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11 Abstract In three experiments, we examined the role of the
12 detection and recollection of change in proactive effects of
13 memory in a classic A–B, A–D paradigm. Participants stud-
14 ied two lists of word pairs that included pairs repeated
15 across lists (A–B, A–B), pairs with the same cue but a
16 changed response (A–B, A–D) in the second list, and con-
17 trol pairs (A–B, C–D). The results revealed that perfor-
18 mance on A–B, A–D pairs reflected a mixture of
19 facilitation and interference effects. Proactive facilitation
20 occurred when changes in responses were detected and
21 recollected, whereas proactive interference occurred when
22 change was not detected or when it was not recollected. We
23 describe detecting change as involving recursive remindings
24 that result in memory for the List 1 response being embed-
25 ded in the representation of memory for the List 2 response.
26 These embedded representations preserve the temporal or-
27 der of the responses. Our findings highlight the importance
28 of detection and recollection of change for proactive effects
29 of memory.

30 Keywords Change detection . Proactive effects .

31 Interference . Facilitation . Recursive remindings

32 A politician changes his position on an important issue in a
33 way that contradicts an earlier-held position and hopes that
34 the change will go unnoticed. If noticed, he fears that having
35 made the change in position will result in his being labeled
36 as a “flip-flopper.” However, even if the change is unno-
37 ticed, there is reason to expect an influence of memory for
38 the earlier-held position on that for the later-held position

39because of proactive interference. In the language of paired-
40associate learning, the situation can be represented as A
41(politician)–B (earlier position) followed by A (politician)–
42D (changed position). Proactive interference refers to the
43deleterious effects of memory for A–B on later recall of A–
44D. Such interference has been found in laboratory experi-
45ments examining memory for paired associates and has been
46attributed to response competition (e.g., Postman &
47Underwood, 1973). If the A–B association is a strong one,
48memory for the original response (B) is said to compete with
49the changed response (D) and to produce proactive interfer-
50ence by serving as a source of errors during attempts to
51recall the changed response.
52When is an audience likely to become aware of change in
53a politician’s position, and what are the effects of awareness
54of this change on subsequent memory? For change to be
55noted and remembered, it is necessary that a later event
56remind one of the corresponding earlier event(s). Again in
57the language of memory for paired associates, it is important
58that one be reminded of A–B by the presentation of A–D.
59For the self-contradicting politician, the change in position
60with regard to an issue is more likely to be detected if the
61initial position was repeatedly stated, making it more easily
62remembered. Being reminded of the earlier position (A–B)
63by presentation of the changed position (A–D) might further
64enhance memory for the earlier position. More importantly
65for the present purposes, such change detection might also
66be followed by recollection of the change and, thereby,
67enhance memory for the later-held position (i.e., proactive
68facilitation).
69Continuing the example of contradictory positions held
70by a politician, the underlying memory representation could
71take the form of “Politician A, who earlier held position B,
72now holds position D.” The form is one of recursion, which
73serves to embed the earlier event into the memory represen-
74tation for the later event. Corballis (2011) argued that
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75 memory is recursive and that its being so serves as the origin
76 of language and thought. A recursive representation creates
77 dependence between the original and changed responses,
78 making it likely that they will later be recalled together.
79 Also, as was noted by Hintzman (2011), recursive remind-
80 ing preserves the temporal order of events. Because of these
81 effects, we argue that recursive reminding can result in
82 proactive facilitation of memory for the changed response
83 (A–D). Although recursive remindings are sometimes spon-
84 taneous (Hintzman, 2011), we hold that individual differ-
85 ences and task demands also play a role in the occurrence of
86 recursive remindings (e.g., Jacoby, 1974).
87 In the experiments reported here, we examined the effects
88 of detection and memory for change with paired associates.
89 To anticipate the results, we show that detection and mem-
90 ory for change produced proactive facilitation. Proactive
91 facilitation is shown by memory for a second event (A–D)
92 being superior to the memory that would be observed if the
93 first event (A–B) had not occurred (i.e., a control condition).
94 Increasing the number of presentations of A–B had the
95 effect of increasing detection of change and, thereby, pro-
96 duced increased memory for A–D. In the absence of detec-
97 tion and memory for change, prior presentation of A–B
98 reduced later memory of A–D (i.e., proactive interference).
99 Before describing our experiments, we will briefly review
100 the relevant literature.
101 Prior research has shown the importance of remindings
102 for memory of the temporal order of events and for effects of
103 repetitions. Judgments of recency are superior for related
104 (e.g., queen–king) as compared to unrelated (e.g., spider–
105 table) words (Hintzman, 2010; Tzeng & Cotton, 1980;
106 Winograd & Soloway, 1985). This effect on memory for
107 temporal order has been explained as being due to the
108 presentation of the second member of a related pair (e.g.,
109 king) reminding participants of the first member of the pair
110 (e.g., queen). Remindings also play a role in frequency
111 judgments (Hintzman, 2004) and in memory for semantic
112 associates (e.g., Benjamin & Ross, 2010). For each of these
113 cases, remindings are said to have their effect by embedding
114 memory for the earlier event into that of the later event.
115 Brain regions such as the left posterior hippocampus and
116 parahippocampal cortex have been shown to be associated
117 with individual differences in response integration and sus-
118 ceptibility to retroactive interference, suggesting potential
119 biological correlates of remindings (e.g., Kuhl, Shah,
120 DuBrow, & Wagner, 2010).
121 Of particular relevance to the present experiments,
122 remindings are important for finding facilitative effects of
123 repetitions. An early example of this can be seen in the
124 paired-associate learning experiments by Asch, Rescorla,
125 and Linder, as reported by Asch (1969). In their experi-
126 ments, a single well-learned pair from a first list was includ-
127 ed in a second list of pairs that was presented after a delay.

128This form of presentation discouraged participants from
129recognizing the repetition in List 2, resulting in a small
130percentage of participants doing so. Participants who did
131not recognize the repeated pair as being such showed no
132advantage in memory for the repeated pairs, as compared to
133new pairs that only appeared in List 2. In contrast, partic-
134ipants who did recognize the repetition showed a facilitative
135effect. Furthermore, when another group was told about the
136repetition and encouraged to notice it prior to studying List
1372, nearly every participant did so and showed a facilitative
138effect of repetition. Encouraging participants to notice the
139repetition can be described as encouraging them to engage
140in reminding. Similarly, Appleton-Knapp, Bjork, and
141Wickens (2005) showed the importance of reminding for
142the effect of spacing repetitions on memory for advertise-
143ments. Their results showed that study-phase retrievals (i.e.,
144remindings) contributed to the benefit of spacing repetitions.
145At long spacings of repetitions, inducing variations in ads
146by changes in formatting or content reduced the effects of
147repetition by decreasing remindings of earlier variants of an
148ad (for further evidence of the importance of remindings for
149the effects of spacing repetitions, see Benjamin & Tullis,
1502010; Johnston & Uhl, 1976).
151The above experiments provided evidence that judg-
152ments of temporal order and repetition effects are facilitated
153by remindings that result in detection and memory of con-
154sistency among events. Similarly, detection and memory for
155change might rely on reminding and produce facilitation
156effects. Experiments examining memory for paired associ-
157ates in A–B, A–D paradigms have typically found proactive
158interference. However, several studies have shown that per-
159formance on A–B, A–D pairs does not differ from, or is
160even better than, performance on controls (e.g., Barnes &
161Underwood, 1959; Bruce & Weaver, 1973; E. Martin, 1968;
162Postman, 1964; Robbins & Bray, 1974). We argue that these
163differences can be explained by variation in the probability
164of remindings and describe advantages of our recursive-
165remindings account over a mediation account of facilitation
166effects (e.g., Barnes & Underwood, 1959).
167Barnes and Underwood (1959) found retroactive facilita-
168tion effects by varying the similarity of responses in two
169lists. For an A–B, A–B' paradigm, the responses in List 2
170were synonyms of the responses in List 1 (e.g., afraid,
171scared), whereas in an A–B, A–D paradigm the responses
172were unrelated. At test, participants recalled responses from
173both lists. For the A–B, A–D paradigm, recall of List 1
174declined with increased numbers of trials on List 2, showing
175retroactive interference. In contrast, for the A–B, A–B'
176paradigm, recall of List 2 was nearly perfect after one trial,
177and recall of List 1 did not decline appreciably across
178increases in List 2 trials. Facilitation in the A–B, A–B'
179paradigm was explained as resulting from participants tak-
180ing advantage of the strong associations between responses
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181 by using List 1 responses to mediate their learning of the
182 List 2 responses. That is, List 2 learning was said to be of
183 the form A–B–B'. Support for this mediation account was
184 provided by the finding that the List 1 response was more
185 often recalled first, as would be expected if learning of the
186 List 2 response was mediated by the List 1 response.
187 Furthermore, nearly all participants reported using the List
188 1 response to help them remember the List 2 response.
189 It is important that participants were aware of using List 1
190 responses to aid their memory of List 2 responses in the
191 Barnes and Underwood (1959) experiment. R. B. Martin
192 and Dean (1964) provided direct evidence of the importance
193 of such awareness for finding effects that have been attrib-
194 uted to mediation by associations. In their experiment, par-
195 ticipants learned a list of A–B pairs and then learned a
196 second list that contained pairs for which the response was
197 a strong associate of a List 1 response (i.e., Barnes &
198 Underwood’s A–B, A–B' condition), as well as pairs for
199 which the responses in the two lists were unrelated (i.e.,
200 Barnes & Underwood’s A–B, A–D condition). Following
201 the test of the second list, participants described how they
202 had learned each pair. Results revealed an advantage for the
203 A–B, A–B' pairs over A–B, A–D pairs only for A–B, A–B'
204 pairs whose learning was reported as relying on memory of
205 the List 1 response. R. B. Martin and Dean distinguished
206 between explicit (aware) and implicit (unaware) mediation
207 and concluded that their results showed no evidence of
208 implicit mediation. The importance of awareness has led
209 some (see Hall, 1971, pp. 396–398) to doubt the existence
210 of associative mediation of the sort credited for effects of
211 strong associations between responses (e.g., Russell &
212 Storms, 1955).
213 As an alternative to a mediation account, facilitation of
214 memory for a changed response can be described as result-
215 ing from detection and later recollection of change. Doing
216 so explains the importance of awareness of the relationship
217 between the original and changed responses. By a memory-
218 for-change account, detection of change results from study-
219 phase remindings that are available to conscious awareness.
220 Awareness of change is important for facilitating perfor-
221 mance because what is thought about an item during its
222 presentation is what is encoded in memory. When change
223 is detected, the earlier pair (A–B) is embedded into a repre-
224 sentation of the later pair (A–D), preserving the order of the
225 two responses (cf. Hintzman, 2010). Recollection of the
226 recursive reminding at test results in proactive facilitation.
227 In contrast to mediation accounts of proactive facilitation
228 (e.g., Barnes & Underwood, 1959), the memory-for-change
229 account predicts that proactive facilitation will not require
230 the presence of a strong associative relationship between
231 responses. Although it is likely necessary for there to be
232 some potential relationship between responses in order to
233 produce detection of change along with recursive encoding,

234we predict that proactive facilitation can be found even
235when there is only a very weak or no preexperimental
236association between responses.
237Whereas memory for change provides a means of pre-
238serving the order of events, a mediation account of proactive
239facilitation does not do so. A strong extraexperimental as-
240sociation between B and D does not by itself preserve
241information regarding the lists in which the responses oc-
242curred. Indeed, one might expect that a strong association
243between responses would reduce list differentiation and,
244thereby, result in List 1 responses more often intruding when
245participants are asked to recall List 2 responses. Results of
246this sort were reported by Young (1955). In Young’s experi-
247ments, the similarity of adjectives paired with a cue varied
248from low to medium to high. In a test of the proactive effects
249of earlier presentations, the number of intrusions of adjec-
250tives from earlier lists increased with the similarity of
251adjectives.
252We forward a dual-process model that holds that proac-
253tive facilitation originates from recursive remindings that
254embed memory for a List 1 pairing (A–B) in memory for a
255List 2 pairing (A–D), just as described for the self-
256contradicting politician, rather than from mediation between
257responses. In doing so, we build on evidence showing the
258importance of awareness of repetition (remindings) for the
259magnitude of repetition effects (e.g., Appleton-Knapp et al.,
2602005; Asch, 1969), but focus on the detection of change
261rather than on the detection of consistency (e.g., repetition).
262In the absence of detection and recollection of change,
263participants are held to rely on associative strength as a basis
264for responding (e.g., Postman & Underwood, 1973), with
265the result that proactive interference is observed, whereas
266recollection of change results in proactive facilitation.
267It is likely that a dual-process model is necessary to
268account for the effects of repetition and change. In that vein,
269Hintzman (2004) convincingly showed that judgments of
270frequency depend on recursive remindings. However, very
271dense amnesics also show an effect of repetition on frequen-
272cy judgments, although they are unable to engage in recol-
273lection of the sort necessary to profit from remindings. For
274amnesics, increasing the frequency of presentation of an
275item increases both its judged frequency and recency, as
276does increasing the recency of presentation of an item.
277These results suggest that amnesics make both recency and
278frequency judgments on the basis of overall memory
279strength (Huppert & Piercy, 1978) and support the possibil-
280ity that repetition can result in a strengthening of memory
281that has relatively automatic effects, as well as in recursive
282remindings that rely on recollection.
283It is difficult to separate the effects of recollection from
284those of automatic influences on frequency and recency
285judgments, because both serve to enhance performance. In
286contrast, arranging a situation such that the automatic
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287 influences of memory produce an effect that is opposite to
288 that produced by recollection has important advantages as a
289 means of gaining evidence to support a dual-process model
290 of memory (e.g., Jacoby, 1991; for a review, see Yonelinas
291 & Jacoby, 2012). In this vein, strong support for a dual-
292 process model would be provided by findings that a change
293 produces proactive facilitation when the change is detected
294 and recollected but produces an opposite effect (i.e.,
295 proactive interference) in the absence of detection and
296 recollection.
297 According to our dual-process model, the overall later
298 recall of changed responses in an A–B, A–D paradigm
299 reflects a mixture of proactive facilitation originating from
300 recollection of change, encoded as a recursive reminding,
301 and proactive interference originating from a more automat-
302 ic basis for responding that reflects associative strength. To
303 gain support for this claim, what is needed are means of
304 measuring the detection and recollection of change. Next,
305 we describe the procedure of Experiment 1 in order to
306 introduce the measures of detection and recollection of
307 change employed in our experiments.
308 In our experiments, we employed a within-participants
309 manipulation of the correspondence between List 1 and List
310 2 pairs. List 2 included pairs that were the same as those in
311 List 1 (A–B, A–B), pairs for which the response was
312 changed between lists (A–B, A–D), and pairs for which
313 neither member of the pair had appeared in List 1 (A–B,
314 C–D). In contrast to the pairs used in investigations of
315 mediation effects (e.g., Barnes & Underwood, 1959), the
316 right-hand members of A–B and A–D pairs were, at most,
317 weak preexperimental associates of one another. A–B pairs
318 were presented either two or four times in List 1.
319 Manipulating the relation between the pairs in the two lists
320 allowed us to investigate change detection and memory for
321 change. To measure detection of change during List 2,
322 participants were instructed to indicate whether they noticed
323 that a response paired with a cue presented in List 1 had
324 changed between lists (i.e., A–B, A–D pairs). Furthermore,
325 they were told to recall the List 1 response when they
326 detected such a change.
327 At test, participants were provided with the left-hand
328 member of each pair presented in List 2 and asked to recall
329 the right-hand member of that pair. To measure recollection
330 of change at the time of test, we employed a remindings
331 report procedure. Participants were instructed that if another
332 word came to mind prior to or simultaneously with a word
333 that they produced as being a List 2 response, they were to
334 report the word that came to mind. Reporting a List 1
335 response as having come to mind was treated as indicating
336 that a reminding had occurred during List 2 study and was
337 recollected at test. The rationale for doing so was that if
338 change was recollected, the List 1 response would be
339 expected to come to mind prior to or simultaneously with

340the List 2 response because of the dependency created by
341the underlying recursive representation. Returning to the
342example of a self-contradicting politician, the suggestion is
343that if asked to recall the politician’s current position, the
344prior position would likely come to mind first or simulta-
345neously with the current position—that is, the “flip” will
346come to mind prior to the “flop.”
347We expected that the accessibility of List 1 responses
348would increase with List 1 presentations, thus producing a
349higher probability of change detection for A–B, A–D items
350during the presentation of List 2, along with a higher prob-
351ability of recollection of change as measured by the remind-
352ings report procedure. Proactive facilitation was expected
353when change was recollected, and proactive interference
354resulting from automatic influences of memory was
355expected when change was not recollected.
356To gain evidence of the importance of recollection of
357change, we conditionalized the probability of List 2 recall
358in the A–B, A–D condition on the presence versus absence
359of change recollection as measured by the remindings report
360procedure. Reliance on conditionalized results carries the
361danger that the results obtained would be influenced by item
362selection effects. In this vein, a modestly positive correlation
363has been found in the rates of acquisition of first- and
364second-list responses to the same stimulus in the A–B, A–
365D paradigm (Postman & Stark, 1969; Wichawut & Martin,
3661971). This correlation presumably reflects differences
367among stimuli in the ease of their recognition and/or the
368ease with which associations to other items can be formed.
369For our results, effects obtained by conditionalizing recall
370on memory for change might reflect such item differences.
371Consequently, we employed hierarchical regression analy-
372ses to show that for each of our experiments, memory for
373change had effects beyond those produced by item
374differences.
375We also employed hierarchical regression analyses to
376examine whether individual differences in the probability
377of recollection of change were correlated with List 2 recall.
378As we will describe in the General Discussion, people likely
379differ in the extent to which they detect and remember
380change. Individual differences in detection and memory
381for change have not previously been a focus for investiga-
382tion but are likely to be important for performance on a
383variety of tasks.

384Experiment 1

385Method

386Participants A group of 40 Washington University students
387participated in exchange for course credit or $10/h. All
388participants were tested individually.
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389 Design and materials A 3 (item type: A–B, A–B vs. A–B,
390 C–D [control] vs. A–B, A–D) × 2 (List 1 presentations: four
391 vs. two) within-participants design was used. The design
392 was fully crossed with the exception of control pairs, be-
393 cause they were not subjected to the manipulation of List 1
394 repetitions. The critical materials consisted of 100 three-
395 word sets that included a cue word (e.g., knee) and two
396 responses associated with the cue (e.g., bone, bend). These
397 sets were drawn from Jacoby (1996) and Nelson, McEvoy,
398 and Schreiber (1998). The responses in each set were ortho-
399 graphically related because they were originally designed to
400 create fragments that could be completed by either of the
401 two responses (e.g., b_n_ could be completed by bone or
402 bend). The forward and backward associative strengths be-
403 tween responses were low, on average (forward, M 0 .03,
404 SD 0 .08; backward, M 0 .02, SD 0 .05), as indexed by
405 Nelson et al. Five groups of 20 sets served as the critical
406 items. Each group was matched on the lengths and frequen-
407 cies of cues and responses. These groups served equally
408 often in each within-subjects condition across participants.
409 The rotation of groups through conditions produced five
410 experimental formats. An additional three groups of three
411 sets served as buffers in List 1 and as practice for the change
412 detection task in List 2, and another three groups of two sets
413 served as buffers in List 2 and practice test pairs. The
414 assignment of these pairs to conditions remained constant
415 across formats.
416 List 1 consisted of 90 word pairs (e.g., knee–bone)
417 that included six buffers to be used for the List 2
418 practice phase, four intermixed pairs to be used as
419 buffers in List 2 and as practice test pairs, and 80
420 critical pairs. The six buffers appeared once each,
421 whereas for the remaining pairs, half appeared twice
422 and the other half appeared four times, for 258 total
423 presentations. The List 2 practice phase contained nine
424 pairs (three of each item type), and List 2 included 106
425 pairs that consisted of six buffers and 100 critical pairs.
426 Two buffers served in primacy positions and four served
427 in recency positions. Twenty critical pairs were included
428 in each within-participants condition. The A–B, A–B
429 pairs consisted of the same pairs in Lists 1 and 2
430 (e.g., apple–core, apple–core); the A–B, C–D control
431 pairs appeared exclusively in List 2 (e.g., lamb–wool);
432 and the A–B, A–D pairs consisted of the same cues in
433 Lists 1 and 2 with different responses (e.g., knee–bone,
434 knee–bend). At test, the six buffer pairs were used for
435 practice, and the test included all 100 critical pairs.

436 Procedure List 1 pairs appeared in a fixed random order
437 with the restriction that none from the same condition
438 appeared consecutively more than three times. Pairs were
439 presented for 2 s each, followed by a 500-ms interstimulus
440 interval (ISI). Participants were told that their task was to

441read pairs quickly because we were interested in their read-
442ing times.
443Participants first completed a List 2 practice phase prior
444to the presentation of List 2. In both phases, pairs appeared
445randomly with the same restrictions as in List 1.
446Participants’ first task was to study pairs for as long as
447was necessary to learn pairs completely for an upcoming
448test. Their second task was to indicate pairs for which
449responses had changed (A–B, A–D) and to recall the List
4501 response (B). Boxes labeled “next” and “right word
451changed” appeared below pairs. Participants were told to
452click “next” when they had completed studying an un-
453changed pair or to click “right word changed” when they
454noticed a changed pair. After indicating a change, partici-
455pants attempted to recall the List 1 response aloud, and their
456responses were recorded by an experimenter. The pair then
457remained on the screen with only the “next” box.
458Participants continued studying the pair until it was learned,
459at which point they clicked “next” to move on.
460At test, cues (the left-hand member of List 2 pairs)
461appeared randomly with the same restrictions as for the
462earlier lists. Participants were told to retrieve the List 2
463responses and to report whether another response came to
464mind prior to or simultaneously with their final response.
465Pilot work showed that participants infrequently reported
466two words as coming to mind simultaneously. However,
467we assumed that these instances provided the same indirect
468evidence for retrieval of List 1 responses during List 2 study
469as did instances in which another word was reported as
470coming to mind prior to the recalled response.
471Consequently, participants were told that if this hap-
472pened, they should first report the response that they
473thought was from List 2 and then report the other
474response as coming to mind first. The cues remained
475on the screen until the responses were recorded by the
476experimenter. Next, the message “Did another word
477come to mind?” appeared above boxes labeled “yes”
478and “no.” When participants clicked “yes,” the message,
479“What word came to mind?” appeared, and responses
480were recorded by an experimenter. When participants
481clicked “no,” the program advanced to the next item. 482

483Results and discussion

484For all experiments, the reported effects were significant
485below α 0 .05 unless otherwise noted. When present, vari-
486ation in the degrees of freedom for conditional analyses was
487due to the exclusion of participants who did not have at least
488one observation in each cell.
489Table 1 shows that recall performance for A–B, A–B
490pairs was better following four than following two List 1
491presentations (.88 vs. .82), t(39) 0 3.46, and that overall
492recall was greater for A–B, A–B than for control pairs (.85

Mem Cogn

JrnlID 13421_ArtID 246_Proof# 1 - 07/08/2012



AUTHOR'S PROOF

U
N
C
O
R
R
EC
TE
D
PR
O
O
F

493 vs. .58), t(24) 0 12.48. More important, recall of A–B, A–D
494 pairs did not differ between List 1 presentation conditions
495 (.57 vs. .58), t(24) 0 1.96, nor did recall differ between A–B,
496 A–D and control pairs (.58 vs. .58), t < 1. The lack of
497 differences in the latter two comparisons suggests the pres-
498 ence of offsetting effects of proactive facilitation and inter-
499 ference on A–B, A–D pairs resulting from a mixture of the
500 presence and absence of remindings.

501 Effects of detection and recollection of change Detection of
502 change for A–D pairs during presentation of List 2 was far
503 less than perfect, but it was greater after four than after two
504 List 1 presentations of A–B pairs (.76 vs. .62), t(39) 0 6.54.
505 Participants rarely indicated that responses had changed for
506 A–B, A–B (.01) or control (.03) pairs. When change was
507 detected, participants were extremely accurate in recalling
508 the List 1 response, and there was a marginal advantage
509 following four as compared to two List 1 presentations (.90
510 vs. .85), t(39) 0 1.71, p 0 .096. For the later test of List 2
511 pairs, the remindings report procedure revealed that the
512 probability of change recollection (Table 2) was lower than
513 the probability of detecting change during List 2. However,
514 as with change detection, recollection of change was higher
515 after four than after two List 1 presentations (.42 vs. .38), t
516 (24) 0 1.88, p 0 .03 (one-tailed). Note that the majority of
517 responses reported as coming to mind first were from List 1
518 (83 %), with the rest being from List 2 (8 %) or from outside
519 the experiment (9 %).
520 The corresponding effect of List 1 repetitions on detec-
521 tion and recollection of change provides support for the
522 validity of the remindings report procedure as a means of
523 measuring recollection of change. Additional evidence that
524 the remindings report procedure measured recollection of
525 change was provided by the finding that the conditional

526probability of a List 1 response coming to mind first was
527dramatically higher when change was detected during the
528presentation of List 2 than when it was not (.52 vs. .04), F(1,
52937) 0 137.23, ηp

2 0 .79. Furthermore, List 1 responses came
530to mind first almost exclusively when List 1 responses had
531been recalled rather than not recalled after detection of change
532during List 2 (.60 vs. .05), F(1, 21) 0 144.75, ηp

2 0 .87.
533Neither of these effects interacted with List 1 presentations,
534Fs < 1.98. These results provide strong evidence that the
535probability of List 1 responses coming to mind prior to
536recalled responses at test reflected recollection of change
537detection during List 2.
538To explore the mixture of proactive facilitation and pro-
539active interference effects on performance in the A–B, A–D
540condition, we examined recall conditionalized on detection
541and recollection of change. Recall was better when change
542was detected in List 2 than when change went undetected
543(.60 vs. .47), F(1, 37) 0 8.92, ηp

2 0 .19. In addition, Fig. 1
544shows that recall was dramatically higher when change was
545recollected at test (a List 1 response preceded the recalled
546response) as compared to when change was not recollected
547(no response came to mind first; .88 vs. .42), F(1, 35) 0
548256.88, ηp

2 0 .88. We found no significant effects of, or
549interactions with, List 1 presentations, Fs < 1.46. Further
550analyses revealed that recall was higher for A–B, A–D pairs
551when List 1 responses came to mind first as compared to
552controls (.88 vs. .59), t(35) 0 12.56, and controls were
553higher than A–B, A–D pairs for which no response was
554reported as coming to mind first (.59 vs. .42), t(35) 0 5.45.
555That is, proactive facilitation was observed for A–B, A–D
556pairs when remindings were recollected, and proactive in-
557terference was observed when they were not.
558As is shown in Fig. 2, the effect of detecting change was
559dependent on its later recollection, F(2, 54) 0 54.36, ηp

2 0 .67.
560A–B, A–D performance when change was detected and a List

t1:1 Table 1 Probability of recalling List 2 responses as a function of item
type and List 1 presentations: Experiments 1–3

t1:2 List 1 Presentations Item Type

t1:3 A–B, A–B Control* A–B, A–D

t1:4 Experiment 1

t1:5 Four .88 (.02) .58 (.03) .57 (.04)

t1:6 Two .82 (.02) .58 (.03) .58 (.04)

t1:7 Experiment 2

t1:8 Three .83 (.03) .64 (.04) .54 (.05)

t1:9 Experiment 3

t1:10 Four .79 (.03) .41 (.04) .44 (.04)

t1:11 Two .68 (.04) .41 (.04) .38 (.04)

* Control pairs were not subjected to the manipulation of List 1 pre-
sentations, so the values for those pairs presented in Experiments 1 and
3 above are duplicates. Standard errors of the means are presented in
parentheses.

t2:1Table 2 Probability of a response coming to mind prior to responses
recalled at test on A–B, A–D pairs as a function of response type and
List 1 presentations: Experiments 1–3

t2:2List 1 Presentations Response Type

t2:3List 1 List 2 Extra List

t2:4Experiment 1

t2:5Four .42 (.04) .05 (.02) .04 (.04)

t2:6Two .38 (.04) .03 (.01) .05 (.01)

t2:7Experiment 2

t2:8Three .32 (.05) .04 (.01) .06 (.01)

t2:9Experiment 3

t2:10Four .31 (.05) .05 (.02) .06 (.02)

t2:11Two .22 (.04) .03 (.01) .06 (.02)

Standard errors of the means are presented in parentheses.
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561 1 response came to mind first was better than when change
562 was not detected and no other response was reported as
563 coming to mind first (.88 vs. .52), t(27) 0 7.71. More interest-
564 ing, performance on pairs for which change was earlier
565 detected but not recollected (no other response came to mind
566 first at test) was actually lower than performance on pairs for
567 which change was not detected and no other response came to
568 mind first (.35 vs. .52), t(27) 0 –2.73. There was no effect of,
569 or interaction with, List 1 presentations, Fs < 1.
570 The poorer recall performance produced by detection of
571 change followed by failure to recollect change is informa-
572 tive with regard to the effects of the retrieval of List 1
573 responses during the presentation of List 2. Detection of
574 change was often accompanied by recal l of the
575 corresponding List 1 response, which would be expected
576 to enhance its subsequent recall and, thereby, increase its
577 effectiveness as a competitor for the List 2 response. Bishara
578 and Jacoby (2008) found that practice retrieving the List 1
579 response in an A–B, A–D paradigm increased proactive
580 interference for older adults, but did not do so for young
581 adults. These results were described as resulting from an

582effect of retrieval practice on an automatic influence of
583memory that comes into play when recollection fails, which
584was more common for older than for younger adults (e.g.,
585Hay & Jacoby, 1999). In line with the results reported by
586Bishara and Jacoby, retrieval practice that accompanied
587detection of change in the present experiment increased
588proactive interference only when change was not recollect-
589ed. The finding of opposite effects of detecting change,
590dependent on its later recollection, joins earlier results in
591providing support for a dual-process model that distin-
592guishes between recollection and automatic influences of
593memory.

594Change detection and study times Analyses of both the
595actual and log-transformed reaction times revealed no differ-
596ences in the patterns of results. Consequently, only results
597from analyses of the actual reaction times are reported. The
598total List 2 presentation time, including the time it took
599participants to detect change and the time spent studying
600after change detection, is displayed in the top section of
601Table 3. The total presentation time was shorter for A–B, A–
602B items than for control items (4,080 vs. 5,138 ms), t
603(39) 0 –6.30, and shorter for control than for A–B, A–D items
604(5,138 vs. 6,180 ms), t(39) 0 –6.45. In addition, A–B, A–B
605items following two List 1 presentations were studied longer
606than those with four List 1 presentations (4,304 vs. 3,856 ms),
607t(39) 0 4.78. Finally, we found no difference in the presenta-
608tion times for A–B, A–D items between the two and four List
6091 presentation conditions (6,186 vs. 6,175 ms), t < 1.
610When the study time for A–B, A–D items was broken
611down by whether change was detected (bottom panel of
612Table 3), there were no significant differences between
613List 1 presentation conditions, ts < 1.49. However, exami-
614nation of the overall presentation times revealed that more
615total time was spent for A–B, A–D items on which change
616was detected than when change was not detected (6,399 vs.
6175,822 ms), t(39) 0 2.18. These results suggest awareness of

Fig. 1 Probabilities of correct
recall of List 2 responses for
control pairs and for A–B, A–D
pairs, conditionalized on
whether a List 1 response was
reported as coming to mind first
or whether no other response
was reported as coming to mind
first. Recall of A–B, A–D pairs
is collapsed across List 1
presentations in Experiments 1
and 3, because that
manipulation produced no
differences

Fig. 2 Probabilities of correct recall of List 2 responses for A–B, A–D
pairs in Experiment 1, conditionalized on change detection and wheth-
er a List 1 response was reported as coming to mind first or whether no
other response was reported as coming to mind first
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618 the occurrence of change, which is not surprising, given the
619 task of explicitly indicating when change had occurred.
620 However, it is possible that participants may have become
621 aware of change even if they had not been instructed to
622 indicate awareness of change. We examined this possibility
623 in Experiment 2.

624 Item effects and recollection of change One might argue
625 that the measures of change detection and recollection re-
626 flect the selection of items whose cues are more easily
627 recognized or more easily associated with other items. To
628 examine the contribution of item differences, we performed
629 a hierarchical multiple regression analysis at the item level
630 with A–B, A–D recall performance as the dependent mea-
631 sure. We entered performance on control pairs in the first
632 step of the model to measure the effect of item differences.
633 Performance on control pairs served as an index of item
634 differences because they only appeared in List 2, which
635 precluded any item-specific influence of pairs from List 1.
636 Furthermore, pairs were rotated through conditions such that
637 pairs that served as A–D pairs for some participants served
638 as control pairs for other participants. That is, across partic-
639 ipants, a particular item represented each of the experimen-
640 tal conditions. After controlling for item differences, we
641 examined the extent to which recollection of change
642 accounted for unique variance in A–B, A–D recall by en-
643 tering the probability of recollection of change as measured
644 by the remindings-report procedure in the second step of the
645 model. We examined the variance accounted for by the
646 recollection-of-change measure instead of the change

647detection measure because the results revealed that facilita-
648tion depended on the recollection of change, which occurred
649almost exclusively following earlier detection of change.
650Finally, we entered an interaction term for these variables
651in the third step of the model.
652Table 4 shows that although item differences accounted
653for variance in performance on A–B, A–D pairs (Step 1),
654recollection of change still predicted unique variance in A–
655B, A–D recall beyond item differences (Step 2). The inter-
656action term did not predict unique variance in A–B, A–D
657recall (Step 3). These results show that although item differ-
658ences do contribute to performance on A–B, A–D pairs, the
659detection and recollection of change plays a role beyond that
660of item differences in producing effects. Clearly, the results
661obtained by conditionalizing List 2 recall in the A–B, A–D
662condition on recollection of change did not fully occur
663because of item selection effects.

664Individual differences and recollection of change In addi-
665tion to examining the relationship between item differences
666and A–B, A–D recall, we also examined the relationship
667between individual differences in participants’ general
668memory ability and A–B, A–D recall. We used a hierarchi-
669cal multiple regression analysis that was the same as that
670used to examine item differences, with the exception that it
671was conducted at the participant level. In this model, per-
672formance on control pairs was taken as an index of the
673general memory ability of participants.
674Table 5 shows that individual differences in general
675memory ability predicted performance on A–B, A–D pairs.
676However, when individual differences in general memory
677ability were controlled, recollection of change accounted for

t3:1 Table 3 Presentation time (in milliseconds) of List 2 items as a
function of List 1 presentations and item type: Experiment 1

t3:2 Item Type List 1 Presentations

t3:3 Two Four

t3:4 Total Presentation Time

t3:5 A–B, A–B 4,304 (427) 3,856 (378)

t3:6 Control* 5,138 (477) 5,138 (477)

t3:7 A–B, A–D 6,186 (534) 6,175 (563)

t3:8 A–B, A–D Items

t3:9 No change detected 5,762 (590) 6,085 (671)

t3:10 Time to detect change 4,139 (281) 3,856 (254)

t3:11 Postchange detection study 2,423 (345) 2,396 (365)

* Control pairs were not subjected to the manipulation of List 1 pre-
sentations, so the times for those pairs presented in each column above
are duplicates. For conditional analyses of A–B, A–D pairs in the lower
panel, “No change detected” refers to the study time spent on pairs that
were not identified as changed, “Time to detect change” refers to the
time that it took participants to identify that pairs had changed
responses, and “Postchange detection study” refers to the time that
participants spent studying pairs after they had identified the pairs as
changed. Standard errors of the means are presented in parentheses.

t4:1Table 4 Proportions of variance in A–B, A–D recall performance
explained by item differences and by recollection of change:
Experiments 1–3

t4:2Experiment

t4:31 2 3

t4:4Step 1

t4:5Item differences .24* .15* .16*

t4:6Step 2

t4:7Recollection of change .16* .27* .41*

t4:8Step 3

t4:9Item × Change interaction .00 .01 .00

The values displayed above are changes in R2 on each step of the
model, computed at the item level collapsed across participants. “Item
differences” refers to recall performance on control pairs, “Recollec-
tion of change” refers to the probability of participants’ reporting a List
1 response coming to mind first at test for A–B, A–D pairs, and “Item ×
Change interaction” is the interaction term for the aforementioned
predictor variables. Data were collapsed across List 1 repetition con-
ditions in Experiments 1 and 3. * p < .01.
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678 unique variance in A–B, A–D recall.Q2 That is, individual
679 differences in the detection and recollection of change were
680 also important for recall of A–B, A–D pairs. Similarly,
681 results from prior research had suggested that individual
682 differences in relating new to earlier studied information
683 are important for later recall (e.g., Jacoby, 1974). The im-
684 portance of individual differences in recollection of change
685 provided additional evidence that the effects of conditional-
686 izing List 2 recall on recollection of change did not fully
687 occur because of item selection effects.688

689 Experiment 2

690 The results from Experiment 1 showed that recall per-
691 formance did not differ between control and A–B, A–D
692 pairs. These results were shown to reflect a mixture of
693 proactive facilitation when change was recollected and
694 proactive interference owing to automatic influences of
695 memory when change was not recollected. Experiment 2
696 was designed to gain evidence that participants would
697 covertly detect change for A–B, A–D pairs during the
698 presentation of List 2 even when they were not
699 instructed to do so overtly, as in Experiment 1. To do
700 this, we allowed participants to self-pace their study in
701 List 2 and employed the remindings-report procedure at
702 test. This allowed us to back-sort study time on the
703 basis of whether or not List 1 responses came to mind
704 prior to the recalled responses at test. If change for A–
705 B, A–D pairs was covertly detected during List 2 pre-
706 sentation, then study times for A–B, A–D items that
707 eventuated in the production of List 1 responses prior to

708recall were expected to be longer than those for items
709for which no response was reported as coming to mind
710first.

711Method

712Participants A group of 24 Washington University students
713participated in exchange for course credit or $10/h. All
714participants were tested individually.

715Design, materials, and procedure The design, materials,
716and procedure were the same as in Experiment 1, with the
717following exceptions. List 1 presentations were not manip-
718ulated; A–B pairs were presented three times each in List 1.
719The materials consisted of 88 of the three-word sets and four
720groups of buffers. Q3These sets were assigned to within-
721participants conditions as in Experiment 1, except that an
722additional set of A–B control pairs were presented in List 1
723that did not differ across the three experimental formats.
724Two groups of buffers were required for control pairs,
725because they differed in List 1 (A–B) and List 2 (C–D).
726List 1 consisted of 66 pairs (22 of each item type). There
727were 60 critical pairs, and the remaining six served as
728primacy and recency buffers in List 2. Pairs appeared
729three times, for 198 total presentations. List 2 also
730consisted of 66 pairs. In addition, three buffers appeared
731at the beginnings and ends of the lists to control for
732primacy and recency effects. Finally, six buffer items
733were used for a practice test.
734In contrast to Experiment 1, participants were not re-
735quired to indicate their detection of change, but rather were
736informed that for some items, the right-hand member of a
737pair would change between List 1 and List 2. Providing this
738information was meant to encourage covert detection of
739change. 740

741Results and discussion

742Table 1 shows that recall was better for A–B, A–B pairs than
743for controls (.83 vs. .64), t(23) 0 7.33, and greater for control
744than for A–B, A–D pairs (.64 vs. .54), t(23) 0 4.17. The
745finding of proactive interference in Experiment 2, but not in
746Experiment 1, might reflect a lower probability of remindings
747during the presentation of List 2 in Experiment 2. Consistent
748with this possibility, Table 2 shows that the probability of a
749List 1 response coming to mind first for A–B, A–D pairs in
750Experiment 2 was numerically lower than in Experiment 1.
751List 1 responses again made up the bulk of responses that
752came to mind first (76 %), with the remaining responses being
753from List 2 (10 %) or from outside of the experiment (14 %).
754Just as was found in Experiment 1, when the remindings-
755report procedure showed that change was recollected, pro-
756active facilitation was found. In contrast, when change was

t5:1 Table 5 Proportions of variance in A–B, A–D recall performance
explained by individual differences and by recollection of change:
Experiments 1–3

t5:2 Experiment

t5:3 1 2 3

t5:4 Step 1

t5:5 Individual differences .26* .71* .40*

t5:6 Step 2

t5:7 Recollection of change .34* .10* .51*

t5:8 Step 3

t5:9 Participant × Change interaction .00 .00 .00

The values displayed above are changes in R2 on each step of the
model computed at the participant level, collapsed across items. “In-
dividual differences” refers to recall performance on control pairs,
“Recollection of change” refers to the probability of participants’
reporting a List 1 response coming to mind first at test for A–B, A–
D pairs, and “Participant × Change interaction” is the interaction term
for the aforementioned predictor variables. Data were collapsed across
List 1 repetition conditions in Experiments 1 and 3. * p < .01.
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757 not recollected, proactive interference was found (Fig. 1).
758 Recall was higher for A–B, A–D pairs when the List 1
759 response came to mind first, as compared to controls
760 (.99 vs. .66), t(22) 0 8.32, and higher for controls than
761 for A–B, A–D pairs for which no response came to
762 mind first (.66 vs. .35), t(22) 0 6.47.
763 Analyses of both the actual and log-transformed reaction
764 times revealed no differences in the patterns of results.
765 Consequently, results from analyses of the actual reaction
766 times are reported. Study time analyses showed that A–B,
767 A–B pairs were studied for less time than were controls
768 (4,330 vs. 5,106 ms), t(23) 0 –3.07, and that study times
769 did not differ for control and A–B, A–D pairs (5,106 vs.
770 4,912 ms), t < 1. The finding that study times did not differ
771 for A–B, A–D pairs and controls reflected a mixture of the
772 presence and absence of remindings for A–B, A–D pairs.
773 Analyses in which study time was back-sorted on the basis
774 of reports of remindings at test provided evidence of covert
775 detection of change for a subset of A–D pairs during List 2
776 presentation. A–D pairs for which the remindings-report
777 procedure revealed that the List 1 response came to mind
778 prior to output of the List 2 response were studied longer
779 than were A–D pairs for which no other response was
780 reported as coming to mind first (5,273 vs. 4,763 ms), t
781 (22) 0 2.40. This correspondence between recollection of
782 change, as measured by the remindings-report procedure,
783 and study time provides evidence of covert detection of
784 change during List 2. More time during the presentation of
785 List 2 was devoted to A–D pairs for which change was later
786 recollected because detection of change requires time, and
787 devoting any additional study time to those items required
788 that change was detected.

789 Item effects and recollection of change We examined the
790 effects of item differences and recollection of change on A–
791 B, A–D recall performance in the same manner as in
792 Experiment 1. The results in Table 4 show convergence with
793 those from Experiment 1 in demonstrating that although
794 item differences accounted for unique variance in A–B, A–
795 D recall performance, recollection of change accounted for
796 variance above and beyond item differences. Again, the
797 interaction term did not explain variance in A–B, A–D
798 recall.

799 Individual differences and recollection of change Also us-
800 ing the same analysis as in Experiment 1, we examined the
801 effects of individual differences in general memory ability
802 and recollection of change on A–B, A–D recall perfor-
803 mance. Table 5 shows that, as in Experiment 1, individual
804 differences did account for variance in A–B, A–D recall, but
805 recollection of change accounted for variance above and
806 beyond those differences. The interaction term did not
807 explain variance in A–B, A–D recall.

808Experiment 3

809The results from Experiments 1 and 2 provided evidence
810that recall of A–B, A–D pairs benefited from remindings,
811whether or not the remindings were overtly indicated.
812However, in both of the earlier experiments participants
813had self-paced their study, which may have allowed them
814to spend more time studying A–B, A–D pairs on which
815remindings occurred, resulting in increased performance
816on those pairs. We designed Experiment 3 to rule out this
817possibility by bringing List 2 study under experimenter
818control. Otherwise, the design of Experiment 3 was the
819same as that of Experiment 1. Despite the change to
820experimenter-controlled study times, we expected that
821the probability of remindings would again increase with
822List 1 presentations and that recall of A–B, A–D pairs
823would again reflect a mixture of facilitation and inter-
824ference effects resulting from the presence and absence
825of remindings.

826Method

827Participants A group of 25 Washington University students
828participated in exchange for course credit or $10/h. All
829participants were tested individually.

830Design, materials, and procedure The design, materials,
831and procedure were identical to those of Experiment 1, with
832the exception that there was no practice phase prior to List 2
833presentation, List 2 no longer included the change detection
834measure, and the presentation duration was fixed at 2 s per
835pair instead of being self-paced. 836

837Results and discussion

838As in the earlier experiments, Table 1 shows that the prob-
839ability of recalling the List 2 response was higher for A–B,
840A–B than for control pairs (.73 vs. .41), t(24) 0 9.82. Also,
841recall for A–B, A–B pairs was higher after four than after
842two List 1 presentations (.79 vs. .68), t(24) 0 3.45. As we
843found in Experiment 1, performance on A–B, A–D items
844did not differ from that on control items (.41 vs. .41), t < 1.
845However, there was a marginally significant advantage for
846A–B, A–D pairs with four rather than two List 1 presenta-
847tions (.44 vs. .38), t(24) 0 1.96, p 0 .06. These results again
848point to offsetting facilitation and interference effects result-
849ing from the presence and absence of remindings. In addi-
850tion, the tendency for performance on A–B, A–D items to be
851higher following four than following two List 1 presenta-
852tions suggests that more items in the former condition
853benefited from the facilitative effects of remindings.
854Table 2 shows that the probability that a List 1 response
855was reported as having come to mind first was higher after
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856 four than after two List 1 presentations (.31 vs. .22), t(24) 0
857 2.84, replicating the results of Experiment 1 by showing that
858 remindings increased with the accessibility of List 1
859 responses. As is shown in Table 1, the probability of recall
860 in Experiment 3 was lower for all conditions than in
861 Experiment 1, which likely reflects the reduction in study
862 time produced by bringing study time under experimenter
863 control. The results in Table 2 show that List 1 responses
864 were reported as coming to mind first less often in the
865 present experiment than in Experiment 1 (.26 vs. .40),
866 F(1, 63) 0 6.03, ηp

2 0 .09. This difference did not
867 interact with the number of List 1 presentations, F 0 1.04.
868 As in the earlier experiments, List 1 responses comprised the
869 majority of those reported as coming to mind first (73 %),
870 whereas the remaining responses were from List 2 (11 %) or
871 from outside the experiment (16 %).
872 Also in agreement with results from the earlier experi-
873 ments (Fig. 1), List 2 recall was dramatically higher when a
874 List 1 response was reported as coming to mind first, as
875 compared to when no response was reported as coming to
876 mind first (.93 vs. .24), F(1, 20) 0 471.25, ηp

2 0 .96. Neither
877 the main effect of number of List 1 presentations nor its
878 interaction with the effect of remindings was significant, Fs
879 < 1.88. The probability of recall was higher for A–B, A–D
880 pairs for which the List 1 response was reported as coming
881 to mind first than for controls (.93 vs. .41), t(20) 0 10.94,
882 and performance on controls was higher than on A–B, A–D
883 pairs for which no response was reported as coming to mind
884 first (.41 vs. .24), t(20) 0 5.37. Comparing the results of
885 Experiments 1 and 3, it is notable that the reduction in study
886 time produced by its being brought under experimenter
887 control in Experiment 3 reduced List 2 recall for control
888 pairs and for pairs from the A–B, A–D condition for which
889 recall was not preceded by a List 1 response coming to
890 mind. In contrast, when List 2 recall was preceded by a
891 List 1 response coming to mind, recall was somewhat higher
892 in Experiment 3 than in Experiment 1. Clearly, the finding
893 of proactive facilitation does not depend on the study time
894 being under participant control, with a greater amount of
895 study time being devoted to A–B, A–D pairs.

896 Item effects and recollection of change As in Experiments 1
897 and 2, we examined the effects of item differences and
898 recollection of change on A–B, A–D recall performance.
899 The results in Table 4 again converge with those of the
900 earlier experiments in showing that although item differ-
901 ences accounted for unique variance in A–B, A–D recall
902 performance, recollection of change accounted for variance
903 above and beyond item differences. Again, the interaction
904 term did not explain variance in A–B, A–D recall.

905 Individual differences and recollection of change Also us-
906 ing the same analysis as in Experiments 1 and 2, we

907examined effects of individual differences in general mem-
908ory ability and recollection of change on A–B, A–D recall
909performance. Table 5 shows that, again, individual differ-
910ences did account for variance in A–B, A–D recall, but
911recollection of change accounted for variance above and
912beyond those differences. The interaction term did not ex-
913plain variance in A–B, A–D recall.
914For each of our experiments, the results revealed that
915individual differences in recollection of change significantly
916contributed to the recall of List 2 responses. The magnitudes
917of the variance accounted for by individual differences were
918larger in Experiment 3 than in the earlier experiments. This
919is understandable, because study time was experimenter-
920paced in Experiment 3, whereas study was self-paced in
921the earlier experiments. Self-paced study allowed for List
9222 recall to be enhanced by means other than recollection of
923change, as evidenced by the differences in performance on
924control pairs across experiments. Retrieval based on these
925other origins reduced the contribution of individual differ-
926ences in recollection of change to List 2 recall. Also, in
927contrast to Experiment 1, participants were not instructed to
928indicate change in Experiment 3, which afforded a greater
929opportunity for individual differences in self-initiated detec-
930tion of change to contribute to List 2 recall. 931

932General discussion

933The results of our experiments show that recall of List
9342 responses in an A–B, A–D paradigm reflects a mix-
935ture of proactive facilitation and proactive interference.
936The detection and recollection of change produces pro-
937active facilitation when responses are changed across
938lists (A–B, A–D). Increasing the number of presenta-
939tions of A–B had the effect of increasing the detection
940of change and, thereby, produced increased memory for
941A–D. In the absence of detection and recollection of
942change, prior presentation of A–B reduced later memory
943of A–D as compared to a control condition (i.e., proac-
944tive interference). When overt detection of change was
945not required, evidence of covert change detection was
946found (Exp. 2). Proactive facilitation was not dimin-
947ished by bringing study time under experimenter con-
948trol, although the resultant reduction in study time did
949reduce the probability of List 2 recall for control pairs
950and A–B, A–D pairs for which change was not recollected
951(Exp. 3). For each of the experiments, hierarchical multiple
952regression analyses revealed that recollection of change
953contributed to the correct recall of List 2 responses when
954item differences were controlled, showing that the results
955from analyses that relied on conditionalizing List 2 recall
956on recollection of change were not fully due to item selec-
957tion effects.
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958 The validity of our remindings-report procedure as a
959 measure of recollection of change was supported by con-
960 vergence of the results from that measure with those from
961 the detection-of-change measure (Exp. 1). Increasing the
962 number of presentations of A–B pairs increased the proba-
963 bility of detection of change for A–B, A–D pairs during
964 presentation of List 2, and also increased the probability of
965 the List 1 response being reported as having come to mind
966 prior to the response that was recalled as having been
967 presented in List 2, our measure of recollection of change.
968 The List 2 response was more likely to be correctly recalled
969 when change was detected during the presentation of List 2
970 than when it was not, which corresponds with the proactive
971 facilitation that was observed when change was recollected
972 at the time of test, as measured by the remindings-report
973 procedure. Furthermore, when the List 1 response was
974 recalled along with change detection during List 2, the List
975 1 response was very frequently reported as having come to
976 mind prior to the response that was recalled as having come
977 from List 2 on the later test, which almost never happened in
978 the absence of the List 1 response being recalled along with
979 change detection during List 2 presentation.
980 Others have attributed facilitation effects to memory of a
981 List 2 response being mediated by memory for a List 1
982 response (e.g., Barnes & Underwood, 1959) and have
983 explained proactive interference as resulting from response
984 competition (e.g., Postman & Underwood, 1973). In con-
985 trast, we hold that proactive facilitation results from recol-
986 lection of change that relies on the List 1 response being
987 embedded in memory for the List 2 response due to recur-
988 sive reminding. The recursive-reminding account of proac-
989 tive facilitation effects holds an advantage over the
990 mediation account in that it explains the importance of
991 awareness of the relationship between List 1 and List 2 pairs
992 for the finding of facilitation effects (e.g., R. B. Martin &
993 Dean, 1964), whereas a mediation account does not do so.
994 According to our dual-process model, proactive facilita-
995 tion results when change is recollected. When change is not
996 recollected, proactive interference is produced by response
997 competition that originates from reliance on a more auto-
998 matic basis for responding. Arranging the situation so that
999 opposite effects are produced by recollection and automatic
1000 influences, as was done by examining the effects of change,
1001 holds an advantage as a means of showing the existence of
1002 two bases for responding (e.g., Jacoby, 1991). The results of
1003 the present experiments converge with those from other
1004 experiments in providing support for a dual-process model
1005 of memory. For example, the results from Experiment 1
1006 revealed that the retrieval of a List 1 response in the context
1007 of change detection produced facilitation when the change
1008 was later recollected, but increased proactive interference
1009 when the change was not. Similarly, Bishara and Jacoby
1010 (2008) found that practicing retrieval of a competing

1011response increased proactive interference in an A–B, A–D
1012paradigm, but did so only for older adults who have a
1013reduced ability to recollect.
1014A critic might argue that our findings of proactive facil-
1015itation arose because the conditionalizing of List 2 recall on
1016remindings serves to select items for which participants are
1017able to remember the list membership of pairs. However,
1018implicating the importance of list discrimination is of little
1019value if one does not specify the basis for list discrimination.
1020We hold that both list discrimination and recall of List 2
1021responses reflect recursive reminding involved in the
1022detection of change. To support this position, Q4Jacoby
1023and Wahlheim (2012) employed procedures similar to
1024those in the present experiments but examined the effects of
1025detection of change on list discrimination rather than on recall
1026of List 2 responses. Participants were asked to judge whether
1027or not a test pair had earlier been presented in List 2. The
1028results revealed that later list discrimination was near perfect
1029following the detection of change in List 2, but much poorer if
1030change was not detected. That is, the results for list discrim-
1031ination parallel those found in the present experiments for List
10322 recall.
1033The finding of parallel results between list discrimination
1034and recall is unsurprising if both reflect reliance on the List
10351 response being embedded in memory for the List 2 re-
1036sponse as a result of recursive reminding. Also, list discrim-
1037ination can be seen as closely related to recency judgments,
1038which have been shown to be reliant on recursive reminding
1039(e.g., Hintzman, 2011). Recency judgments typically require
1040participants to judge the recency of items presented within a
1041list, whereas list discrimination requires a between-list judg-
1042ment of recency. Clearly, there are multiple bases for list
1043discrimination, just as there are for recency judgments,
1044including differences in memory strength and associations
1045with list context (e.g., Hintzman, 2005; Kahana, Howard, &
1046Polyn, 2008; Winograd, 1968), as well as recursive remind-
1047ings. However, recursive remindings that accompany detec-
1048tion of change are a particularly important basis for list
1049discrimination. Returning to the example of the self-
1050contradicting politician used to begin this article, recursive
1051remindings likely serve to both facilitate memory for the
1052changed position and enhance memory for what the politi-
1053cian last claimed to believe, along with the contexts in
1054which the conflicting beliefs were expressed.
1055The results reported here are related to results reported by
1056Postman and Gray (1977). They manipulated the method of
1057learning to examine effects on proactive interference in an
1058A–B, A–D paradigm, using single letters paired with adjec-
1059tives. Multiple study and test trials were employed for the
1060learning of List 2. For test trials during List 2 learning in an
1061“accretion” condition, participants were given a sheet of
1062paper that listed the left-hand members of pairs as cues for
1063recall of Lists 1 and 2. They were instructed to write the List
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1064 1 responses in one column and then to write the List 2
1065 responses in an adjacent column. For a “replacement” con-
1066 dition, participants only recalled List 2 responses. Long-
1067 term retention of List 2 responses showed less proactive
1068 interference and superior list discrimination in the accretion
1069 condition as compared to the replacement condition.
1070 Postman and Gray attributed the reduction in proactive
1071 interference in the accretion condition to the improved list
1072 differentiation. The multiple recalls of List 1 along with List
1073 2 responses in the accretion condition were said to provide
1074 repeated opportunities to note differences between the lists
1075 while practicing list discrimination. The resulting increase in
1076 the distinctiveness of “list tags” attached to memory for
1077 pairs was held to be responsible for the reduced proactive
1078 interference in the accretion condition. An account of that
1079 sort holds that list discrimination relies on simple associa-
1080 tions and list tags, whereas we argue that list discrimination
1081 is preserved by memory for the relationship between A–B,
1082 A–D pairs in the form of a recursive representation (see
1083 Asch, 1969, for contrasts between the effects of simple
1084 associations and memory for higher-order relationships;
1085 see also Criss & Shiffrin, 2005, for evidence that list dis-
1086 crimination can rely on memory for higher-order relation-
1087 ships). Because of differences in the materials and
1088 procedures, the basis for list differentiation might differ
1089 between our experiment and that of Postman and Gray
1090 (1977).
1091 Postman and Gray’s (1977) procedures did not allow
1092 them to investigate detection of the change in responses in
1093 the A–B, A–D condition. Consequently, they were unable to
1094 observe that awareness of the change in response was a
1095 critical determinant of whether proactive interference or
1096 proactive facilitation was observed. However, despite the
1097 numerous differences in procedures, our results agree with
1098 those reported by Postman and Gray in showing the benefit
1099 of bringing List 1 responses to mind in the presence of List 2
1100 responses. In this vein, Sahakyan and Goodmon (2007)
1101 examined the effects of proactive interference on memory
1102 for lists of single words in a directed-forgetting paradigm.
1103 Their results revealed that the presence of associations be-
1104 tween words in the two lists reduced proactive interference.
1105 They interpreted that finding as showing the benefit of List 1
1106 items coming to mind during the presentation of List 2.
1107 Here, we have focused on proactive effects of memory,
1108 but detection and recollection of change also likely play an
1109 important role in retroactive effects of memory. In line with
1110 this possibility, Loftus (1979) demonstrated the importance
1111 of conditions that lead to detection of change for eliminating
1112 misinformation effects (i.e., retroactive interference). In her
1113 experiments, participants were presented with a slide show
1114 of an event and were then tested on details from the slides.
1115 Following that, participants read a narrative about the event
1116 that included a few pieces of information that had been

1117changed. The primary manipulation was whether a piece
1118of blatantly contradictory information was included in the
1119narrative. When a blatant contradiction was present,
1120participants were able to notice it along with a large
1121proportion of the other changed items. This resulted in
1122their avoiding misinformation effects. In contrast, when
1123a blatant contradiction was not present, the changed
1124items went largely unnoticed, resulting in misinforma-
1125tion effects. These results are similar to the findings in
1126the present experiments that detecting and recollecting
1127change produced facilitation, whereas the failure to do
1128so resulted in interference. Together, these studies high-
1129light the importance of detecting change and the forma-
1130tion of embedded representations that include the
1131reminding event and its constituents for both proactive
1132and retroactive effects of memory.
1133Acknowledging the importance of detection and recol-
1134lection of change is useful for explaining discrepancies
1135across studies in the older literature that have examined
1136proactive and retroactive effects of memory. Although A–
1137B, A–D paradigms are typically used to investigate interfer-
1138ence effects of changing the response paired with a cue,
1139several studies have shown that changing responses does not
1140always result in interference effects (e.g., Barnes &
1141Underwood, 1959; Bruce & Weaver, 1973; Postman,
11421964; Robbins & Bray, 1974). Anderson and McCulloch
1143(1999) suggested that these discrepancies can be explained
1144by differences in the extent to which conditions facilitated
1145the integration of responses across lists. The advantage of a
1146recursive-remindings framework is that it describes the
1147mechanism by which the integration of responses is accom-
1148plished, with the mechanism being the detection and recol-
1149lection of change.
1150Beyond proactive and retroactive effects demonstrated in
1151paired-associate and misinformation paradigms, a recursive-
1152remindings framework is applicable to domains examining
1153effects on memory for more complex materials (cf.
1154Benjamin & Ross, 2010). Returning to the earlier example
1155of the politician who flip-flops, exploring memory for in-
1156congruent political statements would be informative about
1157the extents to which people detect and recollect contradic-
1158tions (cf. Glenberg & Epstein, 1987). Memory for change
1159might also play an important role in memory for schema
1160inconsistent information about people (cf. Hastie & Kumar,
11611979). Furthermore, detection and recollection of change
1162might be important for understanding the role of coherence
1163in the construction and maintenance of mental models in
1164text comprehension (cf. Albrecht & O’Brien, 1993).
1165These are just a few examples that illustrate the poten-
1166tial importance of recursive remindings as an overarch-
1167ing framework for understanding phenomena across a
1168broad range of domains that have otherwise been treated
1169as largely separate.
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1170 Finally, the results from the present experiments revealed
1171 that individual differences in recollection of change pre-
1172 dicted recall of List 2 responses. Such individual differences
1173 in the detection and recollection of change might be impor-
1174 tant for a variety of tasks, including the tasks described in
1175 the preceding paragraph. Evidence consistent with this sug-
1176 gestion was found by Zhu et al. (2010), who showed that
1177 individual differences in the susceptibility to misinformation
1178 effects (retroactive interference) correlated with differences
1179 in change detection in a perceptual task. Also, those who are
1180 less likely to detect and recollect change might be less likely
1181 to detect and recollect consistency among events. For exam-
1182 ple, Jacoby (1974) reported results pointing to the importance
1183 of individual differences in memory for categorically related
1184 information due to differences in looking back at information
1185 presented earlier during study. Similarly, Potts and colleagues
1186 (Potts, 1977; Potts, Keller, & Rooley, 1981; Potts & Peterson,
1187 1985) have shown individual differences in the ability to
1188 integrate new learning with preexisting knowledge in linear-
1189 ordering tasks. Investigation of detection and recollection of
1190 change in the context of memory tasks has been largely
1191 neglected, but it holds promise as a means of investigating
1192 individual differences as well as proactive and retroactive
1193 effects of memory.
1194
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