievals from the same category. Additionally, when the first three items in a series 

generated by subjects were of high taxonomic frequency, subsequent retrieval was faster 

and more accurate than when generation was first conducted with items of lower 

taxonomic frequency. These data are discrepant with the results from the previously 

reported studies by Loftus and colleagues (Loftus, 1973; Loftus & Loftus,1974; Loftus, 

Senders & Turkletaub, 1974), which showed facilitation for category generation when 

other items from that category had been recently retrieved. Brown (1981) accounted for 

this difference by arguing that subjects in his experiments covertly retrieved more category 

exemplars than did subjects in the studies by Loftus and colleagues. He explained that he 

had given subjects notice of the category from which they would be generating instances a 

foil five seconds before they were prompted to retrieve the first item. Subjects in the 

Brown (1981) experiments knew they would be retrieving five items from that category in 
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succession, whereas in the Loftus studies, subjects could not anticipate the upcoming 

retrieval categories. The work done by Blaxton and Neely (1983) lends support to this 

interpretation. In their first experiment, subjects were given either 1 or 4 primes before 

generating a target. The target was specified with category and first letter cues. Primes 

were either read or generated (again from a category and first letter cue), and were either 

from the target category (related), or not (unrelated). In both 1 and 4 prime conditions, 

Blaxton and Neely (1983) found that target generation after related read primes was 

facilitated with respect to that after unrelated read primes. This facilitation was not 

present for targets after exposure to generated primes. Additionally, target retrieval was 

slowed as more prior retrievals from that category were required, with impaired 

performance following 4 related generate primes as compared to that after one related 

generate prime. 

Retrieval-induced forgetting 

Another memory phenomenon that appears quite similar to the part list cuing 

effect formally emerged a decade ago. In 1994, Anderson, Bjork and Bjork published a 

series of studies employing a retrieval practice paradigm, in which a subset of items from 

a studied list was practiced prior to final recall of items. In this paradigm, subjects first 

studied a series of category name-member pairs, such as "FRUIT-orange". In phase two 

of the study, dubbed retrieval practice, subjects received retrieval cues for half the items 

in half the studied categories. Cues consisted of the category name and a word stem for 

the target exemplar. Retrieval practice was given three times for each item at spaced 
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intervals, in an effort to insure that retrieval was an effective learning event for practiced 

(Rp+) items. On each retrieval practice trial, subjects were instructed to recall the item 

cued by the word stem. After a filled delay, subjects were administered a category cued 

recall task. In all three experiments, whether a category cued free recall test was 

administered, or category-plus-stem cued recall was used at final test, subjects were less 

likely to recall critical items from practiced categories (Rp-) than from unpracticed 

categories (Nrp). Anderson, Bjork and Bjork (1994) referred to this finding as retrieval-

inducedforgetting. 

Since the publication of Anderson et al. (1994), the retrieval practice paradigm has 

been applied in a number of contexts. Retrieval-induced forgetting with categorized lists 

has been replicated in a number of studies, to be discussed at greater length, designed to 

answer theoretical questions about the effect (e.g., Anderson, Green and McCulloch, 

2000; Anderson & McCulloch, 1999; Anderson & Spellman, 1995; Bauml, 2002; Bauml 

& Asian, in press; Bauml & Hartinger, 1999, 2002; Bauml & Kuhbandner, in press; 

Macrae & Roseveare, 2002; Smith & Hunt, 2000, but see Butler, Williams, Zacks & 

Maki, 2001). The effect has also been found in memory for visuospatial materials (Ciranni 

& Shimamura, 1999), for facts (Anderson and Bell, 2001; Radvansky, 1999), for 

performing novel activities (Koutstaal, Schacter, Johnson & Galluccio, 1999), and in 

studies of eyewitness memory (MacLeod, 2002; Shaw, Bjork & Handal, 1995), and social 

cognition (Macrae & MacLeod, 1999). 

Additionally, MacLeod and Macrae (2001) examined the temporal nature of 

retrieval-induced forgetting by inserting a 24-hour delay into one of two different points in 
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the retrieval-practice paradigm. In one study, they inserted this long delay between the 

retrieval practice phase and final recall test. Under these conditions, no retrieval-induced 

forgetting was found. In their second study, they interposed the 24-hour delay between 

the encoding of information and retrieval practice, whidi was followed immediately by a 

final recall test. Under these conditions, retrieval-induced forgetting was found. It is 

thought, in accordance with these results, that this retrieval decrement occurs as a result of 

the retrieval practice phase of the paradigm, and that the effect has a duration of less than 

24 hours. Theories of what may occur during retrieval practice will be reviewed in an 

upcoming section. 

Retrieval-induced forgetting and semantic memory 

Bauml (2002) investigated whether semantic generation could result in retrieval-

induced forgetting of episodic information. He presented subjects with 10 experimental 

categories. Each experimental category comprised two subcategories (such as "deciduous 

trees" and "conifers" within the category of "trees.") Subjects studied one subcategory in 

each of the 10 categories. For some subjects, after a brief distractor task, items from the 

other subcategory in half the experimental categories were cued for semantic generation. 

After a second brief distractor, subjects were given category-plus-stem cues, targeting 

items from the first study list. Bauml (2002) found that critical items in semantic 

generation categories were reliably less well recalled than control items. 
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Protection from the part list cuing effect 

Clues to understanding the part list cuing effect may come from study of 

conditions under which the detrimental effects of part list cues are lessened, and 

sometimes reversed. Basden (1973) presented a list of 30 unrelated words to subjects and 

had them learn it to a criterion of 21 words. A second list was then presented to subjects 

for 7 trials, followed by a recall test for items from the original list. For half the subjects, 

every other word from the subject's last recall trial of the first list was used as a part list 

cue. Under these conditions, subjects who received part list cues recalled more of the 

uncued list items than subjects who received no items from the list as cues. Blake and 

Okada (1973), gave ten alternating study/test trials for each of two lists of 16 semantically 

unrelated words. Half the subjects were then given half of the first list as cues on a final 

recall test. Cued subjects recalled more critical items on the first list than noncued 

subjects. 

In both of these studies, subjects had become familiar with the first list through 

multiple learning trials, but due to retroactive inhibition from an intervening list, had 

difficulty accessing this information on a free recall test. In the words ofRaaijmakers and 

Phaf (1999), it may be that "bad cues [were] better than no cues at all." 

Park (1980; cited in Roediger & Neely, 1982), instructed subjects to encode list 

items using interactive imagery of their referents. At recall, presentation of part list cues 

facilitated recall of other list items. In this case, it appears that active integration of 

information by the learner can protect from the part list cuing effect, for episodically 

related information. 
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Protection from retrieval-induced forgetting 

Anderson and McCuIloch (1999) found that giving subjects instructions to 

integrate studied materials could eliminate retrieval-induced forgetting. In their third, 

most conclusive experiment, they manipulated study instructions between subjects. All 

subjects studied category name-member pairs, with six instances in each of eight 

experimental categories. One group of subjects was instructed simply to relate each item 

to its category name (as in Anderson et al. (1994)), while the other group was asked to 

relate the item being studied to all the other members of that category that the subject had 

studied in that session. The subjects who had received the integration instructions did not 

show retrieval-induced forgetting on the final test, while the subjects who had received the 

standard instructions did. The authors included a number of controls to rule out whether 

this protection was afforded either by increased study time (given to equate time that 

integration subjects could focus on the category-member association before practicing the 

integration portion of the study task), or by decreased facilitation of practiced items due to 

output interference (as practiced items tended to be recalled later in the output stream, due 

to integration subjects' interleaving practiced and unpracticed members of categories at 

retrieval). Both of these alternatives were convincingly eliminated. Anderson and 

McCulloch (1999) also administered a questionnaire at the end of each of their studies, 

asking subjects to rate the degree to which they had integrated studied items with 

previously presented members of that category. They found protection from retrieval-

induced forgetting even in those subjects who had spontaneously used an integration 

strategy, when not directly instructed to do so. Anderson and McCulloch (1999) 
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proposed that items may become part of a larger metttal representation when integrated. 

This integration of studied material may therefore reduce or eliminate retrieval 

competition, and therefore obviate the need for suppression of competitors of a retrieved 

item. Integration may also increase the number of pathways by which items can be 

accessed, thus increasing their likelihood of being retrieved. Since Anderson and 

colleagues have argued elsewhere that retrieval-induced forgetting occurs through changes 

to the item's representation itself, and not to any associative pathway, this writer has 

inferred that the increased number of pathways reaching an item may allow the 

suppression that arises through one particular pathway to be offset by facilitation through 

another pathway. It is possible that integration protects from retrieval-induced forgetting 

via a combination of both of these mechanisms. 

R. E. Smith and Hunt (2000) hypothesized that distinctive encoding of information 

at study would reduce response competition at retrieval practice, and possibly eliminate 

retrieval-induced forgetting on a final recall test. Conversely, they reasoned that 

processing the similarities between items would increase response competition and make 

retrieval-induced forgetting more likely. To evaluate this hypothesis, they used three 

between-subject encoding conditions in their Experiment 1: the standard instructions 

provided by Anderson et al. (1994), a similarity judgment study task, and a difference 

judgment study task. In both judgment encoding conditions, subjects were presented 

simultaneously with six members of a category, without the category label, and were 

asked to say a word describing how the first item in the list either was similar to or 

different from the following five items. In order for all the list members to be encoded in 
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this way, the list was presented six times in these judgment encoding conditions, so that 

each word could be positioned at the top of its list. The materials and procedure were 

otherwise very similar to those used by Anderson et al. (1994). As predicted. Smith and 

Hunt (2000) found no retrieval-induced forgetting when items had been studied with the 

difference judgment encoding method, but did find the effect when the standard 

instructions and the similarity judgment condition were used. 

R. E. Smith and Hunt (2000) hypothesized that subjects may have processed the 

items in the similarity judgment condition in a more cursory manner than they did those in 

the difference judgment condition. As a result, the investigators considered it possible that 

subjects actually integrated the items from the difference judgment lists to a greater extent 

than subjects did items from the similarity judgment lists. In a follow-up experiment. 

Smith and Hunt (2000) compared mean percentage recall of study words after using; (1) 

the standard study instructions from Anderson et al. (1994), (2) integration instructions 

asking subjects to "think about" all the previously presented members of the category for 

the item being studied, and (3) the very same integration instructions, with the added 

request to identify a way in which a studied item was similar to the preceding items in the 

same category. They proposed that the reduction of similarity between items is of more 

import in protecting from retrieval-induced forgetting than is the process of associative 

integration. In this study, they found no retrieval-induced forgetting in the integration 

condition, but did with the standard instructions and with the similarity judgment encoding 

task, even though it had required integration. Presumably, the effects of the similarity task 

overpowered those of integration. Smith and Hunt (2000) concluded that, while 
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integration may have occurred in both the difference and similiyrity judgment processes, 

the protection from retrieval-induced forgetting was driven by distinguishing items from 

each other. They argued that distinctive encoding reduces response competition at 

retrieval practice and thus circumvents retrieval-induced forgetting. 

Bauml and Hartinger (1999, 2002) found what appears to be a contradictory result 

regarding the effect of item similarity on retrieval-induced forgetting. They presented 

subjects with a categorized list, where each category was composed of two subcategories 

(e.g. - TREES, divided into subcategories, "deciduous trees" and "conifers"). In retrieval 

practice, subjects were requested to recall one item from each category, for half the 

studied categories. (To be clear, this one item was drawn from one of the subcategories 

within the studied category.) At the final recall test, subjects were presented with the 

category name and the first letter of each of three items in that category. Subjects were 

tested on an unpracticed item from the retrieval practiced subcategory (similar item), on 

an unpracticed item from the same category but from the unpracticed subcategory 

(dissimilar item), and the practiced item itself No retrieval-induced forgetting was found 

for similar critical items, but recall for dissimilar critical items was significantly impaired, 

compared to controls. These results appear to directly contradict the finding of Smith and 

Hunt (2000), as distinctive processing of items did not eliminate retrieval-induced 

forgetting, but similarity between items did afford this protection. 

Bauml and Hartinger (1999, 2002) and Anderson, Green and McCulloch (2000) 

reconciled the seemingly opposing results by noting that the two sets of studies tap two 

different types of relationships between list items. Anderson, Green and McCulloch 
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(2000) describe target-competitor and competitor-competitor relationships, where targets 

are the focus of retrieval practice and competitors are unpracticed words in the Msts. 

According to the pattern suppression model proposed by Anderson and Spellman (1995), 

to be described in more detail in the following section, each item in the list is represented 

as a set of features. The semantic features of similar items overlap, and the fate of one 

item then influences the fate of the overlapping item. When a target is recalled at retrieval 

practice, all its features are strengthened. The more similar a competitor is to this target, 

the more of these strengthened features it will share. Any of the competitor's features that 

are not shared with the target will be suppressed, in this model, but a similar item 

presumably has more shared than unshared items, and thus, ultimately becomes more 

accessible. The reasoning for competitor-competitor relationships stems from the same 

logic, but reaches the opposite conclusion, because competitors are usually suppressed, 

not strengthened, during retrieval practice. Therefore, if a competitor is similar to a 

suppressed competitor, it will share many of the suppressed features. The more similar a 

competitor is to a suppressed competitor, the less likely it is to be recalled later. BaumI 

and Hartinger (1999, 2002) noted that the protective similarity in their study was, in 

keeping with this model, between strengthened targets and their competitors. It is unclear 

what Anderson and Spellman's (1995) model would predict when both types of 

relationships are affected, as in Smith and Hunt (2000), who found a protective effect 

when they reduced the similarity between both targets and competitors and competitors 

with each other. Smith and Hunt (2000) attributed the protection afforded by this 
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distinctive processing to reduced competition between the competitors and the target at 

retrieval practice. 

Anderson, Green and McCuUoch (2000) instead maintain that distinctive 

processing exerts its protection by reducing the competitor-competitor overlap. They 

varied similarity in the target-competitor and competitor-competitor relationships. In their 

first study, designed to create similarity in each type of relationship, Anderson et al. 

(2000) found retrieval-induced forgetting for Rp- items in the competitor-competitor 

condition, but found reliable facilitation for these items in the target-competitor condition. 

Conversely, in Experiment 2, when they instructed subjects to encode unique properties in 

each of these relationships, they found the opposite pattern; Recall of Rp- items was now 

impaired for the very same target-competitor pairs used in Experiment 1, and the 

inhibition for Rp- items in the competitor-competitor condition had dropped to a 

nonsignificant level, as compared to the inhibition noted with the same items in 

Experiment 1. The results for the competitor-competitor relationship across Anderson et 

al.'s (2000) experiments are consistent with those from R E. Smith and Hunt (2000). In 

summary, increased similarity between the target and its competitors protects from 

retrieval-induced forgetting, while between competitors, increased distinctiveness 

produces this protective outcome. 

Macrae and Roseveare (2002) conducted a study in which they presented subjects 

with two 10-item lists of gifts (an "indoor" and an "outdoor" list). In this between-

subjects design, each participant was to imagine either that she herself, her best friend, or 

another person had purchased these items as gifts for someone else. After retrieval 
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practice for half the items in one of the lists, retrieval-induced forgetting was found when 

subjects had imagined that the gifts had been purchased by a best friend, or by another 

person. However, no retrieval-induced forgetting was apparent when subjects had 

imagined themselves as buyers of the gifts. The authors had also asked subjects to rank 

the extent to which they had imagined recipients for the gifts on a 9-point scale. They 

found that subjects who had imagined themselves as the gift buyers had also imagined 

possible recipients of these gifts to a significantly higher degree than had subjects in the 

other conditions. In a follow-up study, the authors had all subjects imagine that the gifts 

had been purchased by a best friend, but half of the subjects were instructed to imagine 

potential recipients of the gifts. The subjects who had been thus instructed in this study 

were also protected from retrieval-induced forgetting. The authors appeal to distinctive 

processing of each of the list members, and their results can be considered to be analogous 

to those of R.E. Smith and Hunt (2000). 

Theoretical accounts of the part list cuing effect 

The part list cuing effect is sometimes named in the literature as part list cuing 

"inhibition," as the recall performance for critical items under part list cued conditions 

generally falls below that found for critical items in free recall conditions. C. M. 

MacLeod, Dodd, Sheard, Wilson and Bibi (2003) made the point that researchers should 

not confuse the word for the phenomenon with the word for the mechanism. Although 

the result has been named "inhibition", the predominant theories for the part list cuing 

effect have postulated some type of interference in the retrieval of items, without positing 
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any inhibitory processes at all. Both interference-based and truly inhibitory accounts of the 

part list cuing effect will be reviewed in this section. 

One of the foremost non-inhibitory accounts of the part list cuing effect is the 

strength dependent model ofRundus (1973). This approach was an expansion of 

Brown's (1968) sampling with replacement model. Rundus described three levels of 

hierarchy in memory organization: (1) the list context (2) retrieval cues for groupings of 

the materials, such as category names and (3) the group or category members. At each of 

the lower two levels, the items are not directly affiliated with each other, but are linked 

through the superordinate retrieval cue, or control element, in the level above it. Each 

group member, then, is associated with some strength to its retrieval cue, or group name. 

The probability of retrieving a given group member is a function of the strength of its bond 

with the group name, divided by the sum of the strengths of association of all members in 

that group to the cue. This formula is known as the ratio rule. The very act of retrieving 

one item in a category strengthens the bond it has with the retrieval cue, making it more 

likely to be retrieved again. As a result of the increase in the denominator of the ratio for 

the other items in the category, other items become less likely to be retrieved. Thus, as 

proposed by Brown (1968), "strong associations block weaker ones." In this model, part 

list cues are likely to be retrieved, strengthened, and re-retrieved, thus blocking access to 

other list members. Rundus proposed that subjects repeatedly attempt to retrieve list 

items associated with a group retrieval cue. When repeated retrievals fail to produce a 

previously unrecalled group member, another retrieval cue (group or category name) is 

selected, by virtue of the ratio rule, based on its connection with the list context in 
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comparison with that of other group names. Recall stops after repeated retrieval attempts 

produce no further unrecalled items. Rundus proposed that subjects had some control 

over the number of retrieval attempts they would tolerate before stopping, based, for 

example, on time available when recall is being conducted. Rundus proposed that the 

retrieval cues, or group names, are produced by the subject as a means of organizing the 

list at study. His theory is not intended to apply only to lists that are explicitly categorized 

by the experimenters, although when experimenters provide category names, it is 

presumed that subjects use those cues to organize the studied material. 

Several studies provide data consistent with the strength dependent model, both on 

the level of category instances (Roediger, 1973; Roediger et al., 1977) and higher in the 

hierarchy, at the level of category names, or retrieval cues (Parker & Warren, 1974; 

Roediger, 1978). The studies of category cuing are analogous to those of typical category 

instance part list cuing. In these studies (Parker & Warren, 1974; Roediger, 1978), 

subjects studied categorized lists of items. In the experimental conditions, they were 

provided with some of the category cues. Subjects receiving this part set cuing produced 

higher recall of cued categories than subjects conducting free recall, but they were less 

likely to access other, noncued categories than were controls. Subjects recalled about the 

same number of items per category, across conditions. With part set cuing, participants 

produced a greater total number of list items from cued categories, simply because such 

subjects had accessed more cue categories than those who had been engaged in free recall. 

Impairment in accessing noncued categories increased with greater numbers of cues, as 

would be predicted by the ratio rule (Roediger, 1973, 1978; Roediger et al, 1977). 
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Roediger (1978) showed that merely distracting subjects for the time it usually takes to 

recall cue items, or asking them to recall unrelated information, did not produce the effect, 

but that it was specific to provision of the part set cues. Because access to categories 

could be described with the ratio rule, and category cues did not stimulate recall of other, 

noncued categories, the data from these studies are consistent with Rundus's view that 

items on the same level of the hierarchy are not directly associated, but are connected 

through superordinate control elements. Roediger et al. (1977) considered their data, 

acquired with unrelated, uncategorized lists, also to be in accordance with the strength 

dependent model, which predicts both a slowed recall rate and a compromised recall 

asymptote for critical items for part list cued subjects, due to the persistent re-retrievals of 

cue items during the recall period. 

Although they used a different paradigm than part list cuing, Ratcliff, Clark and 

Shiffrin (1990) reported results consistent with the strength dependent model. In one of 

their studies, they conducted free recall testing of word lists in which the number of 

presentations of items was varied in order to create differences in strength for list 

members. In pure strong lists, all items were presented 4 times; in pure weak lists, each 

item was presented once, and in mixed lists, half the items were presented 4 times, while 

half were presented once. They noted that subjects tended to recall more strong items 

from the mixed lists than from the pure strong lists, and more weak items from the pure 

weak lists rather than the mixed lists. This result is understandable, if the probability of 

retrieving an item is its strength over the sum of all the item strengths from the list. Items 
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are easier to retrieve from the background containing weaker items, because such a 

background produces a lower denominator in this ratio rule equation. 

Various investigators disagree on what predictions the strength dependent model 

makes regarding cues that were not originally from the study list. If extralist cues are 

presented along with the category name at the final recall test, does the strength dependent 

model predict the occurrence of the part list cuing effect? Roediger et al. (1977) argued 

that it does not. Because extralist items are not presented in the study list, there is no 

episodic representation to strengthen at cuing. Roediger et al. (1977) considered and 

rejected the possibility that items presented as cues become part of the list of items 

associated with the superordinate retrieval cue and in this way decrease the likelihood that 

uncued items will be retrieved. This idea was proposed by Watkins (1975), and his part 

list cuing model, along with the related concerns of Roediger et al. (1977) will be 

discussed shortly. 

Basden, Basden and Galloway (1977), however, accepted that the episode of a 

cue's presentation at recall would be subsumed under a category name. They concluded 

that the strength dependent model should predict impairment from extralist items. Results 

of studies employing extralist cues vary. Watkins (1975) and Roediger et al. (1977) both 

found a part list cuing effect, while Basden et al. (1977) did not. Basden et al. (1977) 

utilized a between-subjects design, unlike Watkins (1975), to avoid subjects' transferring a 

possible strategy from recall with part list cues to their recall with extralist items. 

Unfortunately, this result conflicts with that of Roediger et al. (1977), who also used a 

between-subjects design. Though the work by Roediger et al. (1977) was conducted with 
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uncategorized lists, while Basden et al. (1977) used categorized lists, the reason for their 

differing results is unclear. Whether extralist cues truly can be accommodated in Rundus's 

model, it appears that they have been found to produce impairment under some 

circumstances but not under others. The controversy surrounding both the model's 

predictions and the results leave this question unresolved. 

In another test of the strength dependent model, Basden et al. (1977) varied the 

taxonomic frequency (TF) of items in categories that they presented to subjects. In their 

Experiment 1, they used both high and low TF items, crossed with the cue and critical 

items, so that four types of categories were presented: HH, HDL, LH and LL (where the 

first letter represents the TF of the cue words and the second, the TF of critical items). To 

illustrate their predictions, they posited values of 80 and 20 for the associative strengths of 

high TF and low TF items, respectively, with their retrieval cues. If 10 items were in each 

category, using the ratio rule, they calculated that the probability of retrieving a high TF 

item from an HH category was 80/800 = .10, and of retrieving the same from an HL 

category was 80/500 = .16. The probability of retrieving a low TF item from an LL 

category was also . 10 (20/200), but that of retrieving a low TF item from an LH category 

was .04 (20/500). The authors further predicted that stronger (higher TF) part list cues 

should damage access to critical items to a greater extent than would weaker part list cues 

(of lower TF). Instead, they found that recall for strong critical items was better when cue 

items had also been strong. The TF of the cue items did not produce an effect in the recall 

of weak critical items. Thus, the results of Basden et al. (1977) did not follow as 

predicted from the ratio rule in Rundus's model. Recall that the results ofKarchmer and 
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Winograd (1971) and Brown and Hall (1979) were also inconsistent with this model. In 

their Experiment I, Karchmer and Winograd (1971) had found greater impairment for 

recall ofU.S. states after subjects had studied the 25 least frequently recalled instances 

than when subjects had studied the stronger states. Brown and Hall (1979) had conducted 

the work in which subjects generated four category instances on one occasion and were 

prompted for retrieval of those items two days later. The experimenters gave subjects part 

list cues from varying serial positions in their original recall, and found no effect with this 

measure of item strength. 

Roediger and Neely (1982) argued that the Rundus (1973) model cannot account 

for the results of Park (1980), in which interactive encoding presumably created interitem 

associations within the list that protected targets from the part list cuing effect. They 

maintain that the model would have to make some allowance for direct connections 

between group members. 

A second approach to the part list cuing effect is the cue overload model, which 

incorporates the hierarchical network and ratio rule from Rundus's (1973) strength 

dependent model. According to the cue overload interpretation, the part list cuing effect 

occurs because each new episode of encountering an item increases the length of the 

studied list (Watkins, 1975; Mueller & Watkins, 1977). Each new presentation of an item, 

whether during study or test, adds to the total list of items associated with a superordinate 

cue, until that cue becomes "overloaded." As the list length increases, the denominator in 

the ratio of the ratio rule increases. The probability of retrieving any one item from the list 

then decreases. 
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As previously mentioned, Watkins (1975) found that when extralist items were 

used as cues, they produced retrieval impairment, to the same degree as part list cues. 

Retrieval impairment was exacerbated both by adding words to the original study list and 

by adding them to the cue list, although greater impairment was noted for expansion of the 

cue list (Watkins, 1975). Other researchers have also found that the magnitude of part list 

cuing impairment has increased with increasing numbers of part list cues (Roediger, 1973; 

Rundus, 1973; Roediger, Stellon & Tulving, 1977). Mueller and Watkins (1977) tested 

whether the presentation of unrelated words as cues would induce retrieval impairment of 

list items within a category. They found that impairment occurred only when the part list 

cues were members of the target category. The result is consistent with the cue overload 

model, as these unrelated words presumably do not overload the superordinate cue, 

because they cannot be subsumed under it. Mueller and Watkins (1977) found the part list 

cuing effect with sets of rhyming words, with words that subjects sorted into groups and 

labeled, and with arbitrarily grouped items, and maintained that the cue overload approach 

provided an explanatory framework for the part list cuing effect under each of these 

diverse types of categorization. 

As mentioned in the work on semantic memory and the part list cuing effect. 

Brown and Hall (1979) did not find any change in the magnitude of the part list cuing 

effect when they manipulated number of cues. These investigators considered their results 

to be incompatible with the cue overload model. To account for the difference between 

their results and those ofWatkins (1975) and others. Brown and Hall (1979) conjectured 

that in other studies, subjects may have underestimated the total of number of items in the 
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spurious relationship could have emerged, such that more cues would have been 

associated with a greater part list cuing effect. Brown and Hall (1979) clarify that in their 

study, subjects knew that each category should have four items. This explanation may 

possibly apply to the work conducted by Roediger (1973), Rundus (1973) and Watkins 

(1975), but it appears that Roediger et al. (1977) informed their subjects prior to study 

that the uncategorized list would contain 48 items. Although subjects may not have 

heeded or may have forgotten this detail about the list, the lack of a number of cues effect 

in Brown and Hall's (1979) work remains unclear. Besides the emphasis on semantic 

memory. Brown and Hall's study differed from the others in the size of the categories 

used. In general, the numbers of items in the other researchers' studies were larger, 

perhaps creating more opportunity to "overload" the cue. 

Another challenge to the cue overload approach came from Roediger et al. (1977). 

These investigators presented subjects with a list of 48 unrelated, uncategorized words, 

and on final recall, presented some participants with 32 extralist items as "cues". Despite 

the fact that these items were unrelated to the target items, and that subjects knew they 

were extralist items, subjects showed decreased recall for critical items relative to the free 

recall condition. These unrelated extralist cues were less damaging than part list cues to 

recall of critical items, unlike the results of Watkins (1975), in which related extralist cues 

were associated with retrieval impairment equal to that produced by part list cues. Such a 

difference may be due to subjects' having more difficulty ignoring cues that were members 

of the same category as target items, than ignoring the unrelated items. However, 
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Roediger et al. (1977) found that subjects approached the recall asymptote at different 

rates, depending on whether they had received part list or extralist cues. If poorer recall in 

both cases is due to an increase in items being added to the to-be-remembered-list, 

Roediger et al. (1977) maintained that the rate of recall should be the same under both 

conditions, since the same number of items should be continually re-retrieved in both 

cases. 

As discussed earlier, Basden et al. (1977) did not obtain any part list cuing effect 

when they presented related extralist cues to their subjects. Finally, Peynircioglu (1989) 

prompted recall of items from a studied list with word fragments. She compared the 

addition of items to the study list with that of addition to the test, and found impairment 

only when the number of cues given at the time of test was increased. In contrast to 

Watkins (1975), Peynircioglu (1989) did not obtain reliable impairment with increase of 

the length of the study list. 

A third general approach to the part list cuing effect is that the provision of part 

list cues derails a more efficient retrieval strategy that subjects would have naturally 

employed, if they had been left to their own devices. This general concept has been 

described in the contexts of four models; the editing task hypothesis, the strategy 

disruption hypothesis, the incongmency principle, and the Search of Associative Memory 

(SAM) model (Basden et al, 1977; Basden & Basden, 1995; Brown, 1968; Raaijmakers 

& Shiffrin, 1981; Roediger et al., 1977; Sloman, Bower & Rohrer, 1991). Each of these 

models will be reviewed in turn, in the following pages. 
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The editing task hypothesis proposes that recall is impaired with provision of 

part list cues because subjects retrieve the cue words and then must edit them from the 

responses they give during recall (Basden et al., 1977; Roediger et a!., 1977). Because 

checking retrieved words against the cue words takes time, it was proposed that a 

resultantly slowed rate of retrieval, combined with relatively short recall periods, might be 

responsible for the part list cuing effect (Roediger et al., 1977). Such a mechanism would 

also be consistent with greater impairment associated with greater numbers of cues, as 

subjects would need to check recalled items against more category instances. 

Roediger et al. (1977) examined this hypothesis with two studies. First, they gave 

subjects a lengthy, 10 minute recall period, and found that subjects continued to show a 

lower recall asymptote with part list cuing than they did in free recall. In a second study, 

subjects studied 48 unrelated, uncategorized words and then were given 32 part list cues 

to study. One group of subjects then had the 32 cue words available on recall sheets at 

final test, and they were instructed to recall the remaining items from the study list. The 

other group was given blank recall sheets and asked to recall as many items as possible 

from the entire set of 48 words. If the editing task hypothesis were correct, the authors 

reasoned that subjects in the latter condition should not show the part list cuing effect, as 

they would not have to edit the cue words from their responses. In this condition, subjects 

tended to recall cue items first, to the exclusion of critical items. Roediger et al. (1977) 

noted that the rate of recall of critical items was similar across the two experimental 

conditions, suggesting that subjects in both conditions were recalling the cue words, 

whether overtly or covertly. Although subjects recalled numerically more critical items 
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when they were permitted to include cue items in their recall set, Roediger et al. (1977) 

found that the part list cuing effect was not eliminated under these conditions. The 

authors concluded that the editing task hypothesis was not a viable explanation for the 

part list cuing effect. 

The finding that extralist items can damage recall (Watkins, 1975; Roediger et al., 

1977) has also been said to argue against the editing task hypothesis. Since extralist items 

were never on the original study list, retrieved items would not need to be checked against 

them before output. However, Basden et al. (1977) maintained that subjects may have 

been prone to check output even against extralist cues, particularly in Watkins' (1975) 

study, since the intralist/extralist manipulation was within-subjects. Subjects may have 

continued to use the strategy they had been using for intralist items. In their own 

between-subjects work, Basden et al. (1977) did not find retrieval impairment when they 

used extralist items. As mentioned previously, their rationale does not explain why 

Roediger et al, (1977), who used a between-subjects design and clearly identified extralist 

cues, did find the effect. 

The strategy disruption hypothesis (Brown, 1968; Basden et al., 1977; Basden 

& Basden, 1995) is closely related to the editing task interpretation. According to this 

model, part list cues may result in subjects' recalling information in a suboptimal order, 

relative to the organization imposed by the subject at study. From this view, part list cues 

do not induce lasting blockage of critical items in memory, but they produce a temporary, 

adverse effect on the accessibility of to-be-remembered items. 
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To test their hypothesis regarding participants' organization of the material, 

Basden and Basden (1995) presented subjects with four categorized lists, split into two 

arbitrary columns (A and B). Some subjects were instructed to think of the two columns 

as two subsets of the larger category, while others were not instructed to subcategorize 

the list items. Part list cuing was accomplished via presentation of either the first or 

second column at recall. The investigators hypothesized that provision of cues from one 

subcategory should not disrupt subjects' retrieval strategies for the other subcategory. As 

they predicted, the retrieval decrement with part list cuing was less for the subjects who 

had received the subcategorization instructions than for those who had not. In their 

Experiment 3, the investigators administered half of each column as the part list cues for 

some subjects. Again, as predicted, these participants showed more retrieval impairment 

from part list cuing than those who had received an entire subcategory as the part list cues. 

Basden and Basden (1995) argued that these results support the view that part list cuing 

results from temporary disruption of subjects' retrieval strategies. It appears, however, 

that these results could also be explained by considering these items to have different 

"control elements" or retrieval cues, per the Rundus (1973) model or Watkins' cue 

overload approach. In this way, these models could also accommodate these results. 

Basden, Basden and Stephens (2002) conducted a number of studies examining the 

importance of order information in free recall in the part list cuing effect. Their work 

indicated that serial order information can be utilized by subjects, though it is not 

employed in all cases. In their third experiment, they compared the effect of presenting 

part list cues at the top of the computer screen, in an independent, "segregated" list, and 
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that of presenting them in the same spatial positions they had originally occupied on the 

computer screen during study (the "integrated" condition). The authors used every other 

word from the study list as part list cues. With free recall, they found no part list cuing 

effect when subjects were using integrated cues, though they did find the effect when 

subjects were presented with segregated cues. They maintained that this finding would 

not be predicted by Rundus (1973). In Rundus's model, the cues would be equally 

strengthened by re-presentation, whether they occupied the segregated or integrated 

positions, and uncued items would be predicted to become equally hard to retrieve under 

both conditions. Basden et al. (2002) also considered their result to conflict with 

predictions of Anderson, Bjork and Bjork (1994), in their studies of retrieval-induced 

forgetting. This issue will be considered in the section discussing theories of retrieval-

induced forgetting. 

To examine the durability of the part list cuing effect, Basden et al. (1977) required 

participants to complete a final free recall test on four 10-item categorized lists, after they 

had completed a recall task with part list cues, no cues or extralist cues. Basden et al. 

(1977) hypothesized that cue items would continue to be strengthened, and critical items 

weakened, at the time of this recall test, 30 seconds after the previous test, if part list 

cuing produced inhibition of stored information. On this final recall task of their 

Experiment 2, no significant differences were found in recall of critical items based on 

cuing condition. Basden and Basden (1995) replicated these results in four of their five 

experiments. The authors concluded that part list cues had to be present in order to cause 

a decrement in recall of critical items. They believed their data to be inconsistent with 
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models that propose durable modifications to items in storage, such as the strength 

dependent model. 

If part list cues must be present in order to cause a retrieval deficit, then the results 

detailed earlier, ofRoediger et al. (1977) cannot be easily explained. Recall that in that 

study, Roediger and colleagues presented subjects with 48 list items, and then gave them a 

subset of 32 items to study a second time. On a final recall test, subjects were impaired on 

recall of critical items, even when the 32 cues were not present at test. Another challenge 

to Basden et al. (1977) was made by Park and Madigan (1993). They conducted a study 

similar to theirs, and examined the composition of the list of items recalled across 

successive tests. They considered that critical items may have been truly inhibited during 

part cuing and they questioned whether these items had actually been "released" for recall 

on the final recall test. The alternative they examined was whether the recall of these 

items had been due to the well-known phenomenon of reminiscence, in which items 

appear on a second successive recall test that did not appear on the first. Reminiscence is 

one way of measuring the more general phenomenon of hypermnesia, which was 

mentioned earlier. If critical items are released from inhibition in the absence of their part 

list cues, Park and Madigan (1993) predicted that the number of new items recalled on a 

second test would be greatest when a free recall test was conducted after a part list cued 

recall test. In their Experiment 2, subjects studied twelve 6-item categories and were 

prompted to complete free recall for 4 categories and part list cued recall for the remaining 

8 categories. After a 5-minute distractor, subjects were administered a second recall test, 

with the same part list cuing for 4 of the previously part list cued categories, and free 
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recall for the remaining 8 categories. Therefore, the investigators could make three test-

retest comparisons: free recall to free recall, part list cued recall to free recall, and part list 

cued recall to the same part list cued test. First, however, they examined the pattern of 

results across the free and cued recall tests that were presented initially and found a 

significant part list cuing effect. As in Basden et al. (1977), the effect was not sustained 

on a second test, as performance on followup free recall tests did not differ based on the 

type of recall required on the prior test. However, across all three test-retest comparisons, 

the percentage of new items recalled on the second test did not differ from that on the 

first. The authors also plotted the cumulative recall of target items across both recall tests 

in the free recall to free recall and part list cued recall to free recall comparisons. The 

authors showed that recall of targets after part list cuing never reached the level obtained 

after only free recall, and that the recall curves did not appear to be converging after 45 

seconds of recall. These results were also found in their first experiment, which was very 

similar to Experiment 2, with a 60-second recall period. Park and Madigan (1993) 

concluded that Basden et al.'s (1977) results had reflected reminiscence, and did not 

provide evidence against models that propose changes to critical item representations. In 

fact, since the effects of part list cuing endured, by their analysis, they find these data 

inconsistent with the editing task or strategy disruption hypotheses. 

Basden et al. (1977) surmised that presenting extralist cues would circumvent a 

disruption of strategy. As already mentioned, the data on whether extralist items produce 

the part list cuing effect are mixed. Roediger and Neely (1982) argued that the result of 

Experiment 1 in Mueller and Watkins (1977), in which only part list cues from the target 
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category produced impairment, and not list items from unrelated categories, is evidence 

against the strategy disruption account. They maintained that the presence of part list cues 

from another category would serve to disrupt or confuse a subject's recall as much as 

those from the target category. Basden and Basden (1995) disagreed with this prediction, 

since they explain that subjects may be able to avoid the part list cuing effect when they 

form subcategories within a category. The premise is that part list cues from one 

subcategory do not interfere with the retrieval strategy for items in the other subcategory. 

Peynircioglu (1989) used word fragments to cue recall in several studies. After 

study of a categorized list, subjects completed 30 word fragments. In the part list cued 

categories, the first fifteen fragments were easy completions from the studied category and 

the final fifteen were more difficult fragments from that category. In control categories, 

subjects completed fifteen easy completions from a filler category and then fifteen difficult 

completions from the control category. Peynircioglu (1989) found a part list cuing effect 

under these conditions; subjects successfully completed significantly fewer word fragments 

in the part list cued categories than in the control categories. She argued that subjects' 

preferred recall strategies were equally disrupted in both the part list cuing and control 

conditions, and thus this finding demonstrated that the strategy disruption hypothesis is 

not a sufficient explanation for the part list cuing effect. A similar point could be drawn 

from the work of Bauml, Kissler and Rak (2002), who used category-plus-first-letter cues 

to control the output order of recall in both control and part list cued conditions, and still 

found a part list cuing effect. 
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Sloman, Bower and Rohrer (1991) proposed the incongruency principle, which 

is very similar to the strategy disruption interpretation, but is distinguished from strategy 

disruption in at least three ways. First, Sloman et al. (1991) proposed that different recall 

orders could be associated with slightly altered meanings for Ust items and for the 

categories to which they belong. Such differences could exist because subjects focus on 

aspects of list members as they are presented, and subjects' concepts of the category in 

question relies upon salient features of these list members and their commonalities. 

Different features of a category may be salient, depending upon what items are presented 

first. Second, Basden and Basden (1995) placed emphasis on subjects' conscious retrieval 

strategies, while Sloman et al. (1991) considered that more automatic retrieval strategies 

may be affected. Even when subjects know that part list cues are misleading, they appear 

unable to ignore them, as they show a detrimental effect of part list cuing nonetheless. 

Third, Sloman et al. (1991) stated that the incongruency principle could accommodate 

impairment with extralist cues, such as that found by Roediger et al. (1977). Their 

difference of opinion with Basden and colleagues reflects their position, that subjects may 

not be able strategically to avoid negative effects of part list cuing. 

Sloman et al. (1991) conducted four experiments to test this incongruency 

principle. In the first experiment, they compared recall of critical items under three 

conditions: free recall, cued recall with congruent items and cued recall with incongruent 

items. The congruent items were every other word from the uncategorized study list, 

presented in the order seen at study. The incongruent items were the same words, 

presented in a scrambled order. In three of four experiments, they found a reliable part list 
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cuing effect only with the incongruent set of cues. In the study in which a part list cuing 

effect was also seen with congruent cues, the effect was »gnificantly greater with the 

incongruent cues. In their final three experiments, Sloman et al. (1991) designed their 

materials so that the scrambled order of the incongruent cues also introduced new 

meaning to the cue words. For example, in one study, the investigators arranged the 

incongruent cues so that they created a series of idioms as subjects read down the page of 

these cues, (e.g., the page read, "sour, grapes, dead, end", etc.). They followed the same 

procedures to create the congruent cues for this study as they had done for Experiment 1. 

When recall was compared across the incongruent and no cue conditions, one of their 

studies showed that the added incongruity in meaning was associated with a significantly 

larger effect size than that seen in the study using only an incongruity in serial order. 

In general, Sloman et al. (1991) stressed that the degree to which conditions at 

retrieval differ from those at encoding should influence the degree of part list cuing 

impairment that is found. Such results are in keeping with the encoding specificity 

principle (Thomson and Tulving, 1970) and transfer appropriate processing (Morris, 

Bransford & Franks, 1977). This incongruency principle, the strategy disruption 

hypothesis, and possibly SAM (below), are the only approaches to the part list cuing effect 

that predict that the serial order of part list cues should have an effect on the degree of 

impairment found in their presence. Sloman et al. (1991) also took issue with any models 

of part list cuing (e.g., strength dependent and cue overload hypotheses) that do not allow 

for direct connections between list items. They argued that subjects' retrieval strategies 

may be instantiated in such direct interitem connections. 
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Raaijmakers and Shiffrin's (1981) Search of Associative Memory (SAM) model 

also departs from Slamecka, Rundus's strength dependent model and the cue overload 

approach in that SAM assumes that items within a category are directly connected with 

each other, and with the list context. SAM is thus in line with other associative models of 

memory, such as Anderson's (1972) FRAN. The challenge for SAM, then, is to explain 

what processes override the positive effects of part list cuing in the associative network. 

In SAM, memory search is initiated by probe cues. A number of different types of 

information may serve as probe cues. In free recall of a studied list, cues from the context 

of presenting the list serve this function. In the part list cuing paradigm, the part list cues 

themselves are the probe cues. Probe cues are used to sample clusters of associated 

information. As they are recalled from these clusters, items also serve as probe cues. 

Each probe cue is used for recall until it ceases to produce new items a certain number of 

times. The act of retrieving an item strengthens the association between it and its probe 

cues, through a process called incrementing. After all the cues have been used and ceased 

to induce retrieval of new material, a rechecking process occurs, in which each cue is used 

again, along with context cues, to search for more items that have not yet been recalled. 

When a certain number of attempts to retrieve new items have failed to produce them, a 

stopping rule is employed and recall is ended. 

Raaijmakers and Shiflfrin (1981) modeled the part list cuing effect with computer 

simulations, using these assumptions. They determined that neither the process of 

incrementing nor the stopping rule were responsible for creating the part list cuing effect. 

This result is important because both of these processes are central to Rundus's strength 
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dependent model. Instead, in their model, the difference in recall of critical items between 

control subjects and part list cued subjects was attributable to their beginning with 

different probe cues, and the manner in which these probe cues sample from the clusters 

that form the associative network. Raaijmakers and Shifi&in (1981) argued that control 

subjects, who are engaged in free recall, begin with context cues as probe cues, while the 

subjects given part list cues are started off in a less efficient manner. This difference in 

efficiency exists because part list probe cues sample clusters that contain at least one cue 

word, which is the word matching the probe. Part list probe cues are therefore less likely 

to access critical items than are context probe cues. Because part list cued subjects use no 

context-only probe cues, they are not able to obtain as many of the critical targets as 

controls before the stopping rule is met and recall is terminated. 

SAM therefore clearly belongs in the class of models proposing that part list cues 

create conditions for suboptimal retrieval processes. Basden and Basden (1995) maintain 

that their strategy disruption model focuses more on vertical associations among items, 

organizational headings created by the subject, and the list context, whereas SAM is more 

concerned with horizontal, interitem associations and direct connections to context. It is 

unclear whether either vertical or horizontal relationships are stressed more under the 

incongruency principle, but both types of relationships are clearly important in the thinking 

of Sloman and colleagues. 

Park and Madigan (1993) praised SAM, stating that it could accommodate not 

only part list cuing data, but also results obtained over repeated recall testing of lists, such 

as reminiscence. According to Raaijmakers and Phaf (1999), SAM can also accommodate 
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the situations under which part list cuing is reversed. For example, they applied SAM to a 

learning situation much like that used by Basden (1973) and Blake and Okada (1973). In 

both these cases, recall of a learned list was made more difficult by interference from a 

second list and part list cues aided recall of the first list. Likewise, in Raaijmakers and 

Phaf s (1999) Experiment 2, subjects studied a list of common nouns once and then 

studied a second list three times. Although part list cues usually have a detrimental effect 

on recall of critical items as compared to free recall, Raaijmakers and Phaf (1999) 

predicted that subjects could benefit from cues under circumstances when their self-

generated cues were not likely to be helpful to them. When subjects merely studied the 

list and were then tested, with no interpolated list to learn, their recall performance in the 

part list cued condition was lower than that in the free recall control condition. This result 

reflects the well-known part list cuing effect. However, after subjects had studied an 

interpolated list, this pattern reversed; recall performance for the original list was better 

with part list cues than it was in the free recall control condition. When Raaijmakers and 

Phaf (1999) simulated these conditions with SAM, they obtained the same result as they 

did with their subjects. 

Roediger and colleagues (Roediger, 1993; Roediger & Neely, 1982) raised several 

concerns about SAM. First, they maintained that the complexity of the model, with its ten 

parameters, robs it of predictive power. They argued that the values of its parameters may 

be adjusted so that the model can match many results, and pointed out that most of 

SAM's parameters are not tied to directly observable behavior. Raaijmakers and Phaf 

(1999) strongly disagreed that SAM's many parameters make the model untestable. 
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Stating that findings of both negative and positive part list cuing effects can be obtained 

with SAM by using "almost all reasonable values of the parameters." Second, Roediger 

and Neely (1982) maintained that SAM has trouble accounting parsimoniously for part list 

cuing with extralist cues, such as that found by Watkins (1975). In Watkins (1975), the 

effects of part list and extralist cues were indistinguishable. Yet, in SAM, items not on the 

original study list cannot by definition be associated with the list context. Thus at 

retrieval, two different mechanisms must be proposed in this model to account for the 

effects of the two different types of cues. Recall, however, that Roediger et al. (1977) 

found that extralist and part list cues produced different recall curves, as extralist cues 

produced less retrieval impairment for critical items than did part list cues. Perhaps 

proposing two different mechanisms to account for the action of part list and extralist cues 

is not unreasonable, in actuality. Third, Roediger and Neely (1982) argued that items 

from unrelated categories should induce a part list cuing effect, according to SAM, and 

that the part list cuing data do not support this conclusion (e.g., Watkins & Mueller, 

1977). Raaijmakers and Shiffrin acknowledged this problem, but made the caveat that 

subjects would not use items from unrelated categories as probes. They apparently 

understand the memory search modeled by SAM to be controlled at least in part by 

subjects' conscious retrieval strategies. Finally, Roediger and Neely (1982) were 

uncertain how SAM would account for the protective effect of interactive, elaborative 

integration of list items, as done by Park (1980). They cannot simply propose, as 

Roediger and colleagues have done, that the simple presence of interitem connections 

protects Jfrom negative effects of part list cuing, as the SAM model utilizes direct interitem 
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connections in all cases of list learning. Raaijmakers and Phaf (1999) responded to this 

concern, reporting that SAM predicts a positive effect of part list cues for strongly 

associated items in small, nonoverlapping clusters. After having learned 20 unrelated 

paired associates (40 words), subjects performed better on an immediate recall test with 

part list cues than in the free recall control condition. 

Additionally, Raaijmakers and Phaf (1999) found that subjects given cues from 

each pair of the list of paired associates performed better on recall of critical items than 

those given random cues and those in the no-cue condition. They attributed these results 

to subjects' retrieving most items when part list cues systematically sample associative 

clusters, or units of organization within the studied list. This result bears similarity to 

those reported by Sloman et al. (1991) and by Basden et al. (2002), in which presentation 

of every other word from the original study list, in the original order, did not induce a 

negative part list cuing effect. It is also analogous to the results reported by Parker and 

Warren (1974) and Roediger (1978), in which part list cues improved recall for cued 

categories, because subjects accessed more of these categories than when they were left to 

retrieve items without part list cues. Those investigators operating from a hierarchical 

model of memory posit that part list cues facilitate recall when they provide access to 

more control elements than subjects would otherwise access. Theorists in the suboptimal 

retrieval camp do not invoke control elements, but the concept is similar; part list cues 

help recall when they allow access to associative clusters within the list that might 

otherwise not be accessed. 



The preceding theories have focused on interference as the basis of the part list 

cuing effect. It is also possible that the part list cuing effect occurs as a result of inhibition 

of critical items themselves. A center-surround or lateral inhibition mechanism could 

be applicable in the part list cuing effect. Both Dagenbach, Can and fiamhardt (1990) 

and Bamhardt, Glisky, Polster and Elam (1996) examined semantic priming in a lexical 

decision task, where primes were rare words learned to a recall criterion of less than 

100%. When the meaning of the rare word primes could be successfiilly recalled, 

facilitative semantic priming was seen for related targets. When the meaning of the prime 

was recognizable but not recallable, lexical decision responses to related targets were 

slowed. Bamhardt et al. (1996) further found that lexical decisions for synonyms of newly 

learned primes were facilitated, regardless of whether the meaning of the prime could be 

recalled. These results suggest that in some cognitive tasks, such as in the acquisition of 

new words, activation of closely associated items in a network may be detrimental to 

retrieval of the specific target. A center-surround or lateral inhibition mechanism has been 

proposed as a possible means by which retrieval of a target is protected. In the studies 

just mentioned, the synonyms of primes were protected from inhibition by virtue of their 

position in semantic space, in the "center", nearest to the primes, as opposed to the 

"surround". This model could explain the part list cuing effect if the retrieval of critical 

items is suppressed by the activation of related items. 

Walley and Weiden (1973) applied the idea of lateral inhibition to a problem in 

attention, namely, how a perceptual system can process one input without becoming 

overloaded or confused by information from other inputs. These authors presented the 
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idea that the processing of some inputs would inhibit the processing of closely related 

information. They referred to this phenomenon as "cognitive masking." Similar ideas 

were expressed by Neill and colleagues and by Martindale. Neill and colleagues (Neill & 

Westberry, 1987; Neill, 1979; Keele & Neill, 1978) proposed a two stage model of 

attention, which included first the idea of spreading activation, and second, the concept of 

"narrowing down" on the relevant information for the task at hand. They maintained that 

this narrowing down was accomplished through the active suppression of irrelevant 

information. Martindale (1981) proposed a modified spreading activation theory, in which 

the relationship between superordinate and semantic nodes remains excitatory, but similar 

nodes on the same level laterally inhibit each other when activated. He suggested that this 

relationship could code non-identity between members of a category, and that lateral 

inhibition could help to discriminate between such members. Martindale argued that 

including lateral inhibition in this model of spreading activation helped to account for some 

otherwise anomalous data, including the part list cuing effect. Within this modified 

spreading activation theory, the strength of the bonds between the superordinate and 

semantic units remains important. Martindale explained that more typical members of a 

category (ie, those with a strong, or close bond to the superordinate unit) are likely to 

inhibit their less typical neighbors. In this respect, the Martindale model shares the 

strength-dependent assumption that is also part of the Rundus (1973) approach. 

Kahan (2000) has proposed an alternative interpretation of data currently 

explained by the center-surround hypothesis. He suggested that subjects may use targets 

to clarify information about primes, and that this clarification process may slow the 
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processing of closely related targets. For example, if a subject is unable to recall the 

meaning of a recently learned rare word, he presumes that some semantic information 

about that word is weakly activated. When a related target is presented for lexical 

decision, subjects may use the target as a means of checking the definition of the prime. If 

a synonym is presented as a target, then a match may quickly be made, thus speeding 

response time to the target. When an associated word is the target, Kahan (2000) 

suggested that the partial match of semantic information may slow lexical decision 

responses. Kahan (2000) found support for this retrospective prime clarification model 

with a 2-phase study design. In the first phase of Experiment 1, a masked prime was 

presented for detection, semantic analysis, or identification, between subjects. In the 

second phase, these masked primes were presented again before targets, for which 

subjects made lexical decisions. The targets were either semantically related to the prime, 

repetitions of the prime, or unrelated to the prime. The prediction jfrom the prime 

clarification account was that subjects' mental sets from Phase 1 determined what aspects 

of a target (e.g., semantic or orthographic) they would seek to clarify upon presentation of 

the prime. If a prime were related to the target in the manner consistent with the mental 

set, more slowing could be expected than if the prime were related in a different way. 

This hypothesis was supported in Kahan's (2000) data. The investigator speculatively 

extended the reasoning ifrom his findings to the results ofDagenbach et al. (1990) and 

Bamhardt et al. (1996). Further research would be necessary to clarify this issue. 
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Theoretical account of retrieval-induced forgetting 

The experiments presented in Anderson, et al. (1994) were designed to examine 

Rundus's strength dependent model, particularly the ratio rule, as applied to retrieval-

induced forgetting. Anderson et al. (1994) compared the effects of their manipulation on 

strong vs. weak category exemplars. Strong category exemplars had a mean rank order of 

8, according to Battig and Montague (1969) category norms, while weak category 

exemplars had a mean rank order of 33. 

Anderson, et al. (1994) predicted that weak and strong members of a category 

could be affected to differing extents by retrieval practice, under the strength dependence 

assumption. In laying out their argument, the investigators first defined the probability 

that a particular item would be recalled on the final test as; the item's absolute strength 

multiplied by its relative strength. The item's absolute strength is a representation of its 

rank order, or typicality, in that category. An item with greatest absolute strength would 

be the member of the category most often associated with that category name. The item's 

relative strength is a measure of the item's accessibility as influenced by recent study or 

retrieval competition. Items' relative strengths are influenced, for example, by the 

retrieval practice employed in this paradigm. As items are practiced, or viewed as part list 

cues, according to the strength-dependence assumption, their relative strengths increase, 

and their competitors' relative strengths decrease. 

To illustrate their reasoning, the investigators assigned hypothetical numbers to the 

variables in the strength dependence equations. They assigned an absolute strength of 0.4 

to strong items and 0.2 to weak items. At initial study, all items have the same relative 
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Strength (again, 0.4 for strong items and 0.2 for weak items). On the basis of relative 

strength alone, one strong item is just as likely to retrieved from a group of other strong 

items as a weak item is to be retrieved from a group of weak items; 

Probability of retrieving strong item = (0.4)7(0.4+0.4+0.4+0.4) = 0.25 

Probability of retrieving weak item = (0.2)/(0.2+0.2+0.2+0.2) = 0.25. 

Anderson et ai. (1994) considered two ways in which retrieval practice may 

increase the relative strength of strong and weak items. One possibility is that strong and 

weak items are both strengthened to equal proportions (50%, for example, such that the 

relative strength of a strong item increases to 0.6 while that of a weak item becomes 0.3). 

If this were the case, then the retrieval probabilities of these items would decrease by the 

same amounts: 

Probability of retrieving unpracticed strong item = (0.4)/(0.4+0.4+0.4+0.6) = 0.22 

Probability of retrieving unpracticed weak item = (0.2)/(0.2+0.2+0.2+0.3) = 0.22. 

When absolute strength is also taken into account, then a greater absolute 

impairment should be noted for strong items than weak items: 

For strong items: (0.25*0.4) - (0.22*0.4) = 0.012 

For weak items: (0.25*0.2) - (0.22*0.2) = 0.006 
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The proportional decrement in retrieval should be equivalent, however; 

Strong items; (0.012)/(0.25*0.4) = 0.12 

Weak items; (0.006)/(0.25*0.2) = 0.12 

Another possibility is that strong and weak items are both strengthened by the 

same absolute amount (e.g., 0.1). If this were the case, then an examination of change in 

relative strengths would reveal; 

Probability of retrieving unpracticed strong item = 

(0.4)/(0.4+0.4+0.4+0.5) = 0.235 

Probability of retrieving unpracticed weak item = 

(0.2)7(0.2+0.2+0.2+0.3) = 0.22. 

With absolute strength factored in, the same absolute impairment should hold for 

both types of items; 

For strong items; (0.25*0.4) - (0.235*0.4) = 0.006 

For weak items; (0.25*0.2) - (0.22*0.2) = 0.006. 
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However, the weak items will have beea affected proportionally more than the 

strong items: 

Strong items: (0.006)/(0.25*0.4) = 0.06 

Weak items: (0.006)/(0.25*0.2) = 0.12. 

In contrast to either of these predictions, in their first two experiments, Anderson 

et al. (1994) found that the impaired recall of Rp- items, in comparison to that of Nrp 

items, was significantly more pronounced in lists of strong exemplars than weak 

exemplars. The proportional recall decrement was also reliably greater for strong items 

than for weak items. 

One of the hypotheses Anderson et al. (1994) entertained regarding the results of 

Experiments 1 and 2 was a suppression hypothesis. They considered that the effects seen 

in their Experiments 1 and 2 might reflect active suppression of critical (Rp-) items, 

precisely because they competed with the retrieval practice (Rp+) items during that phase 

of the study. The authors suggested that even if these items were not consciously 

intruded, the stronger items in the categories may have posed a discrimination challenge, 

and had to be rejected in order for the correct item to be selected. It is thought that 

stronger items would intrude more often than weak items, and thus would incur more 

suppression, which could be noted at the final recall test. Recall impairment for critical 

items then, in this account, is dependent not upon a feature of the retrieval practiced item. 



64 

but upon the degree to which the critical item itself interferes during retrieval practice of 

its competitors. 

To test this hypothesis, Anderson et al. (1994) employed four types of 

experimental categories, based on their compositions of strong and weak exemplars. All 

categories consisted of 6 exemplars. Two category types were pure, and thus included 

only strong items or weak items. The other two category types contained half strong and 

half weak items. In one half of the categories, strong items were practiced, and in the 

other half, weak items underwent retrieval practice. The four experimental conditions 

could thus be represented as the SS, SW, WS and WW categories, where the first letter 

designated the strength of the practiced exemplars. The investigators reasoned that if a 

suppression mechanism, dependent on the strength of the very item suppressed, were at 

work, then categories with strong Rp- items should show recall impairment, regardless of 

the strength of the Rp+ items (i.e., impairment should be visible in SS and WS categories 

but not SW and WW ones). Their results were consistent with this reasoning. Not only 

was reliable impairment seen for Rp- items in SS and WS categories, but marginally 

significant facilitation was seen for these items in SW and WW conditions. 

Bauml (1997) also found results inconsistent with the strength dependent model 

and consistent with a suppression hypothesis. Bauml noted that in free recall protocols, 

the strongest items tend to be recalled first. He reasoned that recall of all the strongest list 

members first might place other items from the list at an added disadvantage at recall, 

which is a phenomenon commonly termed output interference. Bauml (1997) considered 

that output interference may have played a role in the findings ofRatcliff et al. (1990), 
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who had varied item strength by presenting list items either one or four times. Recall that 

RatclifF et at. (1990) had found results consistent with the ratio rule; strong items were 

better retrieved from mixed lists than pure strong lists, and weak items were better 

recalled in the context of other weak items, rather than in that of strong items. In a follow 

up on RatclifF et al. (1990), Bauml (1997), like Anderson et al. (1994), had subjects study 

pure strong, pure weak, and mixed (half strong, half weak) lists of items. An item was 

strong or weak based on its taxonomic frequency as a member of a category. After study 

and a distractor task, subjects were given a category-plus-stem cued recall test, so that 

Bauml (1997) could control output order. When Bauml (1997) gave the strong members 

of the mixed lists first on the recall test, he obtained the same results described by Ratcliff 

et al. (1990). However, when he targeted recall of either strong or weak items in the first 

three output positions, and compared only these first three items, across pure and mixed 

lists, he found that recall was roughly the same for each type of item strength, regardless 

of the makeup of the rest of the category. This result is inconsistent with the ratio rule. 

Bauml (1997) also compared recall of strong or weak items in the first versus last three 

output positions, and confirmed that recall performance did drop with increasing output 

position. Bauml (1997) hypothesized that output interference and a suppression 

mechanism could account for the results obtained by RatclifF et al. (1990). He argued, 

consistent with the findings of Anderson et al. (1994), that items are suppressed to the 

extent that they compete during the retrieval of another list member. Therefore, stronger 

items are suppressed to a greater degree than are weaker items. It follows that more 

suppression would be applied in a pure strong list than in a mixed list, thus producing the 
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result from Ratcliff et al. (1990), that items were better recalled from mixed than pure 

strong lists. Additionally, more weak items should be recalled from a pure weak list than a 

mixed list, due in large part to the initial retrieval of strong items in the mixed list, in the 

RatclifFet al. (1990) design. Bauml (1998) explored this issue further, and presented 

subjects with two types of 6-item categories: those containing three moderate and three 

strong items (SM) and those containing three moderate and three weak items (WM). 

Bauml (1998) used category-plus-first-letter cued recall to control output order. When 

moderate items were recalled first, recall performance for them was the same, regardless 

of whether the remaining category members were strong or weak. Like those of Bauml 

(1997), these findings are inconsistent with the strength dependent model. Recall of 

strong items after that of the moderate items was poorer than when strong items were 

recalled first. No difference was noted in recall performance for weak items, whether they 

were recalled first or after the moderate items. Again, Bauml (1998) explained that the 

strong items are suppressed more than the weak items, as the strong items compete to a 

greater degree during successful retrieval of the moderate items. 

In their retrieval practice paradigm, Ciranni and Shimamura (1999) also found 

results consistent with a suppression hypothesis. They examined whether retrieval-

induced forgetting were dependent upon a match between retrieval practice and test 

conditions. They found that even if the feature that was practiced differed from the one 

used at test, the items related to the practiced items were harder to remember than control 

items. In their series of experiments, Ciranni and Shimamura (1999) taught subjects the 

locations of various colored shapes within a circular array. Each study trial of Experiment 



3 consisted of subjects being shown a colored shape in the center of the array and being 

asked to select a location for that object. After subjects had made a selection, the 

experimental program revealed the correct location for that colored shape. Twelve unique 

shapes were used in the study, and these shapes could be grouped by color into three sets 

of four items each. Two items from each of two color sets wwe retrieval practiced. 

Retrieval practice trials consisted of a colored question mark being presented in its correct 

location in the array, and subjects were to select the proper shape for this item. Subjects 

were given feedback as to the correct shape, and received three trials of each of the four 

items. Subjects then received either one of two test conditions. One test condition 

required subjects to retrieve the same type of information as that tested in retrieval 

practice trials; they selected the item's shape when shown its color and location. The 

other test condition required subjects to perform the task they had encountered at study; 

they were presented with a colored shape in the center of the array and were to select its 

correct location. The test condition of most interest is the latter one. In both test 

conditions, retrieval-induced forgetting was found for critical items in practiced color 

categories. The feature tested at final recall had not needed to match the feature that was 

practiced. Because the previously practiced features of items were not cued at test, the 

authors proposed that some durable change must have occurred in the representations of 

the related items, such as suppression or degradation. 

Anderson et al. (1994) proposed that suppression may occur in the context of 

modified spreading activation theories, in which a retrieval cue causes parallel activation 

of all competitors (e.g., Blaxton & Neely, 1983; Keele & Neill, 1978; Martlndale, 1981; 
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Neill & Westberry, 1987; Walley & Weiden, 1973; Neill, 1979). According to these 

theories, already mentioned in the prior discussion of lateral inhibition, the successful 

selection of a target occurs through inhibition of the nontarget competitors in the activated 

set. Based on the work of Anderson and colleagues, it appears that this inhibition may 

endure long enough (at least 20 minutes) to impair later recall of these nontargets. 

Rooted in this line of thought, but departing from it to an extent, Anderson and 

Spellman (1995) advanced a pattern suppression model of retrieval-induced forgetting. 

In this model, each category member is represented as a set of semantic feature units. 

Category members vary in the extent to which they share semantic features. When 

retrieval of an item is practiced, all its features are strengthened. Competitors that share 

these strengthened semantic features with the practiced target undergo two processes that 

predict the extent of inhibition that will result. All the semantic features overlapping with 

the practiced target are strengthened, while all the remaining semantic features belonging 

to an item are suppressed. Unless an item overlaps significantly with the practiced target 

(ie, the words are nearly synonymous), the Anderson and Spellman (1995) model predicts 

that overlapping items will be inhibited upon later retrieval attempts. In other words, 

selective practice of the target results in competing items' suppression. 

Anderson and Spellman (1995) developed this model after finding that retrieval 

inhibition is observable even when the affected item is probed via novel semantic routes, a 

phenomenon they call second order inhibition. An example from their independent probe 

technique to illustrate this point uses items in two categories; "LOUD" and "TOOL". 



Two of the loud items include "thunder" and "sandblaster", whereas two tools are 

"chainsaw" and "pliers". (See Figure 1 for a schematic.) 

In Experiment 1 of Anderson and Spellman (1995), pairs of categories containing 

6 items each were used. Three of the items in each category could also be members of the 

paired category (e.g., "sandblaster" and "chainsaw" in the schematic). In Experiment 1, 

Anderson and Spellman conducted retrieval practice with half the items that were solely 

members of one of the categories (e.g., "thunder", which is a member only of the "LOUD" 

category in the schematic.) 

TOOLS 

thunder sandblaster chainsaw pliers 

(Rp+) (Rp-) (Nrp Similar) (Nrp Dissimilar) 

Figure J. Illustration of observed inhibition via novel semantic route (Anderson and 

Spellman, 1995) 

An expected result was that recall of items like "sandblaster" were later more 

difficult to retrieve when the subject was presented with the category cue of "LOUD". 

Somewhat more surprisingly, recall of items like "chainsaw" was also impaired, when a 

wholly different category cue was given at the final test (e.g., "TOOLS"). Anderson and 

Spellman explained that "chainsaw" is a retrieval competitor for "thunder", since it has 
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semantic features that make it a member of the retrieval practice category. During 

retrieval practice, then, of "LOUD: thunder", "chainsaw" is inhibited, in the pattern 

suppression model. Anderson and Spellman (1995) argued that this inhibition resides with 

the item's representation, rather than in the associative link between category cue and 

item, because when "chainsaw" is probed with a semantic category completely unrelated 

to "thunder" (e.g. "TOOLS"), it remains difficult to retrieve with respect to control items 

in nonpracticed categories. "Chainsaw" is inhibited even when its direct category 

competitors (e.g. other tools such as "pliers") have not undergone retrieval practice. 

Anderson and Spellman (1995) considered cross-category inhibition to be strong 

evidence for an inhibitory process, as the change in accessibility for an item is not reliant 

upon a bond between an item and its studied cue. This point is illustrated even more 

strongly by the results of their Experiment 2, in which second order inhibition was found 

with even less obviously overlapping items. (See Figure 2 for a diagram.) 

WEAPONS 

;HARP LOUD 

jackhammer cannon dagger needle 

(Rp+) (Rp~) (Nrp Similar) (Nrp Dissimilar) 

Figure 2. Other items with which second order inhibition has been observed In 
retrieval-induced forgetting (Anderson and Spellman, 1995). 
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In this study, "LOUD" and "SHARP" were studied as distinct categories. 

Anderson and Spellman (1995) found that retrieval practice of "LOUD-jackhammer" 

resulted in impairment for recall of "LOUD-cannon", when cannon had not been 

practiced. Recall of "SHARP-dagger" was also impaired, despite the fact that dagger is 

not a member of the "LOUD" category. Anderson and Spellman (1995) reasoned that 

"dagger" was inhibited due to its relation to "cannon", even though that relationship was 

not explicitly highlighted by the experimenters during the study. 

A related line of research in retrieval-induced forgetting also supports an inhibitory 

mechanism. M. C. Anderson and Bell (2001) applied the retrieval practice paradigm to 

propositional information. Subjects studied eight sets of six facts about a particular 

person with a certain relationship to each of six objects (e.g., "The actor is looking at the 

tulip," and "The actor is looking at the violin"). Subjects practiced recalling half the facts 

for half the sets. At final recall, subjects were provided with the majority of the sentence, 

and the first letter of the final word (e.g., "The actor was looking at the t "), and were 

asked to recall the objects that had completed the sentences. Anderson and Bell (2001) 

reported retrieval-induced forgetting for the critical facts in the practiced sets, as 

compared to control items. They also applied the independent probe technique to these 

materials in the latter experiments reported in this paper. In these experiments, objects 

overlapped between sets, though the persons and relationships associated with that object 

differed (e.g., "The actor is looking at the violin," and "The teacher is lifting the violin"). 

The investigators found that retrieval practice of "The actor is looking at the tulip" 

resulted in recall impairment both for "The actor is looking at the violin" and "The 
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teacher is lifting the violin." The authors conclude that retrieval-induced forgetting can be 

noted with propositional information, and that, due to the cue-independent retrieval 

impairment found, an inhibitory mechanism is at work in this effect. Because of their 

findings, Anderson and Bell (2001) maintain that noninhibitory accounts of propositional 

forgetting are not complete. 

Recall the fan effect mentioned earlier, in which response time to decide if a 

statement is true lengthens as a function of the number of facts subjects have learned about 

that concept (J.R. Anderson, 1974). The work by M. C. Anderson and Bell (2001) 

contributed to a related body of literature on inhibitory mechanisms in propositional 

forgetting that included a paper by J R. Anderson and Reder, and one by Radvansky, both 

of which were published in 1999. J. R. Anderson and Reder (1999) did not find evidence 

for inhibition in their work, whereas Radvansky (1999) did. Both laboratories used 

paradigms distinct from each other and from the retrieval practice paradigm. Anderson 

and Reder (1999) had subjects study a series of 48 sentences of the form, "The person is 

in the location.'" Across these 48 sentences, one agent was to be found in several 

locations, and at times, several agents were to be found in the same location. The 

investigators then performed their experimental manipulation at the time of test. Subjects 

were tested on repeated blocks of recognition items, produced in random order. Most 

targets and foils were presented once within a block, but a few select items were presented 

multiple times. The rationale for the study was that the items that had been repeated a 

number of times would be strengthened, and other items sharing an object or an agent 

with that item would become harder to recognize. For example, subjects might repeatedly 
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see the sentence, "The biker is in the tower." Seeing this sentence should have made 

"The biker is in the factory," more difficult to accept or reject as true, because "factory" is 

part of the fan emanating from "biker". The crucial items for Anderson and Reder (1999) 

were those removed yet one more degree from the repeated item: "The writer is in the 

factory" (see Figure 3 for a schematic). They reasoned that if inhibitory processes were at 

work in the fan eflfect, then this last sentence should take longer to accept or reject as true, 

because "factory" would have been inhibited as a competitor of "tower", when "The biker 

is in the tower," had been presented. In their work, items like "The writer is in the 

factory," were not found to be more difficult to accept or reject than control items. 

Figure 3. Schematic of rationale of study by J.R. Anderson and Reder (1999). If 
"The biker is in the tower" is strengthened via repetition, then "The biker is in the 
factory," should be more difficult to access, due to the competition of "factory" with 
"tower". If this difficulty is rooted in an inhibitory mechanism, J.R. Anderson and Reder 
reasoned that "The writer is in the factory," would also be more difficult to access than 
control items. 

writer factory 

? 



Radvansky (1999) also used recognition testing in his paradigm, but used a prime-

target design instead of repeating the items. Radvansky's (1999) work was reliant upon 

prior research demonstrating that when subjects study a series of sentences that share the 

same concept, but these sentences can plausibly describe the same situation, no fan effect 

is noted. Thus, no fan effect would be noted upon study of "The welcome mat is in the 

hotel," and "The oak counter is in the hotel, " because both items can be thought to co

exist in the same location. However, study of "The welcome mat is in the hotel," and 

"The welcome mat is in the movie theater," would induce a fan effect, as subjects are 

inclined to believe two different welcome mats are the referents of these sentences. 

Radvansky (1999) made use of the "situation model" in designing his investigation of 

inhibition. If inhibition played a role in the fan effect, then under some circumstances, a 

prime would be expected to slow the recognition of an immediately following target, and 

in other circumstances, under the situation model view, the prime would not be expected 

to produce this result. For example, if subjects had studied sentences about a welcome 

mat being both in a hotel and in a movie theater, then "The welcome mat is in the movie 

theater," should inhibit all items said to be in the hotel, because "hotel" is a competing 

location for the welcome mat. Thus, a target of "The wall clock is in the hotel," should 

take longer to recognize after this type of experimental prime. However, an unrelated, 

control prime of "The cola machine is in the library," should not produce any slowing for 

the same target. If in contrast to an inhibition model, an activation theory were correct, 

Radvansky (1999) reasoned that the targets in the experimental conditions would actually 

be easier to recognize, as activation should spread from the "movie theater" to "hotel" 
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and then to all the nodes attached to "hotel". Instead, Radvansky found longer response 

times in the experimental condition, which supported the inhibition interpretation. 

What is to be made of Anderson and Reder's (1999) results, which did not support 

the inhibition interpretation? Radvansky (1999) and Anderson and Bell (2001) raised 

several issues that may have contributed to Anderson and Reder's results. First, within 

each testing block, objects and subjects of target sentences that may have been inhibited 

(e.g., "The writer is in the factory,") were continually re-introduced in the foils (e.g., "The 

writer is in the bank"). This re-presentation of potentially inhibited information may have 

made detection of such inhibition difficult. Second, Radvansky (1999) noted that 

Anderson and Reder (1999) made no distinctions in their materials with regard to situation 

models. Radvansky (1999) argued that this weakened their ability to detect inhibition. 

Additionally, Anderson and Bell (2001) considered that subjects may have integrated the 

information in the Anderson and Reder (1999) paradigm to a greater degree than did 

subjects in their paradigm. Because integration has been associated with protection from 

inhibition (Anderson & McCulloch, 1999; Smith & Hunt, 2000), Anderson and Bell 

(2001) believe this integration may explain the difference between their results. 

Two results of Anderson and Spellman (1995) are not consistent with a lateral 

inhibition explanation. First, first order inhibition was not greater than was second order. 

The investigators expected that second order inhibition would be less than first order, in 

the lateral inhibition view, because when Rp- items are inhibited (such as "cannon", 

above), they are then less active and less able to suppress second order items (such as 

"dagger"). Second, Anderson and Spellman (1995) reasoned that Nrp Dissimilar items 
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(such as "needle" in the above example) should have been facilitated when Nrp Similar 

items (such as "dagger") were inhibited, and were therefore exerting less inhibition on Nrp 

Dissimilar items. No such facilitation was found in Anderson and Spellman's (1995) 

results. 

Several researchers have raised points that they feel contradict the suppression 

hypothesis that Anderson and his colleagues espouse. Williams and Zacks (2001) were 

unable to replicate the two findings upon which the inhibitory account rests: second order 

inhibition and greater impairment with recall of strong Rp- items than weak Rp- items. 

Williams and Zacks (2001) used materials with properties similar to those of Anderson 

and Spellman (1995), and conducted a study with greater power than that of the original 

work that used the independent probe technique. Although they did find retrieval-induced 

forgetting, no difference in recall performance was found between the similar and 

dissimilar Nrp items. Additionally, these investigators did not find a difference in the 

magnitude of retrieval-induced forgetting based on the strength of the items used either for 

retrieval practice or as competitors. 

Williams and Zacks (2001) expressed reservations about an inhibitory account of 

retrieval-induced forgetting, given their differing experimental results. They hypothesized 

that inhibitory processes may be useful when subjects have the intention to forget some 

subset of studied information, or when they have a separate episodic context that they can 

use to identify what items should be forgotten. Neither of these conditions holds in the 

retrieval practice paradigm. They also challenged whether category cued stem recall 

actually does induce response competition at retrieval practice, and commented that the 
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Stem cue may actually constrain responses to such a degree that it actually reduces 

response competition (but see Roediger & Tulving, 1979). They reviewed the work of 

Bauml (1998), which showed differing effects of output interference on strong vs. weak 

category exemplars, and pointed out that these results could be explained via inhibition, 

but need not be. Instead, these results may simply demonstrate the existence of response 

competition, but such competition could be resolved in a noninhibitory manner. Williams 

and Zacks (2001) maintained that an interference account of retrieval-induced forgetting 

may yet provide the best understanding of the mechanism behind this phenomenon. 

Koutstaal, Schacter, Johnson and Galluccio (1999) proposed that retrieval-induced 

forgetting may not arise from decreased activation of information to be recalled, as is 

surmised by proponents of the pattern suppression and center-surround models. Instead, 

information may become less accessible. In their application of the retrieval practice 

paradigm to event memory, they instructed subjects to complete a series of 36 brief 

activities (e.g., tracing a boomerang which was presented to them). Two days later, the 

experimenters presented half the younger and older adults with photographs of an actor 

performing half of these activities. Subjects in this experimental condition saw these 

photographs three times, and on each trial, were requested to recall as many details as 

possible from their own experiences in conducting the pictured activities two days before. 

Control subjects copied line drawings for the comparable time and number of trials. On a 

final recall test, recall for reviewed events was facilitated, but subjects who had undergone 

retrieval practice for events retrieved fewer nonpracticed (Rp-) events than did control 

subjects. Koutstaal et al. (1999) collected data regarding the details of events that 
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subjects remembered, including objects used, actions taken, and conceptual and perceptual 

details. They determined that subjects recalled the same amount of detail for all the events 

they recalled, regardless of whether they had experienced photograph review for events. 

This retrieval-induced forgetting that was observed, then, was due to subjects in the 

photograph review condition accessing fewer nonreviewed events than control subjects. 

This pattern of retrieval-induced forgetting held both for younger and older adults, and 

was proportionally equivalent across both groups. Because the primary difficulty 

appeared to lie with accessing certain events, and memory for those events was equivalent 

across experimental groups, once accessed, inhibition of the event details does not appear 

to be the best explanation for these results. 

Are the part list cuing effect and retrieval-induced forgetting mediated by the same 

mechanism? 

Although part list cuing and retrieval-induced forgetting appear to be very similar 

to each other, some investigators have been careful not to equate the two phenomena 

(e.g., Anderson & McCulloch, 1999; Basden & Basden, 1995). These paradigms are 

different in a number of ways that are particularly meaningful under a strategy disruption 

interpretation. For instance, in part list cuing studies, subjects are usually provided with 

the entire subset of cues in a block, at one time. Retrieval practice cues, in contrast, are 

usually presented one item at a time, with category members not occurring successively. 

Anderson and McCulloch (1999) hypothesized that subjects are less likely to organize 

retrieval practice cues from the retrieval practice paradigm than they are part list cues 
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from traditional part list cuing paradigms. Thus, Anderson and McCulloch (1999) 

reasoned that the strategy disruption hypothesis may more easily account for part list 

cuing data, than data from retrieval-induced forgetting work. In support of this view, 

Anderson and McCulloch explained that their results on the protective effects of 

integration in the retrieval practice paradigm are not consistent with a strategy disruption 

account. They noted that integration subjects were provided with a manner in which to 

organize the study materials. If subjects had organized these materials, then in the strategy 

disruption view, being provided with retrieval practice cues would have been expected to 

disrupt subjects' retrieval strategies and produce retrieval-induced forgetting. Subjects' 

strategies may have been particularly disrupted when a category-plus-stem cued recall task 

was used, which controls the output order of recalled items. Instead, integration 

protected against retrieval-induced forgetting. Additionally, Bauml and Kuhbandner (in 

press) maintained that the strategy disruption approach to the part list cuing effect is 

dependent upon the physical presence of the part list cues to disrupt the subject's natural 

organization and retrieval strategy. Because the cues are not physically present in the 

retrieval practice paradigm, Bauml and Kuhbandner argued that the strategy disruption 

account must assume that entirely different mechanisms drive the retrieval deficits in each 

of these paradigms. 

Indeed, Basden and Basden (1995), proponents of the strategy disruption 

hypothesis, expressed reservations in applying theories of the part list cuing effect to 

retrieval-induced forgetting. They pointed out that the Anderson et al. (1994) model does 

not account for the result they have obtained in multiple experiments, in which the part list 
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cuing effect has disappeared when cues have been removed on a free recall test, 

administered immediately after a part-list cued recall test (Basden et al., 1977; Basden & 

Basden, 1995). Because Basden and colleagues have found that the part list cuing effect 

does not persist in a follow up free recall task, they view the phenomenon as a temporary 

disruption to the process of retrieval, and not to the storage of item representations in 

memory. In their view, items are not in themselves inhibited or strengthened, but merely 

made more difficult to access. This difficulty is quickly circumvented when part list cues 

are removed on the final, free recall task, because the subject is left to use her preferred, 

most effective, retrieval strategy. Basden and Basden (1995) argued that any model of 

part list cuing proposing some enduring change to item representations (e.g., 

strengthening of items, addition of items to a list subsumed under a cue, or inhibition) 

would have difficulty explaining how blocking or inhibition can be so readily "released" 

between two successive recall tasks. They considered that this type of explanation might 

be applicable, however, to the retrieval practice paradigm, in which directly opposing 

results have been found; a retrieval detriment has been noted with only category cues on 

the final recall test, as long as 20 minutes after retrieval practice. Basden and Basden 

(1995) therefore consider the part list cuing effect and retrieval-induced forgetting to 

occur through the operations of different mechanisms. As already discussed, however. 

Park and Madigan (1993) replicated the successive recall task method adopted by Basden 

and collegues. They concluded that the results of Basden et al. (1977) reflected 

reminiscence, but not the absence of retrieval impairment for critical items. The results of 
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Basden et al. (1977) therefore may be more similar to those found in the retrieval practice 

paradigm than they have asserted. 

A further difference between the part list cuing effect and retrieval-induced 

forgetting was raised by Basden and Basden (1995). In the part list cuing paradigm, they 

stated that "there would appear to be no covert retrieval and rejection of noncue words." 

Therefore, they reasoned, the assumptions made by Anderson et al. (1994) regarding 

response competition may not apply in a part list cuing setting. The retrieval-induced 

forgetting paradigm employed by Anderson et al. (1994) makes use of retrieval practice 

trials, which are designed to establish response competition, which drives the inhibitory 

effect described in their pattern suppression model. Anderson and colleagues (Anderson 

et al., 1994; Anderson & McCulloch, 1999) have argued that such competition does not 

exist in the part list cuing paradigm, as an incomplete retrieval cue is necessary to produce 

response competition. 

However, Basden and Basden (1995) did consider that response competition may 

occur in the part list cuing effect if subjects' viewing of part list cues is tantamount to their 

retrieving them. Indeed, covert retrievals of cue items during part list cuing have been 

posited to occur in the contexts of several approaches to the part list cuing effect (e.g., 

Raaijmakers & Shiffrin, 1981; Roediger, 1973, 1974; Rundus, 1973). In fact, Basden et 

al. (2002) contended that their results with "integrated" and "segregated" cues conflicted 

with the results of Anderson et al. (1994). In that study, no part list cuing was found for 

"integrated" part list cues, but an effect was uncovered when "segregated" cues were 

used. In order for a conflict to exist between the Anderson et al. (1994) and Basden et 
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al. (2002) results, conditions for response competition must be considered to obtain in the 

part list cuing paradigm. 

In a theoretical paper, C. M. MacLeod et al. (2003) explored the possibility that a 

strategy disruption account could be applied to retrieval-induced forgetting. They 

suggested that retrieval practice may disrupt subjects' organization of practiced 

categories, and thus may result in reduced recall of critical items. Nrp items from control 

categories would not be thus affected because the control categories would not have been 

disrupted in retrieval practice. 

Recall the study by M. D. MacLeod and Macrae (2001) regarding the time course 

of retrieval-induced forgetting. They presumed that inhibition of competing items occurs 

as a result of the retrieval practice phase of the retrieval practice paradigm. This inhibition 

dissipates within 24 hours, and thus no retrieval-induced forgetting was noted when 

subjects were tested one day after retrieval practice. C. M. MacLeod has considered that 

the same results could be interpreted from a strategy disruption framework. By 24 hours 

after retrieval practice, the disturbance created by the practice to subjects' retrieval 

strategies is no longer powerful enough to mislead subjects. Thus, no retrieval-induced 

forgetting effect is found in this circumstance. 

C. M. MacLeod and colleagues did not directly address that any experiment using 

category-plus-stem cued recall at the final test should disrupt natural subject strategies, 

even in the control condition. The finding of retrieval-induced forgetting in such studies, 

of which there are several, would then rely upon the extent to which subjects' strategies 

were disrupted, not just that disruption had occurred. 
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In view of these issues, Bauml and Kuhbandner (IE press) questioned whether the 

same mechanism underlies part list cuing and retrieval-induced forgetting, and they 

examined the effect of both these types of paradigms on both veridical and false recall. 

Bauml and Kuhbandner derived their experimental stimuli by using 14 items from each of 

16 Deese-Roediger-McDermott (DRM) lists. These lists comprise words that are all 

highly associated with a critical lure that is not on the list (e.g., "pillow", "bed" and 

"silence" are all highly associated with "sleep"). These lists have been used to produce 

false memory for the critical lure (e.g., Deese, 1959; Roediger & McDermott, 1995). 

Bauml and Kuhbandner noted that DRM lists vary in the degree to which they produce 

false memory, and that this variation appears to be dependent upon the associative 

strength of the list items with the critical lure (e.g., Roediger, Watson, McDermott, & 

Gallo, 2001). As presented items become more highly associated with the critical lure, the 

likelihood that false recall will occur increases. Because integration has been shown to 

protect against retrieval-induced forgetting (Anderson and McCulloch, 1999; Smith and 

Hunt, 2000), Bauml and Kuhbandner reasoned that retrieval-induced forgetting should not 

be found for critical lures in the more highly integrated lists, but could still be seen with 

the less integrated ones. They also reasoned that the strategy disruption approach predicts 

precisely the opposite result, as the more integrated lists are more highly organized, and 

thus, most amenable to use of retrieval strategy. Thus, the disruption of retrieval strategy 

should be most damaging to the highly integrated lists. If the part list cuing effect is 

mediated by the same mechanism as that responsible for retrieval-induced forgetting, then 

these predictions should also hold for a part list cuing paradigm. 



In their first experiment, BaumI and Kuhbandner examined the effects of both the 

part list cuing and retrieval practice paradigms on veridical recall for the critical item and 

its associates. To this end, the authors included the critical item in three conditions: the 

retrieval practice condition, the part list cuing condition, and a control condition. They 

also included a fourth condition, called the false memory condition, in which they did not 

include the critical item at study. They used this fourth condition to classify their lists into 

those that evoked the highest and lowest false recall. Presumably, the lists evoking the 

highest false recall were also the most highly integrated. 

The investigators found a retrieval decrement in both paradigms for both critical 

and associate items. Across paradigms, the magnitude of this decrement did not differ, 

either for critical items or associates, though critical items were affected most strongly in 

both paradigms. Bauml and Kuhbandner also found, with both paradigms, that the 

retrieval deficit for critical items was found to a much lower degree in the lists that 

resulted in the highest amount of false recall. If these lists were indeed the most highly 

integrated sets of items, then this result was in accordance with the findings of Anderson 

and McCulloch (1999) and Smith and Hunt (2000). Interestingly, when they removed the 

critical item from the studied lists in Experiment 2 and compared false recall for these 

lures in both paradigms, lures in the high false-recall lists were not protected from either 

the part list cuing or retrieval-induced forgetting effects. They reasoned that the physical 

presence of the critical item in Experiment 1 may have increased its integration with the 

associates, and thus afforded it more protection. 
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Because the same retrieval effects were seen in both the part list cuing and 

retrieval-practice paradigms, across both veridical and false recall, the authors suggested 

that part list cuing and retrieval-induced forgetting are mediated by the same mechanism. 

They held that these results are consistent with an inhibition view, and inconsistent with 

the strategy disruption hypothesis. 

Other evidence suggestive of a common mechanism between the part list cuing 

effect and retrieval-induced forgetting includes the results of Bauml et al. (2002), which 

showed that strong items were affected more adversely in part list cuing than were weak 

items, just as has been found in the retrieval practice paradigm (e.g., Anderson et al., 

1994). 

Summary and rationale for experiments 

Reminders may be thought to be effective because they activate information that is 

associated with them. However, literature on the part list cuing effect and retrieval-

induced forgetting show that a straightforward spreading activation understanding of 

reminding is incomplete and inaccurate. These two memory phenomena appear to be 

similar, and thus the theories underlying both of them have been discussed. The reviewed 

hypotheses for the part list cuing effect have included: Rundus's strength dependent 

model, Watkins's cue overload approach, the editing task hypothesis, the strategy 

disruption hypothesis, the incongruency principle, the Search of Associative Memory 

(SAM) model, and lateral inhibition. No one approach to the part list cuing effect is 

currently dominant, and no approach appears to account for all the existent data on the 
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matter. Of the part list cuing theories reviewed, perhaps only the editing task hypothesis 

has been discounted. Recent discussions in the literature about the part list cuing effect 

have been distilled to include Rundus's strength dependent model, SAM, and the strategy 

disruption interpretation. The cue overload interpretation may be seen as a member of the 

class of strength dependent models, and the incongruency principle is closely allied with 

the strategy disruption approach. The predominant framework used to view retrieval-

induced forgetting is the pattern suppression model of M. C. Anderson and Spellman 

(1995). A movement in the literature has begun, to test theories from one phenomenon 

within the context of the other. In this vein, lateral inhibition has been discussed as well, 

particularly as its predictions contrast with those of the pattern suppression model. Much 

discussion in the literature has centered upon (1) whether the part list cuing effect and/or 

retrieval-induced forgetting result from inhibition of item representations and (2) how the 

fates of strong and weak list members inform our understandings of applicable theory. 

These two issues continue to be debated. 

These approaches to these phenomena are not all mutually exclusive. Many of 

them share the same or similar assumptions. Three of these assumptions are the foci of 

the following studies, conducted with the retrieval practice paradigm; (1) the effect is 

retrieval-specific, (2) the effect is driven by response competition and (3) the effect occurs 

because item representations are inhibited. These three assumptions are all part of the 

pattern suppression model advanced by M. C. Anderson and Spellman (1995), but each 

individual assumption is not exclusive to this approach. If these assumptions are true, then 

they suggest certain boundary conditions for retrieval-induced forgetting. These studies 
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are designed to explore those boundaries more than they are intended to disambiguate the 

theoretical underpinnings of these phenomena. It is hoped that an understanding of such 

boundaries will have implications for the effective use of reminders. 

Despite the name, "retrieval-induced forgetting," the retrieval-specific nature of 

this effect had not been conclusively shown with verbal materials at the time Experiment 1 

was designed. Other experimental paradigms, such as that used by Blaxton and Neely 

(1983), have made the proposed role of retrieval plausible. Recall that these 

experimenters had subjects either read or generate from one to four primes before 

producing a semantically related or unrelated target. They found slowing for target 

generation after prior generation of related primes, but an opposite, facilitative effect after 

mere re-exposure to related primes. 

To the extent that part list cuing hypotheses speak to this matter, it has already 

been noted that several approaches to that effect assume that covert retrieval and re-

retrieval of cue words contribute to its occurrence (e.g., Raaijmakers & Shiflfrin, 1981; 

Roediger, 1973, 1974; Rundus, 1973). This question is difficult to examine for the part 

list cuing effect, however. In typical part list cuing paradigms, mere re-exposure to a 

category member at recall is conflated with the opportunity to retrieve it. Simple exposure 

to the name of a category member may itself serve to strengthen the association between 

that member and its superordinate retrieval cue, or to suppress or inhibit other responses. 

Though the arguments of Rundus (1973) and Raaijmakers and Shiffrin (1981) regarding 

the role of retrieval in the part list cuing effect are persuasive, they are not conclusive, due 

to the conflation of re-exposure and retrieval at recall. 



In order to separate the contribution of retrieval from that of re-presentation in the 

part list cuing effect, it is necessary, (1) at the time of recall, to separate mere exposure to 

list items from their retrieval, and (2) to compare the effects of exposure and retrieval on 

recall. The retrieval practice paradigm provides the means by which to accomplish both of 

these goals. Ciranni and Shimamura (1999), whose work will be discussed more 

thoroughly in the next chapter, did use this paradigm to explore this question with 

visuospatial materials. Experiment 1 is designed to extend the work already done to 

examine the contribution of retrieval processes to retrieval-induced forgetting. 

Additionally, it is considered that conditions under which retrieval is avoided might result 

in activation of related information in memory and consequent facilitation of recall of 

critical items. Mandler (1994) concluded from his review of hypermnesia, incubation and 

mind-popping that deliberate attempts to retrieve information could interfere with 

activation of related information, but that spreading activation might remain in operation 

under conditions when no such deliberate retrieval is executed. 

The second assumption of interest in this work is that response competition drives 

retrieval-induced forgetting. More specifically, M. C. Anderson and colleagues maintain 

that response competition at retrieval practice is at the heart of retrieval-induced 

forgetting. If this assumption is presumed to be true, then what factors determine whether 

an item is a competitor at retrieval practice? If we knew this information, it should be 

possible to limit the scope of retrieval practice competition, so as to spare items from 

retrieval impairment on the final test. The final two experiments are both directed toward 

defining limits of response competition. Experiment 2 addresses whether a competitor 
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may simply share semantic features with a retrieval practice target, or whether competitors 

must belong to the domain of the retrieval practice cue. Experiment 3 is concerned in part 

with whether competition for the resolution of an episodic retrieval task extends into the 

entire semantic network. 

Experiment 3 is also intended to speak to the third assumption, that retrieval-

induced forgetting occurs through the mechanism of inhibition. If item representations are 

truly inhibited, they should be made difficult to access via other cognitive tasks that 

employ them. 
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EXPERIMENT 1 

As mentioned in the last chapter, the goal of this work is to separate re-exposure 

of cue items from retrieval of those cues, and to compare the effects of each of these 

processes on final recall of critical items. The retrieval practice paradigm allows this 

separation to be accomplished. 

Indeed, the first study in the literature to accompEsh both of these tasks did use the 

retrieval practice paradigm. In their Experiment 5, Ciranni and Shimamura (1999) had 

subjects study an array of 12 items, which were grouped into 3 sets of matching color. 

Each of the 12 items had a different shape. Subjects studied these items as they appeared 

in various locations in an array. Two types of practice were used in the experiment before 

the final recall test. In the retrieval-practice group, subjects saw a colored question mark 

in the place where an item of that color had been, and were asked to recall the item's 

shape. In the extra-presentations group, subjects saw the item itself re-presented in the 

place where it had been and were told to focus attention on that item. Final recall required 

subjects to identify the shapes that had been in particular locations. When subjects had 

practiced recalling shape information, they showed poorer recall for other items of the 

same color than they did for control items. The extra-presentations group did not produce 

this effect, and in fact, recall of related items in the extra-presentations condition did not 

differ from that for control items. Items that were themselves either retrieval-practiced or 

re-presented were more readily recalled than control items at final recall, and the extent to 

which this facilitation occurred did not differ between conditions. The authors concluded 

from this study that the retrieval-induced forgetting noted in this experiment was indeed 
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retrievaJ-specific, and not due simply to strengthening of certain items via any means (such 

as mere re-presentation). 

The present experiment applies this separation of re-exposure and retrieval to 

verbal learning. In this study, two types of cues were given to subjects: generate cues, 

which were similar to the retrieval practice trials of Anderson, Bjork, and Bjork (1994), 

and read cues, in which subjects read word pairs and decided if they had the same or 

different numbers of syllables. Items in the re-exposure (read) condition were not 

consciously re-studied, as they had been in Ciranni and Shimamura (1999). It was 

considered that making any explicit link to the study session could encourage some 

rehearsal of information, thus weakening the distinction between re-exposure and 

retrieval. In line with the reasoning ofMandler (1994), a spreading activation mechanism 

may be at work in the read condition of Experiment 1, while an interference or inhibition 

dynamic may operate in the generate condition, when deliberate retrieval is required. If 

this is the case, then facilitation for critical items in cued categories of the read condition 

might be found in this study, and this finding would expand upon the contribution by 

Ciranni and Shimamura (1999). 

Facilitation for recall of critical items in the read condition also seems reasonable 

in light of the results obtained by Blaxton and Neely (1983), in which subjects who were 

asked to read a succession of semantically related primes later showed facilitated 

generation of semantically related targets. Additionally, in Experiment 3 ofPeynircioglu 

and Moro (1995), subjects completed more word fragments of critical items after word 

fragment completion of part list cues than they did following word fragment completion of 



control items. No semantic cues were provided at the time of word fragment completion, 

and subjects presumably did not reference the original study list when instructions 

encouraged implicit processing. Under these circumstances, activation of cues might have 

spread to semantically related items, thus facilitating responses for critical items. 

Since it is predicted that the act of retrieval, and not mere re-exposure, drives the 

part list cuing effect, it is expected that generate cues will produce impairment for recall of 

critical items relative to control items, but read cues will not. A pilot version of this study 

also manipulated numbers of cues per category (1 or 3 cues). This manipulation would 

have been important to include in Experiment 1 if the presence of just one generate cue in 

a category was enough to produce retrieval-induced forgetting. However, with 12 

subjects, no effect of either the one-generate or the one-read cue on subsequent recall of 

critical items was noted, and so the one-cue conditions were dropped for Experiment 1. 

The three-cue conditions (generate and read) did show the predicted outcomes in the pilot 

study. The mean percentage recall for critical items in the 3-cue generate condition was 

20% lower than the mean percentage recall for control items, revealing significant 

retrieval-induced forgetting (t (11) = 2.67; p - .02). In contrast, the mean percentage 

recall for critical items in the 3-cue read condition was 4.9% lower than the mean 

percentage recall for control items, a difference that is not significant (/ (11) = 0.70; p = 

.50). 

The methodology for Experiment 1 was modeled closely on that of Anderson et al. 

(1994), but differed from their design in three ways. First, time to study each item was 

slightly longer, and instructions for the study process were more elaborate. When 
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attempts were made to use a 5-secx»nd study time for each word pair and the instructions, 

"relate the example to the category", recall performance for control items was at less than 

50%. Increasing the study time to 9 seconds per word pair with the same instructions did 

not solve this problem. When subjects viewed each word pair for 7 seconds and were 

requested to visualize the category member and rate its pleasantness, their performance 

rose above the 50% mark. Other researchers (Butler et ai., 2001; Williams & Zacks, 

2001) have also modified study time, in order to reach recall performance comparable to 

that found by Anderson et al. (1994). Second, the delay between retrieval practice and 

final test was shortened. The goal of this study was to reproduce conditions as close to 

those created in traditional part list cuing paradigms. In these paradigms, the part list cues 

are presented immediately at recall. Therefore, a delay of only 3 minutes was used in this 

study, instead of the 20 minutes employed by Anderson et al. (1994). Finally, retrieval 

practice failures were eliminated. If a subject had difficulty recalling a target of a generate 

cue, the experimenter verbally provided additional letters until the student was successful 

in recalling the item. It was thought crucial for the purposes of this experiment that 

subjects recall each item presented during retrieval practice. 

Method 

Subjects 

Forty-two introductory psychology students from the University of Arizona 

participated in this study, in partial fulfillment of course requirements. Data from 

seventeen subjects was excluded due to experimenter error, and the data from another 



94 

subject was excluded due to diagnosis of epilepsy. Mean age of the remaining 24 students 

was 20.61 years (ranging from 18 to 26), and 71% of the participants were female. Each 

student was tested individually. Subjects were fluent speakers of English, with no history 

of learning disorders, neurological disorders, or severe head injury. 

Design 

The retrieval factor, which was manipulated within subjects, had three levels: (1) a 

read level, in which subjects saw the category name paired with the cue, and were asked 

to decide if the two words had the same or different numbers of syllables, (2) a generate 

level, in which subjects saw the category name and the first several letters of the cue, and 

were asked to generate the target item, and (3) a control level. For control categories, no 

read or generate exposure was given for items, and a final category cued recall test was 

presented without category members. To test for retrieval-induced forgetting, the 

dependent measure on the final category cued recall test was the mean percentage recall of 

critical items in each of the conditions. To examine the data for a generation effect, mean 

percentage recall of cued items was compared across conditions. 

Materials 

Fourteen categories of 6 items each were used in this study. Phonemic similarities 

between category names and category members were kept to a minimum. All the items in 

these categories were strong exemplars, with an average rank order of 8.27, according to 

Battig and Montague (1969) category norms. 



95 

Items were presented to subjects on a computer screen with scripts written for 

DMDX, experimental presentation software developed by Ken and Jonathan Forster of the 

University of Arizona. 

Procedure 

See Figure 4 for a schematic of the Experiment 1 procedure. Fourteen 6-item 

categories were studied initially. Two of these categories were fillers, presented in blocks 

at the beginning and end of the study program to control for primacy and recency effects 

in recall. Of the remaining 12 categories, four served as control categories, presented 

once at study and later on the category cued recall test. A four-stage process was 

completed with the remaining eight 6-item categories. The four phases included; study, 

practice, completion of a distractor task, and category cued recall. Before beginning the 

experiment, participants were told that they were participating in a thinking and memory 

experiment. 

For the study phase, subjects watched a computer screen on which they viewed a 

succession of category-member pairs, such as VEHICLE, followed by an example from 

that category, such as AUTOMOBILE. They had 7 seconds to study each category-

member pair, and were instructed to (1) read the pair aloud (2) visualize the referent of the 

second member of the pair and (3) rate the first experience or thought that came to mind 

for that referent as positive, negative, or neutral. For example, for the previously 

mentioned item, participants were to visualize an automobile after reading the word pair 



Figure 4. Schematic of procedure for Experiment 1. 
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out loud, think of an experience with an automobile, and rate the pleasantness of that 

experience. The computer program automatically progressed to the next pair at the end of 

seven seconds. In order to minimize the possibility that subjects would make inter-item 

association within categories, several measures were taken. First, category-member pairs 

were presented one at a time, in separate frames of the computer program. Second, 

instead of presenting all the items from a particular category in one block, an item from 

each category was presented before the next item from any category was given to the 

subject. The order of category presentation within each pass through the categories was 

random, except for the following constraints; (1) filler items were presented at the 

beginning and end of the study list, to shield experimental items from primacy and recency 

effects, and (2) no two exemplars from the same category were presented successively. In 

order to insure that these two constraints were maintained, blocks of experimental items 

were split in half, and each half-block was presented alternately, in randomized order. To 

counterbalance which half of the block was given first, two study presentations were 

created, with equal numbers of subjects receiving each study program. 

Subjects then progressed to the practice phase. For eight categories, subjects 

received three different list member cues, three times. For four of these categories, read 

cues were presented, and for four categories, generate cues were presented. Read cues 

were entire category-member pairs, and generate cues consisted of a category name and 

the first syllable or sound of the target word. The goal of the generate cue was to insure 

retrieval success, and so, if necessary, the experimenter provided any number of letters to 

the subject for the target word until the subject succeeded in retrieving the item. When 



word stems were presented, the "blank" after the given letters was of uniform size, 

independent of the actual length of the target word. All cues were presented once before 

being presented a second time, and likewise, all cues were presented a second time before 

being repeated the third time. Presentation of cues was quasi-random, with the stipulation 

that no two cues from the same category were presented successively, and filler categories 

were presented initially for practice. Specific instructions were given for each type of cue. 

For the read condition, subjects were told that they would see pairs of words they had 

studied, and they were to decide if the first and second words had the same or different 

numbers of syllables. For the generate condition, subjects were told that they would be 

given the name of a category and the first couple letters of a member of that category that 

they had studied. They were to fill in the rest of the second word with the target word. 

Cue types were intermingled, with a 2 second frame ("SYLLABLES" or "REMEMBER") 

before each item, to orient the subject to the task immediately to follow. On the first 

cuing pass, subjects were exposed to each trial for 9 seconds, for 5 seconds on the second 

cuing pass, and for 3 seconds on the last cuing sequence. Eight experimental categories 

were cued, and categories rotated through conditions such that, across subjects, all 

categories were presented in all conditions, an equal number of times. In order to 

complete this rotation, three cuing presentations were created. For each experimental 

category, three items were randomly selected as the cues, and three items were designated 

as the critical items for which later recall was measured to assess any retrieval-induced 

forgetting. These cue and critical items remained constant for categories, throughout all 

conditions. 
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At the close of the cuing segment, subjects were given a sheet of two and three 

digit addition, subtraction and multiplication problems. Subjects were asked to complete 

as many problems as they could in the time allotted. 

After subjects had been completing mathematics problems for 3 minutes, they were 

given a 14-page test booklet with a category name printed in the top center of each page. 

A random recall order was administered to each subject, with the stipulation that the first 

category was always a filler category. Subjects were instructed that they would see a 

categoiy name at the top of each sheet. They were to write as many items fi^om that 

category that they could remember fi-om the lists they had studied throughout the 

experiment. Subjects were given 60 seconds for each category, and were instructed to 

turn the page at the appropriate times. 

Results and Discussion 

Shown in Tables 1 and 2 are the means of percentage recall for cue and critical 

items on the final test, across the three conditions of Experiment 1. 

First, recall for cue items on the final test was examined. A repeated measures 

ANOVA was conducted on the within-subject factor of practice (generate, read, control). 

A significance level of .05 was adopted for all analyses. A main effect of practice was 

apparent (F (2,46) = 55.56;p < .001; MSe - 10134.00). A post hoc paired-samples t-test 

revealed that, as expected, items that were generate cues were facilitated on recall 

(92.01%), relative to control items (51.04%) {t (23) = 11.34;/? < .001; SEd = 3.61). It is 

a well-established finding that retrieval is a learning event, and so aids later recall of the 
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practiced item (e.g., Allen, Mahler & Estes, 1969; Bjork,1975; Carrier & Pashler, 1992; 

Gardiner et al., 1973; Hogan and Kintsch, 1971; Landauer & Bjork, 1978; McDaniel & 

Fisher, 1991; Slamecka & Graf, 1978). A second post hoc paired-samples t-test showed 

that recall for items exposed on a read basis (68.75%) was also facilitated relative to that 

for control items (t (23) = 4.09; p < .001; SEd = 4.32). Thus, re-exposure to a studied 

word, even outside the context of retrieval, increased the likelihood that it would be 

recalled later, although the magnitude of facilitation for generate items was significantly 

greater than that for read items {t (23) = 6.26; p < .001; SEd = 3.72). 

Table 1. Cue items: Mean percentage recall (+/- SE) as 
a function of practice condition (n=24) (Exp 1) 
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Next, recall for critical items on the final test was examined. Just as for the 

analysis of cue recall, a repeated measures ANOVA was conducted on the within-subject 

factor of practice {generate, read, control). Again, a main effect of practice was apparent 

(F (2,46) = 3.62;p =.04; MSe = 614.39). Post hoc paired-samples t-tests revealed that 
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the mean percentage recall for critical items in the generate condition (40.97%) was 

significantly lower than that for control critical items (51.04%) (/ (23) = 2.55;p < .02; 

SEd = 3.95), but that no reliable difference was obtained between the mean recall of 

critical items in the read condition (46.87%) and that of control items (/ (23) = 0.97; 

p < .34; SEd = 4.29). The difference in amount of impairment across the generate and 

read conditions was significant, confirming that the decrement observed in the generate 

condition was greater than that found for the read condition (t (23) = 2.03; p=.05; SEd = 

2.90). 

Table 2. Critical Items: Mean percentage recall (+/- SE) 
as a function of practice condition (n=24) (Exp 1) 
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These results are consistent with the interpretation that retrieval, not simply re-

exposure, was necessary to produce the recall impairment seen in this study. Before this 

conclusion can be unequivocally drawn ifrom these results, however, the issue of output 

interference needs to be addressed. 
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It has been noted in previous studies (Roediger, 1973; Roediger & Schmidt, 1980; 

Smith, 1971, 1973; Smith, D'Agostino & Reid, 1970; Tulving & Arbuckle, 1963) that 

items become less likely to be recalled with later output positions during free recall. A 

concern, then, with this study, is that critical items are likely to be recalled after the cue 

items, the recall of which has been facilitated either by retrieval practice or by re

presentation. The critical items in both the generate and read conditions were subject to 

this interference, and their mean output positions were reliably later than that of the cue 

items in each condition. However, the conditions differed in that significantly more 

generate cues were recalled than read cues, and generate critical items, of necessity, 

tended to be recalled later than read critical items. In fact, a significant difference in mean 

output position between the critical items in the generate (3.49) and read (2.61) 

conditions was found {t (22)  = 5.10;/K.OOl; SE = 0.18). This difference obtained despite 

the fact that more read critical items were recalled than generate critical items, which 

would tend to make the mean output position of read critical items higher by default. 

This inequity in critical item output position between the two conditions raises the 

possibility that output interference can account for the results of this experiment. It is 

possible that no retrieval impairment was found in the read condition simply because the 

read cues were not strengthened to a sufficient degree during the cuing phase of the study. 

The read condition may thus show protection from output interference, and thus from a 

recall decrement. Along the same lines, the recall impairment in the generate condition 

may occur as an artifact of the cue items being recalled first. 
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Several points argue against this interpretation for read cues. First, in their work 

with visuospatial materials, Ciranni and Shimamura (1999) made efforts to equalize the 

strengthening for cue items across their retrieval practice and extra presentations 

conditions. In the first condition, subjects conducted retrieval practice three times on each 

cue, but in the second, they were given four extra presentations of cues. On their final 

recall test, both types of cue items were recalled at the same mean percentage, and no 

retrieval impairment was found for critical items in their extra presentations condition. 

Although it is not certain what would have occurred in the present study, had the cues 

been strengthened to an equivalent degree, the result from Ciranni and Shimamura (1999) 

suggests that the lack of a read condition recall effect is not due merely to inequitable cue 

strengthening. 

Nevertheless, the issue deserves further scrutiny. One measure of the degree to 

which cued items have been strengthened is mean percentage recall of those items on the 

final test. Is it possible that no retrieval impairment is found in this read condition because 

only 69% of the cue items were recalled, on average, at final recall? Based on the 

literature, this possibility appears unlikely. On the final free recall test in their Experiment 

1, Anderson et al. (1994) found retrieval-induced forgetting even when 66% of the weaker 

items' retrieval practiced cues were recalled. Like the present study. Experiment 1 of 

Anderson et al. (1994) was vulnerable to output interference, as the investigators utilized 

free recall as the final memory measure. The crucial difference between the situation in 

which they found retrieval-induced forgetting, and the current recul condition, in which no 
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recall impairment was found, is that their subjects performed retrieval practice on cues, 

and in this condition, the subjects were merely re-exposed to the cue items. 

One other difference between these studies that should be addressed is that 

Anderson et al. (1994) tested 36 subjects, whereas 24 subjects participated in the current 

study. It might be argued that the lack of an effect in the present study was due to 

insuflBcient power. The effect size (/) for the comparison between the read and control 

critical items in the current study can be calculated at 0.23 (where F =/^ x df enw/df mom.; 

0.982 = X 18). With this effect size, increasing n to 36 brings F to 1.65, which is not 

sufficient to attain significance with an alpha of .05. Therefore, it does not appear that 

any reliable recall impairment would have been seen in the read condition with 12 

additional subjects. 

Even if the lack of an effect in the read condition is not due to differences in cue 

strengthening between the experimental conditions, an issue that remains is whether the 

retrieval impairment produced in the generate condition is purely an artifact of output 

interference. Anderson, Bjork and Bjork (1994) first addressed this possibility by giving 

category-plus-stem cues for their final recall test, and by cuing critical items before those 

that had been practiced. They found recall impairment for critical items in retrieval 

practiced categories, even under these conditions, when output interference clearly could 

not be playing any role. Because the present experiment's method for the generate 

condition is comparable to that of Anderson et al. (1994), up to the final recall task, it is 

reasonable to suppose that the recall impairment found in this study is not purely an 

artifact of output interference. 
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Macrae and MacLeod (1999) addressed this issue of output interference by 

comparing subjects who recalled cue items either early or late in the final recall process. 

To classify each subject, they developed a score for each case by subtracting average 

recall position of cue items from that of critical items. Positive values were indicative of 

early cue output, while negative values reflected early critical item output. They then 

performed a median split on each counterbalanced group, and combined the more positive 

halves of the groups into the early cue recall group, and all the halves with more negative 

values into the later cue recall group. They calculated retrieval-induced forgetting in each 

half of the subjects and compared the effect in one half to the other. Their rationale was 

that if output interference is responsible for the retrieval impairment observed, then 

subjects who recalled cue items earlier should show stronger impairment than those who 

recalled them later, due to greater output interference. In the present experiment, subjects 

were classified as early and late recallers of cue items based on the same procedure used 

by Macrae and MacLeod (1999). In order to compare the degree of retrieval-induced 

forgetting across groups, a difference score was calculated for each subject, by subtracting 

the percentage of critical item recall in the control condition from that in the generate 

condition. When the means of these difference scores from these two sample halves were 

compared with an independent samples t-test, subjects who tended to recall cue words 

earlier did not show greater recall impairment than did those who recalled them later (t 

(22) = 0.43; p=.61; SE= 8.04). This result strengthens the argument that output 

interference does not account for the retrieval decrement noted in this study. 



The results of this study provide evidence for a recall decrement that is specific to 

retrieval for related information. Mere re-presentation of cues was not sufficient to 

produce recall impairment. These results are consistent with those of Ciranni and 

Shimamura (1999). Between the time when the present study was designed and the time 

of this writing, several other studies have been published that show results also consistent 

with this conclusion. 

First, Anderson, Bjork and Bjork (2000) employed a categorized list learning task 

and the retrieval-practice paradigm to examine whether retrieval-induced forgetting were 

recall-specific. Some subjects were presented with a competitive retrieval-practice 

condition, in which studied items were cued by category name (e.g., "FRUIT-or "), 

and others were given a noncompetitive retrieval practice condition (eg, "FR -

orange). In both practice conditions, subjects were instructed to write down both the 

category name and the category instance that were cued (eg, "FRUIT-orange"). Later, 

recall for all the studied items in a given category was tested with the category cue and a 

single-letter word stem. Items related to practiced exemplars in the competitive retrieval 

practice categories were less likely to be retrieved at recall than control items. Items 

related to practiced pairs in the noncompetitive retrieval-practice categories were recalled 

to the same degree as were control items. For both the competitive and noncompetitive 

conditions, the facilitation of items that were practiced was equivalent. Anderson et al. 

(2000) concluded that the act of recall, such that response competition is present, is 

necessary to produce retrieval-induced forgetting. 
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Second, BaumI (2002) incorporated a presentation condition in his examination of 

effects of semantic generation on recall of episodic information. After studying one 

subcategory of a concept, subjects were either presented items from another subcategory, 

or prompted to generate these items, before being asked to recall the words from the 

study session. Semantic generation was necessary to produce retrieval impairment for 

related items, as merely encoding extralist category menbers did not result in any recall 

decrement relative to the control condition. 

Finally, Bauml and Asian (in press) directly compared the effects of part list cuing, 

retrieval-induced forgetting, and "part list relearning", within one paradigm. All subjects 

studied 6 categorized lists of 12 words each, and all subjects were given a cued recall test 

at the end of the experiment. What subjects did in the intermediate portion of the study 

depended upon the "re-processing" condition in which they had been placed. Subjects in 

the part list cuing condition were given several items from a categorized list and asked to 

use these words as cues to help them on the final recall test. Participants in the part list 

retrieval condition were prompted with word stems to retrieve several items from the 

categories, before being asked to remember the other items on the list. Finally, those 

students in the part list relearning condition were re-presented with several items from 

categorized lists, and encouraged to study these items again in preparation for an 

upcoming recall test. In order to be able to generalize both to the part list cuing and 

retrieval-induced forgetting paradigms, all subjects were tested in the no-delay, delay and 

control conditions, on 2 lists each. Note that in the traditional part list cuing paradigm, 

subjects are asked to recall critical items immediately upon seeing the cues, whereas in the 



retrieval practice paradigm, subjects do not recall critical items until after a delay. For the 

no-delay lists, subjects were given a 3-minute distractor task after study, then the re

processing task, followed immediately by the recall test. On the delay lists, after the re

processing task, the recall test came after a filled 3-minute delay. In the control condition, 

subjects had an extended, filled delay, in which they did not interact with any list members 

between the time of study and the final recall test. The final recall test was a category-

plus-first-letter cued recall task, so that the authors could test subjects on critical items 

first, and thus control for output interference. Results showed a retrieval deficit of the 

same magnitude in both the part list cuing and retrieval conditions. No retrieval deficit 

was noted in the part list releaming condition, and this result is consistent with the 

outcome of the present experiment. The delay or lack of it made no difference to the 

mean percentage recall of critical items, in any of the three re-processing conditions. 

Bauml and Asian reasoned that covert retrieval of cue items is at the heart of the part list 

cuing effect, and that the recall deficits seen in both the part list cuing and part list retrieval 

conditions were retrieval-specific effects. They argue that the part list cuing effect and 

retrieval-induced forgetting differ only in whether the retrieval is covert or overt, 

respectively. 

Before this study was conducted, it was considered that read cues might produce a 

facilitative effect on later recall of other members of their categories, as it was conjectured 

that a spreading activation mechanism might be at work when subjects are exposed to 

words but not asked to perform recall regarding them. When subjects are asked actively 
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to recall information, however, it was thought that response competition and/or inhibition 

might take place, either instead of or counteracting spreading activation (Mandler, 1994). 

In contrast to this conjecture, the read cues did not produce a facilitative effect on 

recall of critical items in Experiment 1. One possibility for this finding may be that the 

efforts to minimize interitem connections within categories in this study may have impeded 

spreading activation. The other studies assessing the retrieval specificity of retrieval-

induced forgetting do not rule out this explanation. Like Anderson et at. (1994), 

Anderson et al. (2000) also took pains to avoid interitem associations. In Bauml (2002), 

items recalled on the final recall test were distinct from the presented items, as these two 

types of items were members of different subcategories. Bauml and Asian (in press) made 

no especial attempt to avoid interitem integration, but neither did they try to foster such an 

approach in their subjects during study. An attempt to integrate items within a category 

might create favorable conditions for spreading activation to occur, but such interitem 

connectivity would also be likely to negate the recall decrement noted in the generate 

condition (Anderson & McCulloch, 1999; Bauml & Hartinger, 1999, 2002; Macrae and 

Roseveare, 2002; Park, 1980; Smith & Hunt, 2000). 

This integration explanation, however, would not account for the Peynircioglu and 

Moro (1995) results, as these items were studied individually, with no emphasis on 

categorizing or integrating them at all. A second possible explanation then, could be that 

activation of a concept under semantically noncompetitive conditions may allow a 

facilitative effect for items that are semantically related to the target. The part list cue 

word fragments presented in Peynircioglu and Moro (1995) were very close to being 
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words that were merely read, as only one letter was missing from each fragment. Few to 

no competitors were likely to be present for such highly specified fragments, and any 

competitors that did exist were not likely to be members of the same semantic category. 

Thus, this task could qualify as being "semantically noncompetitive". Since Blaxton and 

Neely's (1983) read stimuli did not create any retrieval competition at all, this task could 

also avoid interference or inhibition effects for semantically related items. 

Why then was no facilitation was seen in this study's read condition, which, like 

Blaxton and Neely's (1983), should have created no retrieval competition? An important 

difference between the present paper's read condition and the studies of Blaxton and 

Neely (1983) and Peynircioglu and Moro (1995) is that items in the latter studies were 

processed semantically. In contrast, in Experiment I's read condition, attention was 

drawn away from the semantic content of the stimuli and toward the number of syllables 

contained in these words. As discussed by Graf and Mandler (1984), semantic processing 

highlights connections between an item and related information (elaboration), whereas 

nonsemantic processing may activate only the item of focus (integration). In order for a 

facilitative effect to be seen in this paradigm, it may be necessary to cue subjects with a 

task that both avoids retrieval competition and encourages the activation of semantic 

information about the item. 

Experiment 1 is consistent with other results showing a retrieval-specific 

mechanism in retrieval-induced forgetting. How does the process of retrieval induce this 

effect? The prevailing view (Anderson et al, 2000) about the recall decrement seen in 

retrieval practice paradigms is that it results from a need to resolve response competition. 



In fact, M.C. Anderson and Ms colleagues have argued that items that compete most 

vigorously with the target item at retrieval practice are those that suffer the most inhibition 

(e.g., Anderson, et al., 1994; Bauml, 1997, 1998). Along the same lines, any items that do 

not compete with the target item at retrieval practice should not sustain any recall 

impairment on a subsequent test. 

What is a "competitor"? Is a competitor only an item that in the same semantic 

category as the target, or need it satisfy the specific demands of the retrieval cue? This 

issue of response competition will be examined more closely in the present paper's 

Experiment 2. 
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EXPERIMENT 2 

What is not clear about the Anderson and Spellman (1995) model is what 

conditions must be satisfied in order for items to compete during retrieval practice. One 

possibility is that every item that overlaps at all with the practiced item will be suppressed, 

due to shared features. Another possibility is that the set of retrieval competitors is 

defined by the retrieval question. If, for example, "lemon" is activated during retrieval 

practice, then some items that share semantic features with "lemon" might include "apple", 

because it is a fiuit, and "canary" because it is yellow. If "lemon" is retrieved with a 

question specifically targeting fruit, it is not clear that "canary" is a competitor, even 

though it shares some semantic features with "lemon" (see Figure 5 for a diagram 

illustrating this point). The aim of Experiment 2 is to determine whether the set of 

competitors can be delineated by the retrieval question. To achieve this purpose, a 

retrieval practice paradigm, similar to that described in Experiment 1, was used. 

YELLOW 

CANARY 
APPLE 

- - -

BUTTER 
GRAPE 

LEMON 
DANDELION 

TANGERINE 

Figure 5. Illustration of focus of Experiment 2. If "lemon" is practiced as a finit, is 
"canary" a competitor? 
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Method 

Subjects 

The participants were 51 introductory psychology students from the University of 

Arizona whose participation partially iilfilled their course requirement. Data from two 

subjects was excluded due to experimenter error. One other subject's data was excluded 

from analysis when that participant made an error on every item in one of the conditions, 

leaving no reaction time data for that condition. Mean age of the remaining 48 students 

was 19.42 years (ranging from 18 to 30), and 60% of the participants were female. Each 

student was tested individually. Subjects were fluent speakers of English, with no history 

of learning disorders, neurological disorders, or severe head injury. 

Design 

The retrieval practice factor, manipulated within subjects, had three levels: (1) a 

same category level, in which the category cue provided at retrieval practice was the same 

as the category cue presented at the final recall test (2) a cross category level, in which the 

category cue provided at retrieval practice did not match the category cue presented at the 

final recall test, and (3) a control level, in which no retrieval practice was given for list 

members before the final category cued recall test was presented. In the cross category 

condition, the retrieved target belonged both to the category used to cue retrieval practice 

and to the one used to cue final recall (e.g., "banana" is both YELLOW and a FRUIT.) 

To determine whether retrieval-induced forgetting had been found, the dependent 

measures on the final category-plus-stem cued recall test were the mean reaction times 
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required for recall of critical items, and mean numbers of errors made during this recall, 

for each condition. 

Materials 

Twelve pairs of categories of 6 items each were used in this study, plus two 

unrelated categories that were used as fillers (for a total of 26 categories). As in 

Experiment 1, phonemic similarities between category names and category members were 

kept to a minimum. Because of the constraints encountered in selecting these items, rank 

orders from published category norms were not always available. The Battig and 

Montague (1969) norms were available for 9 categories; mean rank order for these items 

was 15.8. Items for three additional categories were drawn from those used by Anderson 

and Spellman (1995). For the remaining 12 experimental categories, the experimenter 

polled 15 individuals, asking them to list the first 10 items that came to mind, belonging to 

a given category. If an item was listed in these individuals' responses, it was considered 

eligible for inclusion in the study. The experimenter selected the highest frequency 

responses from this poll that were also of low to moderate word frequency (up to 100 

occurrences per million). Mean word frequency for studied items was 17 occurrences per 

million, according to Kucera and Francis (1967). 

Items were presented to subjects using the same computer software as that used 

for Experiment 1. 
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Procedure 

The procedure closely paralleled that of Experiment 1. Each of the focal 24 

categories was paired with another category with which three of its items were shared 

(e.g., YELLOW and FRUIT are two categories, whose three shared items could be 

BANANA, LEMON and PEAR). Two other, unrelated categories provided filler items, 

to serve the same purpose as in Experiment 1. Four category pairs were assigned to each 

of the three conditions: control, same category recall, and cross category recall. 

Categories rotated through conditions such that, across subjects, all categories were 

presented in all conditions, an equal number of times. In order to complete this rotation, 

three cuing presentations were created. As with Experiment 1, control items were 

presented at study and then tested on a final recall test. The 4 stage procedure for the 

retrieval practice conditions was identical in form to the procedure employed in the 

generate condition in Experiment 1 (learning, retrieval practice, distractor, recall), with 

the same instructions given during encoding. Subjects studied the list twice, so that the 

shared items could be encoded once under each category name. The same precautions to 

minimize inter-item associations during encoding were taken in Experiment 2 as in 

Experiment I. These precautions again resulted in the creation of two study orders. 

Subjects each received both study orders, and the order in which they were presented was 

counterbalanced across subjects. 

Only shared items were presented for retrieval practice, and as in Experiment 1, 

retrieval practice cues were presented three times, always with the same category cue. 

Half the categories presented in retrieval practice matched the categories used to cue 
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recall and half did not. For example, in the same category retrieval practice condition, if 

"fruit" PE_" were practiced, the subject would have been asked to recall fruits on the 

final test. In the cross-category retrieval practice condition, if "fiiiit-PE_" had been 

practiced, subjects would have been asked to swM yellow items on the recall test. 

Procedures for the distractor task were the same as in Experiment 1. 

In the first, pilot version of this study, the final test had been a category cued free 

recall task, like that used in Experiment 1. With 11 subjects, preliminary results showed 

retrieval-induced forgetting approaching significance in both the same and cross 

conditions. Because subjects often recalled the three practiced items before recalling 

critical items, it appeared that the potential protection afforded by the cross condition was 

counteracted by subjects' retrieval of the cue items on the final test. In other words, if a 

participant had practiced recalling "apple", "strawberry", and "cherry" as fruits, then the 

purity of the cross condition was compromised by recall of these same three items at the 

final test, as red items. An initial attempt to solve this problem involved trying to exclude 

the shared items from each category pair from final recall. For example, in further pilot 

work, subjects were asked to recall items that were "red, but not fruits". It quickly 

became apparent that this strategy would not be workable, as many subjects still recalled 

shared (cue) items on the final test. Even if participants did not overtly recall the items 

intended for exclusion, it was considered possible and even likely that they would covertly 

produce these items, in order to be sure not to write them down. 

At last, a category-plus-stem cued recall task was incorporated into this design. 

Only critical items were tested on final recall, so that no contamination from shared, cue 
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items would be possible. On each recall trial, participants saw the category name in 

capital letters followed by a colon, the first, lowercase letter of the target item, and a 

blank, which was always the same length, regardless of the number of letters missing from 

the word (e.g., RED; b ). This category-plus-stem cue remained visible for 7 

seconds, which was the maximum time allowed for the subject to respond. Responses 

requiring more than 7 seconds were recorded as errors. Each participant was instructed to 

make a key press with her dominant hand as soon as she remembered the target item. 

DMDX, the experiment presentation software, recorded the number of milliseconds that 

had elapsed from the presentation of each cue to each key press. After pressing the key, 

participants were to say their response aloud, for the experimenter to write on an answer 

sheet. Students requested each item with the space bar, so that they could pace 

themselves appropriately. Subjects received six practice trials before obtaining 

experimental items. Each subject received recall items from only one category in each 

category pair (e.g., red or fruits). Resultantly, each subject was tested on 3 items from 

each of 12 experimental categories and all items from two filler categories. Filler items 

were used at the beginning and end of the recall series, and in between blocks of 

experimental items, to prevent any two items from the same category appearing next to 

each other. Each block of the recall test contained one target from each category being 

tested. The presentation orders both of the blocks and of items within blocks were 

randomized. Two recall tests were created, so that each category in each pair would be 

presented for recall, across all subjects. 
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Results and Discussion 

Presented in Tables 3 and 4 are the mean reaction times and mean percentage 

errors for critical items on the category-plus-stem recall test, across the three conditions of 

Experiment 2. 

Table 3. Mean RTs (+/- SE) for critical items on 
category-plus-stem recall across conditions 

(n=48) (Exp 2) 
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The reaction time data was examined first. A repeated measures ANOVA was 

conducted on the within-subject factor of retrieval practice (same, cross, control). A 

significance level of .05 was adopted for all analyses. A main effect of retrieval practice 

was apparent (F (2,94) = 3.27;p = .04; MSe = 722099.51). Post hoc paired-samples t-

tests revealed that the mean reaction time for recall of critical items in the same condition 

(2521.20 msecs) was significantly slower than that for control critical items (2276.49 

msec) (/ (47) = 2.64; p = .01; SEj = 92.82), but that no reliable difference was obtained 

between the mean reaction time for recall of critical items in the cross condition (2384.07 
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msec) and that for control items {t (47) = 1.19; j:? = ,24; SEd = 90.56). The difference in 

amount of slowing across the same and cross conditions, relative to the control condition, 

was not significant {t (47) = 1.32;p=.l% SEa = 103.67). 

Table 4. Mean percent errors (+/- SE) for critical 
Items on category-plus-stem cued recall across 

practice conditions (n»48) (Exp 2) 
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The error data were analyzed in the same manner. Again, a main effect of retrieval 

practice was revealed (F (2,94) = 5.34;p - .006; MSe = 1078.32). Post hoc paired-

samples t-tests showed that the mean percentage errors for critical items in the same 

condition (48.61%) was significantly higher than that for control critical items (39.24%) 

(/(47) = 3.44; p - .001; SEa = 2.73), but that no reliable difference was obtained between 

the mean percent errors for critical items in the cross condition (42.71%) and that for 

control items {t (47) = 1.14;/? = .26; SEj = 3.06). The magnitude of the increase in 

errors relative to the control condition was significantly greater in the same condition than 

in the cross condition {t (47) = 2.03;/3=.05; SEa = 2.91). Thus, the extent to which Rp-

recall errors increase, after retrieval practice, depends upon whether the retrieval practice 

category cue matches the category cue at final recall. 
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Both the reaction time and error results are consistent with the hypothesis that the 

competitive arena is defined during retrieval practice, and that merely being part of the 

studied list and semantically related to a retrieval target is not sufficient to make an item a 

competitor. Recall for Rp- items in only the same condition was both slower and more 

prone to error than was recall for control items. No such effect was found in the cross 

condition, either when reaction times or errors were examined. Therefore, if "lemon" is 

practiced as a fruit at retrieval, "canary" is not a competitor. (See Figure 6 for an 

illustration of this point.) "Canary" competes, and resultantly becomes harder to retrieve 

at final recall, only if it is included in the domain that is cued at retrieval practice (i.e., 

"yellow" items). 

Wnto 
4(Rp\ 

Figure 6. Illustration of target-competitor relationship when "lemon" is practiced as 
a FRUIT. "Apple" is a competitor, but "canary" is not. The large circle encompasses the 
target and competitor. 

How are the results described here reconciled with those reported by Anderson 

and Spellman (1995), in their discussion of second order inhibition? Their results show 

that items can sometimes be inhibited, even if they are not part of the domain of the 
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original retrieval cue. The example discussed earlier was that "dagger" was inhibited after 

retrieval practice of "LOUD: jackhammef. This occurred secondarily after "cannon" was 

inhibited, as a member of the "LOUD" category, because "cannon" and "dagger" are both 

weapons. 

Examining a representation of the Anderson and Spellman (1995) result may help 

to clarify the different types of relationships affected in the two experiments. "Dagger" 

differs from "canary" in that "dagger" is semantically related to another competitor, not 

the target itself See Figure 7 for clarification of this point. 

Figure 7. Illustration of second order inhibition found by Anderson and Spellman 
(1995). Again, the target-competitor relationship is encompassed by the large circle. 
"Dagger" is semantically related to the competitor, "cannon". 
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Even though the search set may have been demarcated as the "LOUD" category, a 

cascade of inhibitory effects could still occur, in the pattern suppression model, such that 

"dagger" is impaired on later recall, due to its semantic relationship with a competitor. 
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Items in the cross condition of this present study, however, do not enter this cascade. 

Thus, the results of the two studies do not conflict. 

Recall that Ciranni and Shimamura (1999) found that the features tested at final 

recall did not need to match those retrieved during practice in order for retrieval-induced 

forgetting to be observed. Do these results contradict the findings of the current study? 

In their work, even though subjects were asked to retrieve one feature of a visuospatial 

object at test (e.g., location) and another feature during retrieval practice (e.g., shape), the 

most salient way to organize these items was by color. (Each item had a unique location 

and shape.) The color of the items was displayed during retrieval practice, which is 

arguably analogous to subjects being shown a category name when asked to recall an item 

in a word learning study. The items were thus practiced as members of either the green, 

orange or purple categories. Unpracticed items falling within these practiced domains 

were designated as the critical items, and the subsequent retrieval difficulty of these items 

was apparent no matter how they were approached at recall. Because the affected 

representations had indeed been part of the retrieval practiced domains, these results also 

do not conflict with the those of the current study. 

The results of the present study suggest that if rehearsal of part of a set of to-be-

leamed items is necessary, it is best to define that set in the narrowest terms possible. 

Doing so would presumably limit the range of competitors, leaving other list items free to 

be accessed via another route at a later time. 

In pilot work, the response time for the category-plus-stem cued recall was limited 

to 3 seconds, as a means of controlling variability in the reaction time data. In that study. 
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conducted similarly to the one reported here, the pattern of the error data was the same as 

in this study, but reaction times in the experimental conditions did not differ reliably from 

that found in the control condition. It is hypothesized that the three second recall window 

prematurely identified errors when subjects would have otherwise succeeded, and that this 

short window did not allow slowing in retrieval to be adequately assessed. 

Output interference could play no role in this study, as Rp+ items were excluded 

from the final category-plus-stem recall test. The finding of retrieval-induced forgetting 

under these circumstances provides fiirther evidence that this phenomenon does not occur 

only as a result of output interference. 

In summary, retrieval-induced forgetting does not occur for all items that are 

semantically related to a target of retrieval practice. These results lend support to the 

notion that this effect occurs as a means of resolving competition at the time of retrieval, 

and that only items specified by a retrieval cue will be involved in this competition. 

This experiment has sought to define a competitor from within a studied list of 

items. Do all items that fall within the domain of the retrieval cue compete at retrieval 

practice, even if those items are not on the originally studied list? This question is among 

those addressed in Experiment 3. 
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EXPERIMENT 3 

As previously discussed, one of the primary findings to support the inhibition view 

of Anderson and Spellman's (1995) pattern suppression model is cue-independence in 

retrieval-induced forgetting. In other words, Anderson and Spelbnan (1995) found 

retrieval-induced forgetting for items even when they were probed with entirely different 

cues than those used during retrieval practice. Their conduaon was that the 

representation of the item itself is affected, not the link between that item and its retrieval 

cue. Anderson and colleagues (Anderson & Spellman, 1995; Anderson, Green and 

McCulloch, 2000) argued that competing items are suppressed during the cued recall of 

target items. 

If retrieval-induced forgetting occurs at the level of the item representation, and is 

not represented in the associations between items, it should be possible to view the effects 

of suppression in other tasks besides explicit recall, provided the item in question must be 

accessed and retrieved. Additionally, if retrieval-induced forgetting can be examined with 

methods that do not require explicit recall, then the range of items that can be investigated 

can be expanded to those that were never on the original study list. In this way, it can be 

determined whether retrieval-induced forgetting, observed in episodic recall, affects only 

retrieval competitors within the studied list or episode, or whether such suppression of the 

competition extends also to the wider semantic network. This question is an extension of 

that asked in Experiment 2, regarding what defines a retrieval competitor. It is also the 

inverse of that explored by Bauml (2002), in which semantic generation induced episodic 
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forgetting. In this case, the question of interest is whether cued episodic recall can 

damage recall for related items in the semantic network. 

In Experiment 2, it was found that semantic relatedness to the target is not 

sufficient to make an item a competitor during retrieval practice. The results suggest that 

to be a competitor, the item must fall within the domain of the retrieval cue used to specify 

the target during retrieval practice. In Experiment 3, the semantically related extralist 

items do fall within the domain of the retrieval practice cue, but they fall outside the 

purview of the study episode. Are such items inhibited? 

An implicit memory task was sought for this study, as an approach to answering 

the preceding questions. A few researchers have examined effects of part list cuing and 

retrieval-induced forgetting via an implicit means, namely word fragment completion. 

Three papers on word fragment completion in the part list cuing paradigm have been 

published (Basden, Basden, Church and Beaupre, 1991; Peynircioglu, 1989; Peynircioglu 

& Moro, 1995). Peynircioglu (1989) found a part list cuing effect with word fragment 

completion, but it appears likely that her subjects could have employed an explicit strategy 

in several of her studies, despite her attempts to direct subjects away from this approach. 

After subjects had studied words, she gave them word fragments to complete and told 

them that the solutions might or might not be from the original study list. In actuality, in 

the experiments in which Peynircioglu (1989) found an effect, all the target words she 

presented in the word fragment test were from the study list. It seems quite possible that 

her subjects came to understand this relationship as they worked through the test trials. 

Basden et al. (1991) used a very similar but somewhat less transparent design. After study 
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and a brief distractor, half the subjects in the Basden et aJ. (1991) Experiment 1 were 

given word fragments and told to "complete them as best they could", knowing that some 

of them were from the study list and some were not. Half the word fragments presented 

had been studied. Subjects in the part list cuing condition with this manipulation were 

given the other half of the studied items as complete words along with the word fragment 

completion task, and were told that these items might "help their retention." In perhaps a 

more clearly implicit presentation of this task, subjects in Experiment 3 of Peynircioglu 

and Moro (1995) were asked to complete word fragments at study based on semantic cues 

(e.g., "large striped feline: TIG ") and were under the impression that the speed of 

completions was the variable of interest to the experimenter. Following the study phase, 

subjects were given a series of word fragments to complete. The subjects in the implicit 

groups were again instructed that the speed of word fragment completion was important. 

Those in the part list cuing condition were given 10 easy-to-complete fragments, 

consisting of extralist items from categories studied by the subjects, as "practice", 

followed by the harder, target word fragments, half of which had been studied. No 

category cues were provided at test. Subjects in the control condition filled in easy-to-

complete boys' names as "practice". Subjects in the explicit groups had the same stimuli 

but, for the harder word fragments, were asked to recall items that had been previously 

encountered in the study. In both the Basden et al. (1991) and Peynircioglu and Moro 

(1995) studies, the investigators found the part list cuing effect with explicit tasks, but not 

with word fragment completion, when it was presented with implicit instructions. In fact, 

as discussed several chapters ago, subjects who completed implicit word fragments 
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recalled more list items than those who participated in the control condition. This 

facilitative effect of the implicit task will be explored again more fiilly in the next chapter. 

In the retrieval practice paradigm, it is considered that the retrieval decrement 

occurs as a result of retrieval practice, and an implicit measure may then be used to assess 

the occurrence of retrieval-induced forgetting. In one of their experiments, Butler, 

Williams, Zacks and Maki (2001) administered a word fragment completion test after 

employing the retrieval practice paradigm. First, subjects studied 60 category-exemplar 

pairs (e.g., BIRD-Sparrow), and then practiced half the items in half the categories by 

performing a category cued stem completion task (e.g., BIRD-Sp ). A delay of 20 

minutes ensued, in which subjects completed two tasks in the belief that their results 

would be used for norming purposes: a vocabulary test and a 90-item picture completion 

task. Finally, 193 unique word fragments were presented to subjects, and they were to 

write their completions on an answer sheet. Only 48 of these items had been studied by 

any one subject. No retrieval-induced impairment was apparent on this implicit word 

fragment completion task. 

Why was no part list cuing or retrieval-induced forgetting seen when subjects were 

tested with these implicit tasks? At least in the part list cuing studies, it appears possible 

that no competitive retrieval context was ever established in the studies that lacked this 

effect. In the implicit condition of Peynircioglu and Moro (1995), subjects were 

presumably unaware that the solutions to the more difficult word fragments could be 

found on the original study list. The subjects in the explicit condition, on the other hand, 

could have used a strategy of rehearsing items from the list in order to find a solution, and 
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if this had occurred, other list items would have competed for selection as the fragment 

solution. Basden et al. (1991) presented an opportunity for subjects to explicitly retrieve 

list items, when they provided subjects with half the studied items in complete form, at the 

time of the word fragment completion test. It is unclear from their paper, just when they 

presented these words (i.e., were they all presented prior to commencement of word 

fragment completion, or were they dispersed throughout the presentation of test trials?), 

nor is it clear how the investigators made sure that subjects attended to these part list 

cues, as they were not strictly necessary to perform the word fragment completions. It is 

possible that subjects did not attend to these part list cues, particularly in the word 

fragment completion task. Basden et al. (1991) therefore may also have seen no effect of 

part list cuing with the implicit task, because no competitive practice of part of the list had 

occurred. 

The same argument cannot be made for the work of Butler et al. (2001), as the 

retrieval practice paradigm should have created conditions for retrieval competition. It is 

of note, however, that Butler et al. (2001) found no retrieval-induced forgetting effect 

with any item-specific cue, whether the task were implicit or explicit. In other words, no 

effect was found with either of two explicit word fragment tests (word-fragment-cued 

recall and category-plus-fragment cued recall), or with a category-plus-stem cued recall 

task. The lack of a retrieval-induced forgetting effect then, with implicit word fragment 

completion, may be due less to the task's being implicit and more to another, as yet not 

clearly identified, aspect of these tasks. 
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It remains possible then, that an implicit task could be used to identify the 

occurrence of retrieval-induced forgetting, after retrieval competition has been established 

through retrieval practice. In order to determine what implicit task might be best to use 

for this work, several pilot studies were conducted. In the one study reported here, a 2 

(practice) X 2 (list membership) within-subjects design was used. All the critical items 

tested in the final task were either from retrieval practiced categories (Rp-) or control 

categories (Nrp), and they were either members of the original study list (intralist) or were 

nonstudied members of the studied categories (extralist). A retrieval-induced effect would 

be supported if, with the intralist items, subjects' mean reaction times for Rp- items were 

longer than those for Nrp critical items, or if subjects made more errors in the Rp-

condition than the Nrp condition. If a retrieval-induced effect were found, it could be 

determined whether access difficulties spread into the semantic network by examining the 

pattern of results with the extralist items. If semantically related items suffered inhibition, 

then subjects should have longer mean reaction times and/or greater numbers of errors for 

Rp- extralist items than for the Nrp extralist items. 

Just as in the studies by Butler et al. (2001), the implicit task itself is not expected 

to produce retrieval-induced forgetting, as the effect is thought to originate during the 

retrieval practice phase of the current paradigm. The purpose of the final test in these 

paradigms is merely to measure the effect already produced. 

One of the pilot studies, with 12 subjects from Curtin University of Technology in 

Western Australia, used a perceptual identification (PID) task. Subjects first were given a 

series of PID calibration trials, consisting of items unrelated to the experiment and 



presented at varying durations and darknesses of text. These trials served to give subjects 

practice with the task, and also identified the conditions under which each subject obtained 

between 40 and 60% correct responses. These conditions were replicated for each subject 

at the final PID test, given after the standard retrieval practice paradigm. Subjects studied 

category-item pairs using the same method as that used in Experiment 1. Subjects then 

practiced recall of half the items in half the categories. After a three-minute distractor, 

subjects saw quickly flashed, backward-masked words in the perceptual identification 

trials. They were instructed to press a key as soon as they could identify a word, and then 

to say that word aloud. Participants were told that some, but not all, of the words would 

be from the studied list. Half the items presented were from the studied list, and half were 

extralist members of the studied categories. The studied words presented for PID were all 

critical items; no items that had been retrieved during retrieval practice were included on 

this final test. Reaction time data was collected from the key presses, and the 

experimenter recorded errors as they occurred. 

With this task, no differences in mean reaction times were noted between intralist 

items and extralist items in either practice condition, but subjects made significantly more 

errors when trying to identify extralist items than previously studied words, in both 

retrieval practice and control conditions. When the intralist items were examined for a 

retrieval-induced effect, no significant difference was found between the mean reaction 

times for Rp- and Nrp items (t (11) = 1.02;_p=.33; SEd = 29.25), though mean reaction 

times were numerically higher in the retrieval practice condition. Counter to expectations, 

numerically more errors were made for Nrp intralist items than for Rp- ones, though this 
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difference was not significant (t (11) = -.88; p = .40; SEd = 0.76). The pattern of results 

with the mean reaction times for extralist items also foiled to reach significance (? (11) = 

-1.13;|7=.28; SEj = 66.23), but the trend was in the opposite direction to that found with 

the studied items. In other words, the mean reaction times for Nrp extralist items were 

numerically longer than those for Rp- extralist words. The interaction between list 

membership and retrieval practice approached signiiBcance (t (11) = 1.63;|7=.13; SEd = 

64.12). The mean numbers of errors did not appear to differ between conditions for 

extralist items (t (11) = -1.34; p=.2l, SEj = 0.50), though again, counter to expectation, 

numerically more errors were found for Nrp items than Rp- words. 

It is interesting that the reaction time results diverge, depending on whether the 

critical items are from the studied list or are extralist items. The results for the studied 

items go in the expected direction, but the results for the extralist items were unexpected, 

as were the error results. Conclusions based on this study, however, would be premature. 

Further work appeared warranted as a follow up to the PID pilot study. 

Method 

Subjects 

The participants were a total of 36 introductory psychology students from the 

University of Arizona, whose participation partially fulfilled their course requirement. 

Mean age of the students was 18.8 years (ranging from 18 to 22), and 64% of the 

participants were female. Each student was tested individually. Subjects were fluent 
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speakers of English, with no history of learning disorders, neurological disorders that 

might affect learning or memory, or severe head injury. 

Design 

Two within-subject independent factors were employed in this study. The cuing 

factor had two levels; (1) a retrieval practice level, in which a subset of items in studied 

categories were presented for retrieval practice and (2) a control level, in which no items 

from studied categories were presented for retrieval practice. The list member factor also 

had two levels: (1) intralist perceptual identification items, which had been presented at 

study to the subjects, and (2) extralist perceptual identification items, which were 

members of the target categories but not on the original study list. Dependent measures 

on the perceptual identification task were the percentage of errors and latency of correct 

responses for targets in each condition. 

Materials 

Twelve categories of 6 items each were studied in this experiment, and 90 

unrelated items were presented in a preliminary task. Three of the items in each category 

were designated as cue items for all subjects, and the remaining three were always critical 

items. Additionally, 3 extralist items were provided for each category, in the final PDD 

task. The experimental categories were the same as those used in Experiment 1. Several 

items in some categories were altered, because in pilot versions of this study, it had been 

important to avoid using any two items within the same category beginning with the same 
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letter. As in Experiments 1 and 2, phonemic similarities between category names and 

category members were kept to a minimum. Mean word frequency for all category 

members was 5.6 occurrences per million, according to Kucera and Francis (1967). Mean 

rank order of all category members, according to the category norms ofBattig and 

Montague (1969) was 8.75. The sets of critical items that were used alternately, between 

subjects, as intralist and extralist items, were matched for item frequency (means of 5.1 

and 6.3 occurrences per million) and rank order (means of 9.4 and 9.5). 

Items were presented to subjects using the same computer software that was used 

for Experiments 1 and 2. 

Procedure 

Before studying the list of experimental items, subjects conducted some 

preliminary work with the perceptual identification task, so that a threshold could be set 

for each participant, in a manner similar to that used by Pecher and Raaijmakers (1999). 

A series of frames were presented on the computer for each perceptual identification trial: 

a fixation point for 700 msec, a forward mask for 700 msec, a target for 17, 34 or 51 

msec, and a backward mask for 700 msec. Each subject completed 90 calibration trials for 

the perceptual identification (PID) task. The first twenty trials were practice. In pilot 

work, three levels of font color (black, grey and light grey) and three durations of 

exposure (17, 34, or 51 msec) had been crossed to create 9 conditions, and 10 trials had 

been administered in each condition, in a random order. Since the two lightest fonts were 

too difficult for pilot subjects at the 17 msec duration, these conditions were dropped for 



this study. Thus, ten trials were administered in each of 7 conditions. The final PID task 

was given in the condition under which the participant obtained between 60 and 80% of 

items correct during calibration. (This criterion was raised from that used in the pilot 

study, in order to reduce the amount of reaction time data lost to identification errors.) 

Mean percentage of correct items in the test condition during calibration was 74%. 

For each PID trial, each subject was asked to press a key with her dominant hand 

as soon as she could identify the word. Then, each participant was to say the word aloud. 

Subjects were encouraged to guess, and received feedback on the first 10 trials, in that 

after they had answered, the target was shown on the screen. The experimenter recorded 

the trials the subject answered correctly. Subjects had 2 seconds after a trial's 

presentation to give a response. 

Participants studied category-exemplar word pairs (just as in Experiments 1 and 

2), in the 12 experimental categories, and in two filler, 6-item categories. Two study lists 

were created, and each subject received one of these lists. The three critical items in each 

category differed across the two lists, such that the critical items on study list A were the 

extralist items for study list B, and vice versa. Both lists contained the same three cue 

(retrieval practice) items within each category. As in Experiment 1 and 2, items were 

presented in blocks containing one target from each experimental category. In order to 

insure that no two category members were presented adjacent to each other, the items 

were split into half blocks, which were presented in alternate order in the study program. 

Because the order of presentation of half-blocks of experimental items had not made a 

difference in Experiments 1 and 2, both study programs began with the same half-block. 
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Two cuing programs were created, so that each half of the categories would be 

practiced at retrieval practice, across subjects. After retrieval practice for half the items in 

half the categories, and a three-minute distractor task, participants were required once 

again to identify forward and backward masked, quickly flashed targets. No target had 

been practiced at retrieval, but it was either in a retrieval practice category or in a control 

category. Half of the targets in each category were members of the original study list, 

whereas the other half were strong, non-studied members of the category. Thus, each 

subject was given targets in each of four conditions: retrieval practice, intralist items (RP-

INT), retrieval practice, extralist items (RP-EXT), control, intralist items (CO-INT) and 

control, extralist items (CO-EXT). Trials were administered in randomized blocks of 

items, each containing one item from each tested category. Filler items were inserted 

between blocks, to prevent any two items from the same category being shown 

successively. All participants received the same version of the final PID test. 

Results and Discussion 

Shown in Tables 5 and 6 are the mean reaction times for critical item PID on the 

final test and the mean percentage errors, across the four conditions of Experiment 3. 

For the reaction time data, a 2 x 2 repeated measures ANOVA was conducted on 

the two within-subject factors of practice (retrieval practice, control) and list membership 

(intralist, extralist). A priming effect for items from the original study list was apparent (F 

(1,35) = 12.71; p - .001; MSe = 113651.58). However, no main effect of practice (F 
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(1,35) = 0.24;p = .63; MSe == 1412.19) or interaction between practice and list 

membership (F (1,35) = 0.22;p = .64; MSe = 2117.15) was found. 

Table 5. Mean RTs on PID task (+/- SE), for 
critical items, across conditions (ns36) (Exp 
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The same type of analysis was conducted with the error data. Just as with the 

reaction time data, a priming effect was found in that significantly more errors were made 

for new, extralist items than for previously studied items (F (1,35) = 156.24; p < .001; 

MSe = 16327.16). Again, no main effect of practice (F (1,35) = 0.40; p - .53; MSe = 

42.01) or interaction between practice and list membership was found (F (1,35) = 2.52; p 

= .12; Mse = 342.94). 
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Table 6. Mean percentage errors on PID task 
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In contrast to the trends noted in the PID pilot study, these results show no reliable 

effect of retrieval practice on either latency or accuracy for perceptual identification of 

critical items. 

One possible reason for this result is that no retrieval-induced forgetting occurred, 

and that no effect would have been seen even with a recall test. This possibility appears 

unlikely, as a retrieval-induced forgetting effect was obtained in both Experiments 1 and 2, 

using the retrieval practice paradigm. Additionally, the items used in Experiment 3 largely 

overlap with those used in Experiment 1. Presumably then, conditions for retrieval 

competition were created in this study, and retrieval-induced forgetting was not apparent 

with the method used to assess it. This result speaks to the author's original hypothesis, 

as to the absence of a part list cuing effect in the works of Basden et al. (1991) and 



Peynircioglu and Moro (1995). Even if a lack of retrieval competition does contribute to 

the outcomes of their studies using implicit measures, this lack cannot fully explain their 

results. 

Although a retrieval-induced forgetting effect in perceptual identification would 

have provided support for the pattern suppression model of Anderson and Spellman 

(1995), the lack of such a result cannot be taken immediately as evidence against this 

model. The nature of the representation inhibited in the pattern suppression model is not 

fully specified, but Anderson, Green and McCulloch (2000) describe the change in the 

state of the item itself as a "change in the activation of constituent features." In their 

illustrations, these features are semantic in nature. The affected item representation is 

therefore not restricted to, and as the current experiment's results suggest, may not even 

include, the lexical representation. Thus, it is possible that the PID task did not access the 

affected representation or level of representation. 

Another consideration is that, when retrieval-induced forgetting is assessed with 

free and cued recall, the target word is underspecified, allowing inhibition for retrieval of 

that item to be properly assessed. It is possible the provision of an entire inhibited word 

has the effect of releasing that item from inhibition, or at least of overcoming any retrieval 

inhibition that would otherwise have been seen (Anderson & Spellman, 1995). 

As Experiment 3 was being conducted, a related paper by Perfect, Moulin, 

Conway and Perry was published. Perfect et al. (2002) investigated several implicit 

methods for assessing retrieval-induced forgetting, including perceptual identification, and 

word stem completion. Additionally, a category generation task was employed, in which 



139 

participants were given a category cue and asked to produce the irst four category 

members that came to mind, and a category veriication test, in which participants saw a 

category-item word pair and were to determine whether the item belonged in the category. 

Perfect, et al. (2002) found poorer performance for critical items in retrieval practice 

categories, as compared to baseline, only in the category generation and category 

verification tasks, but not in perceptual identification or word stem completion tasks. 

They maintained that the tasks in which retrieval-induced forgetting was found are all 

primarily top-down, conceptually driven tasks. 

Perceptual identification, on the other hand, is thought to be a largely data-driven 

task, and implicit word stem completion may be conducted at a pre-semantic level, 

particularly in the absence of a category or other semantic cue (Downes, Davis, De 

Momay-Davies, Perfect, Wilson, Mayes & Sagar, 1996). A body of experimental work 

has revealed dissociations between factors that enhance performance in perceptual 

identification, implicit word stem completion and word fragment completion, and those 

that facilitate performance on tasks like explicit recognition. For example, Jacoby (1983) 

had subjects study words in three conditions. In the "context" condition, he presented 

subjects with a target and its antonym (e.g., "hot-COLD"), and asked subjects to read the 

target aloud. In the "generate" condition, subjects were presented with a word and asked 

to generate its antonym (e.g., "hot - "), and in the "no context" condition, 

subjects saw only the target word (e.g., "XXX- COLD"), and were asked to read it. In all 

study conditions, subjects were speaking the target aloud, but it was presumed that the 

depth of semantic processing for the target varied across these conditions, with conceptual 
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processing being greatest for the generate condition, intermediate for the context 

condition, and least for the no context condition. On a subsequent old-new explicit 

recognition test, subjects performed best on items they had generated. However, for the 

perceptual identification task, performance was best on targets that had been viewed in the 

no context condition. Winnick and Daniel (1970) also found that prime generation 

produced facilitation on a recall test but not on a perceptual identification test. Thus, 

perceptual identification was enhanced by prior visual exposure to the target word. Prime 

generation has also been shown not to enhance performance on word stem completion and 

word fi-agment completion (e.g., Roediger, Weldon, Stadler, & Riegler, 1992). Similarly, 

although elaborative, semantic encoding of information has been shown to enhance 

explicit recall and recognition, this elaboration has been found not to facilitate 

performance on perceptual identification (Jacoby & Dallas, 1981). Effects of elaborative 

encoding for implicit word stem completion and word fragment completion appear mixed 

(see Challis & Brodbeck, 1992, for a review). 

Perfect et al. (2002) conjectured that retrieval-induced forgetting was not 

detectable with the perceptual identification task, because retrieval-induced forgetting 

occurs within the domain of the episodic and semantic memory systems, and perceptual 

identification is mediated through the Perceptual Representation System, which operates 

under different constraints than do those memory systems (Schacter, 1994). This systems 

view is one way to understand the dissociations between tasks like perceptual 

identification and explicit recall. Another approach to the same data is the process 

approach. In process terms, the influence of retrieval-induced forgetting is not seen in 
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perceptual identification because of the mismatch between the type of processing required 

for the retrieval practice and perceptual identification tasks. At the crux of this argument 

is the premise of transfer-appropriate processing, in which information ifrom study aids 

performance on a later test to the extent that the processes required at test overlap with 

those used during study (Morris et al., 1977; Roediger, Weldon & Challis, 1989). If study 

conditions are very different fi-om test task demands, knowledge gained during study may 

not be accessible. In this case, the cued recall from retrieval practice is considered a 

conceptually driven task, while perceptual identification is data-driven (Roediger et al., 

1989). Alternatively, one could say that cued recall draws upon an elaborative process, in 

which the target is linked to other items in context, while perceptual identification 

emphasizes an integrative process, in which elements of the target are organized into a 

whole as it is recognized (Graf & Mandler, 1984; Graf, Mandler & Haden, 1982). Both 

the systems and the process approaches to the implicit/explicit memory distinction have 

merit, and they may not be mutually exclusive. If the inhibition noted by Anderson and 

colleagues occurs as a result of conceptually based retrieval practice or within the confines 

of episodic or semantic memory, then changes in an item's accessibility may be apparent 

only through testing with a conceptually based task, or with one that accesses these 

memory systems. 

Because no retrieval-induced forgetting effect was found in this experiment, the 

study is inconclusive regarding the effect of retrieval practice on extralist, semantically 

related items. Perfect et al. (2002) addressed the same question in their work, however, 

by including extralist items in their category verification study. They found retrieval-



142 

induced forgetting effects only for Rp- items from the study list, but not for semanticaUy 

related extralist items. These results suggest that only items from the original study 

episode were competitors in the Perfect et al. (2002) study. 

At the same time, Anderson and Bell (2001) speculated on whether episodic 

retrieval practice suppresses an episodic representation of a concept, or whether it 

suppresses a semantic representation. They reasoned that if only the episodic 

representation is suppressed, then tasks that do not tap episodic memory, such as implicit 

measures, would not show evidence of retrieval-induced forgetting. The category 

verification task presumably taps semantic memory (Tulving & Schacter, 1990). By this 

reasoning, the results of Perfect et al. (2002) demonstrate that the effects of retrieval-

induced forgetting are not restricted to the episodic representation, but that episodic 

retrieval practice can affect the semantic representation as well. Because the scope of 

competitors in the Perfect et al. (2002) experiment was limited to items from the study 

episode, it appears either that episodic and semantic memory interact during learning, or 

that the learning episode directly influences semantic memory, as some evidence from 

learning in amnesic patients suggests (e.g., see Tulving, Hayman & Macdonald, 1991). 
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GENERAL DISCUSSION 

The three experiments detailed here examined three assumptions that M. C. 

Anderson and colleagues have made about retrieval-induced forgetting; (l)itis retrieval-

specific, (2) it occurs when response competition must be resolved and (3) an inhibitory 

process is responsible for the effect. In this chapter, the results of these studies will be 

summarized, issues relating to each assumption will be discussed, and possible 

implications of this work for practical use will be reviewed. 

The results of Experiment 1 support the conclusion that retrieval-induced 

forgetting is indeed retrieval-specific. Whether or not such retrieval is necessarily explicit 

is another matter. Explicit recall refers to remembering that involves conscious 

recollection of a recent episode. 

Recall that Experiment 1 differed from Anderson et al. (1994) in insuring that 

subjects always generated the target word, on each of three retrieval practice trials. 

Although the retrieval practice phase of Experiment 1 was intended to induce explicit 

recall of cued items, it is possible that in some cases, subjects retrieved items from 

semantic memory, with no conscious recollection that the item was on the studied list. 

This situation may have occurred particularly in cases when subjects had initial difficulty 

generating the correct answer for a cue, and required additional letters in order to obtain 

it. Additionally, recall of these items on the second and third trials may have involved 

explicit recall, but for the recent trial of that item, and not for the original study list. 

A few papers have shown that semantic generation can produce impairment in 

target generation. In the work ofBlaxton and Neely (1983), semantically generated 
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primes impaired the subsequent semantic generation of related targets. Of more direct 

relevance to this paradigm, semantic generation has also produced retrieval-induced 

forgetting in an episodic task (Bauml, 2002). 

It therefore appears that generation of the cue word in a competitive context 

during retrieval practice is a more important factor in retrieval-induced forgetting than 

whether such retrieval is explicit. Explicit recall generally does provide a competitive 

context, as other items on the studied list presumably vie for target retrieval. Semantic 

retrieval may also create this competition, particularly if recall is required from a semantic 

category containing numerous members. 

We may not yet have a full understanding of the situations in which retrieval-

induced forgetting occurs, as we may not have examined the particular "competitive 

contexts" produced by certain tasks. It is possible to define the set of items that provide 

solutions to a word stem completion task, for example. If competition occurs between 

these orthographically similar items, then retrieval of one solution may make access to the 

non-target items more difficult than it otherwise would have been. This possible 

application of retrieval-induced forgetting has not been explored, as testing for retrieval-

induced forgetting or the part list cuing effect has always been conducted with items that 

are semantically or episodically related to the practiced target. 

It was hoped that Experiment 1 would shed light, not only on retrieval impairment, 

but also on conditions leading to facilitated access to information. One hypothesis for the 

lack of facilitation for retrieval of critical items after presentation of read cues was that 

items were not strongly integrated with each other during study. If lack of integration is 
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the reason no facilitation was seen with the read condition of Experiment 1, then 

facilitation would be predicted in an experiment in which subjects integrate information as 

they study it, receive a read manipulation at retrieval practice, and are later tested for 

recall of critical items. Alternatively, facilitation might be noted if subjects focused on 

semantic aspects of read cues, instead of only phonological features. A cue that did not 

produce retrieval competition and that also activated semantic information might allow the 

spread of activation to related information, thus making that information more highly 

accessible on a subsequent recall task. This semantic processing might emphasize 

connections between items and information that are already present in semantic memory, 

with no particular need to highlight or forge such connections during study. 

An understanding of how to foster facilitated recall of material after reminders 

(i.e., part list cues) are presented is important to gain, as a grasp of this would suggest 

ways in which reminders could be more effectively presented. Items for which retrieval is 

practiced are learned better than items that are merely re-presented (e.g., Allen, Mahler & 

Estes, 1969; Bjork,1975; Carrier & Pashler, 1992; Hogan and Kintsch, 1971; Landauer & 

Bjork, 1978; McDaniel & Fisher, 1991; Slamecka & Graf, 1978), but Mandler's (1994) 

hypothesis suggests that the opposite pattern may be best for recall of critical items. 

Response competition, the second assumption of focus in these studies, is central 

to many approaches to the part list cuing effect and to retrieval-induced forgetting. This 

general premise was accepted in this work, and in Experiments 2 and 3, the retrieval 

practice paradigm was utilized to determine certain boundaries for competitors. The 

results of Experiment 2 suggest that an item must be encompassed by the cue used to 



146 

prompt retrieval practice in order to be a retrieval competitor. Although Experiment 3 

was inconclusive regarding competition boundaries, similar work by Perfect et al. (2002) 

suggests that, at least after an episodic retrieval practice phase, an item must be a part of 

the original study episode in order for its retrieval to be impaired. Extralist items that are 

semantically related to episodically practiced targets do not appear to be affected as 

competitors. 

In addition to examining boundary conditions for competitors. Experiment 3 was 

intended to examine whether an inhibitory mechanism might be at work in retrieval-

induced forgetting. Unfortunately, the results of Experiment 3 did not ultimately address 

this issue. This question, then, continues to warrant further attention. 

M. C. Anderson and colleagues have presented data that strongly suggests that 

inhibition is the operative mechanism in retrieval-induced forgetting. Their approach to 

retrieval-induced forgetting has been predominant in the literature. The two strongest 

pieces of evidence in favor of this inhibition view are (1) that strong items sustain more 

retrieval-induced forgetting than do weak items, in contrast to strength-dependent, 

blocking hypotheses and (2) that evidence for second order inhibition has been found. 

These important findings, however, have not always been replicated (e.g., Williams & 

Zacks, 2001), and several authors have suggested that retrieval-induced forgetting may yet 

be explained via an interference hypothesis such as the strategy disruption hypothesis (C. 

M. MacLeod et al., 2003; Williams & Zacks, 2001). 

It is often presumed that interference approaches to the resolution of response 

competition would occur at the time of the final recall test, while inhibition would occur 
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during retrieval practice. At first this makes an interference explanation seem unlikely, 

particularly in light of the results of the study of M. D. MacLeod and Macrae (2001), 

which showed the temporal nature of retrieval-induced forgetting. If a 24-hour gap were 

inserted between retrieval practice and the final test, no retrieval-induced forgetting was 

found. If this were the case, then how could interference at the time of the final test be 

plausible? C. M. MacLeod pointed out that the interfering effects initiated during retrieval 

practice could have persisting effects. These findings regarding the time course of 

retrieval-induced forgetting in the retrieval practice paradigm therefore are not conclusive 

evidence for an inhibitory effect. 

Cognitive research with older adults has shown that this population tends to have 

difficulty inhibiting irrelevant information (e.g., Hartman & Hasher, 1991; Hasher & 

Zacks, 1988). It has thus been considered that older adults may differ fi-om younger 

adults on susceptibility to part list cuing or retrieval-induced forgetting. Depending on 

whether they favor an interference or inhibition view of part list cuing/retrieval-induced 

forgetting, researchers have made opposing predictions for whether older adults will show 

evidence of these phenomena. Foos and Clark (2000) argued that because older adults 

have difficulty inhibiting irrelevant information, they may not inhibit retrieval competitors. 

Therefore, older adults may not show a part list cuing effect. In contrast. Marsh, Dolan, 

Balota and Roediger (2004) argued that older adults may be more susceptible to part list 

cuing effects precisely because they have difficulty ignoring the irrelevant part list cue, 

which subsequently blocks access to uncued list members. 
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Results of part list cuing and retrieval-induced forgetting studies with older adults 

have been mixed. Marsh et al. (2004), who tested with a part list cuing paradigm, and 

Moulin, Perfect, Conway, North, Jones and James (2002), who employed a retrieval 

practice paradigm, found that these individuals showed as great a retrieval impairment as 

their younger counterparts. Foos and Clark (2000) and Hultsch and Craig (1976) found 

that older adults did not exhibit evidence of part list cuing under circumstances when 

younger adults did. As discussed by Marsh et al. (2004), however, Foos and Clark (2000) 

found a part list cuing effect with younger subjects on a test of movie stars, and these 

materials could be vulnerable to cohort effects. Even though no difference in recall of 

movie stars was found between older and younger adults in the control condition, it 

remains possible that older adults had more elaborative information available to them 

about the movie stars, thus protecting them from part list cuing via integration of 

information. Hultsch and Craig (1976) remarked that recall for their older group of 

subjects was much lower than that of younger adults, and thus it remains possible that they 

did not see evidence of a part list cuing effect due to a floor effect. On balance, the 

evidence suggests that older adults do demonstrate the part list cuing effect and retrieval-

induced forgetting, as do younger adults. Although Marsh et al. (2004) found that older 

adults may be more sensitive to smaller numbers of part list cues than younger subjects, 

with greater numbers of part list cues, the older adults did not show a greater part list 

cuing effect than did younger adults. 

These results could be interpreted in a number of ways. Researchers espousing an 

interference explanation of part list cuing can conclude that older adults' increased 
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sensitivity to lower numbers of part list cues shows their difficulty in inhibiting the cues. 

Investigators from the inhibition camp must reckon with these results, which counter their 

expectations. Older adults are not spared from part list cuing or retrieval-induced 

forgetting as they would predict. The most simplistic conclusion that could be drawn from 

these results is that these effects do not require inhibition. 

Less simplistically, it is also possible that inhibition occurs through a variety of 

mechanisms, and that impairment in one type of inhibition may not generalize to other 

inhibitory mechanisms (e.g., Connelly & Hasher, 1993; Moulin et al, 2002). For example, 

Moulin et at. (2002) tested individuals diagnosed with probable Alzheimer's Disease (AD) 

in the retrieval practice paradigm, and found that they showed retrieval impairment to the 

equivalent degree as their controls, both in a cued recall test and also in a category 

generation exercise. They suggested that Alzheimer's patients may show difficulty in 

inhibiting conscious responses, but may have no impairment in the operation of automatic 

inhibitory processes, which may drive retrieval-induced forgetting via the suppression of 

retrieval competitors. 

Perfect et al. (2002) noted that one potential advantage of using implicit tests to 

assess retrieval-induced forgetting is that category cues and other cues of list organization 

are not required at test. They observed, however, that each of the implicit tests that did 

show evidence of retrieval-induced forgetting did utilize a category cue (e.g., category 

generation and category verification). On the basis of these data, then, it remains possible 

that an association with a superordinate cue is an important ingredient of retrieval-induced 

forgetting, a concept which is part of several approaches to the part list cuing effect (e.g.. 
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Slamecka, 1968, 1969; Raaijmakers & ShifRin, 1981; Roediger, 1973, 1978; Roediger et 

al, 1977; Rundus, 1973; Watkins, 1975). One task that might shed light on this topic 

might be if retrieval impairment were found for critical items when they were implicitly 

probed on a final test with non-categorical semantic cues that had not been emphasized in 

the study (e.g., phrases such as "large striped feline; T " and "what Socrates drank 

at his execution: H "). These circumstances could be viewed as another 

instantiation of the Anderson and Spellman (1995) independent probe technique, and if 

retrieval impairment were found under these conditions, a case for inhibition would be 

strengthened. 

Theoretical work on the part list cuing effect and retrieval-induced forgetting may 

have important implications for cognitive rehabilitation and other applications. 

Interestingly, even though the range of competitors in the Perfect et al. (2002) study was 

limited to items from the study episode, the retrieval impairment was seen, not on an 

episodic task, but on an implicit task that presumably taps semantic memory. This result 

suggests that episodic retrieval practice had some effect on the semantic representations of 

episodic competitors. 

It is clear that episodically presented information can become part of our semantic 

knowledge network. Some information, particularly that which is overleamed, we simply 

"know," even though we can no longer retrieve details of the context in which this 

information was learned. In healthy individuals, there is presumed to be some interplay 

between the episodic and semantic memory systems. Tulving et al. (1991) described 

episodic memory as a specialized extension of semantic memory, such that an asymmetric 
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relationship exists between the two systems. From their perspective, an impairment to 

episodic memory need not impair semantic memory, but damage to semantic memory 

would of necessity result in debilitated episodic memory. 

Some individuals, through injury or illness, have lost much or all of their capability 

of forming new episodic memories. Even still, these amnesic patients are able to learn and 

retain new information, even when they cannot remember the incidents of such learning 

(e.g., Glisky & Schacter, 1987, 1988, 1989; Glisky, Schacter & Tulving, 1986a, 1986b; 

Hayman, Macdonald & Tulving, 1993; McAndrews, Glisky & Schacter, 1987; Thoene & 

Glisky, 1995). At times, such individuals have also shown transfer of new learning into 

conceptually similar but perceptually distinct contexts (Butters, Glisky & Schacter, 1993; 

Glisky, 1992, 1995; Hamann & Squire, 1995; Rajaram & Coslett, 2000; Shimamura & 

Squire, 1988; Tulving et al, 1991). Additionally, several cases of anterograde amnesia 

with onset in childhood have been reported, in which the children have progressed though 

mainstream schooling and have acquired new semantic knowledge in the absence of 

episodic recall (e.g., Baddeley, Vargha-Khadem & Mishkin, 2001; Varga-Khadem, 

Gadian, Watkins, Connelly, Van Paesschen & Mishkin, 1997; Wood, Brown & Felton, 

1989). Tulving and colleagues (e.g., Tulving et al., 1991) have suggested that these 

amnesic patients learn information directly via semantic memory, and that episodic 

memory is not strictly necessary to acquire new factual knowledge. 

Given that some interaction between episodic and semantic information seems to 

occur in at least some instances of retrieval-induced forgetting, it seems possible that 

amnesic patients could be vulnerable to this phenomenon. Their potential vulnerability is 
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also underscored by the conjecture, mentioned earlier in this section, that explicit retrieval, 

of which severe amnesic patients are not capable, does not appear to be necessary in 

driving this effect. Even semantic retrieval could induce retrieval-induced forgetting. 

One study has been conducted with amnesic patients and a part list cuing 

paradigm. Bauml, Kissler and Rak (2002) tested 15 amnesic patiwits and 30 healthy 

controls in their study. Etiologies of amnesia were mixed, with average performance on 

the Verbal Memory Index of the WMS-R at 71.4 and mean performance on WMS-R 

Delayed Recall at 61.4 (approximately 2 and 2.5 standard deviations below the mean, 

respectively). Subjects studied and were tested on two versions of each of two types of 

lists. Each of the four lists consisted of four target, 6-item categories and three filler 

categories of two items each. On the strong/moderate (SM) type of list, each target 

category consisted of three strong items (with rank order between 5 and 10 according to 

published category norms) and three moderate items (with rank order between 15 and 20). 

On the weak/moderate (WM) list type, target categories each contained three weak (with 

rank order between 30 and 40) and three moderate items. The three moderate items were 

designated as cue items and the three strong or weak items were critical items. Filler 

categories each contained two moderate items. 

In the no-part-list-cues (NPLC) cued recall task, participants were given test 

sheets titled with the name of a category and the first letter of each of the critical category 

members. They were given 45 seconds to recall and say as many of the three items as they 

could, while the experimenter wrote the answers. In the part list cuing (PLC) condition, 

before being given a test sheet for a category, subjects were given a page with the 
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category name and the three moderate (cue) members of the category. Participants were 

asked to read each item aloud and to use these items as retrieval cues to help them recall 

the remaining three items in the category. They were then given a test sheet printed with 

the category name, the three moderate items, and the first letter of each of the noncue 

items. Again, participants had 45 seconds to recall and say aloud as many of the three 

noncue items as they could recall. 

For each PLC or NPLC test, a subject studied a list, underwent 30 seconds of 

distraction and then immediately commenced the recall test. Subjects were tested over the 

course of two study sessions, one week apart. The first week, each subject studied and 

was tested either on both SM or both WM lists, in both the NPLC and PLC conditions. A 

fifteen minute break was given after study and subsequent test of the first list. The second 

list and its test were then presented. One week later, the same procedure was followed 

with the complementary type of lists. 

In both control and amnesic subjects, recall of critical items in the NPLC condition 

was significantly better for strong items than weak items. Control subjects showed a part 

list cuing effect for strong items, but not for weak. These results are consistent with those 

of Anderson et al. (1994), in which subjects also showed more pronounced retrieval 

difficulties with strong items than weak category exemplars. In contrast, the amnesic 

patients showed decreased recall for critical items in the PLC condition as compared to 

the NPLC condition for both strong and weak items, to roughly equivalent degrees. 

Bauml et al. (2002) argued that amnesic patients are more sensitive in general to 

incongruencies between the study and test conditions. They conjectured, however, that 
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this disadvantage was counteracted for strong items. Cermak, Verfaellie, Sweeney and 

Jacoby (1992) presented evidence suggesting that amnesic patients perform implicit word 

completion tasks in a different manner than do individuals who do not have memory 

disorders. Cermak et al. (1992) distinguished conscious recollection from fluency, or 

reinstatement of recently encountered information by exposure to some part of that cue. 

Their work with a process dissociation procedure suggested that control subjects employ 

both types of processes in implicit word stem completion, but that fluency dominates this 

task for amnesic patients. Cermak et al. (1992) had also found that patients' fluency-

based processing made them more likely to produce high frequency words in an implicit 

word completion task. In the same vein, Bauml, Kissler and Rak (2002) hypothesized that 

amnesic patients might be protected to some extent from the part list cuing effect when 

producing stronger items, as the production of these items would be most likely to involve 

fluency and not recollection. They inferred from the work of Basden et al. (1991) that the 

part list cuing effect does not occur with fluency-based tasks. As items became less 

common exemplars of their category, the likelihood of fluency overtaking recollection 

lessened. Thus, Bauml, Kissler and Rak (2002) hypothesized that part list cues were more 

disruptive to amnesic patients' production of weak items than that of strong items. 

On the surface, this result might seem to conflict with the findings of Perfect et al. 

(2002) and other discussion in this section regarding the findings of retrieval-induced 

forgetting, when assessed by a conceptually-mediated implicit task. Perceptually, only one 

letter difference exists between subjects' filling in a category-plus-first-letter-stem with the 

first word that comes to mind, as done in the Bauml et al. (2002) study, and subjects' 
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generating exemplars from a category cue, as done by Perfect et al. (2002). In truth, there 

may be little difference in the processing of these two tasks for the control subjects. The 

process for amnesic patients may, however, be more akin to a passive 

reinstatement/activation of the sort that Mandler (1994) discusses, which might protect to 

at least some extent from the part list cuing effect and retrieval-induced forgetting. 

In this study, the amnesic patients, just as the control subjects, recalled about 23% 

more strong items than weak items in the NPLC condition. However, the amnesic 

patients recalled less of both types of items than did control subjects. The authors argued 

that the lower recall performance of amnesic patients did not in and of itself make them 

more likely to show the part list cuing effect than control subjects. They point out that the 

control subjects showed the strongest effect in the condition under which they had more 

successful recall. They also split their healthy sample into "poor rememberers" and "good 

rememberers", based on their testing above or below the sample mean on recall of weak 

items. The poor rememberers, unlike the amnesic patients, were not prone to the PLC 

effect when tested on weak items. In fact, they showed slight facilitation for recall of 

weak items after part list cuing. The authors conclude that incongruencies between 

learning and test may affect retrieval in amnesic patients more strongly than they do in 

controls. 

That these patients have shown susceptibility to the part list cuing effect may be 

important to bear in mind when designing programs to teach amnesic patients new 

information. Since these individuals are already disadvantaged at recalling information, it 

is important to make learning programs as conducive as possible to their success. 
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Further work appears necessary, however, in order to understand how part list 

cues disrupt amnesic patients. Do part list cues prompt any retrieval process in amnesic 

patients? It is presumed that they prompt episodic retrieval and re-retrieval of the cues in 

control subjects, but many amnesic patients would have little residual ability to use this 

type of retrieval. It is possible, however, that amnesic patients continually re-retrieve part 

list cues in an effort to confirm that they do indeed belong to a specified category. On the 

other hand, presentation of such part list cues may prompt no retrieval process in amnesic 

patients, and the disruption caused by these items may occur because they provide a 

different context than that experienced by the subject during learning. 

If the latter situation were the case, that amnesic patients were disrupted by the 

context created by part list cues, then they may respond differently in a retrieval-practice 

paradigm, in which greater similarity between learning and test conditions are maintained. 

In the retrieval-practice paradigm, test trials are often presented one at a time, not unlike 

the way they are presented at study. While it is true that retrieval practice could still 

disrupt subjects' organization of the material, this possibility may be limited with amnesic 

patients, as any organizing principle that requires conscious referral to or rehearsal of prior 

trials is unlikely to be used by them. If a patient were not engaged in competitive semantic 

retrieval during retrieval practice, then later exposure to category-plus-letter cues may be 

conducted with no apparent retrieval-induced forgetting. These results would be expected 

if amnesic patients were relying upon a fluency process to complete these words. 

If, however, part list cues do induce retrieval, then both a mismatch between study 

and test conditions and retrieval competition may need to be addressed in the part list 
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cuing effect shown by amnesic patients. Because learning in amnesic patients can be 

hyperspecific (e.g., GUsky & Schacter, 1987, 1988, 1989; disky, Schacter & Tulving, 

1986a, 1986b), efforts to match study and test format to the greatest extent possible 

would be advisable. The results of Experiment 1 suggest some recommendations with 

regard to retrieval competition. In any given learning session, amnesic patients should not 

be encouraged to practice retrieving only part of new information that is to be learned 

within that day. Any review of part of the list should avoid inducing retrieval in a 

competitive context. Even offering additional presentations of the information in the 

learning context, such as done in the errorless learning approach fostered by Wilson and 

colleagues (e.g., Baddeley & Wilson, 1994; Wilson, Baddeley & Evans, 1994), may not 

completely circumvent patients' attempts to retrieve material. In these circumstances, 

patients may well be aware that the intent behind these trials is that they learn the 

information. Thus it is possible, at least for some patients, that reviewing part of a list 

with an errorless learning technique could lead to difficulty in accessing related 

information, at least in the immediate context. Perhaps, should part of the set of to-be-

1 earned information require review, patients would benefit from exposure to these items in 

an ostensibly unrelated task, which may even require nonsemantic processing, such as the 

"SYLLABLES" task in the read condition of Experiment 1. Even though this task did not 

require semantic analysis, exposure to these cue words did improve recall for them on the 

final test, and did not harm recall for critical items. As long as some recall process 

underlies performance on a final category-plus-letter cue, an even better task to review 

these cue items might stress semantic processing without inducing retrieval. Such a task 
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might help to facilitate the later production of related material. Further work with subjects 

who do not suffer from memory disorders may be advisable before applying this to 

amnesia. 

For nonamnesic individuals, the results of Experiment 2 suggest that limiting the 

set of competitors during practice of an item can protect other items from retrieval-

induced forgetting on a later recall test. When possible, then, it may be advantageous to 

practice items using a cue that specifies the least number of competitors. For example, 

one might subdivide general retrieval domains (e.g., "trees") into smaller domains (e.g., 

"conifers" and "deciduous trees") and use these more specific cues to prompt retrieval of 

information to be learned. The same technique could be applied to training programs for 

amnesic patients, but only if part list cues and retrieval practice cues do indeed induce 

some type of retrieval process. 

Other possible implications for teaching new information to amnesic patients might 

be drawn from the larger part list cuing and retrieval-induced forgetting literature. In the 

work with the method of vanishing cues (Glisky, Schacter & Tulving, 1986b), the 

importance of retrieval success on learning trials has already been stressed, as patients who 

make errors may continue to intrude these errors on further learning opportunities. The 

work on output interference reinforces this point, for an additional reason, and would be 

applicable to patients who are engaged in a retrieval process. In large sets of information, 

retrieval impairment may build for the items in a given category that are practiced last. 

This possibility underscores the importance of insuring retrieval success for all practiced 

items when patients are reviewing materials. 
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It has been shown that use of integrative imagery and verbal elaboration can aid 

amnesic patients' learning (e.g., Thoene & Glisky, 1995), though the extent to which 

patients can benefit from these mnemonics may depend on severity of amnesia (see Gade, 

1994). Glisky, Ryan, Vogler and Rapcsak (1998) found that patients with mild to 

moderate anterograde amnesia showed a learning benefit when the names of new birds to 

be learned were explicitly linked to information about previously known birds. The 

previously reviewed literature suggests that such integrative approaches to learning can 

also protect from the part list cuing effect (Park, 1980) and from retrieval-induced 

forgetting (Anderson & McCulloch, 1999; Smith and Hunt, 2000). This literature 

underscores the potential benefit then, for the use of integrative techniques in learning 

programs for amnesic patients. It is presumed that such a measure would be useful to 

protect from retrieval-induced forgetting only if a retrieval process were operative during 

cue review. This strategy may be most applicable when amnesia is less severe. 

In summary, the experiments discussed in this dissertation have added to an 

understanding of the mechanism of retrieval-induced forgetting, particularly regarding the 

contribution of retrieval processes, and the boundaries of retrieval competition influencing 

this phenomenon. Many of the principles discussed in the preceding paragraphs may be 

applied to learning and reminding in the general population. In fact, some researchers 

have suggested changes in the conduct of police interviews, based on the findings of work 

in part list cuing and retrieval-induced forgetting (MacLeod, 2002; Shaw et al, 1995). 

The principles uncovered in this body of research may also have implications for cognitive 

rehabilitation programs, although amnesic patients may, in some circumstances, have 
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needs and responses that differ greatly and even diametrically oppose those of the general 

population. In particular, amnesic patients may at times rely on passive reinstatement of 

perceptual information to bring previously presented information to mind, rather than on 

active retrieval processes. Since active retrieval processes are implicated in the part list 

cuing effect and retrieval-induced forgetting, amnesic patients may at times be spared the 

detrimental effects of these phenomena. Furthermore, it remains possible that cues can be 

presented and processed in a manner that makes them highly facilitative for related 

information, and these facilitative processes may be within range for amnesic patients. 

Further work to understand conditions that favor facilitation, whether via spreading 

activation or other mechanisms, and to apply them to cognitive rehabilitation has the 

potential to bear good fruit. 
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APPENDIX A; MATERIALS FOR EXPERIMENT 1 

Cue items are listed first, and critical items are in bold type. 

BIRDS FLOWERS DMNKS 
robin tulip vodka 
sparrow pansy brandy 
wren orchid champagne 
eagle gardenia highball 
pigeon chrysanthemum scotch 
oriole carnation bourbon 

FABRICS METALS FISH 
wool platinum herring 
burlap nickel trout 
rayon lead perch 
silk tin salmon 
denim zinc bluegill 
velvet copper shark 

INSECTS PROFESSIONS INSTRUMENTS 
roach nurse flute 
wasp scientist saxophone 
ladybug carpenter clarinet 
gnat plumber guitar 
termite accountant oboe 
hornet dentist drum 

SEASONINGS TREES WEAPONS 
vanilla maple cannon 
cloves birch fists 
mustard pine rope 
garlic dogwood poison 
pepper hickory sword 
cinnamon walnut spear 
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APPEIMDIX B: MATERIALS FOR EXPERIMENT 2 

Paired categories. The first six items belong to the first category, while the second six 
belong to the second. The three central items are shared and were used as cue items. 
Items used as critical items are in bold type. 

RED/FRUITS LEAVES / SPICES 
sunburn maple 
lipstick spinach 
brick cabbage 
apple basil 
strawberry parsley 
cherry oregano 
lime garlic 
banana salt 
tangerine mustard 

SHARP/SURGICAL POISONOUS/PESTS 
pencil arsenic 
tack mercury 
claws bleach 
scissors centipede 
needle spider 
razor wasp 
clip roach 
bandage termite 
mask grasshopper 

CLOTHING / LEATHER BAKED / SWEETS 
underwear rolls 
socks pumpernickel 
pajamas sourdough 
belt cookie 
gloves danish 
jacket brownie 
wallet popsicle 
saddle jellybean 
handbag marshmallow 



APPLIANCES / KITCHEN 
vsicimiiii 
dryer 
iron 
oven 
refrigerator 
toaster 
spatula 
plate 
cabinet 

BUILDINGS / RELIGIOUS 
dormitoiy 
palace 
igloo 
synagogue 
chapel 
mosque 
prayer 
altar 
hymns 

ANIMALS/DESERT 
• eagle 
tiger 
sheep 
quail 
lizard 
coyote 
oasis 
mirage 
saguaro 

WATER/WAVES 
reservoir 
flood 
streami 
tsunami 
whitecaps 
breakers 
sound 
light 
air 

INSTRUMENTS / SHINY 
guitar 
piano 
drum 
flute 
saxophone 
trumpet 
penny 
ring 
glitter 

TOOLS/LOUD 
wrench 
crowbar 
pliers 
jackhammer 
drill 
handsaw 
siren 
airport 
traffic 
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APPENDIX C: MATERIALS FOR EXPERIMENT 3 

The first three items were always cue items. Studied critical items are in bold type, while 
extralist critical items are in italics. The list status of critical items (studied or extralist) 
was alternated between subjects, so that across subjects, each set of three items was either 
included or not included in the study list an equal number of times. 

BIRDS SEASONINGS PROFESSIONS FISH 
robin vanilla nurse herring 
sparrow oregano scientist trout 
wren mustard carpenter perch 
eagle garlic plumber salmon 
pigeon pepper accountant bluegill 
oriole cinnamon dentist cod 
crow nutmeg psychologist minnow 
canary cloves policeman shark 
hawk paprika salesman guppy 

FABRICS FLOWERS TREES INSTRUMENTS 
wool tulip maple flute 
burlap pansy birch saxophone 
rayon orchid pine clarinet 
silk gardenia dogwood guitar 
denim violet hickory oboe 
velvet carnation walnut drum 
nylon daisy spruce trumpet 
linen daffodil elm cello 
satin lily oak banjo 

INSECTS METALS DRINKS WEAPONS 
roach platinum vodka cannon 
wasp nickel ram fists 
ladybug lead champagne rope 
gnat tin ale poison 
termite zinc scotch sword 
hornet copper bourbon grenade 
mosquito aluminum brandy axe 
beetle brass vermouth tank 
grasshopper magnesium martini pistol 
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