Journal of Experimental Psychology:
Learning, Memory, and Cognition
2013, Vol. 39, No. 6, 1742–1756

© 2013 American Psychological Association
0278-7393/13/$12.00 DOI: 10.1037/a0033743

Focusing the Search: Proactive and Retroactive Interference and the
Dynamics of Free Recall
Nash Unsworth

Gene A. Brewer

University of Oregon

Arizona State University

Gregory J. Spillers
This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

University of Georgia
Targeting information in long-term memory is an important cognitive ability, but one that is not well
understood. In this study, 4 experiments were conducted to examine the influence of proactive and
retroactive interference on memory targeting. Participants were given either 1 or 2 lists and asked to
recall List 1, List 2, or in some cases both lists. Multiple dependent measures were explored including
the proportion of items recalled, number of intrusions output, and recall latency to arbitrate between 4
extant accounts of memory targeting. In general, recalling either List 1 or List 2 resulted in lower
probability of recall, recall of more intrusions, and longer recall latencies compared to when recalling a
list alone, suggesting both proactive and retroactive interference. These results suggest that long-term
memory targeting is guided by noisy temporal-contextual cues (unless other salient cues are present) that
activate both relevant and irrelevant memoranda that are then subjected to a postretrieval monitoring
process.
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most recently presented list and rarely recall items from previous
lists. This finding, among others, has resulted in many memory
models assuming that context (in particular temporal context)
plays a large role in allowing the memory system to selectively
focus the search such that only a subset of relevant items (the
search set) are activated (Anderson & Bower, 1972; Howard &
Kahana, 2002; Mensink & Raaijmakers, 1988; Raaijmakers &
Shiffrin, 1980). In such models it is assumed that the search set is
determined, in part, by the match between context stored in the
items and context present during retrieval such that the greater the
overlap between the two, the more likely an item is to be included
in the search set and subsequently recalled (e.g., Mensink &
Raaijmakers, 1988). These models nicely account for the fact that
most items that are recalled are from the most recently presented
list with only a few intrusions from prior lists.
One issue with these models, however, occurs when the current
context does not match context stored with the desired information. For instance, if asked “What did you have for dinner last
Thursday?” how would you go about retrieving the answer? It is
unlikely that your current context would provide much of a match
to the context for the Thursday night in question, and thus it should
be very difficult to retrieve the desired information if utilizing only
the current context. Rather, it has been suggested that we must
somehow attempt to reinstate the prior context to retrieve the
desired information. That is, rather than use the current context as
a probe, we must attempt to reconstruct the context for the time in
question and use this information as a probe. Work by Shiffrin
(1970a) has suggested that context reconstruction is possible when
asked to recall information not from the current list, but from the
list just prior to the current list. Specifically, Shiffrin devised the
list-before-last recall task in which participants are asked not to

Our ability to selectively recall information from the recent past
is an important feature of our long-term memory system. Research
suggests that in many situations individuals are quite apt at selectively targeting items in memory, leading to their eventual recall.
Despite evidence for this ability to selectively target information in
memory, little is still known about how we actually accomplish
this difficult task. Our goal in the present study was to better
examine situations in which participants are asked to target information in memory in the presence of interfering information in the
hopes of better elucidating how participants focus their search of
memory to the desired information.

Focusing the Search Set in Memory
Free recall, wherein participants are presented with a list of
items and are asked to recall the items in any order they wish, is
one of the oldest and most heavily studied tasks in memory
research (Crowder, 1976; Murdock, 1974; Tulving, 1968). An
important result from studies of free recall is the finding that
individuals are quite apt at selectively targeting items from the
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recall the current list of items, but rather to recall the prior list of
items. That is, participants are given a list of items, followed by
another list of items, and at recall participants are asked to recall
the prior list, with the prior and current lists changing with each
new list that is presented. Shiffrin also manipulated both the length
of the target list and the length of the intervening list such that
sometimes the lists were composed of five items and sometimes
they were composed of 20 items. Shiffrin reasoned that if participants could not isolate the target list, then the size of the intervening list should matter, but if participants could fully isolate the
target list, then the size of the intervening list would have no effect
on the probability of recall. In three experiments Shiffrin found
that the length of the target list mattered, but the length of the
intervening list had no effect. Shiffrin concluded that participants
could focus their search exclusively on the target list, and thus only
the size of target list determined the likelihood of recall. Subsequent studies have largely corroborated Shiffrin’s findings (Jang &
Huber, 2008; Ward & Tan, 2004; but see Smith, 1979). Specifically, when participants recall between lists, the size of the intervening list has no effect on recall probabilities, suggesting that
participants are able to isolate the target list. Recent work in our
laboratory, however, has found the situation to be bit more nuanced. In fact, the mere presence of an intervening list can result
in lowered recall probabilities, more intrusions, and longer recall
latencies compared to control conditions with no intervening lists
(Unsworth, Spillers, & Brewer, 2012). We suggested that participants could reconstruct the context of the prior list for the most
part, but that items from the intervening list were also included,
leading to retroactive interference effects.
Additional evidence for the notion that intervening items can
influence recall comes from studies of the list-before task where
there is no recall between lists. For example, Ward and Tan (2004)
found an effect of intervening list length when participants were
given two lists during encoding and then were cued after list
presentation to recall either the current list or the prior list. Specifically, participants tended to recall more words when the intervening list was short compared to when the intervening list was
long. Furthermore, in a control condition where participants were
given only a single list and asked to recall it, Ward and Tan found
that performance was much better than when an intervening list
was presented, suggesting that retroactive interference played a
role in recalling the prior list. Recently Jang and Huber (2008)
replicated these effects, suggesting that when there is no recall
between lists, the size of intervening list did have an effect. To
account for these results, Jang and Huber suggested that on some
retrieval attempts participants can correctly reconstruct the target
list context, leading to an effect of target list length, but no effect
of intervening list length. On other retrieval attempts, participants
cannot effectively reconstruct the target list context and thus rely
on context present during recall, which activates the intervening
list to a greater extent than the target lists. This suggests that
participants can effectively retrieve from only the target lists some
of the time, and this is especially true when recall occurs between
lists, suggesting that a recall test can lead to a release from
interference (e.g., Szpunar, McDermott, & Roediger, 2008). However, when there is no recall between the lists, participants must
rely on context present during the recall period as a cue, leading to
more interference from the intervening list and the recall of intru-
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sions from the intervening list (e.g., Jang & Huber, 2008; Sahakyan & Hendricks, 2012; Smith, 1979).
Work by Epstein and colleagues complicates this overall picture, however. Specifically, Epstein (1969, 1970) presented participants with two lists of items, and at test participants were cued
to recall List 1, List 2, or both lists. Epstein found that recall was
superior when participants had to recall only one list compared to
both lists. Epstein referred to this as the “only effect” and suggested that it was due to selective search processes working at
retrieval, which allowed participants to select only one list at a
time while excluding the other list even with no recall between
lists. Similar to the work reviewed previously, this suggests that
participants can isolate one list, leading to little or no interference
from the other list (see Epstein, 1972, for a review). However,
Epstein and colleagues always compared either List 1 or List 2
recall to recall of both lists, but did not compare recall to a
condition in which only a single list was presented. It is possible
that when either List 1 or List 2 recall is compared to single list
recall, there will be some interference from the other list as
suggested by Unsworth et al. (2012).

Dynamics of Free Recall
The work reviewed thus far has focused almost exclusively on
probability of recall. However, an examination of recall latency
can also be informative in terms of better understanding how
participants isolate target items in free-recall tasks. Recall latency
refers to the time point during the recall period when any given
item is recalled, and mean recall latency is simply the average time
it takes to recall items. For instance, if items are recalled 5 s, 10 s,
and 15 s into the recall period, mean recall latency would be 10 s.
Prior work (Bousfield & Sedgewick, 1944; Indow & Togano,
1970; McGill, 1963; Roediger, Stellon, & Tulving, 1977; Rohrer
& Wixted, 1994) has suggested that cumulative recall curves are
well described by a cumulative exponential
F共t兲 ⫽ N(1 ⫺ e⫺t ),

(1)

where F(t) represents the cumulative number of items recalled by
time t, N represents asymptotic recall, and  represents the rate of
approach to asymptote. If given enough time to recall, N should
equal the number of items recalled. However, these items can be
recalled either quickly or slowly, and this information is captured
by . When items are recalled quickly during the recall period, 
is relatively large, whereas when items are recalled slowly during
the recall period,  is relatively small.
Overall recall latency distributions are consistent with search
models of free recall (Rohrer, 1996; Shiffrin, 1970b). In these
models it is assumed that during recall a retrieval cue activates a
subset of representations in memory that are related to the cue in
some fashion. This delimited subset is known as the search set, and
during recall, item representations are sampled (with replacement)
from the search set (Raaijmakers & Shiffrin, 1980; Rohrer, 1996;
Shiffrin, 1970b). After an item has been sampled, it must then be
recovered. Items whose strength exceeds some critical threshold
will be recovered and can be recalled, whereas weak items that do
not exceed the threshold will not be recovered (Rohrer, 1996).
Finally, after an item has been recovered, it is subjected to a
monitoring and editing process that attempts to determine whether
the item is correct and recalled, or incorrect and not recalled.
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According to search models of this type, N reflects the number
of target items in the search set whose absolute strength exceeds
some threshold (e.g., Rohrer, 1996). Recall latency, and , reflect
the number of items within the search. Thus, the larger the search
set, the longer on average it will take to recall any given item.
Important evidence for this type of model, as well as for a distinction by N and , comes from a number of studies that have
manipulated aspects of free recall and found that some variables
affect N but have no effect on , whereas other variables seem to
primarily affect . For example, manipulating presentation duration increases N but has no effect on , whereas increasing list
length leads to increases in both N and  (Rohrer & Wixted, 1994).
Additionally, Wixted and Rohrer (1993) examined the build and
release of proactive interference and found that as proactive interference increased and probability of recall subsequently decreased,
overall recall latency increased. Similar to the list length effects,
this is presumably because as proactive interference built up, more
items were included in the search set. Thus, although N decreased,
this was due to a change in size of the search set rather than
strength of items, given that the search set was likely composed of
both target items and intrusions from prior lists (see also Unsworth, 2009). This work suggests that recall latency provides an
index of overall search set size (Shiffrin, 1970b).

The Present Study
The goal of the present study was to examine how individuals
focus their search on a target list that is either preceded by
(proactive interference) or followed by (retroactive interference)
another list. As with Ward and Tan’s (2004) Experiment 3, we
presented participants with one or two lists of words. Following a
brief distractor task, participants were instructed to recall either
List 1 or List 2. Thus, when presented with two lists, participants
were required to target certain items in the presence of an irrelevant list that came either before or after the target list. When
presented with only a single list, participants should be able to
focus their search primarily on the target list (although there will
be some interference from prior lists).
The main question in the current study was, how do we focus
our search on target information? Specifically, if presented with
two lists of items, can we focus on only one, or will we focus on
both? Prior work suggests that it may be possible to focus on one
list (Epstein, 1972; Shiffrin, 1970a), whereas other work suggests
it is difficult to focus only on one list (Roediger & Tulving, 1979;
Unsworth et al., 2012; Ward & Tan, 2004). In the present study we
were interested in examining four possible explanations of how
individuals search for information in the presence of either proactive or retroactive interference. In each case, predictions for overall
probability of recall, recall latency, and intrusions will be given in
order to examine which possibility provides the best account of the
data. Importantly, as will be seen, each possibility predicts a
different pattern of results in terms of the different recall measures.
Thus, it is the overall pattern of results across measures, rather than
any one measure (i.e., probability of recall), that distinguishes the
different possibilities. Four experiments were conducted to examine these possibilities.
The first possibility, the Isolated Context hypothesis, suggests
that at recall participants reconstruct or reinstate the target list
context sufficiently such that the target list is isolated and proba-

bility of recall is driven by the target list with no interference from
the other list (Shiffrin, 1970a; see also Klein, Shiffrin, & Criss,
2007). For example, Klein et al. (2007), in discussing Shiffrin’s
(1970a) results, suggested that “participants could reconstruct a
context cue enabling them not only to access the older list, but also
to focus sufficiently on that prior list to prevent interference by
items on the intervening list” (p. 178). This possibility predicts that
probability of recall and recall latency should be the same when
one is required to recall either from two lists or from one list alone
(i.e., control lists). That is, if there is no interference from the other
list in the two list conditions and participants can isolate their
search only to the target list, then probability of recall and recall
latency should be the same when asked to recall from a target list
in the presence of an irrelevant list as well as when asked to recall
control lists. As noted previously, some of the prior work examining list-before-last recall has provided support for this possibility
in that the size of the intervening list does not matter (at least when
testing is required between lists), suggesting that participants can
isolate the target list. Additionally, work by Epstein (1972) suggests that even with no recall between lists, it is possible to
selectively search one list and exclude the other. Problematic for
this possibility, however, is the finding that participants do emit
intrusions from the intervening list, suggesting that the target list is
not perfectly isolated (e.g., Jang & Huber, 2008; Smith, 1979;
Unsworth et al., 2012).
The second possibility, the Recent Context hypothesis, suggests
that participants rely on context present at recall to search for items
(e.g., Ward & Tan, 2004). Items whose context matches context
present at recall will receive the strongest activation and will be the
most likely to be sampled and recalled. Thus, recently presented
items will likely share the most context with the retrieval cue and
should be the most likely to be recalled. When asked to recall List
1 in the presence of List 2, this suggests that in order to search for
items from the List 1, participants would search back in time using
the recall context as a cue and thus would activate items from the
target list (List 1) as well as all items from the most recently
presented intervening list (List 2). That is, the search set includes
all of the target items as well as all of the intervening items. This
predicts that when asked to recall List 1 items in the presence of
List 2, there should be substantial retroactive interference, leading
to a lower probability of recall, more intrusions (from List 2), and
a longer recall latency, compared to control lists. Importantly, this
possibility predicts that there should be more retroactive interference than proactive interference, given that List 2 shares more
contextual features with the recall context than List 1. Thus, output
from List 1 should be associated with lower probability of recall,
recall of more intrusions, and longer recall latency than List 2 in
this situation. Additionally, recall of List 2 should resemble recall
of control lists. As noted previously, support for this view largely
comes from studies in which there was no testing between lists
(e.g., Jang & Huber, 2008; Ward & Tan, 2004; but see Smith,
1979).
An alternative, the Both Context hypothesis, is that there is not
sufficient differentiation between List 1 and List 2, and thus the
context at recall activates List 1 and List 2 items to the same
extent. This possibility suggests that participants would search
both lists at once, as one big list, and simply edit out intrusions.
Thus, this view predicts that there should be both proactive and
retroactive interference to the same extent, leading to lower prob-
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ability of recall, recall of more intrusions, and longer recall latency, compared to control lists. This view is consistent with early
search models of recall that suggested that in such situations
proactive and retroactive interference effects would be the same.
For example, Shiffrin (1970b) noted that
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in interference terms, the model proposed for free recall predicts both
retroactive and proactive effects (nonspecific), and in fact assumes
these to be equal. That is, any new item added to a list, whether prior
to or subsequent to the item of interest simply has the effect of
increasing the size of the search-set by some given amount; the
increased size of the search-set causes reduced retrieval probability.
(p. 437; see also Shiffrin & Atkinson, 1969)

The final possibility, the Noisy Context hypothesis, suggests
that participants are generally able to reconstruct the target list
context, but this reconstruction is noisy, leading to the inclusion of
some intrusions. That is, this possibility suggests that participants
can generally reconstruct the context for the target list, but given
that there is some uncertainty about which items were actually
presented on that list relative to other list items (intrusions),
participants cast a wider net to ensure that the target information
will be included in the search set. Thus, the reconstruction of
context is noisy, leading to a slightly larger than normal (i.e.,
relative to control lists) search set that encompasses target items
and some intrusions (Unsworth et al., 2012). This hypothesis is the
same as the Both Context hypothesis in suggesting that both
proactive and retroactive interference should occur and be of equal
magnitude in terms of resulting in lower recall probabilities, recall
of more intrusions, and longer recall latencies, compared to control
lists, but these possibilities differ in the amount of interference that
is predicted. Specifically, the Both Context hypothesis suggests
that both List 1 and List 2 are included in the search set in their
entirety, leading to one big list. The Noisy Context hypothesis,
however, suggests that not all of the irrelevant list is included in
the search set but only some irrelevant items are included (perhaps
half). Thus, the Noisy Context hypothesis predicts that there
should be both proactive and retroactive interference, but not as
much as is predicted by the Both Context hypothesis.

Experiment 1
The purpose of Experiment 1 was to examine the four hypotheses of interest. Participants were presented with one or two lists
of words and, following a brief distractor task, were instructed to
recall either List 1 or List 2. Probability of recall, intrusions, and
recall latency were examined.

Method
Participants and design. Participants were 26 undergraduate
students recruited from the subject pool at the University of
Georgia. Participants received course credit for their participation.
Each participant was tested individually in a laboratory session
lasting approximately 30 min. Words were nouns selected from the
Toronto word pool (Friendly, Franklin, Hoffman, & Rubin, 1982).
Words were initially randomized and placed into the lists, and all
participants received the same lists of words. Twenty lists of 10
words each were created.
Procedure. Participants were tested individually. Participants
received a total of 12 experimental trials. On four trials participants
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were presented with two lists of words and were instructed to
recall List 1. On four trials participants were presented with two
lists of words and were instructed to recall List 2. On the remaining
four trials participants were presented with one list of words and
were instructed to recall only that list. The different trial types
were randomly mixed.
For each trial participants were told that they would be presented with either one or two lists of words and that following a
brief distractor task they would be prompted to recall from one of
the lists. They were instructed to read the words silently as they
were presented and to recall the words in any order they wished
during the recall period. Each trial began with a Ready signal
onscreen for 3 s, followed by the statement List 1 onscreen for 3 s,
followed by a series of words presented one at a time in the center
of the screen for 1 s each, with a 1-s blank screen in between the
presentation of each word. After presentation of the first list,
participants either began the distractor task (in the control lists) or
were presented with the statement List 2 onscreen for 3 s, followed
by a series of words presented one at a time in the center of the
screen for 1 s each, with a 1-s blank screen in between the
presentation of each word. Following the second list (or the first
list in the control conditions), participants engaged in a 16-s
distractor task before recall: Participants saw eight three-digit
numbers appear for 2 s each and were required to write the digits
in descending order (e.g., Rohrer & Wixted, 1994; Unsworth,
2007). At recall, participants saw three question marks appear in
the middle of the screen along with a message instructing them to
recall either List 1 or List 2. Participants had 60 s to recall as many
of the words as possible in any order they wished. Participants
typed their responses and pressed Enter after each response, clearing the screen.

Results
Proportion recalled. As shown in Table 1, the proportion of
items recalled was greater in the control lists compared to Lists 1
and 2, which had similar levels of proportion correct. These
observations were supported by a 3 (list) within-subjects analysis
of variance (ANOVA) on proportion correct, demonstrating a
significant main effect of list, F(2, 50) ⫽ 18.78, MSE ⫽ .01, p ⬍
.01, p2 ⫽ .43. Follow-up comparisons suggested that proportion
correct was higher for the control lists than either List 1 or List 2
(both ps ⬍ .01), but there was no difference between List 1 and
List 2 (p ⬎ .31). These results demonstrate that the presence of a
preceding or subsequent list resulted in worse performance compared to control lists indicating both proactive and retroactive
interference. Importantly, there was no difference in the magnitude
of the interference effects.
Intrusions. Intrusions were classified as items that had been
presented in the current task (either before or after the target list)
but were not on the target list (i.e., intraexperimental intrusions).
As shown in Table 1, there were more intrusions emitted per list
during recall of List 1 and List 2 compared to the control lists, but
the number of intrusions emitted per list was similar for List 1 and
List 2. These observations were supported by a 3 (list) withinsubjects ANOVA on the number of intrusions per list, demonstrating a significant main effect of list, F(2, 50) ⫽ 28.41, MSE ⫽ .33,
p ⬍ .01, p2 ⫽ .53. Follow-up comparisons suggested that fewer
intrusions were emitted during recall of List C than either List 1 or
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Table 1
Proportion Correct, Number of Intrusions per List, and Recall Latency for Each List Type in All Four Experiments
Measure

List 1

List 2

List C

Proportion correct
Number of intrusions
Recall latency

0.36 (0.02)
1.31 (0.17)
18.51 (1.05)

Experiment 1
0.33 (0.03)
1.11 (0.14)
17.69 (1.01)

0.48 (0.02)
0.18 (0.05)
14.82 (1.03)

Proportion correct
Number of intrusions
Recall latency

0.30 (0.03)
2.76 (0.32)
24.72 (0.99)

Experiment 2
0.27 (0.02)
2.66 (0.30)
24.40 (0.87)

0.44 (0.02)
1.20 (0.24)
22.45 (0.99)

Proportion correct
Number of intrusions
Recall latency

0.33 (0.02)
1.59 (0.31)
17.51 (0.91)

Experiment 3
0.31 (0.02)
1.59 (0.30)
17.56 (0.97)

0.43 (0.03)
0.36 (0.10)
14.88 (0.82)

Proportion correct
Number of intrusions
Recall latency

0.61 (0.02)
0.00 (0.00)
16.47 (0.63)

Experiment 4
0.61 (0.03)
0.00 (0.00)
16.04 (0.67)

0.62 (0.02)
0.00 (0.00)
16.37 (0.86)

List Both

0.26 (0.02)
0.55 (0.10)
20.12 (0.82)

Note. Standard errors are shown in parentheses.

List 2 (both ps ⬍ .01), but there was no difference between List 1
and List 2 (p ⬎ .27). For List 1, 89% of intrusions came from the
intervening list (List 2), whereas 2% came from the list from the
immediately prior trial and the remaining 9% from two or more
trials back. For List 2, 75% of intrusions came from the immediately preceding list (List 1), whereas the remaining 25% came
from two or more trials back. Finally, for control lists, 47% of
intrusions came from the immediately preceding trial, whereas the
remaining 53% came from two or more trials back. Participants
emitted more intrusions while trying to recall a list in the presence
of an interfering list (List 1 or List 2) compared to control lists.
Further, the majority of these intrusions came from the interfering
list, suggesting the presence of both proactive and retroactive
interference, which were similar in magnitude.
Recall latency. First, we examined cumulative recall functions for each of the conditions. Shown in Figure 1 are the
cumulative recall functions for List 1, List 2, and the control lists.
Consistent with previous research (Rohrer & Wixted, 1994;
Wixted & Rohrer, 1993), the cumulative recall curve was well
described by a cumulative exponential. As shown in Figure 1, the
symbols represent the data, and the lines represent the best fitting
cumulative exponential. As can be seen, fewer items were recalled
from List 1 and List 2 compared to the control lists. Furthermore,
rate of approach to asymptotic performance () was slower for List
1 and List 2 compared to the control lists, but  did not seem to
differ between List 1 and List 2. Shown in Table 2 are the
parameter estimates for each condition after fitting a cumulative
exponential to the cumulative recall curves.1
In addition to examining the cumulative latency distributions
and the parameter estimates from fitting the cumulative exponential, recall latency was directly computed. As shown in Table 1,
recall latency was shorter for the control lists compared to List 1
and List 2, with List 1 and List 2 demonstrating similar recall
latency values. These observations were supported by a 3 (list)
within-subjects ANOVA on recall latency, demonstrating a signif-

icant main effect of list, F(2, 50) ⫽ 6.26, MSE ⫽ 15470959, p ⬍
.01, p2 ⫽ .20. Follow-up comparisons suggested that recall latency
was shorter for the control lists than either List 1 or List 2 (both
ps ⬍ .01), but there was no difference between List 1 and List 2
(p ⬎ .46). Thus, recall latency was longer when trying to recall a
target list associated with an irrelevant list compared to control
lists. Increased recall latency associated with List 2 recall in the
presence of List 1 is consistent with prior research, suggesting
proactive interference effects on recall latency (Wixted & Rohrer,
1993; see also Unsworth, 2009). Novel to the current study is the
finding of increased recall latency associated with List 1 recall in
the presence of List 2, suggesting retroactive interference effects
on recall latency (which were of similar magnitude to the proactive
interference effects).

Discussion
The results from Experiment 1 were relatively straightforward,
demonstrating clear interference effects in terms of both retroactive and proactive interference. Specifically, in comparison to
control lists, List 1 and List 2 were associated with lower recall
levels, higher rates of intrusions, and longer recall latencies, suggesting that the presence of a nontarget list presented before or
after the target list interfered with the recall of target items.
Furthermore, as suggested by Shiffrin (1970b), proactive and
retroactive interference effects were of a similar magnitude across
1
Note that although the cumulative exponential fit the data well, there
are clear systematic deviations of fit. Specifically, the cumulative exponential tends to miss the early part of the curve, then slightly overestimates
the data. As shown by Vorberg and Ulrich (1987), this pattern is expected
when item strengths vary and recall is not entirely random. Furthermore,
given that there is generally a few seconds’ pause before the first item is
output (Rohrer & Wixted, 1994), the fit will tend to be slightly overestimated early on. Despite these variations, the simple search model still
provides a useful interpretation of the data.
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Figure 1. Cumulative recall curves as a function of recall time and list condition. List C ⫽ control lists for
Experiment 1. Symbols represent the observed data, and the solid line represents the best fitting exponential.

all three measures of interest. These results are consistent with the
Both Context hypothesis and Noisy Context hypothesis outlined in
the introduction. Recall that these two suggest that there is insufficient differentiation between List 1 and List 2, leading the context cue used at recall to activate both List 1 and List 2 items to the
same extent. This means that participants then search both lists at
once, as one big list. However, if participants were searching both
lists at the same time, one would expect more intrusions to be
emitted than actually were. That is, participants emitted slightly
more than one intrusion per list, but if both lists were active to the
same extent, one would expect that there would be roughly equal
numbers of correct items and intrusions emitted. It seems possible
that participants are generating intrusions but recognize them as
Table 2
Parameter Estimates Obtained From Fitting the Cumulative
Recall Curves to a Cumulative Exponential for Each Experiment
List



N

VAF

List C
List 1
List 2

Experiment 1
.075
.059
.056

4.82
3.66
3.45

.98
.97
.98

List
List
List
List

Experiment 3
.077
.055
.057
.046

4.36
3.71
3.12
5.62

.97
.98
.97
.98

Experiment 4
.058
.059
.062

6.43
6.44
6.37

.98
.98
.98

C
1
2
Both

List C
List 1
List 2

Note.  ⫽ rate of approach to asymptotic performance; N ⫽ asymptotic
performance; VAF ⫽ variance accounted for.

incorrect and are editing them out before recalling them. This
possibility is tested in Experiment 2.

Experiment 2
The purpose of Experiment 2 was to examine the notion that
participants are generating intrusions during the recall of List 1 or
List 2, but are editing those intrusions out before they can be
recalled. To examine this possibility, we had participants perform
the same recall task as Experiment 1, but with a variant of
externalized free recall (Kahana, Dolan, Sauder, & Wingfield,
2005; Unsworth, Brewer, & Spillers, 2010). In this task participants were instructed to recall all of the target items as in the
Experiment 1, and participants were further instructed to recall any
words that came to mind during the recall phase even if they knew
that the word was not from the current list. Allowing participants
to recall all items that come to mind serves to minimize the editing
process by making recall uninhibited (Bousfield & Rosner, 1970;
Kahana et al., 2005; Roediger & Payne, 1985; Unsworth et al.,
2010). Furthermore, in order to examine monitoring processes,
Kahana et al. (2005) instructed participants to press a key immediately after any response that the participant knew was incorrect.
Thus, in this version of externalized free recall, participants are
free to generate all items that come to mind (both correct and
intrusions) and can indicate whether they identify the item as a
correct or an intrusion. This should allow for a more fine-grained
examination of the editing of intrusions. Additionally, given that
the numbers of intrusions are likely to increase with this method,
it should be possible to examine output dynamics for correct items
and intrusions as a function of list to determine whether correct
items and intrusions are equally accessible throughout the recall
period or whether there are differences in accessibility. If participants are searching both lists as if it were one big list and search
is relatively random, then one would expect equal numbers of
correct responses and intrusions throughout the recall period. If,
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however, some items are more active than others (due to an
overlap in contextual features associated with the items and contextual features associated with the context cue at retrieval) then
one would expect some items to be more accessible early on and
other items to be more accessible later on.
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Method
Participants and design. Participants were 26 new undergraduate students recruited from the subject pool at the University
of Georgia. Participants received course credit for their participation. Each participant was tested individually in a laboratory session lasting approximately 30 min.
Procedure. Participants performed the same recall task as in
Experiment 1 with the exception that they were instructed not only
to recall all of the items from the target list, but also to recall any
other words that came to mind during the recall phase, even if they
knew that the word was not presented on the target list. That is,
participants were instructed to try to recall only items from the
target list, but if other items came to mind, then they should recall
those as well. Furthermore, the participants were instructed that if
they recalled a word that they knew was incorrect, they should
press the space bar to indicate that the response was incorrect.

Results
Proportion recalled. As shown in Table 1 and consistent with
Experiment 1, the proportion of items recalled was greater in the
control lists compared to Lists 1 and 2, which had similar levels of
proportion correct. These observations were supported by a 3 (list)
within-subjects ANOVA on proportion correct, demonstrating a
significant main effect of list, F(2, 50) ⫽ 21.23, MSE ⫽ .01, p ⬍
.01, p2 ⫽ .46. Follow-up comparisons suggested that that proportion correct was higher for the control lists than either List 1 or List
2 (both ps ⬍ .01), but there was no difference between List 1 and
List 2 (p ⬎ .38).
Intrusions. As shown in Table 1, there were more intrusions
from other lists (intraexperimental intrusions) emitted per list
during recall of List 1 and List 2 compared to the control lists, but
the number of intrusions emitted per list was similar for List 1 and
List 2. Importantly, more intrusions were emitted in the current
experiment than in Experiment 1. These observations were supported by a 3 (list) within-subjects ANOVA on the number of
intrusions per list, demonstrating a significant main effect of list,
F(2, 50) ⫽ 26.59, MSE ⫽ .74, p ⬍ .01, p2 ⫽ .52. Follow-up
comparisons suggested that fewer intrusions were emitted during
recall of control list than either List 1 or List 2 (both ps ⬍ .01), but
there was no difference between List 1 and List 2 (p ⬎ .71). For
List 1, 68% of intrusions came from the intervening list (List 2),
whereas 13% came from the list from the immediately prior trial,
and the remaining 19% came from two or more trials back. For
List 2, 65% of intrusions came from the immediately preceding list
(List 1), whereas the remaining 35% came from two or more trials
back. Finally, for control lists, 22% of intrusions came from the
immediately preceding trial, whereas the remaining 78% came
from two or more trials back.
Next we computed the percentage of times that participants
correctly identified intrusions as errors for each list. For List 1
participants correctly rejected 63% (SE ⫽ 0.06) of intrusions, for

List 2 participants correctly rejected 61% (SE ⫽ 0.05) of intrusions, and for control lists participants correctly rejected 85%
(SE ⫽ 0.05) of intrusions. A within-subjects ANOVA on lists
suggested a main effect of list, F(2, 36) ⫽ 7.17, MSE ⫽ .05, p ⬍
.01, p2 ⫽ .29. Follow-up comparisons suggested that participants
were better at rejecting intrusions on control lists compared to
either List 1 or List 2 (both ps ⬍ .01), but there was no difference
between List 1 and List 2 (p ⬎ .77). Additionally, note that correct
rejection rates for both List 1 and List 2 were greater than chance
(both ps ⬍ .05).
Output dynamics for corrects and intrusions. In our next
set of analyses we examined output dynamics for correct responses
and intrusions for List 1 and List 2 in order to gain a better
understanding of when correct responses and intrusions are likely
to be output during the recall period and whether this differs as a
function of list. To examine this, we computed the proportion of
responses that were either correct or intrusions for each output
position and for each list. Shown in Figure 2 are the resulting
output functions for List 1 (Figure 2A) and List 2 (Figure 2B). As
can be seen, although equal numbers of correct responses and
intrusions were recalled in List 1 and List 2, the two lists differed
in when responses were output during the recall period. Specifically, when recalling List 1 items (in the presence of List 2),
participants tended to start out by recalling correct items, but by
the third output position there was no difference in recalling
correct items or intrusions. When recalling List 2 items (in the
presence of List 1), participants were more likely to begin recall
with correct items and then, starting around Output Position 5,
predominantly recalled intrusions. These observations were supported by a 2 (response type: correct vs. intrusion) ⫻ 2 (list) ⫻ 16
(output position) within-subjects ANOVA. The ANOVA demonstrated a main effect of output position, F(15, 375) ⫽ 70.83,
MSE ⫽ .06, p ⬍ .01, p2 ⫽ .74, suggesting that there were fewer
responses at later output positions as well as a Response Type ⫻
Output Position interaction, F(15, 375) ⫽ 5.84, MSE ⫽ .14, p ⬍
.01, p2 ⫽ .19, suggesting that the relative proportions of corrects
and intrusions changed as a function of output position. Importantly, there was a significant Response Type ⫻ List ⫻ Output
Position interaction, F(15, 375) ⫽ 1.71, MSE ⫽ .12, p ⬍ .05, p2 ⫽
.06, suggesting that the Type ⫻ Output Position interactions were
different for List 1 and List 2. That is, correct items and intrusions
were recalled roughly equally across output positions (except for
the first two output positions) when recalling from List 1, but when
recalling from List 2, correct items were more likely to be recalled
early on, whereas intrusions were more likely to be recalled at later
output positions, suggesting potential differences between List 1
and List 2 in the accessibility of items during the recall period. An
additional result worth mentioning is that the main effect of
response type was not significant, suggesting that equal numbers
of correct responses and intrusions were emitted. Specifically, for
List 1, 2.99 correct responses were recalled along with 2.76 intrusions. For List 2, 2.74 correct responses were recalled along with
2.66 intrusions. Thus, there were equal numbers of correct items
and intrusions recalled for both lists when using the externalized
free-recall procedure.
Transition probabilities. Next, we examined transition probabilities between all of the item types to better determine the
relations among the different item types in order to examine
potential clustering of responses based on the previous recall of
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Figure 2. (A) Proportion of responses as a function of output position and response type (correct and
intrusions) for List 1. (B) Proportion of responses as a function of output position and response type (correct and
intrusions) for List 2. Error bars represent 1 standard error of the mean.

similar item types (see also Unsworth et al., 2010; Zaromb et al.,
2006). Specifically, we computed transition probabilities for each
possible transition for correct recalls, intraexperimental intrusions,
and extraexperimental intrusions individually. We included extraexperimental intrusions (recall of an item that was not presented
during the experiment) given that participants typically recall a
large number of extraexperimental intrusions with this procedure
(Kahana et al., 2005; Unsworth et al., 2010). Indeed, in the current
study participants recalled on average 8.40 (SE ⫽ 1.59) extraexperimental intrusions per list. We computed the probability of
recalling a correct item followed by another correct item, as well
as the probabilities of recalling a correct item followed by an
intraexperimental or followed by an extraexperimental intrusion.
These transition probabilities were calculated separately for each

response type. Shown in Table 3 are the resulting transition probabilities. As can be seen, when a participant recalled a correct item,
the probability that the next item the participant recalled would be
another correct item was very high. The probability of recalling
another item type was much smaller. Note that the comparisons in
Table 1 are only meaningful within a row and not across rows,
given that the transitions within a row were divided by the same
baseline but those in different rows were divided by different
baselines. The transition probabilities within a row sum to 1.0.
When recalling an intraexperimental intrusion, participants tended
to recall another intraexperimental intrusion next. Likewise, when
recalling extraexperimental intrusions, the item recalled tended to
be an extraexperimental intrusion. Examining transition probabilities for each list type separately suggested overall similar results.
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Table 3
Recall Transition Probabilities Between Correct Items,
Intraexperimental Intrusions, and Extraexperimental Intrusions
for All Items, for List 1 Items Only, and for List 2 Items Only in
Experiment 2
Item

Correct

Correct
Intra
Extra

.64
.15
.11

Correct
Intra
Extra

.69
.14
.11

Correct
Intra
Extra

.59
.17
.11

Intra

Extra

.19
.60
.21

.17
.25
.68

.15
.61
.21

.16
.25
.68

.22
.58
.21

.19
.25
.68

All items
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List 1 only

List 2 only

Note. Correct ⫽ correct responses; intra ⫽ intraexperimental intrusions;
extra ⫽ extraexperimental intrusions.

The only difference seemed to be that participants were slightly
more likely to transition between correct items and intraexperimental intrusions when recalling from List 2 compared to when
recalling from List 1. This likely reflects the shift seen around
Output Position 5 when participants shift from recalling predominantly correct items to recalling intraexperimental intrusions.
Overall there was a clear pattern of clustering in the data, with
similar item types being recalled in succession.
Recall latency. As shown in Table 2, recall latency was
shorter for the control lists compared to List 1 and List 2, with List
1 and List 2 demonstrating similar recall latency values consistent
with Experiment 1. These observations were supported by a 3 (list)
within-subjects ANOVA on recall latency, demonstrating a significant main effect of list, F(2, 50) ⫽ 3.32, MSE ⫽ 1073431, p ⬍
.05, p2 ⫽ .12. Follow-up comparisons suggested that that recall
latency was shorter for the control lists than either List 1 or List
(both ps ⬍ .05), but there was no difference between List 1 and
List 2 (p ⬎ .48).

Discussion
Overall the results from Experiment 2 were consistent with the
results from Experiment 1. Importantly, additional findings were
gained by using the externalized free-recall technique in Experiment 2. Unlike in Experiment 1, which demonstrated that participants recalled more correct items than intrusions, using externalized free recall in Experiment 2 suggested that roughly equal
numbers of correct items and intrusions were emitted on List 1 and
List 2. Additionally, the results suggested that participants were
better at rejecting intrusions on the control lists compared to either
List 1 or List 2. Thus, using externalized free recall revealed that
participants not only include many intrusions in their search sets
for List 1 and List 2, but also have more difficulty monitoring these
intrusions relative to lists that are not accompanied by additional
material. There was also a clear pattern of clustering within the
data in which participants recalled similar items in succession,

suggesting that the prior item’s retrieved context likely cued recall
of successive items (Howard & Kahana, 2002). Finally, although
the results for List 1 and List 2 were comparable in terms of overall
levels of recall, number of intrusions, and recall latency, an examination of output dynamics suggested that there were some
differences between List 1 and List 2. Specifically, when asked to
recall List 1 in the presence of List 2, participants recalled roughly
equal numbers of correct items and intrusions across output positions (except for the first two output positions), suggesting that
intrusions were as accessible as correct items under conditions of
retroactive interference. When asked to recall List 2 in the presence of List 1, however, correct items were more likely to be
recalled early on, and intrusions were more likely to be emitted
later in the recall period. This suggests that under conditions of
proactive interference, correct items were more accessible early in
the recall period than intrusions, likely due to a greater overlap in
contextual features between correct items and context during retrieval. This is consistent with prior work on List 2 dominance
effects in proactive and retroactive free-recall studies (e.g., Albert
& Schulz, 1975). Thus, although proactive and retroactive interference effects were comparable, there were also important differences in terms of the accessibility of items.

Experiment 3
The results thus far suggest that when asked to recall a target list
in the presence of an interfering list, participants demonstrate
lower levels of recall, higher numbers of intrusions, and longer
recall latencies compared to control lists. In addition, the results
indicate that the magnitude of proactive and retroactive interference effects was roughly equal. As noted previously, these results
are in line with the Both Context and Noisy Context hypotheses
outlined in the introduction. Recall that these two hypotheses
suggest that there is not sufficient differentiation between List 1
and List 2, leading to the context cue at recall activating both List
1 and List 2 items to the same extent. However, there is one
important difference between these two possibilities. As outlined
in the introduction, the Both Context hypothesis suggests that
participants activate both List 1 and List 2 in their entirety, leading
to one big list. The Noisy Context hypothesis suggests that not all
of the irrelevant list is included in the search set but only some
irrelevant items are included. Thus, these two hypotheses differ in
the overall size of the search set. The Both Context hypothesis
suggests that the search set includes 20 items (all 10 items from
List 1 and all 10 items from List 2), whereas the Noisy Context
hypothesis suggests that all of the target items are included in the
search set but only some of the irrelevant items are included. To
determine which of these two possibilities provides a more likely
account of the results, we had participants perform the same recall
task as in Experiment 1, in which they were required to recall List
1, List 2, or control lists. An additional condition was included in
this experiment in which, after being presented with both List 1
and List 2 (and after completing the distractor task), participants
were instructed to recall both lists in any order they wanted (e.g.,
Epstein, 1972). Thus, on some trials participants had to recall only
List 1 items, List 2 items, or both List 1 and List 2 items. If the
Both Context hypothesis is correct and participants are searching
through one large list of 20 items when recalling from either List
1 or List 2, then recall latency should be the same as when they are
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asked to recall both List 1 and List 2. If the Noisy Context
hypothesis is correct and participants include some of the irrelevant list in the search set, but not all irrelevant items, then recall
latency for either List 1 or List 2 should be shorter than when
asked to recall both lists, but longer than when asked to recall
control lists.
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Method
Participants and design. Participants were 26 undergraduate
students recruited from the subject pool at the University of
Oregon. Participants received course credit for their participation.
Each participant was tested individually in a laboratory session
lasting approximately 30 min.
Procedure. Participants performed a similar recall task as in
Experiment 1. Participants received a total of 12 experimental
trials. On three trials participants were presented with two lists of
words and were instructed to recall List 1. On three trials participants were presented with two lists of words and were instructed
to recall List 2. On three trials participants were presented with two
lists of words and were instructed to recall both lists in any order
they wanted. On the remaining three trials participants were presented with one list of words and were instructed to recall only that
list. The different trial types were randomly mixed.

Results
Proportion recalled. As shown in Table 1, the proportion of
items recalled was greater in the control lists compared to Lists 1
and 2 (which had similar levels of proportion correct) and compared to when participants had to recall both lists (which seemed
to have lower levels of recall compared to all other lists). These
observations were supported by a 4 (list) within-subjects ANOVA
on proportion correct, demonstrating a significant main effect of
list, F(3, 75) ⫽ 18.45, MSE ⫽ .01, p ⬍ .01, p2 ⫽ .43. Follow-up
comparisons suggested that proportion correct was highest for the
control lists compared to all other lists (all ps ⬍ .01) and lowest for
both lists (all ps ⬍ .05), but there was no difference between List
1 and List 2 (p ⬎ .37). Examining List 1 and List 2 items
separately in the both-lists condition suggested a slightly higher
proportion of items were recalled from List 1 (M ⫽ .28, SE ⫽ .02)
than List 2 (M ⫽ .23, SE ⫽ .02) items (p ⬍ .08). However, a fewer
proportion of items were recalled from List 1 when required to
recall both lists than when to recall List 1 only (p ⬍ .05). The same
was true for List 2 items (p ⬍ .05).
Intrusions. More intrusions emitted per list during recall of
List 1 and List 2 compared to the control lists and both lists, but the
number of intrusions emitted per list was similar for List 1 and List
2. These observations were supported by a 4 (list) within-subjects
ANOVA on the number of intrusions per list, demonstrating a
significant main effect of list, F(3, 75) ⫽ 13.21, MSE ⫽ .86, p ⬍
.01, p2 ⫽ .35. Follow-up comparisons suggested that fewer intrusions were emitted during recall of the control lists than any of the
other lists (all ps ⬍ .01), and more intrusions were emitted during
recall of List 1 and List 2 compared to the other lists (all ps ⬍ .01),
but there was no difference between List 1 and List 2 (p ⬎ .99).
For List 1, 85% of intrusions came from the intervening list (List
2), whereas 2% came from the list from the immediately prior trial,
and the remaining 13% came from two or more trials back. For
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List 2, 72% of intrusions came from the immediately preceding list
(List 1) whereas the remaining 28% came from two or more trials
back. For the control lists, 20% of intrusions came from the
immediately preceding trial, whereas the remaining 80% came
from two or more trials back. Finally, for both lists, 13% of
intrusions came from the immediately preceding trial, whereas the
remaining 87% came from two or more trials back.
Recall latency. Shown in Figure 3 are the cumulative recall
functions for List 1, List 2, the control lists, and both lists. As can
be seen, more items were recalled in both lists and the control lists
than for either List 1 or List 2. Although of course a lower
proportion of items was recalled in the both-lists condition. Furthermore, rate of approach to asymptotic performance () was
slowest for both lists, fastest for the control lists, and intermediate
for List 1 and List 2, which did not seem to differ in . Shown in
Table 2 are the parameter estimates for each condition after fitting
a cumulative exponential to the cumulative recall curves.
As shown in Table 1, recall latency was shortest for the control
lists, longest for both lists, with List 1 and List 2 demonstrating
similar recall latency values between the control and both lists.
These observations were supported by a 4 (list) within-subjects
ANOVA on recall latency, demonstrating a significant main effect
of list, F(3, 75) ⫽ 9.18, MSE ⫽ 12943821, p ⬍ .01, p2 ⫽ .27.
Follow-up comparisons suggested that recall latency was shortest
for the control lists compared to all other lists (all ps ⬍ .05),
longest for both lists (all ps ⬍ .01), with Lists 1 and 2 falling
between the control and both lists and no difference between List
1 and List 2 (p ⬎ .96). Examining recall latencies for List 1 and
List 2 items from the both-lists condition suggested no differences
in recall latency for List 1 and List 2 items (p ⬎ .15), with both
having longer recalling latencies than the other conditions (all
ps ⬍ .01). These results demonstrate that recall latency was longer
when trying to recall a target list associated with an irrelevant list
compared to control lists, but recall latency was not as long as
when trying to recall both lists at the same time.

Discussion
The results for Experiment 3 were consistent with those for
Experiments 1 and 2, suggesting that List 1 and List 2 were
associated with lower recall levels, higher rates of intrusions, and
longer recall latencies than control lists. When asked to recall both
lists, recall levels were lower and recall latency was longer than
when asked to recall only List 1 or List 2. This replicates the “only
effect” demonstrated by Epstein and colleagues (e.g., Epstein,
1972). Consistent with Epstein’s interpretation, this suggests that
the overall size of the search set was larger when asked to recall
both lists than when asked to recall either List 1 or List 2. Thus,
these results suggest that when searching for either List 1 or List
2, participants do not simply include all items from both lists,
creating one big list. Rather, it seems that some items from the
irrelevant list are included in the search set, but not all of the
irrelevant items are included. The fact that recall latency for List 1
and List 2 fell almost exactly in between the control lists and both
lists suggests that the search sets for List 1 and List 2 are likely
composed of roughly half of the irrelevant list, leading to an
overall search set of roughly 15 items. Thus, although participants
demonstrated some selectivity in their search of only List 1 or List

UNSWORTH, BREWER, AND SPILLERS

1752
6

5

List Both

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

Cumulative Recall

4

Fit
List C
Fit

3

List 1
Fit
List 2

2

Fit

1

0
1

3

5

7

9

11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
Recall Time (s)

Figure 3. Cumulative recall curves as a function of recall time and list condition. List C ⫽ control lists for
Experiment 3. Symbols represent the observed data, and the solid line represents the best fitting exponential.

2 (as suggested by Epstein, 1972), they could not fully isolate the
target list, leading to some interference from the excluded list.

Experiment 4
The prior experiments suggested that participants have difficulties in focusing their search on only the target information and
include items from other lists. The purpose of Experiment 4 was to
see whether participants can adequately focus their search on
target information when that information is made distinct relative
to information from other lists. That is, if temporal context by itself
cannot isolate one list over another (especially when the lists are
presented in close temporal proximity), then perhaps other means
can be used to differentiate the two lists, leading to the isolation of
one list. Prior research in the context of proactive interference has
found that changes in semantic categories between lists result in a
release from proactive interference such that performance on the
new category of items is similar to performance on the first list of
the experiment (e.g., Wickens, 1972). Theoretically, the release
from proactive interference is due to the fact that the new semantic
category distinguishes target items on the current list from items
on prior trials, leading to a focusing of the search set on only the
target information (e.g., Gardiner, Craik, & Birtwistle, 1972). In
line with this interpretation, Wixted and Rohrer (1993) found that
changes in semantic category between lists reduced recall latency,
suggesting a narrowing of the search set. In a similar vein, Marsh,
Landau, and Hicks (1996) found that providing participants with a
postinformation cue indicating differences between List 1 and List
2 resulted in enhanced recall of List 1 and in shorter recall
latencies for List 1 compared to a group that was not given a
postinformation cue. Thus, in the context of retroactive interference, this suggests that making the lists distinct should reduce
retroactive interference and allow participants to focus on their
search on the target list. To examine this, we had participants

perform the same recall task as in Experiment 1, but each list was
composed of a new semantic category, and participants were
instructed to recall the target list and were provided with a category cue for that list.

Method
Participants and design. Participants were 27 new undergraduate students recruited from the subject pool at the University
of Georgia. Participants received course credit for their participation. Each participant was tested individually in a laboratory session lasting approximately 30 min.
Procedure. Participants performed the same recall task as in
Experiment 1 with the exception that each list was now composed
of items from a single category unique to that list. Words and
category labels were from Murdock (1976), excluding the six most
frequent words for each category. Categories included body parts,
male names, sports, types of boats, spices, kitchen utensils, vegetables, birds, fields of study, articles of clothing, chemicals,
weather, flowers, insects, fabrics, tools, animals, colors, musical
instruments, and trees. At recall, participants saw three question
marks appear in the middle of the screen along with a message
instructing them to recall either List 1 or List 2 along with the
appropriate category label for the target list.

Results
Proportion recalled. As shown in Table 1, there were virtually no differences between the lists in the proportion of correct
items recalled. These observations were supported by a 3 (list)
within-subjects ANOVA on proportion correct, demonstrating the
lack of a significant main effect of list, F(2, 52) ⫽ 0.007, MSE ⫽
.01, p ⬍ .99, p2 ⫽ .00.
Intrusions. As shown in Table 1, there were no intrusions
emitted in any of the lists by any participant.
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Discussion
The results for Experiment 4 were very straightforward. Presenting participants with distinct lists of items from unique semantic categories resulted in similar levels of performance for all three
lists in terms of proportion correct, intrusions, and recall latency.
Thus, making each list distinct allowed participants to focus their
search on the target information, effectively reducing both proactive and retroactive interference, leading to similar levels of recall,
similar recall latencies, and the recall of zero intrusions across all
lists and all participants.

General Discussion
In four experiments, using a two-list paradigm, we examined
participants’ ability to focus their search on target list items in the
presence of irrelevant items that came either before (proactive
interference) or after (retroactive interference) the target list. In
Experiment 1, it was shown that recalling either List 1 or List 2
resulted in lower levels of recall, higher rates of intrusions, and
longer recall latencies compared to when recalling a single control

list. Importantly, these effects were equal for both List 1 and List
2. Using an externalized free-recall procedure, in Experiment 2 we
replicated those results from Experiment 1 and also demonstrated
that participants recalled the same number of correct items and
intrusions when recalling List 1 or List 2, but not when recalling
control lists. Interestingly, participants’ monitoring abilities were
worse when recalling from List 1 or List 2 compared to control
lists, and participants were close to chance in recognizing intrusions as errors. Thus, not only were intrusions likely to be recalled,
these intrusions were also very likely to be confused as correct
items by the participants. Additionally, Experiment 2 demonstrated that although performance was similar when recalling from
List 1 and List 2, differences did emerge in output dynamics such
that correct items and intrusions were equally likely to be emitted
when recalling from List 1, but that correct items were more likely
to be recalled early on and intrusions later when recalling from List
2. This suggests that there were differences in recalling from List
1 and List 2 in terms of the accessibility of items. Finally, examining transition probabilities in Experiment 2 demonstrated that
participants clustered responses based on item type, suggesting
that the prior item’s retrieved context was used as a cue for
successive items (Howard & Kahana, 2002). In Experiment 3,
where asked to recall both List 1 and List 2 on some trials,
participants demonstrated that when recalling both lists, recall
levels were lower and recall latency was longer than when recalling either List 1 or List 2 (the “only effect”), but performance was
superior when given only one list, suggesting that participants
could not fully isolate the target list. Finally, in Experiment 4,
when presented with lists of category items unique to each list and
provided with a postinformation cue (e.g., Marsh et al., 1996),
participants eliminated differences between List 1 and List 2 with
control lists, suggesting that both proactive and retroactive interference were eliminated.

7

6

5
Cumulative Recall
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Recall latency. Shown in Figure 4 are the cumulative recall
functions for List 1, List 2, and the control lists. As can be seen,
there were no differences in the number of items recalled for each
list, and the rate of approach to asymptotic performance () was
roughly equal across the different lists. Shown in Table 2 are the
parameter estimates for each condition after fitting a cumulative
exponential to the cumulative recall curves.
As shown in Table 1, recall latency was roughly equal for the
different lists. These observations were supported by a 3 (list)
within-subjects ANOVA on recall latency, demonstrating a lack of
a significant main effect of list, F(2, 52) ⫽ 0.53, MSE ⫽ 6328714,
p ⬎ .59, p2 ⫽ .01.
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Figure 4. Cumulative recall curves as a function of recall time and list condition. List C ⫽ control lists for
Experiment 4. Symbols represent the observed data, and the solid line represents the best fitting exponential.
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Collectively, these results are most consistent with the Noisy
Context hypothesis discussed in the introduction. Specifically, the
Noisy Context hypothesis suggests that participants can generally
reconstruct the context for the target list, but due to some uncertainty about which items were actually presented on target list
relative to the irrelevant list, participants cast a wider net to ensure
that the target information will be included in the search set. Thus,
probability of correct recall is reduced when recalling from List 1
or List 2 because prior or intervening list items are included in the
search set. Likewise, this view predicts that the search set will be
centered on the target list, but items presented in close temporal
proximity to the target list (either before or after the target list) will
also be included in the search set. Importantly, not all intruding
items will be in the search set, but rather only those items that
share enough contextual features will be included. Thus, intrusions
should be recalled from either the prior or intervening list. Finally,
given that intrusions are included in the search set, this view
predicts that recall latency should be longer when recalling from
either List 1 or List 2 compared to the control lists. Overall, the
current pattern is very much in line with predictions from this
possibility.
When searching memory, individuals attempt to focus their
search on target information by reconstructing the context associated with the target information. However, given this is a difficult
process and that there is some uncertainty about what information
is correct versus incorrect, individuals will rely on a somewhat
noisy contextual reconstruction process in which the search set is
centered on the target information but irrelevant information is
also included in the search set. By casting a wider net and including irrelevant information in the search set, there is a greater
likelihood of actually sampling the target information as well as a
greater likelihood of sampling irrelevant information. Thus, there
are both costs and benefits to casting a wider net. The overall effect
of including irrelevant information into the search set is an increase in interference (both proactive and retroactive) that lowers
recall probabilities, increases intrusion rates, and increases recall
latency.2 The current results suggest that it is possible to reconstruct the context of target information in order to focus the search
on this information. At the same time, the current results suggest
that this context reconstruction process is far from perfect in that
irrelevant information will be included along with target information in the search set. Importantly, not all irrelevant items are
included in the search set, thus allowing for a greater probability of
recalling target items than would occur if individuals attempted to
search both lists at the same time. Furthermore, the current results
rule out additional possibilities about how individuals may focus
their search by suggesting that participants do not exclusively rely
on the context at recall as a cue, but rather attempt to reconstruct
the context of the target list.
In general, the current results suggest that when presented with
two lists of items in close temporal proximity, participants cannot
focus exclusively on the target list. Prior results suggesting that
participants can selectively search only one list (e.g., Epstein,
1972; Shiffrin, 1970a) are challenged by the fact that when recalling either List 1 or List 2, performance is worse compared to
recalling only one list alone. That is, prior research has suggested
that when participants recall between lists, as in the list-before-last
paradigm, the act of recall leads to list isolation (e.g., Jang &
Huber, 2008). However, recent work with the list-before-last par-

adigm suggests that the lists are not completely isolated, as there
is some interference from the intervening list (e.g., Unsworth et al.,
2012). Additionally, although there is an “only effect” such that
performance is better when recalling either List 1 or List 2 compared to recalling both lists (Epstein, 1972), recalling only one list
alone leads to the best performance, given that there is some
interference in the either List 1 or List 2 condition. Again this
suggests that participants cannot fully select only the target list, but
rather some items from the inferring list are included in the search
set. However, that is not to say that list isolation is impossible.
Rather, when the two lists are made sufficiently distinct (e.g., by
using different types of materials, spacing out the lists, or presenting the lists in different modalities), it should be possible to isolate
the target list, eliminating interference effects. Indeed, the results
from Experiment 4 suggested that when the two lists are composed
of items from different categories and participants are provided
with category cues at recall, it is possible to focus exclusively on
the target list with no interference from the other list. This suggests
that context alone does a poor job of isolating a list unless other
means are used to make the lists distinct from one another.
The current results also suggest the importance of monitoring
and editing processes inherent in recall. Specifically, the results
suggest that although participants tended to emit more intrusions
when recalling List 1 or List 2 compared to the control lists, the
overall number of intrusions emitted was quite low, suggesting that
participants likely generated intrusions but recognized these intrusions as such and edited them out before they were recalled. The
results from Experiment 2 were consistent with this notion by
demonstrating that with an externalized free-recall procedure, individuals emitted more intrusions than with a standard recall
procedure. Furthermore, participants were generally good at recognizing the intrusions as errors. Thus, although participants
tended to include intrusions in their search sets, they were quite
good at recognizing those intrusions as incorrect and editing them
out so that they were not emitted during the recall period.
These results have important implications for current theories of
recall. In particular, most current theories of recall typically rely on
the notion that when searching memory, individuals recall items
based on the match between context stored in the items and the
context present during retrieval, such that the greater the overlap
between the two, the more likely an item has in being included in
the search set and subsequently recalled (e.g., Howard & Kahana,
2002; Mensink & Raaijmakers, 1988; Raaijmakers & Shiffrin,
1980). The notion that context at retrieval acts as the primary cue
and dictates the extent to which relevant items will be recalled
works quite well in standard recall paradigms where participants
are asked to recall the most recently presented list. However, these
models would seem to be less capable of accounting for patterns of
recall in paradigms where one not only has to recall the most
recently presented list, but also has to recall items presented on
2
In addition to proactive and retroactive interference, there seemed to be
evidence for output interference in the data. Within each experiment there
were roughly the same total number of words recalled (correct plus
intrusions) across the different conditions. This suggests the possibility of
output interference influencing the rate of retrieval, with any word retrieved in response to the same cue effectively slowing down the retrieval
of as-yet-unrecalled words. We thank Geoff Ward for noticing and suggesting this.
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prior lists, as in the current experiments and in the list-before-last
recall task (Shiffrin, 1970a). In particular, the current results along
with prior work (e.g., Jang & Huber, 2008; Sahakyan & Hendricks,
2012; Shiffrin, 1970a; Smith, 1979; Unsworth et al., 2012) suggest
that these models need to be augmented with some form of
contextual reconstruction process that allows participants to attempt to reconstruct the context of the target list rather than merely
rely on context at retrieval as a cue. Furthermore, the current work
suggests that this process will need to be somewhat noisy in that
perfect reconstruction is unlikely (unless the lists are sufficiently
distinct and there are sufficient retrieval cues present), leading to
the inclusion of some intrusions in the search set. Finally, the
current results suggest the need for some sort of monitoring and
editing process (see Sirotin, Kimball, & Kahana, 2005, for a recent
example) in these types of models in order to account for the fact
that participants can be quite good at recognizing intrusions as
such and that they actively edit these intrusions, thus preventing
them from being emitted. Future work is needed to better understand the situations in which the search set can and cannot be
focused on only target information, the processes that are utilized
in order to reconstruct context for events without relying exclusively on the present context, and how participants use context to
monitor the products of retrieval and how this influences editing
decisions during recall. For now, the current results suggest that
people target information in memory using noisy temporalcontextual cues that activates a range of accurate memoranda but
also activates some irrelevant memoranda unless the target information is distinct.
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