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Current evidence indicates that the retrieval of information may be a source of forgetting. Retrieval increases the probability of retrieving the recovered items in a subsequent memory test; however, items that were not retrieved but were associated to the same retrieval cue are less likely to be recalled relative to control items.
This type of forgetting is known as retrieval-induced forgetting (RIF) and has been studied with the retrieval-practice (RP) paradigm. In RP, participants first study a list of category-exemplar pairs (e.g., fruit-orange). Then, in a practice task, they are presented with half of the categories and asked recall half of the exemplars (Rp+) paired with those categories. After a retention interval, a recall task involving all the study items is introduced. RIF is observed when the probability of recalling unpracticed exemplars belonging to practiced categories (Rp−) is significantly lower than the probability of recalling exemplars from unpracticed categories (Nrp).

RIF has been attributed to inhibition. During RP, Rp− items are inhibited to reduce competition. When presented in a later memory test, they are harder to retrieve than Nrp items. However, other noninhibitory explanations have been proposed, such as associative blocking. According to this view, when a response is strengthened, the relative strength of the remaining items declines: At recall, the strengthened item would have a retrieval advantage that will lead it to compete with and block the recall of the target. This theory predicts that RIF should only be found when the cue used to perform RP is presented during attempts to recall related traces. However, RIF has been found even in conditions where Rp− items are tested with cues different from those used during study and RP.

Although the assumption that an inhibitory process underlies RIF is widely accepted, less is known about how exactly this inhibitory process operates. Anderson (2003) and Levy and Anderson (2002) proposed that inhibition in memory retrieval is caused by executive-control mechanisms that are not limited to controlling memory. They suggested that inhibition is a general executive process that it is also used to control overt behavior or to ignore irrelevant stimuli. They further proposed that the inhibitory mechanism that acts on memory shares neural substrates with the controlled processes involved in perceptual-motor response-override tasks. Supporting evidence comes from neurocognitive studies on RIF. Thus, in a functional magnetic resonance imaging study, Kuhl et al. (2007) found significant prefrontal activity during RP. This prefrontal involvement decreased over repeated retrieval trials, which suggests that the demands for control were higher during the first RP trials but decreased as the related but irrelevant memories became inhibited. This decline in prefrontal activity was strongly associated to subsequent forgetting of competing memories. Similarly, Johanssen et al. (2007) found that prefrontal event-related potential components were predictive of RIF, suggesting that control processes are involved in the effect.

In contrast, others have argued that an automatic type of inhibition is the underlying cause of RIF (Conway & Fthenaki, 2003). According to this view, at least two types of inhibitory processes should be distinguished: first, intentional-controlled inhibition that acts in situations that require voluntary control to avoid intrusions from unwanted information (e.g., directed-forgetting, think/no-think, or Stroop-like procedures); second, automatic inhibition that occurs whenever irrelevant information is activated together with relevant information, and is then unconsciously suppressed in favor of the relevant information (e.g., RP). This view is supported by data showing that RIF is present in some populations that are supposed to show deficits in executive control, such as children or old adults with and without Alzheimer disease, patients with lesions in the frontal lobe, and schizophrenics.

Although the data regarding the two positions are in conflict, they can be subject to alternative explanations. It could be argued that prefrontal activity in RIF reflects control processes other than inhibition, but it could also be argued that RIF in some of the neuropsychological and developmental data may be due to interference, and not to intact inhibition. Therefore, in the study described here, we investigated RIF when attentional resources were stressed by introducing a concurrent task during the RP of a typical retrieval-practice procedure. If inhibition at retrieval needs executive control, then overloading attentional resources would impede inhibition to act. We used two different dual-task conditions, both of them requiring updating of information and executive control. In the first task, updating was performed for each RP trial (participants were asked to maintain and select numbers according to a criterion that varied trial by trial). In the second task, updating was performed continuously during the RP phase (participants listened to a continuous series of numbers and were asked to press a key whenever three odd numbers were presented consecutively). Our aim was to ensure that executive processing proceeded simultaneously with retrieval attempt. To avoid interference explanations, we included a final recognition test.

Ninety-six students participated for course credit. They were randomly assigned to conditions.

The design conformed to a 3 × 3 mixed model with type of RP task as a between-participants variable (single task, trial-by-trial-updating task, and continuous-updating task) and type of item (Rp+, Rp−, Nrp) as a within-participants variable.

Six categories (two more were used as fillers) were drawn from Batting and Montague (1969). For each category, six exemplars were selected. Six blocks of six items were created containing one exemplar from each experimental category. The order of the blocks and the exemplars within them was randomized for each participant.

In the learning phase, pairs were presented on the center of the screen for 5 s, after which the participants performed the RP task. In the single-task (control) condition, the category label and the first two letters of the exemplar were presented on the screen for 8 s. Participants were to recall aloud the studied exemplar that matched the cue. In the trial-by-trial-updating task (Fig. 1a), five digits were presented on the screen for 5 s. After that, the category label and the first two letters of the exemplar were presented and a 100-ms tone of high or low frequency was played. Participants were instructed to recall aloud the exemplar whose cue was shown on the screen (for 2,500 ms). Then they were required to recall the two smallest digits if the tone frequency was low or the two largest digits if the tone frequency was high. For the continuous-updating task (Fig. 1b), semirandom sequences of single digits were recorded at a rate of 1 digit per second for auditory presentation during the RP phase. In each sequence, the proportion of odd digits was double than the proportion of even digits. Participants were told to press a key whenever they heard three odd digits consecutively and to recall aloud the exemplar whose cue was on the screen. Responses were registered by the experimenter in all conditions. Reaction times on the retrieval-practice trials were recorded by the computer during the single-task (control) and trial-by-trial updating conditions, but it was not possible in the continuous-updating condition because of procedural reasons.

Fig. 1.  Schematic representation of (a) the trial-by-trial-updating and (b) the continuous-updating tasks during the retrieval-practice phase. In each panel, the top row shows the sequence of visual displays, the middle row shows the sequence of audio stimuli, and the bottom row shows the participants' task. 

For both updating conditions, additional digit sequences were presented before the RP phase. These sequences were similar to those presented during RP. Participants were asked to perform their corresponding updating tasks before the actual RP phase started. Comparison of performance in the secondary task when performed singly and concurrent to the RP task served to estimate dual-task cost.

The memory test involved exemplar recognition. Participants were presented with the 36 studied exemplars and with 36 new exemplars. Eighteen of the new exemplars were from nonstudied categories, and 18 of the new exemplars were from the studied categories. Exemplars were presented singly in the center of the screen for recognition and remained there until the participant made his or her recognition response by pressing the corresponding key.

Although the effect of type of task on the percentage of recall was not significant, F(2, 91) = 1.46, prep= .80,  [image: image1.png]


   (Table 1), retrieval times were slower for participants in the trial-by-trial updating condition than for those in the control condition, F(1, 61) = 33.24, prep= .99.  [image: image2.png]


  . In addition, comparisons of performance in the updating tasks performed singly versus performance in those performed concurrently were significant for the trial-by-trial-updating task group, F(1, 30) = 24.49, prep= .99,  [image: image3.png]


  , and for the continuous-updating task group, F(1, 30) = 7.74, prep= .97,  [image: image4.png]
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TABLE 1 
Mean Performance on the Retrieval-Practice and Updating Tasks During the Retrieval-Practice Phase

	


	Task and performance measure

Condition



Single task
(control)

Trial-by-trial
updating

Continuous
updating



Retrieval-practice task

  Mean percentage correct

77.14 (14.08)

75.27 (15.22)

70.67 (17.03)

  Mean reaction time (ms)

1,053.27 (161.05)

1,512.97 (440.40)

—

Updating task

  Mean percentage correct when performed alone

—

87.33 (11.17)

91.94 (22.72)

  Mean percentage correct when performed    concurrently with retrieval-practice task

—

76.95 (11.28)

76.98 (15.35)



  Note. Standard deviations are given in parentheses. Participants in the single-task (control) condition performed only the retrieval-practice task. Participants in the updating conditions performed their respective updating task both by itself and concurrently with the retrieval-practice task. 



	



A 3 (type of RP task) × 2 (practice status: Rp− vs. Nrp) analysis of variance (ANOVA) on the accuracy measures (corrected hits for practiced and unpracticed categories) showed that the interaction was significant, F(2, 91) = 3.44, prep= .93,  [image: image5.png]


   (Table 2). Reliable RIF was observed in the control condition, F(1, 31) = 11.53, prep= .99,  [image: image6.png]


  , whereas no evidence of forgetting was found in the trial-by-trial-updating condition, F(1, 30) < 1, prep= .55,  [image: image7.png]n,” = .00l



  , or in the continuous-updating condition, F(1, 30) = 1.81, prep= .82,  [image: image8.png]
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TABLE 2 
Mean Percentages of False Alarms and Corrected Hits and Reaction Times During the Final Recognition Phase as a Function of Type of Retrieval Practice and Type of Concurrent Task

	


	Variable and concurrent task

Type of retrieval practice

Retrieval-induced
forgetting



Rp+

Rp−

Nrp



Corrected hits

  No concurrent task (control)

73.96 (16.60)

48.61 (20.11)

62.41 (18.18)

13.80

  Trial-by-trial-updating task

83.15 (13.72)

64.87 (19.69)

64.16 (17.56)

−0.71

  Continuous-updating task

80.65 (15.71)

60.93 (20.86)

65.86 (21.89)

4.93

False alarms

  No concurrent task (control)

10.07 (9.92)

9.65 (10.83)

—

  Trial-by-trial-updating task

6.45 (11.03)

8.60 (8.94)

—

  Continuous-updating task

7.85 (10.42)

6.09 (9.00)

—

Reaction time (ms)

  No concurrent task (control)

939.07 (481.85)

1,106.08 (342.19)

990.71 (276.78)

−115.37

  Trial-by-trial-updating task

800.04 (174.82)

896.99 (205.50)

878.00 (152.95)

−18.99

  Continuous-updating task

736.32 (165.96)

852.57 (251.50)

838.52 (108.52)

−14.05



  Note. Standard deviations are given in parentheses. Practice status was manipulated in the retrieval-practice phase: Rp+ items are practiced exemplars from practiced categories, Rp− items are unpracticed exemplars from practiced categories, and Nrp items are exemplars from unpracticed categories. For false alarms, the Rp+ and Rp− columns are merged because it is not possible to calculate independent false alarm rates for these two categories of items. Retrieval-induced forgetting was calculated by subtracting performance on Rp− items from performance on Nrp items. See the text for details. 



	



The ANOVA performed on reaction time also showed a reliable interaction, F(2, 91) = 3.04, prep= .92,  [image: image9.png]


  . It took longer to respond to Rp− items than to Nrp items, but only for the control group, F(1, 31) = 7.57, prep= .97,  [image: image10.png]


   (both concurrent conditions with F < 1 and  [image: image11.png]n,~ <.02



  ). Hence, these analyses clearly indicated that for both correct recognition and reaction times, RIF was present for the control condition and absent for the two concurrent conditions.

All participants were better at recognizing the Rp+ items than at recognizing the Nrp items, F(1, 91) = 54.65, prep= .99,  [image: image12.png]


  ; interaction with F(2, 91) = 1.11, prep= .75,  [image: image13.png]


  . The analysis performed on the reaction time data showed that the status of practice was significant, F(1, 91) = 14.49, prep= .99,  [image: image14.png]


  , but the interaction was not, F(1, 91) < 1, prep= .64,  [image: image15.png]n,~=.01



   (Table 2).

Anderson (e.g., Anderson, 2005) has proposed that inhibition in RP and in other paradigms involving memory control is the result of a central executive mechanism operating on internal stimuli. In contrast, others have argued that inhibition in RIF is automatic. We explored this issue by comparing RIF in a standard condition with the RIF obtained in conditions where participants were asked to perform concurrent tasks. Consistent with Anderson's proposal, we obtained a reduction in the magnitude of RIF when attentional control was divided between attempts to retrieve the items and the concurrent task. Thus, accuracy and reaction-time measures showed that memory traces for Rp− items were inhibited in the control condition, whereas this was not true when participants were required to also accomplish the updating tasks (trial-by-trial or continuous). This result suggests that our concurrent tasks hindered the operation of the mechanism otherwise yielding RIF.

The pattern of results during the retrieval-practice phase also indicates that retrieval and updating recruit the same pool of controlled resources. Performance on the updating tasks was better when they were accomplished singly than in dual-task conditions. Similarly, retrieval was slower when it was performed concurrently with the trial-by-trial-updating task. Hence, dual tasking led to less efficient performance during the RP phase, and participants in the dual-task conditions did not show RIF in the final test. Because inhibition is assumed to act during the RP phase, overloading attentional control by introducing a concurrent task during RP had clear effects on inhibition. This strongly suggests that inhibition at retrieval is an executive mechanism demanding executive attention.

This involvement of executive control on RIF undermines the dissociation between intentionality and control. Some authors have proposed that inhibition is intentionally triggered in experimental settings such as directed-forgetting and think/no-think paradigms, whereas no intention is involved in RP. In the directed-forgetting paradigm, participants are explicitly asked to forget a list of just studied items. Similarly, in think/no-think paradigms, participants are explicitly asked not to think about or retrieve specific items. In contrast, in the RP paradigm, there is neither explicit instruction nor an obvious goal to forget any of the presented items. This lack of intentionality in RIF has been associated to lack of attentional control. The present results suggest that memory inhibition requires attentional control independently of the intention to forget.

This conclusion is consistent with neurocognitive studies showing prefrontal involvement in RIF and other intentional tasks such as think/no-think tasks. However, these results contradict those from individual differences studies that show preserved RIF in populations with deficits in executive control. There could be two reasons for this discrepancy. First, most of these studies examined RIF using free recall, and therefore, blocking, and not inhibition, may be producing RIF. In free recall, Rp+ items are usually recalled first, and therefore might block the recall of Rp− items. Soriano, Jiménez, Román, and Bajo (in press) showed RIF in schizophrenic patients in free recall, but this effect was not present in recognition tasks. Second, executive control may not be an all-or-nothing matter. Variations in inhibitory functioning may result from differences in the ability to control attention, as well as differences in the setting demands. Therefore, selection at retrieval could require moderate levels of control that might still be available to people known to show inhibitory deficits in more demanding tasks. Further research should address this last point.

Finally, it is theoretically important that we found substantial and equivalent facilitation of Rp+ items in the three conditions of the experiment, but no impairment of the Rp− items in the two dual-task conditions. This pattern provides strong evidence against associative blocking interpretations of the RIF effect by clearly showing that strengthening by itself does not produce RIF.
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