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Three experiments used the “list-before-the-last” free recall paradigm (Shiffrin, 1970) to investigate
retrieval for context and the manner in which context changes. This paradigm manipulates target and
intervening list lengths to measure the interference from each list, providing a measure of list isolation.
Correct target list recall was only affected by the target list length when participants engaged in recall
between the lists, whereas there were effects of both list lengths with other activities. This suggests that
the act of recalling drives context change, thus isolating the target list from interference. Correspond-
ingly, incorrect recall of intervening list items was affected only by the length of the intervening list when
recall occurred between the lists, but was otherwise affected by both list lengths. Concurrent with these
changes in context similarity, there were apparent changes in context retrieval, as indicated by the overall
levels of target retrieval versus intervening recall. A multinomial model of sampling and recovery was
implemented to assess the adequacy of this account and to quantify context similarity and context
retrieval.
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Unlike recognition, which asks for a judgment in relation to a
specific known item (e.g., do you recognize which car is yours?),
recall requires the bringing to mind of information that is not
currently at hand (e.g., I remember parking my car at the top level
of the garage). Among the vast number of episodes that could be
recalled, it is commonly believed that a task-relevant context is
used to guide recall, highlighting a subset of possible target mem-
ories (e.g., Anderson & Bower, 1972; Estes, 1955; Hintzman,
1988; Howard & Kahana, 2002; Mensink & Raaijmakers, 1988;
Murdock, 1997; Raaijmakers & Shiffrin, 1981). In a typical free-
recall experiment, participants are presented with a list of items
and are asked to recall in any order that they wish from the list just
studied. However, this classic paradigm does not necessitate a
particular episodic context beyond things that happened recently;
this recency context is likely available with little or no effort. In
other words, the classic paradigm does not require retrieval of the
context itself. By changing the environmental context at the time
of study and test, it is known that context similarity is very
important in terms of both proactive interference (e.g., Dallett &
Wilcox, 1968) and the match of context between study and test
(e.g., Godden & Baddeley, 1975; see Smith, 1988, for a review).
However, these experiments directly provided an exogenous con-
text for study or retrieval through environmental manipulation and,
therefore, have little to say regarding the manner in which endog-

enous context is generated, changed, and retrieved. In the reported
studies, we seek to investigate factors that affect the ability to
generate a unique endogenous context and factors that affect the
ability to retrieve prior contexts to the exclusion of intervening
memories. This is achieved with a retroactive interference para-
digm that asks participants to recall not from the most recent list
but rather from the list before the last.

It is well known that the proportion of words correctly recalled
from a list decreases as the list length increases, which is referred
to as the list-length effect (e.g., Murdock, 1962; Postman & Phil-
ips, 1965; Roberts, 1972). It is also well known that recall perfor-
mance for memories previously stored is negatively affected by
later learning, which is referred to as retroactive interference (e.g.,
McGeoch & McDonald, 1931; Osgood, 1949). Both of these
effects can be viewed as occurring through the use of context. The
context used to probe memory highlights items associated with
that context, and retrieval takes place within this limited subset of
memories. In the case of list length, the other items on the list also
match the list context that is used to probe memory, and this
produces additional interference in accord with the number of
items. In the case of retroactive interference, activities between the
to-be-remembered items and final recall may likewise match the
probe context and provide additional interference.

This traditional view of context use and interference fails to
consider the role of context retrieval itself. Even when there is a
highly specific context that is only associated with a subset of
target memories (i.e., an isolated list), retrieval or reinstatement of
that context may fail, and performance may suffer because of use
of an inappropriate context. When testing occurs shortly after a
study list is presented, it may not be necessary to reinstate context
at all because the study list context matches the current context.
However, when there is a sufficient delay filled with intervening
events between study and test, reinstatement of the context may be
necessary. In the present work, we investigate context reinstate-
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ment, and in particular we attempt to determine the factors that
drive endogenous context changes. Context change may serve to
isolate the target list, thereby minimizing retroactive interference,
but it may additionally lower performance because target list recall
can only be achieved through reinstatement of the target list
context. In contrast, if context does not change between lists, then
the current context may be more useful for recalling from the
target list, even though it produces more interference. By consid-
ering both correct recall and incorrect recall for intervening items
(i.e., commission errors), we seek to measure these two effects of
context change. These may appear to be two mechanisms that
produce the same behavioral result and, thus, a distinction without
a difference. However, the “list-before-the-last” paradigm (Shif-
frin, 1970) can distinguish between these by separately considering
list-length effects, which relate to context similarity, and the over-
all levels of recall for the target list versus intervening recall,
which relate to context retrieval. Thus, the notion of “list isolation”
is multifaceted and the context associated with an isolated list may
uniquely indicate the desired episodic memories, yet, at the same
time, isolated memories may be more difficult to recall because
they necessarily rely on context retrieval. In terms of a rational
analysis of the retrieval process (e.g., Anderson, 1990), it follows
that participants will engage in greater context reinstatement for
isolated lists, whereas performance may be optimized by using the
current context for nonisolated lists.

Shiffrin (1970) developed the list-before-the-last paradigm to
determine whether forgetting is due to decay over time (or over
experience) or to interference. The experiments of the paradigm
involved 20 lists of words presented one after the other, with recall
testing occurring between every list. Rather than asking partici-
pants to recall from the most recent list, they were told to recall
from the list before the last; therefore, the most recent list was the
intervening list and the list before the last was the target list.
Because the experiment included a long series of study lists with
testing between each list, it was always necessary for participants
to study intervening lists considering that later on these lists
became the list before the last. To assess interference effects, the
number of unique words on both the target list and the intervening
list was separately manipulated. The key finding was worse per-
formance for longer target lists, but at the same time the length of
the intervening list did not matter (decay theory predicted an effect
of the intervening list length). From the standpoint of interference
theory, this result indicated that the probe context was selective
and specific to the target list (i.e., the target list was isolated);
people were perfectly able to focus on the target list to the
exclusion of the intervening list.

Global memory models of free recall assume that a probe
context is used to focus the retrieval process on the studied list
(e.g., Hintzman, 1988; Murdock, 1982; Raaijmakers & Shiffrin,
1981), and for the most part it is assumed that this process is
accurate and applied similarly across conditions of interest. Al-
though these models and others presume that there is a single
unchanging list context (see also DeLosh & McDaniel, 1996;
Rohrer, 1996; Rohrer & Wixted, 1994), other theories allow that
the endogenously generated context fluctuates over time or with
subsequently presented items, which results in forgetting because
of a mismatch between study context and probe context (e.g.,
Estes, 1955; Howard & Kahana, 1999, 2002; Mensink & Raaij-
makers, 1988). For instance, the context fluctuation model of

Mensink and Raaijmakers (1988) was designed to augment the
search of associative memory (Raaijmakers & Shiffrin, 1981)
model of free recall by assuming that context is a vector of
elements that is constantly changing as old elements are probabi-
listically replaced with new elements, thereby causing context to
drift, similar to a random walk process. At study, associations
between active contextual elements and items are strengthened,
and at test, memory is probed using the contextual elements active
at that time. Assuming that the probability of retrieval is propor-
tional to the number of contextual elements that are active at the
time of both study and test (i.e., the similarity of the two contexts),
this model predicts and explains a large number of classic retro-
active and proactive interference phenomena and has also been
successfully applied to spacing and repetition effects (Raaijmak-
ers, 2003; see also Sirotin, Kimball, & Kahana, 2005).

The temporal context model (TCM), developed by Howard and
Kahana (2002), also assumes a continuously changing list context
but further specifies the nature of this random fluctuation by
assuming that it is at least partially driven by the items themselves.
According to TCM, an item retrieves its preexperimental context
when it is encountered during study (e.g., under what circum-
stances is that particular word commonly encountered). This pre-
experimental context is used to update the previous state of the
temporal context (i.e., the context of the list). Through this updat-
ing, the temporal context gradually changes during the study list,
with the preexperimental context of items early in the list carrying
forward to combine with the preexperimental context of items later
in the list. For example, one might have an episodic memory of a
particular drive to work that involved both eating an apple for
breakfast and witnessing a car accident. The memory for this
episode is distinct and unique to the individual, and viewing the
word apple might spark retrieval for episodically related notions of
car or accident. If the subsequent word on the list was window, it
might be thought of in the context of a car accident, and, thus, an
image of a broken window may come to mind. In this manner, an
endogenous list context is generated even if the items on the list
are not designed to promote a specific exogenous context. Some-
thing similar is assumed to take place at retrieval, with the preex-
perimental context of a successfully retrieved item used to probe
subsequent retrieval attempts. This dynamic updating of context is
remarkably successful at explaining a complex pattern of data
involving recency effects and analyses that are conditional on the
position of a retrieved item to examine the probability that neigh-
boring items from the study list are subsequently recalled (Howard
& Kahana, 2002; Kahana & Howard, 2005). One of our primary
questions in the current research was motivated by the proposal in
TCM that the act of retrieving from long-term memory (i.e.,
preexperimental context) drives context change. In our studies, we
assessed this claim directly and ascertained what types of retrieval
(e.g., free recall, recognition, semantic recall, and recall from
short-term memory) promote context change.

More than 30 years after the original Shiffrin (1970) study,
Ward and Tan (2004) used the list-before-the-last paradigm, but
with quite different results in some situations. They wondered
whether the lack of intervening list-length effects in Shiffrin’s
study was due to specific strategies, such as rehearsal of the prior
list during the intervening list. In their first two experiments, Ward
and Tan replicated Shiffrin’s finding that recall performance was
affected only by the length of the target list and not by the length

113CONTEXT RETRIEVAL AND CONTEXT CHANGE



of the intervening list. However, in a third experiment, they found
effects of both the target and the intervening list lengths. For their
first two experiments, Ward and Tan used the original list-before-
the-last paradigm (a long series of study lists and tests); this
technique mandates a set amount of time devoted to retrieval
between each list. However, their third experiment used sets of two
lists, with a cue at the end of the second list indicating which list
to recall from, rather than presenting an ongoing series of lists with
testing between every list. Between the two lists in their third
experiment, there was a short 3-s pause to indicate the start of the
second list. Following up on this difference between the para-
digms, our first experiment sought to replicate both findings within
the same experiment by using the original list-before-the-last par-
adigm with a long series of lists, but randomly intermixing during
the sequence of lists a 50/50 mix of intervening recall or no recall
between the lists. This within-subjects design ruled out any con-
cern for differential encoding of lists because at the time of study
it was unknown whether any particular list was to be followed by
recall from the list before the last or whether the list was to be
followed by the next list without any need for recalling between
the lists.

We report the results from three experiments that systematically
manipulated the type of activity between the lists in the list-before-
the-last paradigm to determine which activities cause context
change (and thus list isolation). Experiment 1 followed up on Ward
and Tan’s (2004) findings by comparing recall between the lists
versus a brief pause. Experiment 2 tested differences of recall
testing versus recognition testing between the lists. Finally, Ex-
periment 3 contrasted episodic long-term recall, semantic long-
term recall, and retrieval from short-term memory as tasks between
the lists. In all three experiments, we also examined incorrect
retrieval from the intervening list as an additional measure of list
isolation, which was not reported in previous studies. The combi-
nation of target recall and intervening recall as a function of both
list lengths provides the necessary constraint to separate the effect
of context retrieval (which is related to the ratio of correct target
recall to incorrect intervening recall) from the effect of context
similarity (which is related to the list-length effect of one list vs.
the list-length effect of the other list). To quantify both context
similarity and context retrieval, we report results from a simple
multinomial model as applied to the data of all three experiments.
To preview the results, application of the model revealed that
recall from long-term memory between the lists served to simul-
taneously drive context change (thus making the target list context
dissimilar) but also makes performance more reliant on context
retrieval. Because there are both costs and benefits to list isola-
tion—isolated lists are protected from interference, but perfor-
mance may suffer depending on context reinstatement success—
performance is optimized by different degrees of context
reinstatement depending on the level of isolation.

Experiment 1

Experiment 1 was designed to replicate both Shiffrin’s (1970)
and Ward and Tan’s (2004) results within the same experiment by
manipulating the type of task between the lists (recall vs. a brief
pause) as a within-subjects variable and crossing this manipulation
with the length of the target list and the length of the intervening
list. Participants in all experiments were presented with a long

series of lists, with the number of words per list varying in a
pseudorandom fashion. The primary condition of interest was
recall of the list prior to the most recent list. Because retrieval was
always for the prior list, no list was ever tested more than once.
The use of different encoding or retrieval strategies across differ-
ent conditions should be minimal because all experiments used
repeated measures designs that involved a long series of lists, with
the ordering of conditions randomly intermixed.

Method

Participants. One hundred twenty undergraduate students at
the University of Maryland were recruited and received credit for
psychology courses in return for their participation.

Materials. Stimuli consisted of 432 moderately high-
frequency (an average of 80 times per million; norms from Kucera
& Francis, 1967), singular noun words from three to eight letters
in length.

Design. The experimental design was a 2 � 2 � 2 factorial
with target list length (short vs. long), intervening list length (short
vs. long), and type of task between the lists (recall vs. no test)
manipulated within subjects. Recall responses were recoded to
provide two dependent measures: the proportion of the target list
that was correctly recalled and the proportion of the intervening
list that was incorrectly recalled. With this design, there were four
list-length combinations: (a) long target list and long intervening
list (LL); (b) long target list and short intervening list (LS); (c)
short target list and long intervening list (SL); and (d) short target
list and short intervening list (SS). Each of the conditions occurred
twice with testing between the lists and twice without testing
between the lists.

Procedure. Participants were told that they would be pre-
sented with a series of short and long lists and that at the end of
each list their memory for the list before the last might be tested.
They were instructed to recall as many prior list words as they
could in any desired order and were additionally told not to recall
from the intervening list.

Short lists consisted of 6 words and long lists consisted of 24
words. Participants were first given a practice session with 6 lists,
of which 4 were short and 2 were long. Excluding the period
following the first list (which could not possibly include testing),
testing occurred for 4 of the remaining 5 after-list periods during
practice. Following practice, participants were informed that the
experimental session was to begin. There were 24 lists during the
experimental session, of which 12 were short and 12 were long,
with recall testing occurring at the end of 16 of the 24 lists.
Because they were not informed which list was the final list, even
the final list was presumably studied in preparation for a future
test. The assignment of words to lists was randomized anew for
each participant. Furthermore, each participant received a different
random order of the length and testing conditions. These orders
were determined by randomly searching through the possible
orders for ones that satisfied the constraint that each of the eight
conditions (i.e., four list-length combinations with testing and
without testing) occurred exactly twice. As with the practice phase,
there was no testing following the first list of the experimental
session (because of no target list).

During study, a series of words were presented one at a time for
2.5 s per word, and there was a 2.5-s break following every list.
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During this break, participants were either told to prepare for recall
testing or that no recall was required and that the next list would
begin. When there was a test between the lists, participants were
given 45 s to recall from the list before the last. These durations
were chosen so that (a) the study–test delay of the LS condition
with testing between was equivalent to that of the LL condition
without testing between and (b) the study–test delay of the SS
condition with testing between was equivalent to that of the SL
condition without testing between. We note that Shiffrin’s (1970)
Experiment 1 used a fixed duration of 60 s for recall, whereas
Shiffrin’s Experiments 2 and 3 and Ward and Tan’s (2004) Ex-
periments 1 and 2 used self-paced recall testing.

Results

Throughout, all tests of statistically significant differences use
an alpha of .05, and estimates of effect size are reported as partial
eta-squares for significant effects.

Proportion recalled from the correct target list versus proportion
recalled from the incorrect intervening list (type of response) was
included as a fixed factor in an analysis of variance (ANOVA) of
the results so that it could be determined whether the pattern varied
as a function of which list a recalled word belonged to. This
four-way ANOVA revealed a three-way interaction: Type of Re-
sponse � Type of Task � Length of Target List, F(1, 119) � 8.63,
MSE � .01, �p

2 � .07, and a three-way interaction: Type of
Response � Type of Task � Length of Intervening List, F(1,
119) � 33.57, MSE � .01, �p

2 � .22. On the basis of these
interactions, we next separately consider the results with recall
between the lists versus no test between the lists.

Recall between the lists. Figure 1 (top panel) shows the mean
proportion of correct recall and mean proportion of incorrect

intervening recall as a function of target and intervening list
lengths when a recall test was given between the lists. Correct
recall was greater for short target lists than for long target lists,
F(1, 119) � 63.03, MSE � .02, �p

2 � .35. There was neither an
intervening list-length effect, F(1, 119) � 1.79, MSE � .02, p �
.18, nor an interaction for correct recall, F(1, 119) � 1.06, MSE �
.01, p � .30. These findings successfully replicate the list-before-
the-last results as reported by Shiffrin (1970).

For incorrect intervening recall, there were both target and
intervening list-length effects; incorrect intervening recall was
greater for short intervening lists than for long intervening lists,
F(1, 119) � 15.64, MSE � .003, �p

2 � .12, and was greater
for short target lists than for long target lists, F(1, 119) �
5.57, MSE � .002, �p

2 � .04. There was no interaction,
F(1, 119) � 1.

No test between the lists. Figure 1 (bottom panel) shows the
mean proportion of correct recall and mean proportion of in-
correct intervening recall as a function of target and intervening
list lengths when no test was given between the lists. Both
target and intervening list lengths affected correct recall per-
formance; correct recall was greater for short target lists than
for long target lists, F(1, 119) � 164.97, MSE � .02, �p

2 � .58,
and greater for short intervening lists than for long intervening
lists, F(1, 119) � 46.27, MSE � .02, �p

2 � .28, and these two
factors interacted, F(1, 119) � 4.52, MSE � .02, �p

2 � .04.
These findings are identical to those of Ward and Tan’s (2004)
Experiment 3 in which they used two lists and a short break
between the lists.

Incorrect intervening recall was greater for short intervening
lists than for long intervening lists, F(1, 119) � 8.77, MSE � .002,
�p

2 � .07, and greater for short target lists than for long target lists,
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Figure 1. Experiment 1 proportion of list recalled, broken down by correct target recall (left) and incorrect
intervening recall (right) as a function of the type of task between the lists (recall vs. no test), target list length
(short vs. long), and intervening list length (short vs. long). Error bars depict �1 standard error of the mean. Dots
indicate the multinomial model with the reported best-fitting parameters.
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F(1, 119) � 5.14, MSE � .001, �p
2 � .04. There was no inter-

action, F(1, 119) � 1.60, MSE � .002, p � .21.

Discussion

The results of Experiment 1 replicated those of previous studies,
finding no intervening length effect when a recall test was inserted
between the lists (Shiffrin, 1970), but a sizable intervening length
effect when there was no test between the lists (Ward & Tan, 2004,
Experiment 3). It is important that these replications were achieved
with a within-subjects design, demonstrating that the key variable
is the task that occurred between the lists, rather than other aspects
and demand characteristics that may differ between the prior
studies. This pattern of results is sensible if one assumes that
engaging in recall between the lists served to change the temporal
context at the time of memory storage such that the context for the
second list was sufficiently different from the first, thus isolating
or separating the lists; if a context is used to probe memory that is
specific to the target list, then there is minimal interference from
the intervening list. In the condition with no test between the lists,
the contexts appropriate to each list may have been sufficiently
similar so as to produce interference across both lists (i.e., as if it
was just one big list). This pattern of context change with testing
between the lists is expected both by Howard and Kahana’s (2002)
TCM, as a result of retrievals driving the change in context, and by
Mensink and Raaijmakers’s (1988) context fluctuation model, as a
result of the passage of time with testing between the lists.

An account of these data based on context change and context
retrieval, both of which appear to vary as a function of testing
between the lists, provides an adequate qualitative explanation of
correct target recall. Context change as a function of the between-
list task is highlighted by examining the list-length effects for
correct target list recall, noting that there was more intervening list
interference for the case of no testing between the lists. Evidence
of context retrieval is more subtle and is highlighted in the data
pattern with testing between the lists (the upper graph in Figure 1)
in which case target recall was affected only by the target list
length at the same time that incorrect intervening recall was
primarily affected by the intervening list length. This pattern is
incommensurate with use of a single specific probe context on all
trials. If interference is the direct consequence of the number of
items that match the probe context, and the same probe context is
used on all trials, then it follows that the list-length effects should
be the same for both correct target recall and incorrect intervening
recall (i.e., with a single sampling space defined by the probe
context, if there is a large target list-length effect and absent
intervening list-length effect for correct target recall, then the same
should be true for incorrect intervening recall). Instead, the list-
length effects were quite different for items recalled from the
target list (correct recall) as compared with items recalled from the
intervening list (incorrect recall). This pattern could be explained
if not every recall attempt used the same context to probe memory;
instead, the role of context retrieval may be important, and it may
be that some retrieval attempts (or perhaps some testing sessions)
failed to reinstate a context appropriate to the target list. If the
target context was retrieved, then there was no interference from
the intervening list (and no recall from the intervening list). If the
target context was not retrieved, then people may have used the
current context by default, which would tend to match the inter-

vening list. For this failure to reinstate the target list context,
recalled items would come from the intervening list, with minimal
interference from the target list.

List isolation appears to produce a trade-off between benefits
because of reduced interference and costs because of a greater
reliance on context retrieval. This trade-off may explain the spe-
cific time-controlled tests built into the design of Experiment 1.
Correct recall was greater for the LL condition with no testing
between the lists than for the LS condition with testing between,
t(119) � 4.09, even though these conditions involved the same
overall delay between the target list and the time of test. Likewise,
correct recall was greater for the SL condition with no testing
between than for the SS condition with testing between, t(119) �
2.26. To sum up, when comparing conditions that control the lag
between the end of the target list and the start of recall testing,
accuracy was greater when the intervening period was filled with
more study items than with fewer study items and an intervening
testing session. These results may seem paradoxical considering
that the pattern of results indicates that testing between the lists
helped to differentiate the lists. However, it is important to realize
that there are two routes for recall of an item from the target list;
either the target list context is properly reinstated, thus filtering out
the intervening list, or context is not reinstated but the current
context is sufficiently similar to allow retrieval of target list items
(as well as retrieval of intervening list items). If context reinstate-
ment is difficult such that this second retrieval route dominates,
then performance is actually helped by similarity between the list
contexts, even though this produces more interference from the
intervening list.

Finally, it appears that the probability of target list context
retrieval varied as a function of task between the lists because there
was not much of a change in overall performance levels (i.e.,
collapsing across list lengths) in comparing recall testing versus no
testing between the lists, even though recall testing between the
lists was presumably more reliant on context retrieval. Because
intervening list recall was unaffected by the target list length in the
case of recall testing between the lists, this suggests that use of the
current context at the time of testing was completely ineffectual for
target list retrieval (i.e., it only matches the intervening list). Thus,
one might expect target performance to be substantially lower with
recall testing between the lists because performance fully relied on
successful context retrieval. Yet, as seen in Figure 1, performance
was approximately the same in comparing recall testing versus no
testing between the lists, suggesting an adaptive modification in
the context used to probe memory. When the target list context was
unique, retrieval more heavily used that context, but when the
target list context still sufficiently matched the current context,
retrieval more heavily used the current context.

Experiment 2

In Experiment 1, inserting recall testing between the lists ap-
parently promoted context differentiation and protected each list
from interference from the other list. Experiment 2 was designed
to replicate these findings with the shorter 1-s study item duration
originally used by Shiffrin (1970) and additionally ascertain
whether context differentiation occurs only with recall testing or
whether recognition testing between the lists likewise serves to
promote context change.
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Method

Participants. One hundred undergraduate students at the Uni-
versity of Maryland were recruited and received credit for psy-
chology courses in return for their participation.

Materials. The 432 words from Experiment 1 were used and
augmented with an additional 158 words using the same selection
criterion as Experiment 1.

Procedure. The procedure was identical to that of Experiment
1 except as noted. Participants were told that their memory of the
list before the last would be tested either with forced-choice
recognition or with free recall and that there was no way to know
in advance which type of test they would receive in relation to any
particular list. Each of the four conditions (i.e., LL, LS, SL, and
SS) was presented eight times per participant across 32 study lists,
allowing four recall tests and four recognition tests for each
condition, each of which further broke down as containing two
instances with recognition testing between the lists and two in-
stances with recall testing between the lists. In total, there were 34
study lists, although testing of the first study list was not included
in the analyses (there was no testing between the first 2 lists), and
the last study list was not included in the analyses (it was never
tested). Study words appeared at a rate of 1 s per item. During
recall testing, participants were given 60 s to type their recall
responses. Recognition testing was self-paced and included four
forced-choice trials. Of these four trials, two used foils selected
from the intervening list, and the other two used foils that were
new within the experiment. For recognition, all six words from a
short study list were used (four as targets and two as intervening
list foils), and the first six words from a long study list were
likewise used. In light of this design with a maximum of four
recognition trials, it was not possible to mandate that recognition

testing take as long as recall testing (doing so would leave plenty
of idle time and possibly promote rehearsal strategies). On aver-
age, participants took 8 s to engage in recognition testing. In any
event, Experiment 3 provides further replication of the difference
between different types of testing in a time-controlled manner.

Results

Experiment 2 was originally designed as a direct comparison
between recognition and recall performance in the list-before-the-
last paradigm rather than a study of recall as a function of recog-
nition versus recall testing between the lists. For simplicity and
consistency across the experiments, we consider only the recall
results, although Appendix A reports the recognition results and
statistical tests on those data.

A four-way ANOVA on the recall data revealed a four-way
interaction, F(1, 99) � 9.39, MSE � .01, �p

2 � .09; a three-way
interaction: Type of Response � Type of Task � Length of
Intervening List, F(1, 99) � 55.33, MSE � .01, �p

2 � .34; and
another three-way interaction: Type of Task � Length Target List
� Length of Intervening List, F(1, 99) � 30.39, MSE � .01, �p

2 �
.24. Next, we report the results separately for recognition and
recall between the lists.

Recall between the lists. Figure 2 (top panel) shows the mean
proportion correct recall and mean proportion incorrect interven-
ing recall as a function of target and intervening list lengths when
recall was given between the lists. Correct recall was greater for
short target lists than for long target lists, F(1, 99) � 14.26,
MSE � .01, �p

2 � .13. There was no effect of intervening list
length, F(1, 99) � 3.37, MSE � .01, p � .07, and no interaction
between intervening list length and target list length, F(1, 99) �
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Figure 2. Experiment 2 proportion of list recalled, broken down by correct target recall (left) and incorrect
intervening recall (right) as a function of the type of task between the lists (recall vs. recognition), target list
length (short vs. long), and intervening list length (short vs. long). Error bars depict �1 standard error of the
mean. Dots indicate the multinomial model with the reported best-fitting parameters.
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2.59, MSE � .01, p � .11. These findings replicate Shiffrin (1970)
and our Experiment 1 results.

Incorrect intervening recall was greater for short intervening
lists than for long intervening lists, F(1, 99) � 59.36, MSE � .02,
�p

2 � .38, and there was no effect of target list-length effect and
no interaction between target list length and intervening list length,
F(1, 99) � 1 for both.

Recognition between the lists. Figure 2 (bottom panel) shows
the mean proportion of correct recall and mean proportion of
incorrect intervening recall as a function of target and intervening
list lengths when recognition was given between the lists. Correct
recall was greater for short target lists than for long target lists,
F(1, 99) � 45.97, MSE � .01, �p

2 � .32, and was also greater for
short intervening lists than for long intervening lists, F(1, 99) �
128.64, MSE � .01, �p

2 � .56. Furthermore, the two list lengths
interacted, F(1, 99) � 29.75, MSE � .01, �p

2 � .23. These
findings are identical to those of Ward and Tan’s Experiment 3
(2004) and of our Experiment 1 in which there was no test between
the lists.

Incorrect intervening recall was greater for short intervening
lists than for long intervening lists, F(1, 99) � 35.22, MSE � .01,
�p

2 � .26. There was neither a target list-length effect, F(1, 99) �
3.38, MSE � .01, p � .07, nor an interaction between target list
length and intervening list length, F(1, 99) � 2.32, MSE � .01,
p � .13.

Discussion

Experiment 2 produced the same qualitative data patterns as
Experiment 1, even though the study time was substantially shorter
(1 s), which produced overall lower correct recall from the target
list and greater incorrect recall from the intervening list (as seen in
Figure 2, there was just as much intervening recall as correct
recall). Furthermore, the change in the pattern from one of list
isolation to one of blending across the lists occurred as a function
of recall versus recognition testing between the lists rather than
recall versus no testing. This suggests that (a) episodic recall more
effectively causes change in the temporal context (although note
that recognition testing took only 8 s on average) and (b) in general
these patterns hold across situations involving both strong (Exper-
iment 1) and weak (Experiment 2) memories, as might be expected
if it is the context at study that is the key underlying variable rather
than memory strength.

Experiment 2 found additional evidence of context similarity
and context retrieval effects, as well as variations in these effects
as a function of between-list task. With recall between the lists,
there was no effect of manipulating the intervening list length on
target list recall, and, conversely, there was no effect of manipu-
lating the target list length on intervening list recall. In other
words, a recalled item was affected only by the length of the list to
which it belonged. This is sensible if some retrieval attempts used
a context that was unique to the target list and others used a context
that was unique to the intervening list (i.e., a recency context).
Again, this demonstrates the need for context retrieval. Con-
versely, with recognition between the lists there were equal effects
of both list lengths for both target list recall and intervening list
recall, which suggests that the endogenous contexts associated
with each list were very similar. Despite the nearly complete list
isolation with recall testing between the lists, which suggests a

greater reliance on context retrieval to recall from the target list,
performance was roughly the same regardless of task between the
lists. In other words, it appears that context retrieval was used
more extensively for isolated lists.

Experiment 3

Experiments 1 and 2 found evidence that endogenous context
changes with recall but not with recognition or no testing. How-
ever, it is not clear whether context change occurs only with
episodic recall or whether it occurs more generally with other
kinds of recall, such as recalling generic knowledge facts or
recalling from short-term memory. Moreover, free recall from the
list before the last is a very difficult task, and it may be that effort
(i.e., task difficulty) is the key underlying variable behind context
change. Finally, one lingering concern for the results of Experi-
ment 2 is that the comparison between recognition and recall was
not equated in task duration. Experiment 3 addresses all these
questions by comparing three different tasks between the lists: (a)
60 s of difficult episodic free recall from the list before the last (the
standard condition); (b) 60 s of easy recall from lexical-semantic
long-term memory (letter completion task); and (c) 60 s of difficult
recall from short-term memory (2-back task). If any kind of recall
drives context change, or if only time between the lists matters,
then all three tasks will reveal list isolation. If it is task difficulty
that matters, then only Tasks 1 and 3 will reveal list isolation. If it
is recall from long-term memory (either episodic or semantic) that
matters, then only Tasks 1 and 2 will reveal list isolation. Finally,
if it is only episodic recall that matters, then only Task 1 will reveal
list isolation.

Method

Participants. Fifty-nine undergraduate students at the Univer-
sity of Maryland and 96 undergraduate students at the University
of California, San Diego (i.e., 155 participants) were recruited and
received credit for psychology courses in return for their partici-
pation.

Materials. The words from Experiment 2 were used to fill the
study manipulations. For the letter completion task, 50 words from
5 to 10 letters in length that contained an i (e.g., alligator) and 50
words that contained an e (e.g., algebra) were used, with the i or
e removed (e.g., all_gator or alg_bra). These words did not appear
as study words. For 2-back task, letters were used.

Procedure. The procedure was identical to that of Experiment
1 except as noted. During the letter completion task, participants
were shown a series of words, one at a time for 3 s each, indicating
whether the missing letter was an i or e. Twenty words were tested
across the 60 s, with 10 missing i and 10 missing e. During the
2-back task, participants were presented with a sequence of letters,
one at a time, and were required to press a key to indicate whether
the current letter was the same as the letter before the last (i.e., the
letter presented two positions back in the sequence). Forty letters
were shown, with each letter presented for 1.5 s. On average,
12.5% of the trials presented letters that were the same as 2-back.
Feedback was provided on every trial of both tasks.

During the practice phase, there were 2 recall tests, 2 letter
completion tests, and 2 2-back tests (6 lists total). During the
experimental phase, there were 12 recall tests, 5 letter completion
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tests, and 5 2-back tests (22 lists total). After presentation of List
1 in both phases, there was either a letter completion task or a
2-back task. The remaining lists were followed by any of the three
possible tasks in pseudorandom order. Study duration was set at
1.75 s per item (which was the average duration used across
Experiments 1 and 2). Each of the four list-length conditions (LL,
LS, SL, and SS) was presented once in combination with each of
the three between-list tasks.

Results

Performance of letter completion task (M � .94, SEM � .004)
was greater than that of 2-back task (M � .74, SEM � .018),
t(154) � 11.31, demonstrating that the 2-back task was more
difficult.

For list-before-the-last recall, there was a four-way interaction,
F(2, 308) � 12.53, MSE � .02, �p

2 � .08. All four three-way
interactions were significant: Type of Task � Length of the Target
List � Length of the Intervening List, F(2, 308) � 11.53, MSE �
.02, �p

2 � .07; Type of Response � Type of Task � Length of the
Target List, F(2, 308) � 12.86, MSE � .02, �p

2 � .08; Type of
Response � Type of Task � Length of the Intervening List, F(2,
308) � 4.40, MSE � .02, �p

2 � .03; and Type of Response �

Length of the Target List � Length of the Intervening List, F(1,
154) � 11.94, MSE � .02, �p

2 � .07. Next, recall is reported
separately as a function of the task between the lists. Perfor-
mance in the letter completion and 2-back tasks is reported in
Appendix B.

Recall between the lists. Figure 3 (top panel) shows the mean
proportion of correct recall and mean proportion of incorrect
intervening recall as a function of target and intervening list
lengths when recall was given between the lists. As in Experiments
1 and 2, this condition replicated the findings of Shiffrin (1970);
correct recall was greater for short target lists than for long target lists,
F(1, 154) � 5.99, MSE � .02, �p

2 � .04, and there was neither an
intervening list-length effect, F(1, 154) � 2.11, MSE � .02, p � .15,
nor an interaction, F(1, 154) � 3.74, MSE � .02, p � .06.

Analogously, incorrect intervening recall was greater for short
intervening lists than for long intervening lists, F(1, 154) � 17.03,
MSE � .01, �p

2 � .10. There was neither a target list-length effect,
F(1, 154) � 1, nor an interaction between the two list lengths, F(1,
154) � 1.

Letter completion task between the lists. Figure 3 (middle
panel) shows the recall results when a letter completion task was
given between the lists. As with recall between the lists, correct
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recall was greater for short target lists than for long target lists,
F(1, 154) � 19.01, MSE � .04, �p

2 � .11, but there was neither
an intervening list-length effect, F(1, 154) � 1, nor an interaction
between the list lengths, F(1, 154) � 1.67, MSE � .03, p � .20.

Incorrect intervening recall was greater for short intervening
lists than for long intervening lists, F(1, 154) � 13.61, MSE � .01,
�p

2 � .08, but there was neither a target list-length effect, F(1,
154) � 1, nor an interaction between the list lengths. Because this
pattern is identical to that of the results with episodic recall
between the lists, it suggests that any kind of recall from long-term
memory between the lists is sufficient to produce list isolation.

Two-back task between the lists. Figure 3 (bottom panel)
shows the recall results when a 2-back task was given between the
lists. Unlike the previous two task conditions, there was both a
main effect of target list length, F(1, 154) � 20.30, MSE � .03,
�p

2 � .12, and a main effect of intervening list length, F(1, 154) �
72.63, MSE � .03, �p

2 � .32; in both cases, correct recall was
greater for shorter lists than for longer lists. These list-length
effects interacted, F(1, 154) � 37.96, MSE � .03, �p

2 � .20.
Incorrect intervening recall was greater for short intervening

lists than for long intervening lists, F(1, 154) � 23.51, MSE � .01,
�p

2 � .13, and there was neither a target list-length effect, F(1,
154) � 2.36, MSE � .01, p � .13, nor an interaction between the
list lengths, F(1, 154) � 1.62, MSE � .01, p � .21. Because the
2-back task is difficult, the difference between this pattern and the
patterns seen with episodic recall and semantic missing letter recall
demonstrates that neither task difficulty nor short-term memory
recall are sufficient to drive list isolation.

Discussion

Experiment 3 found that the act of recalling from long-term
memory between the lists (i.e., both episodic list-before-the-last
recall and semantic missing letter recall) produced patterns of data
consistent with list isolation, whereas the difficult 2-back short-
term memory produced blending across the lists, similar to the
results with no testing or a short period of recognition testing. Such
findings are in agreement with TCM (Howard & Kahana, 2002) if
one assumes that retrieval from short-term memory in the 2-back
task does not involve retrieval of the associated preexperimental
context. For instance, it may be that short-term memory does not
involve context at all or that the context in short-term memory
includes only the current context without updating from preexperi-
mental context. In contrast, storage and retrieval from episodic
memory or from lexical-semantic memory may involve access of
the preexperimental context that serves to drive context change.
This possibility also explains the failure to change context with
recognition testing observed in Experiment 2 under the commonly
adopted assumption that recognition retrieval primarily involves a
nonspecific familiarity signal rather than a retrieval of a specific
context (although note that this might differ if participants engage
in recollection-based recognition).

Beyond context similarity effects, Experiment 3 replicated the
need for context retrieval. For the recall task and letter completion
task, there was only a list-length effect in relation to the list of the
recalled items, suggesting that sometimes retrieval used a probe
context specific to the target list and other times retrieval used a
probe context specific to the intervening list. In contrast, for the
2-back task, there were effects of both list lengths for correct

recall, although the effect was larger as a function of the interven-
ing list, suggesting that although the probe context matched both
lists, it matched the intervening list more so. Finally, note that
target performance was not much worse for isolated lists, suggest-
ing a greater use of context retrieval with isolated lists. Next, we
implement a simple multinomial model to assess the adequacy of
context similarity, context retrieval, and variations in these mech-
anisms as a function of between-list task.

A Multinomial Model of Recall

The data from all three experiments appear to require (a) some
intermediate degree of context similarity between the target and
intervening lists to produce an appropriate level of interference
from the other list; (b) context retrieval such that sometimes the
probe context matched the target list and other times it matched the
intervening list; and (c) variations in these settings as a function of
list isolation. Simultaneously accounting for correct target list
recall and incorrect intervening list recall is highly constraining,
and, as seen in Figures 1–3, the 16 (Experiments 1 and 2) or 24
(Experiment 3) conditions all varied greatly. Initial attempts at
fitting these highly constraining data patterns revealed the need for
an additional mechanism beyond context similarity and context
retrieval. The additional mechanism is highlighted by the 2-back
task in Experiment 3, shown in the lowest panel of Figure 3
(although something similar is seen for Experiments 1 and 2). In
this nonisolated case, target list recall was actually more affected
by the length of the intervening list than by the length of the target
list. It suggests a high degree of similarity in the context of the two
lists and a relative failure to retrieve the target list context. How-
ever, one would expect this situation to produce higher levels of
intervening recall as compared with target recall. Yet, quite clearly
the opposite is true, and people produced relatively few commis-
sion errors from the intervening list, even though there was a
substantial intervening list effect. It strongly suggests that some
sort of censoring or filtering process took place such that retrieved
intervening list items were less likely to be overtly produced. The
current data do not sufficiently constrain the mechanism behind
this censoring, although it may occur, for instance, by filtering out
items that still lie within short-term memory (which would indicate
that they come from the intervening list) or, perhaps, through a
recognition to reject strategy following retrieval (e.g., Anderson &
Bower, 1972).

To quantify context retrieval, context similarity, and the censor-
ing of the intervening list, we developed a simple multinomial
model with three corresponding decision branches that selected the
probe context (target vs. intervening), selected an item that
matched the probe context (depending on the similarity between
contexts), and overtly recovered or produced that item with some
probability depending on whether the item came from the target
list or the intervening list. The details of this model are described
next.

Interference from other items from the same list and possibly
from items from other lists is realized through a sampling space
that includes items that match the probe context. Among these
context-matching items, particular memories are stochastically
chosen assuming uniform sampling (i.e., the probability of sam-
pling an item, S, is equal to the inverse of the number of items
contained in the sample space). Even if an item is sampled,
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successful recall additionally requires that a sampled item is re-
covered, which occurs with probability R. Figure 4 shows a multi-
nomial model (e.g., Batchelder & Riefer, 1990) of sampling (S)
and recovery (R) that describes one retrieval attempt in relation to
a particular item within the sample space. During each testing
session, participants make more than one retrieval attempt, which
is captured by the parameter k, representing the number of times
that the sampling and recovery are reiterated with this multinomial
model. The equation seen in Figure 4 represents the probability of
recalling a particular item contained in the sampling space under
the simplifying assumptions of independent decision branches and
a sampling process that occurs with replacement following each of
the k retrieval attempts (i.e., the equation is the probability of
recalling any particular item at least once).

We implemented competitive sampling followed by item-
specific recovery in this generic manner such that the model is
largely consistent with most global memory models (e.g., Dennis
& Humphreys, 2001; Gillund & Shiffrin, 1984; Hintzman, 1988;
Mensink & Raaijmakers, 1988; Murdock, 1982; Raaijmakers &
Shiffrin, 1981; Shiffrin & Steyvers, 1997). All of these models
have in common the claim that a probe context is used to define a
sampling space from which an item is probabilistically sampled
(Luce, 1977), but that sampling itself is not sufficient and must be
followed up by successful recovery to fully recall an item. The
Luce choice rule states that the probability of sampling is the
strength of a memory relative to the strength of all the memories
in the sampling space (i.e., it is the process that includes interfer-
ence from other memories). Once a memory is sampled, it is as if
the memory is only partially retrieved (such as in tip of the tongue)
and not necessarily ready for the full production of the item’s label
that is required by recall instructions. Subsequent to sampling, the
recovery process depends on the absolute strength of the memory
rather than the relative strength.

It is commonly assumed that sampling is limited only to the
appropriate list items, but our results require that items from the
other list enter the sampling space. We capture this behavior with
a context mixing parameter, M, representing the probability that an
item from the other list enters the sampling space. This can be
conceptualized by the context pie charts in Figure 5, representing

use of a context that is appropriate to all the target list items, with
M representing the proportion (on average) of the intervening list
items that also enter the sampling space defined by the probe
context. Conversely, if a context is used that is appropriate to the
intervening list, then all the intervening list items enter the sam-
pling space as well as the proportion M of the target list items. The
larger the mixing quotient (ranging from 0.0 to 1.0), the more the
other list is included in the sampling space, and the more recall will
reflect not only a length effect from the list that an item comes
from, but also a length effect of the other list. In this manner, the
model implements context similarity.

Even when there was adequate list isolation and only length
effects in relation to the list of the retrieved item, the data revealed
substantial incorrect intervening recall (e.g., as seen in Experiment
2). An appropriately low value for M can capture the relative list
length of effects of each list, but context reinstatement is addition-
ally needed to capture the proportion of trials that result in a
context that is more similar to the target list as compared with the
proportion of trials that result in a context that is more similar to
the intervening list. This is captured through an initial decision
branch (see Figure 5), prior to sampling, with this branch repre-
senting the probability that the probe context is appropriate to the
target list, CT, or by default use of a probe context that is appro-
priate to the just-studied intervening list, CI � 1 – CT. In other
words, people attempt target list reinstatement, but if they fail to
reinstate, then they use the current context, which will match the
intervening list. In this manner, the model implements context
retrieval.

Because the degree of mixing seen in the data is often incom-
mensurate with the ratio of correct recall versus incorrect inter-
vening recall, we allow a separate recovery probability for target
list items, RT, versus intervening list items, RI. To capture the data,
it is expected that RI will be smaller that RT, but this does not imply
that more recent intervening list items are harder to recover;
instead, items from both lists are probably equally difficult to
recover, but successful recovery of intervening list items might be
followed by a subsequent filtering process, perhaps as guided by
short-term memory. Filtering of this sort is mathematically iden-
tical to two different recovery probabilities, and so we do not
bother to explicitly include an additional branch for filtering. This
can also be viewed as a “recall to reject” strategy, and it is captured
by comparing the recovery rates for the items of each list. In this
manner, the model implements item censoring.

To capture these three mechanisms, there are three free param-
eters, M, CT, and RI, and to capture the overall level of perfor-
mance for a particular experiment, RT is needed. LT and LI are
constants set to 6 or 24, depending on the simulated list-length
condition. As seen in Figure 5, ST

T is the probability of sampling
a target item given that the target context is chosen, ST

I is the
probability of sampling a target item given that the intervening
context is chosen, SI

T is the probability of sampling an intervening
item given that the target context is chosen, and SI

I is the proba-
bility of sampling an intervening item given that the intervening
context is chosen. These intermediate calculations are determined
by the list-length constants and the free parameter M. Assuming
independence in the decision tree branches, the SR joint probability
of sampling and recovery for correct target recall or incorrect
intervening recall is found by multiplying through the two
branches that result in each type of recovery, and adding these two

Recalled

R

S
R1

Not recalled

1 S Not recalled

k
p recalled SR( ) 1 1( )

Figure 4. Probability of sampling (S) and probability of recovery (R)
implemented in a multinomial decision tree. For each retrieval attempt, an
item is recalled only if it is both sampled and recovered. Assuming
sampling with replacement, the equation is the probability of recall over all
k retrieval attempts. This decision tree is defined in relation to a specific list
item. If the same parameters hold true for all other items from the same list,
this equation calculates the predicted proportion recalled.
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branch path values. The resultant SR joint probability summed
across paths is then entered in the equation seen in Figure 4 to
determine the probability of recall across all k retrieval attempts.

Fitting the model to the results consisted of the four basic
parameters, CT, M, RT, and RI, as well as allowing no additional
parameter, just one parameter, or two parameters to vary to capture
the effect of the task between the lists (k was set to 15 throughout
and not estimated1). For example, when the M value varied with
task between the lists, each of the first two experiments needed CT,
RT, RI, and two Ms, one for recall and the other for no testing
(Experiment 1) or recognition (Experiment 2), and Experiment 3
needed CT, RT, RI, and three Ms for recall, letter completion, and
the 2-back task. When both M and CT values varied with task
between the lists, each of the first two experiments required six
free parameters (two CT values, two M values, RT, and RI), and
Experiment 3 required eight (three CT values, three M values, RT,
and RI). Considering that at most six free parameters were allowed
for experiments with 16 conditions and at most eight free param-
eters were allowed for the experiment with 24 conditions, these
were highly constrained model fits.

The sum of the chi-squares, which is a maximum likelihood
estimator, was used to estimate free parameters. Unlike least
squares, chi-square places larger importance on small degrees of
error that are closer to the accuracy extremes of 0 or 1 and also
assigns error in proportion to the number of samples (i.e., longer
lists have larger Ns, placing four times as much importance on the
results from long lists). In light of the greater importance assigned
to misfits of long lists and to misfits of intervening recall, which
was closer to 0, we could have fit these data using a least squares
technique, which would have produced fits that appeared even
closer to the data in the figures (i.e., visual examination of the fits
does not adjust for different Ns in different conditions or for the
magnitude of error near 0). Nonetheless, the fits appearing in
Figures 1–3, which allowed both M and CT values to vary with
between-list task, seem reasonable. Therefore, we felt it was im-
portant to use the more statistically justified method of chi-square
error fitting so as to produce parameter estimates that resulted from
maximum likelihood estimation.

All model fits were significantly bad in terms of chi-square
goodness of fit, and all fits that included additional parameters
were significantly better, which is hardly surprising given the huge
Ns involved in these experiments (e.g., 155 people � 24 words in
a list � 3,720). Although chi-square was used to fit the data, Table
1 presents the average squared error per condition for the raw
proportion correct values. This was done to provide a goodness-
of-fit measure that was not conflated with the number of observed
data points (i.e., a measure that places equal importance on short
and long lists and equal importance on the results of each exper-
iment regardless of the number of participants and trials). In this
manner, the separate goodness-of-fit values in Table 1 are directly
comparable within and across experiments. The four columns from
the righthand side of Table 1 (M � CT, M, CT, and None, respec-
tively) show these error values separately when allowing each of
the labeled parameter(s) to take on different values to capture the
effect of between-list task. The None column did not allow any
parameter to vary as a function of between-list task, providing a
comparison value to assess the degree of relative improvement for
each parameter. For every experiment, allowing M to vary to
capture the effect of the task between the lists produced the best fit
when allowing just a single parameter to vary (it was also true for
chi-square error). In other words, changes in context similarity
provided the largest single form of improvement as compared with
assuming no differences as a function of between-list task. In
addition, as seen in the M � CT column, allowing both context
similarity and context retrieval to simultaneously change as a
function of between-list task produced further improvements over
each mechanism in isolation, particularly for Experiments 1 and 3.

In light of these results, Table 2 gives parameter values that
produced the best model fit with both M and CT varying as a
function of task between the lists. The behavior of the model with
these best-fitting parameters is shown in Figures 1–3 (the dots on
each bar). Sensibly, the M values seen in Table 2 reveal that no
testing (Experiment 1), recognition (Experiment 2), and the 2-back
task (Experiment 3) between the lists produced more mixing

1 We varied the parameter k from 3 to 100, finding no major differences
in goodness of fit. Therefore, k was arbitrarily set to 15 for all the reported
simulations.
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Figure 5. A simple multinomial model of context retrieval, context
similarity, and censoring. The decision tree in Figure 4 is expanded to
specify the nature of sampling by including a first branch of which context
is chosen to probe memory (a context appropriate to the target list or one
appropriate to the intervening list) and a second branch of which item is
sampled given that context (sampling of a target item vs. sampling of an
intervening item). Context similarity is implemented with a mixing param-
eter, M, representing the probability that an item from the other list enters
the sampling space; context retrieval is implemented through the proba-
bility of choosing the target list context, CT; and censoring of intervening
items is implemented by comparing the probability of target item recovery
to the probability of intervening item recovery (RI/RT). Experimental
constants: LT � length of target list; LI � length of intervening list.
Intermediate calculations: ST

T � sampling of an item of target list given
target context; SI

I � sampling of an item of intervening list given inter-
vening context; SI

T � sampling of an item of intervening list given target
context; ST

I � sampling of an item of target list given intervening context.
Assuming independence between branches, the total sampling–recovery
probability (SR) is derived separately for correct recall and intervening
recall by multiplying through the branch probabilities and adding the two
branches that result in correct target recall or the two that result in incorrect
intervening recall. These SR values are then plugged into the equation in
Figure 4 to capture the cumulative probability of recall over k attempts.
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(higher M) in the sample space such that the words from the other
list were more likely to interfere with sampling. Higher M values
correspond to a greater degree of similarity between the separate
contexts associated with each of the lists. In addition, the CT values
seen in Table 2 reveal that episodic recall (all experiments) as well
as lexical-semantic recall (Experiment 3) between the lists pro-
duced more retrieval of the target context (higher CT), revealing a
greater reliance on context reinstatement for situations that pro-
moted list isolation. In other words, there appears to be a consistent
reciprocal relationship between these two parameters both within
and across experiments: List isolation produced both greater con-
textual dissimilarity between the lists (lower M) and greater re-
trieval and reinstatement of the target list context (higher CT).
In terms of optimizing target list retrieval, this reciprocal rela-
tionship is sensible. With dissimilar contexts, the current con-
text provides a poor match to the target list, and so performance
is maximized by engaging in the potentially costly act of
context reinstatement. In contrast, with similar contexts, the
current context works well enough, even though it tends to
produce more intervening list intrusions. This supports the idea
that retrieval takes place in the most efficient way possible, and
a context of convenience (i.e., the current context) is used
unless the situation (i.e., list isolation) demands the more ef-
fortful act of context reinstatement.

Regarding the absolute magnitude of the parameters, successful
retrieval of the target context (i.e., context reinstatement) was in
principle quite difficult, as revealed by the low values of CT.
However, as a result of censoring (e.g., RT values that were much
higher than RI), these low CT values nevertheless produced more
target recall than intervening recall in most instances. In other
words, people were often unable to reinstate the appropriate target
context, but nevertheless the current context at least partially
matched the target list, producing adequate levels of target recall.
Because most retrieval used the current context, which matched
the intervening list more strongly, censoring of the recalled inter-
vening items was needed to reduce the intervening list intrusion
rate. This censoring of the intervening list was particularly pro-
nounced in Experiment 1, which used the longest study duration
(2.5 s rather than 1 or 1.75 s for Experiments 2 and 3). With longer
study time, the list context may have been more fully and accu-
rately encoded in Experiment 1. Thus, the source of retrieved
intervening list items was more readily available for Experiment 1,
resulting in greater censoring.

General Discussion

The present study used the list-before-the-last paradigm, repli-
cating the results of both Shiffrin (1970) and Ward and Tan (2004,
Experiment 3), thus demonstrating that the difference between
these studies was due to the presence or absence of recall testing
between the lists. Beyond replicating both sets of results in a
within-subjects design, the reported experiments investigated ad-
ditional between-list tasks that served to reduce interference from
an intervening study list. The three reported experiments found
that episodic recall or lexical retrieval between the lists served to
reduce intervening list interference, whereas a short period of
recognition testing, 60 s of a difficult short-term memory task, or
no task between the lists resulted in nearly equal interference from
both lists. List interference was assessed by manipulating the list
length of the target list and the list length of the intervening list.
Between-list tasks that promoted list isolation resulted in target
list-length effects but no intervening list-length effects, whereas
tasks that produced blending across lists resulted in list-length
effects from both lists. As predicted by Howard and Kahana’s
(2002) TCM, these results indicate that recall of information from
long-term memory serves to drive context change, thus isolating a
prior list. Unlike traditional experiments that test recall immedi-
ately or use explicit exogenous manipulations of context, these
experiments indicate that retrieval from long-term memory is a key
factor in the development of endogenous context.

Examination of both correct recall of the target list and incorrect
recall from the intervening list provided measures of the relative
interference from both lists, as well as the overall levels of recall
from both lists. These additional measures were used to separately
index the role of context similarity and context retrieval. Beyond
the list-length effects on target list recall, between-list tasks that
reduced intervening list interference also produced incorrect inter-
vening list recall that was only sensitive to the length of the
intervening list. In other words, with recall between the lists, a
recalled item was affected only by the length of the study list to
which it belonged, regardless of whether that list was the target list
or the intervening list. This pattern suggests that sometimes mem-
ory retrieval was achieved with a probe context unique to the target
list and other times memory retrieval was achieved with a probe

Table 1
Goodness of Fit Shown With Squared Error per Condition
Multiplied by 10,000

Experiment

Parameter varied with task between the lists

M � CT M CT None

1 4.13 5.75 6.88 13.88
2 4.06 4.19 8.69 10.00
3 7.79 10.21 10.79 14.63

Note. M � proportion of shared context (mixing); CT � probability of
target context retrieval.

Table 2
Best-Fitting Parameters for Each Experiment

Experiment and task
between lists

Parameter

M CT RT RI

Experiment 1 1.00 .02
Recall (45 s) .02 .14
No test (2.5 s) .08 .10

Experiment 2 .25 .10
Recall (60 s) .03 .17
Recognition (�8 s) .44 .07

Experiment 3 .52 .03
Recall (60 s) .07 .10
Letter completion (60 s) .07 .20
2-back task (60 s) .33 .05

Note. M � proportion of shared context (mixing); CT � probability of
target context retrieval; RT � recovery for target words; RI � recovery for
intervening words.
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context unique to the intervening list. This is a sensible result if the
two list contexts are well differentiated, and furthermore, some
retrieval attempts fail to reinstate the target list context (i.e., a
failure in context retrieval). Furthermore, the data suggest that
reinstatement of the target context varied as a function of list
isolation. More isolated lists (i.e., dissimilar from the intervening
list) required a greater reliance on target list context retrieval to
support performance levels comparable to nonisolated lists. This
suggests that use of context in retrieval is efficient, if not some-
what lazy, using the current context if it reasonably matches the
target list (although this produces interference from the intervening
list), but resorting to more effortful reinstatement of the target list
context if current context is inadequate.

Beyond the need for context change and context retrieval, the
full data pattern also suggested the need for some sort of filtering
or censoring process that overall reduced the levels of intrusion
from intervening list items. This need is highlighted by examining
the relative interference from each list as compared with the
relative degree of recall from each list—conditions that failed to
promote context change revealed equal amounts of interference
from both lists, and yet correct recall from the target list was
greater than incorrect recall from the intervening list. To demon-
strate the adequacy of these three mechanisms—context similar-
ity, context retrieval, and censoring—we presented a simple multi-
nomial model that included the corresponding three stages of
context selection, competitive sampling of items based on the
selected context, and finally recovery of sampled items. Censoring
was implemented as different recovery rates for the target list as
compared with the intervening list, although this could be equiv-
alently implemented as recovery followed by the possibility of
rejection for intervening list items. Besides demonstrating that
these three mechanisms captured the reported results, producing a
computational account allowed quantitative specification for mag-
nitude of each mechanism. In this manner, we determined that
changes in context similarity were the predominant effect of
between-list task manipulations and that fitting the data by allow-
ing both context similarity and context retrieval to vary as a
function of between-list task produced a systematic reciprocal
relationship between these mechanisms; situations that produced
dissimilar contexts also produced more reliance on target list
retrieval.

Implications for Theories of Recall

Theories of free recall data assume that a probe context is used
to limit the potential set of recalled memories. However, these
theories often fail to define the nature of context or identify factors
that affect endogenously generated context. Despite this lack of
specification, nearly all theories assume that target list context is
fully and properly reinstated and, furthermore, that the reinstated
context is unique to the studied list, thus eliminating interference
from other lists or preexperimental memories. Our investigations
with the list-before-the-last paradigm revealed that this assumption
may be false in many situations. Furthermore, the changeable
nature of context reinstatement in our results highlights the need
for more well-specified theories of context development, context
change, and context use.

An initial attempt at specifying context change was developed in
Mensink and Raaijmakers’s (1988) context fluctuation model. This

account assumes that context constantly changes in a seemingly
stochastic fashion, such that delay or processing between one
encoded memory and a subsequent encoded memory determines
the extent of context similarity. Howard and Kahana’s (2002)
TCM built on this initial context model by assuming that the
mechanism that drives this gradual context change is the updating
of current context on the basis of the preexperimental context of
the encoded memories. Beyond this context change that occurs
during study, TCM also assumes that the act of recalling serves to
update current context in a discrete and complete fashion because
of reinstatement of the encoded context on successful recall. Thus,
TCM predicts that the act of recalling will more greatly promote
context change. Our results appear to validate this prediction.
Although TCM was developed in relation to episodic recall, our
results indicate that the theory may apply equally to long-term
recall of lexical-semantic information. For instance, Experiment 3
found that the task of filling in a missing letter was comparable to
episodic recall in promoting context differentiation. In addition,
our results reveal that recall from short-term memory does not
promote context change, suggesting that retrieval from short-term
memory does not include retrieval of preexperimental context and
the associated updating of the temporal context.

Besides TCM, another model that provides a considerable con-
tribution to our understanding of context in episodic memory tasks
is the BCDMEM (the bind cue decide model of episodic memory;
Dennis & Humphreys, 2001) of recognition memory. Dennis and
Humphreys (2001) made the distinction between context-noise
models versus item-noise models, with the former using the item
to probe memory (thus interference arises from competing re-
trieved contexts), whereas the latter use context to probe memory
(thus interference arises from competing items that match the
probe context). BCDMEM stands in apparent opposition to the
other global memory models of recognition memory by assuming
that retrieval uses the items first, followed by a comparison of the
retrieved context (i.e., a context-noise model). This model success-
fully explains a wide range of findings, including word frequency
effects, by assuming that variability in the different contexts as-
sociated with an item play an important role in determining inter-
ference and forgetting. Although this model is only applicable to
recognition memory, our results may help specify the manner in
which context changes over time, thus specifying situations that do
or do not promote context variability between multiple encounters
with the same item.

Other Paradigms That Produce Context Change

Because no exogenous context was provided to differentiate the
lists in our experiments, it was assumed that any apparent context
changes reflected the process of developing endogenous context.
Nevertheless, these results find concordance with manipulations of
exogenous context. For instance, testing memory in an environ-
mental context that differs physically from the study context
results in lower performance as compared with testing in the
original context (e.g., Godden & Baddeley, 1975; see Smith, 1988,
for a review). Thus, when explicitly given an exogenous context,
it appears that memory retrieval is somewhat lazy and relies on the
current context rather than reinstating the original context. Some-
thing similar was seen in our results for conditions that produced
more intervening list interference. Rather than examining retroac-
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tive interference and context change, Dallett and Wilcox (1968)
found evidence of proactive interference effects by presenting
different lists of words on different days, with half of the partici-
pants receiving a change in the environmental context. Although
recall became worse with each successive day (i.e., a buildup of
proactive interference), a change in the environmental context
improved recall (i.e., a release from proactive interference because
of the exogenous context change). Analogously, we found that
intervening list intrusion rates were unaffected by the target list
length for conditions that promoted endogenous changes in context
(i.e., reduction in proactive interference).

A paradigm that has many surface similarities to the list-before-
the-last paradigm is that of directed forgetting. In a typical directed
forgetting experiment, participants are given a list of words that
may or may not be followed by the instructions that the just-
learned list should be forgotten. This is followed by a second list
and then a final test in which participants are asked to recall from
both lists, even if they were previously told to forget the first list.
The interesting finding is that the forget instructions appear to
work, resulting in worse performance on the first list, but at the
same time, these instructions result in better performance on the
second list, suggesting that there are costs and benefits to directed
forgetting (e.g., Bjork, 1970; Reitman, Malin, Bjork, & Higman,
1973). These findings are often attributed to an inhibition process
in relation to the to-be-forgotten list (Bjork, 1989), and individual
differences in the magnitude of this effect are even related to
clinical disorders that involve inhibitory deficits (e.g., Cloitre,
1998; McNally, 2005). An alternative explanation builds on the
work of traditional retroactive interference theories and instead
appeals to the specificity of the context used to probe memory
(Smith, 1988), thereby explicating the observed trade-off between
performance on each list (e.g., Sahakyan & Kelley, 2002). Anal-
ogously, overall target list performance levels were actually
slightly better in our experiments for conditions that failed to
promote context change, and at the same time these conditions also
produced slightly less intervening list interference. In the multi-
nomial model, this occurred because of the failure to reinstate the
target list context; if the two contexts were similar, the current
context was sufficient to support prior list recall, but if the contexts
were dissimilar, the current context only matched the intervening
list. This similarity suggests that the forget instructions in directed
forgetting may likewise serve as another manipulation that drives
context change. For instance, this may occur if the forget instruc-
tions result in a reset of the temporal context, thus clearing out the
tendency for the prior list’s context to blend into the next list.

Conclusions

Our study finds support for the claim that the act of recalling
from long-term memory serves to drive endogenous context
change and isolate prior memory episodes. In addition, our results
suggest that memory often fails to reinstate the original study list
context, defaulting on the current context. Context reinstatement
may be adaptive in its application, with situations that promote
context differentiation also producing a greater reliance on context
reinstatement, and situations that do not promote context differen-
tiation resulting in the good-enough use of the current context.
Although these results do not specify the exact nature of endoge-

nous context representations, they greatly expand our understand-
ing for the manner of context use and context change.
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Appendix A

Experiment 2 Recognition Results

The descriptive statistics are shown in Table A1. There was a four-way interaction between type
of tasks between the lists, type of foils, length of target list, and length of intervening list, F(1, 99) �
5.39, MSE � .05, �p

2 � .05. Table A2 reports the 2 � 2 analysis of variance results for recognition
broken down according to recall between the lists or recognition between the lists.

Table A1
Experiment 2 Forced-Choice Recognition Performance

Intervening list
length

Recall between lists Recognition between lists

Intervening foils New foils Intervening foils New foils

Long
target

list

Short
target

list

Long
target

list

Short
target

list

Long
target

list

Short
target

list

Long
target

list

Short
target

list

Long .55 (.03) .62 (.03) .67 (.03) .72 (.02) .51 (.03) .50 (.02) .66 (.03) .67 (.03)
Short .66 (.03) .65 (.03) .69 (.03) .78 (.02) .66 (.03) .69 (.03) .78 (.02) .75 (.03)

Note. Standard errors of the mean are in parentheses.

Table A2
Experiment 2 Forced-Choice Recognition Analysis of Variance Results

Between-list
task

Intervening foils New word foils

F(1, 99) MSE p �2 F(1, 99) MSE p �2

Recall
T 1.25 .07 .27 9.91 .05 �.01 .09
I 7.14 .07 �.01 .07 2.47 .05 .12
T � I 2.42 .06 .12 �1

Recognition
T �1 �1
I 48.33 .06 �.001 .33 19.32 .05 �.001 .16
T � I �1 �1

Note. Eta squared (effect size) is reported only when the F value was significant. T � target list length; I �
intervening list length.
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Appendix B

Experiment 3 Between-List Task Performance

The descriptive statistics of the letter completion and 2-back tasks from Experiment 3 are shown
in Table B1. Table B2 shows the analysis of variance results for each of these tasks as a function
of the list-length combinations.
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Table B1
Accuracy in the Letter Completion and 2-Back Tasks in Experiment 3 as a Function of List
Length

Intervening list
length

Letter completion between lists 2-back between lists

Long
target
lists

Short
target
lists

Long
target
lists

Short
target
lists

Long .90 (.011) .97 (.003) .76 (.022) .74 (.023)
Short .95 (.004) .91 (.008) .74 (.022) .74 (.023)

Note. Standard errors of the mean are in parentheses.

Table B2
Results From Analyses of Variance of Letter Completion and 2-Back Tasks in Experiment 3

Effect

Letter completion task 2-back task

F(1, 154) MSE p �2 F(1, 154) MSE p �2

T 10.48 .01 �.01 .06 �1
I 1.63 .01 .20 �1
T � I 49.41 .01 �.001 .24 �1

Note. Eta squared (effect size) is reported only when the F value was significant. T � Target list length; I �
Intervening list length.
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