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Metacognition and part-set cuing:
Can interference be predicted at retrieval?
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Although prior research has examined predictions of memory performance under conditions of interference
at encoding, predictions of memory performance have not been examined for interference introduced via cues at
retrieval. This was investigated in the present study by exposing participants to a random subset of to-be-recalled
items just prior to retrieval (part-set cuing) and then eliciting an overall prediction of memory performance.
Across three experiments, participants in part-set cuing conditions recalled proportionally fewer items than did
participants who were not exposed to any cues. However, participants were unable to predict the detrimental ef-
fect of part-set cues on memory performance in either a semantic (Experiment 1) or an episodic (Experiment 2)
memory task. Predictions were better calibrated after practice with part-set cuing, and there was evidence that
prior experience with part-set cuing transferred to predictions made for a different part-set cuing task (Experi-
ment 3). This suggests that only under some conditions are participants sensitive to the diminished accessibility
of memories wrought by part-set cues and illustrates situations in which participants are or are not aware of
variables at retrieval that influence memory performance.

Predictions of memory performance are of great in-
terest to researchers for a host of applied and theoretical
reasons (see Koriat, 2007; Metcalfe, 2000; and Nelson &
Narens, 1990, for reviews). The degree to which predic-
tions are accurate assessments of future performance may
not only suggest remedies for improving metacognition
but also serve to increase our understanding of those cues
that guide these predictions (cf. Koriat, 1997). Although
individuals are often accurate in their predictions (e.g.,
Arbuckle & Cuddy, 1969), a number of important discrep-
ancies between actual and predicted performance have
been documented (e.g., Carroll, Nelson, & Kirwan, 1997;
Castel, 2008; Castel, McCabe, & Roediger, 2007; Koriat
& Bjork, 2005; Mazzoni & Nelson, 1995; Rhodes & Cas-
tel, in press; Zechmeister & Shaughnessy, 1980). Many
of these discrepancies represent a failure to take into ac-
count conditions that will be present during retrieval. For
example, participants may misattribute ease of processing
at encoding (e.g., Hertzog, Dunlosky, Robinson, & Kid-
der, 2003) to anticipated ease of later retrieval (Benjamin,
Bjork, & Schwartz, 1998) or fail to appreciate the detri-
mental impact of a long retention interval on subsequent
retrieval (e.g., Koriat, Bjork, Sheffer, & Bar, 2004). In ad-
dition, the substantial improvement in resolution that oc-
curs when predictions are made after a delay rather than
immediately after an item’s presentation (e.g., Dunlosky

& Nelson, 1994; Nelson & Dunlosky, 1991) likely reflects
sensitivity to success or failure of covert retrieval (but see
Kimball & Metcalfe, 2003).

The present study is concerned with whether people
can appreciate the impact of interference induced at re-
trieval. Several prior studies have investigated metacogni-
tion under conditions of interference, typically by eliciting
item-by-item predictions for paired associates at encoding
(e.g., Eakin, 2005; Leibert & Nelson, 1998; Maki, 1999;
Metcalfe, Schwartz, & Joaquim, 1993). For example, Maki
had participants study pairings of three-digit numbers (the
cue) and nouns (the target) in an initial encoding phase.
This was followed by a second encoding phase in which
participants again studied digit-noun pairs. Some cues
were repeated and paired with different targets, whereas
other pairs consisted of entirely new cue—target pairings.
Finally, stimuli studied in the first list were shown again,
and participants were asked to make a judgment of learn-
ing (JOL) for each target, rating the likelihood of recalling
the target on a subsequent test. The results showed that
JOLs were sensitive to interference, with lower predic-
tions for cues studied with a different target in the second
phase than for pairs that differed entirely across the first
two study phases (see Leibert & Nelson, 1998, for a simi-
lar pattern in a retroactive interference paradigm). This
finding contrasts with data reported by Metcalfe et al.,

M. G. Rhodes, matthew.rhodes@colostate.edu

1429

Copyright 2008 Psychonomic Society, Inc.



1430 RHODES AND CASTEL

who observed that feeling-of-knowing judgments were
sensitive to the number of times a cue was studied. For
example, participants in their study made similar predic-
tions following two presentations of the same cue—target
pair (A-B, then A-B) and following two presentations of
the same cue paired with a different target (i.e., A-B, then
A-D), despite poorer recall performance on A—B, A-D
pairs. Likewise, Chandler (1994) reported data from ex-
periments in which participants studied sets of pictures.
Either immediately following or just prior to study, par-
ticipants also viewed additional pictures, some of which
were related to the studied set. Results across a number
of experiments showed that studying related pictures in-
creased confidence but decreased recognition accuracy
for target items (see also Eakin, 2005).

Thus, prior findings suggest that participants may be
sensitive to interference (e.g., Maki, 1999) or may base
predictions largely on cue familiarity (e.g., Chandler,
1994; Metcalfe et al., 1993; see also Glenberg, Sanocki,
Epstein, & Morris, 1987; Reder, 1987). However, these
conclusions have almost entirely been drawn from studies
in which predictions were made during encoding, and the
principal manipulation was one related to encoding con-
ditions. Thus, it remains unclear how people assess cues
at retrieval when making predictions regarding memory
performance. In the present study, we examined partici-
pants’ sensitivity to a source of interference that occurs at
retrieval—namely, part-set cuing.

Part-set cuing is a counterintuitive phenomenon, first
documented by Slamecka (1968; see also Roediger &
Neely, 1982; Roediger, Stellon, & Tulving, 1977; Run-
dus, 1973), in which participants are less likely to recall a
list of studied items if presented with a subset of that list
either prior to or during retrieval. That is, proportionally,
participants recall more when engaging in a free recall
task than when cued with a subset of the studied items
(see Nickerson, 1984, for a review). Such findings are
important to theories of memory, showing that recall can
be a self-limiting process (Roediger, 1978), acting in such
a way as to prevent access to certain categories at test if
competing category cues are used to recall other material.
Furthermore, part-set cuing places boundary conditions
on theories (i.e., encoding specificity) that hold that re-
instating previously studied items should benefit recall.
Part-set cuing has been extended to semantic memory
tasks, such as recalling states (e.g., Brown, 1968; Karch-
mer & Winograd, 1971) and non-memory-related tasks
(Peynircioglu, 1987), and has been used as a method of
understanding false memories (e.g., Reysen & Nairne,
2002), aging (Marsh, Dolan, Balota, & Roediger, 2004),
and individual differences in working memory span
(Cokely, Kelley, & Gilchrist, 2006). However, it is not
known whether people are aware of the degree to which
recall can act in a self-limiting manner. In particular,
most naive or common sense theories of memory suggest
that almost any type of cue from a previously studied list
would enhance recall. Awareness of the potential detri-
mental effects of part-set cues would be important in a
variety of circumstances (e.g., studying for an exam, re-
membering an event, or learning the names of students

in one’s class), because such awareness would signal one
to exercise metacognitive control (cf. Nelson & Narens,
1990) and to adjust strategies accordingly in order to cope
with interference.

In recent theories of part-set cuing, researchers have
assumed that part-set cues decrease access to noncued
items, either through an inhibitory process (e.g., Aslan,
Béuml, & Grundgeiger, 2007) or by disrupting encoding
or retrieval strategies (Basden, Basden, & Stephens, 2002;
Cokely et al., 2006; Dodd, Castel, & Roberts, 2006). Thus,
in the present study, we ask: Can participants predict in-
terference engendered by part-set cues? Consistent with
an accessibility account (Koriat, 1993, 1995), prior data
(Maki, 1999; see also Schreiber & Nelson, 1998) indi-
cate that under some circumstances, participants can pre-
dict factors that limit access to studied information (but
see Eakin, 2005). Thus, an accessibility account would
hold that predictions of performance in a part-set cuing
task should be sensitive to interference (i.e., decreased
accessibility to studied items) created by part-set cues,
with lower predictions of performance under part-set
cuing than under free recall conditions. However, if par-
ticipants base predictions solely on the familiarity of the
cues presented (e.g., Metcalfe et al., 1993), part-set cuing
may lead to predictions of higher performance for part-set
cuing than for free recall. That is, a cue familiarity account
would hold that participants should use the familiarity of
previously studied part-set cues as a basis for predictions,
resulting in predictions of better performance under part-
set cuing than under free recall.!

We investigated these possibilities in three experiments.
In Experiment 1, we examined predictions of part-set
cuing in a semantic memory task that has been commonly
used in other part-set cuing experiments. Specifically,
participants in Experiment 1 were asked to provide pre-
dictions of the number of states of the United States that
they could recall, given either no cues or a list of 25 ran-
domly selected states (cf. Brown, 1968). In Experiment 2,
we examined whether experience with part-set cuing (i.e.,
several study—test opportunities with part-set cues) can
inform subsequent predictions of memory performance
in an episodic memory task. To anticipate, Experiment 2
demonstrated that with prior experience, participants
could predict interference engendered by part-set cues.
Thus, in Experiment 3, we examined whether knowledge
acquired about part-set cuing would transfer to a differ-
ent part-set cuing task, providing a stronger demonstra-
tion that participants can learn about factors that dimin-
ish accessibility to information at retrieval and apply this
knowledge to a new learning situation.

EXPERIMENT 1

In Experiment 1, participants made predictions regard-
ing the number of states of the United States that they
could recall if given either no cues (free recall) or a list
of 25 randomly selected states (part-set cuing). Our pro-
cedure differs slightly from others (e.g., Brown, 1968;
Karchmer & Winograd, 1971) in that participants did not
study a subset of the states prior to engaging in the re-
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call task. Instead, we attempted to examine predictions
in the context of part-set cues without any possible influ-
ence of a prior study episode. On the basis of prior work
(Brown, 1968), we expected that participants given a list
of 25 randomly chosen states would recall fewer states,
proportionally, than would participants charged with re-
calling all 50 states. If the familiarity of cues from the
to-be-recalled list is used as a basis for predictions (cf.
Metcalfe et al., 1993), participants given 25 randomly se-
lected states should exhibit high levels of overconfidence
and higher predictions than would participants in the free
recall condition. In contrast, an accessibility account (e.g.,
Koriat, 1993) would suggest that if participants are sensi-
tive to interference engendered by the part-set cues, pre-
dictions should reflect such interference and should, thus,
be lower for the part-set cuing condition than for the free
recall condition.

Note that in Experiment 1 and in each of the other ex-
periments reported in the present study, we used global
(i.e., aggregate) predictions of memory performance
rather than item-by-item predictions, such as JOLs.
Global predictions were used because participants could
not be aware of which items were part-set cues or items
to be recalled until just prior to testing. That is, judgments
made item by item could not possibly be expected to take
into account interference engendered by part-set cues, be-
cause the status of an item was not apparent until retrieval,
necessitating the use of global predictions.

Method

Participants. Fifty Colorado State University psychology stu-
dents participated for partial course credit. Participants were tested
individually or in groups of up to 8.

Design. A 2 (condition: free recall, part-set cuing) X 2 (measure:
prediction, recall) mixed-factor design was used, with condition
manipulated between participants and measure manipulated within
participants.

Materials and Procedure. Participants were randomly assigned
either to engage in free recall of the 50 states (the free recall condi-
tion) or to attempt to recall half of the 50 states while avoiding intru-
sions from a list of 25 randomly selected states (the part-set cuing
condition). Participants in the free recall condition were given a
sheet of paper with instructions asking them to write down the num-
ber of states that they predicted they could remember if given 4 min
for recall. Participants in the part-set cuing condition were given a
sheet of paper with a list of 25 randomly selected states.2 They were
allowed to briefly examine this list and were then asked to write
down their prediction of how many states they could recall (out of
25) if allotted 4 min. Following their prediction, participants started
the recall task at the behest of the experimenter and engaged in re-
call for 4 min. Participants in the free recall condition were asked
to recall as many of the 50 states as possible, whereas participants
in the part-set cuing condition were asked to recall as many of the
remaining 25 states as possible. Following the task, all participants
were debriefed and thanked for their participation.

Results

An alpha level of .05 was used for all statistical tests
reported. The dependent variable for this and subsequent
analyses was the proportion of states recalled and predicted
out of the total possible (50 for the free recall condition, 25
for the part-set cuing condition).? As is shown in Figure 1,
predictions (solid lines) did not differ between conditions,

but the proportion of states recalled (broken lines) did.
These data were analyzed in a 2 (condition: free recall,
part-set cuing) X 2 (measure: prediction, recall) mixed-
factor ANOVA. Results showed that, overall, predictions
(M = .63) did not differ from recall (M = .62) (F < 1),
nor did the two conditions differ [F(1,48) = 1.42,p = .24,
n3 = .03]. However, a reliable condition X measure inter-
action was present [F(1,48) = 4.60, nZ = .09]. Specifi-
cally, whereas predictions did not differ between the two
groups (F < 1), participants in the free recall condition
recalled a significantly greater proportion of states than
did participants in the part-set cuing condition [F(1,48) =
5.25,n3 = .10]. Thus, a part-set cuing effect was present,
but participants did not predict this, which is evident in
the fact that predictions did not differ between conditions.
Because of our interest in the correspondence between pre-
dictions and recall performance (i.e., calibration), we also
examined calibration within each condition. These data
showed that predictions did not reliably differ from recall
performance for participants in the free recall condition
[F(1,24) = 1.25, p = .28, n3 = .05] but that participants
marginally overestimated performance in the part-set cuing
condition [F(1,24) = 3.56,p = .07, »} = .13].

Discussion

The results from Experiment 1 suggest that participants’
predictions were entirely insensitive to the manipulation
of part-set cuing. Indeed, although part-set cuing resulted
in a reliable decrement in recall performance, predictions
did not differ at all between the free recall and part-set
cuing conditions. Neither theories predicated on sensitiv-
ity to the accessibility of information (e.g., Koriat, 1993;
Maki, 1999) nor theories based on cue familiarity (e.g.,
Metcalfe et al., 1993) would anticipate this result. That is,
if participants were sensitive to diminished accessibility
wrought by part-set cues, predictions should have been
lower for the part-set cuing condition than for the free re-
call condition. In addition, if cue familiarity were a basis
for prediction, then predictions should have been higher
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Figure 1. Predicted and actual recall performance for the part-
set cuing and the free recall conditions in Experiment 1. Error
bars reflect standard errors of the means in all figures.



1432 RHODES AND CASTEL

for the part-set cuing than for the free recall condition,
because the part-set cues were similar to the set of items
to be recalled.

Thus, it is unclear how current theory could account
for the data in Experiment 1. It may be that the presen-
tation of part-set cues is sufficiently novel that partici-
pants had little information to guide performance and thus
made predictions that entirely neglected the presence of
cues at retrieval. This begs the question of whether par-
ticipants can learn to predict the interference engendered
by part-list cues. Given that it would not be ideal to have
participants engage in recall from the same set of items
(e.g., states of the U.S.) several times, in Experiment 2, we
employed an episodic memory task and provided partici-
pants with several successive opportunities (i.e., experi-
ence with retrieval conditions) in order to make predic-
tions of performance after exposure to part-set cues. In
addition, employing an episodic memory task allowed us
to examine whether the discrepancy between predicted
and actual recall performance generalizes beyond seman-
tic memory tasks and provides a stronger test of a cue
familiarity account. For example, presenting a subset of
25 states, although they were from the same class of items
as the to-be-remembered set, may not have been sufficient
to engender familiarity in the same manner as recently
studied items would. Thus, using an episodic memory task
provides a more stringent test of a cue familiarity account
of predictions with part-set cuing.

EXPERIMENT 2

Participants in Experiment 2, as in Experiment 1, either
were exposed to part-set cues prior to recall or engaged
in free recall. Our particular interest was in determining
whether participants could adjust predictions of perfor-
mance accurately in response to previous experience with
part-set cues. To do so, we employed an episodic memory
task in which participants studied a list of 20 unrelated
words and then attempted to recall either all of the words
or a subset of the words after exposure to part-set cues.
Participants engaged in the same free recall or part-set
cuing task three times, with each recall attempt preceded
by a unique list of words. That is, the items to be recalled
on each occasion changed, but the task remained the same.
With such experience, participants may learn that part-set
cues interfere with recall and, thus, may adjust predictions
accordingly. Consistent with this idea, Koriat and Bjork
(2006a) observed enhancements in calibration when par-
ticipants were exposed to multiple study—test cycles (see
also Koriat, 1997). Likewise, Castel (2008) demonstrated
that predictions became sensitive to serial position effects
when participants had prior experience with the availabil-
ity of serial position information at retrieval. Thus, under
some conditions, participants can with experience with re-
trieval conditions learn to adaptively adjust predictions.

If participants can learn from prior experience with
part-set cuing, in Experiment 2, they should become more
adept at predicting performance and better calibrated with
each successive recall attempt. Such data would suggest
that with experience, participants can become sensitive

to factors that result in interference, consistent with an
accessibility account. As was previously noted, Experi-
ment 2 also permits a stronger test of the cue familiarity
account. That is, in contrast to Experiment 1, the part-set
cues employed in Experiment 2 were part of a recently
studied list and, thus, should be highly familiar. If cue fa-
miliarity drives predictions, participants should predict
better recall in the part-set cuing condition than in the free
recall condition. In contrast, if participants become sensi-
tive to diminished access to target information created by
part-set cuing, predictions should be lower in the part-set
cuing than in the free recall condition.

Method

Participants. Sixty Colorado State University psychology stu-
dents participated for partial course credit. Participants were tested
individually.

Design. A 2 (condition: free recall, part-set cuing) X 2 (measure:
prediction, recall) X 3 (trial: 1, 2, 3) mixed-factor design was used,
with condition manipulated between participants and measure and
trial manipulated within participants.

Materials. The materials consisted of a set of 60 unrelated nouns.
This set of 60 nouns was divided into three sets of 20 items, equated
for Kucera and Francis (1967) frequency (M = 42.37), number of
letters (M = 5.58), and number of syllables (M = 1.70). Each set of
20 items served equally often as a study list in each trial of the ex-
periment. Furthermore, each set of 20 items was randomly split into
subsets of 10 items to serve as part-list cues. Each subset of 10 items
was equated on the dimensions previously noted and served equally
often as the cued or noncued items in the part-set cuing condition.

Procedure. Participants were randomly assigned to either the
free recall condition or the part-set cuing condition. The participants
in each condition first studied a list of 20 words in anticipation of a
test of memory. The items were presented in white, lowercase letters
(Arial 40-point font) in the center of a black background on a com-
puter monitor. Items were presented for 3 sec each, with a 500-msec
interstimulus interval, in a fixed random order. At the conclusion
of the study list, the participants in the free recall condition were
given a set of addition, subtraction, and multiplication problems to
work on for 30 sec. The participants in the part-set cuing condition
were shown half of the items that they had studied and were asked
to examine each item and to identify whether it had been presented
in the beginning, middle, or end of the study list (cf. Cokely et al.,
2006). This was done in order to ensure that participants attended to
the part-set cues, and took approximately 30 sec to complete.

Following these interpolated tasks, all of the participants were
asked to predict the number of words that they would be able to re-
call in 1.5 min, with participants in the free recall condition making
this estimate out of 20 words possible and participants in the part-set
cuing condition making this estimate out of 10 words possible. They
were then given 1.5 min to recall as many items as possible. Partici-
pants wrote both their prediction and the items they could recall on
aprovided sheet. For participants in the part-set cuing condition, the
list of part-set cues was always present on a computer screen directly
in front of them, and the participants were instructed to avoid any
intrusions from this list. The remainder of the experiment included
two more phases, identical to this first phase, except that in each
phase, participants studied, made predictions, and attempted to re-
call a unique set of words. At the conclusion of the experiment, all of
the participants were debriefed and thanked for their participation.

Results

Predictions and recall performance are presented in
Figures 2A (free recall) and 2B (part-set cuing) and re-
flect proportions based on the total number of items pos-
sible in each condition. Before examining the relation
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Figure 2. (A) Predicted and actual recall performance as a func-
tion of list order (trial) for participants in the free recall condition
in Experiment 2. (B) Predicted and actual recall performance as a
function of list order (trial) for participants in the part-set cuing
condition in Experiment 2.

between predictions and performance, we first checked
that our manipulation of part-set cuing produced a decre-
ment in recall, analyzing the proportion of items recalled
in a 2 (condition: free recall, part-set cuing) X 2 (trial:
1, 2, 3) mixed-factor ANOVA. The results showed that re-
call in the free recall condition (M = .39) was superior to
that in the part-set cuing condition (M = .30) [F(1,58) =
9.58, n3 = .14]. Thus, our part-set cuing manipulation ef-
fectively diminished recall, permitting us to examine the
relation between predicted and actual recall performance
across conditions.

These data were analyzed in a 2 (measure: recall, es-
timate) X 3 (trial: 1, 2, 3) X 2 (condition: free recall,
part-set cuing) mixed-factor ANOVA. The results showed
that participants’ predictions (M = .40) reliably exceeded
actual recall performance (M = .35) [F(1,58) = 13.66,
73 = .19]. In addition, performance varied between condi-
tions [F(1,58) = 6.30, n3 = .10] and differed marginally
across trials [F(2,116) = 2.71, p = .07, 3 = .05]. More
important, several interactions were present. In particular,
a reliable measure X condition interaction was evident
[F(1,58) = 4.11, n3 = .07]. This interaction reflects the
fact that, overall, predictions (M = .42) did not reliably
differ from recall (M = .39) for the free recall condition
[F(1,29) = 1.79, p = .19, n3 = .06]. However, for the

part-set cuing condition, predictions (M = .38) reliably
exceeded recall (M = .30) [F(1,29) = 13.43, n} = .32].
A measure X trial interaction was also present, since,
overall, predictions [F(2,116) = 17.76, »3 = .23], but not
recall performance [F(2,116) = 2.16, p = .12, 3 = .04],
differed across trials. The triple interaction of measure,
trial, and condition was not reliable [F(2,116) = 1.84,p =
16, n3 = .03].

Because of our interest in calibration, we also exam-
ined the difference between predicted and actual recall
performance for each trial within each condition. Results
showed that, for the free recall condition, participants re-
liably overestimated performance on Trial 1 [F(1,58) =
5.86, n% = .17]. However, no difference was evident be-
tween predictions and recall for Trials 2 and 3 (Fs < 1).
A different pattern was evident for the part-set cuing con-
dition. In that condition, participants overestimated per-
formance on Trial 1 [F(1,58) = 29.13, n3 = .50] and on
Trial 2 [F(1,58) = 10.39, »3 = .26]. Only by Trial 3 did
participants’ predictions in the part-set cuing condition
accurately anticipate recall performance (F < 1).

Discussion

The results from Experiment 2 indicate that, for par-
ticipants in the free recall condition, estimates were well
calibrated (i.e., there was little discrepancy between pre-
dicted and actual recall performance) by Trial 2. In con-
trast, participants in the part-set cuing condition did not
achieve such calibration until Trial 3. This result suggests
that, with experience, participants learned to anticipate
the interference created by part-set cues, consistent with
accounts that suggest that predictions are sensitive to
the accessibility of to-be-remembered information (e.g.,
Maki, 1999). Such data are inconsistent with a cue fa-
miliarity account. That is, because part-set cues had been
recently studied (and were thus familiar), a cue familiarity
account would hold that predictions in the part-set cuing
condition should exceed those in the free recall condition,
in which participants were not exposed to recently studied
items prior to retrieval. Instead, predictions did not differ
between the part-set cuing and the free recall conditions
and were reduced across trials, consistent with an acces-
sibility account.

The fact that predictions became sensitive to perfor-
mance by Trial 3 begs the question of whether partici-
pants indeed learned that part-set cues diminish access
to previously studied information. Thus, we asked in Ex-
periment 3 whether knowledge gained from practice with
part-set cuing transfers to a somewhat different part-set
cuing task.

EXPERIMENT 3

Findings from Experiment 2 suggested that participants
were able to learn about the disruptive effects of part-set
cues through several successive study retrieval opportu-
nities. For example, by Trial 3, participants in the part-
set cuing condition were well calibrated and exhibited
no difference between predictions and recall. This result
contrasts sharply with the high level of overconfidence
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evident for participants in the part-set cuing condition
on Trial 1. Thus, one might conclude that participants in
the part-set cuing condition learned about the nature of
part-set cues and adjusted predictions accordingly. Alter-
natively, participants may have simply reflected on recall
performance in the prior trial and adjusted predictions, ir-
respective of whether part-set cues were present. In order
to test these possibilities, we examined whether partici-
pants would become sensitive to part-set cues in a task that
differed somewhat from prior part-set cuing tasks.

In Experiment 3, we included a transfer task imme-
diately following experience with part-set cuing or free
recall (cf. Koriat & Bjork, 2006b). Specifically, partici-
pants in Experiment 3 first did a succession of either
part-set cuing or free recall tasks, identical to the tasks
used in Experiment 2. Thus, the first part of Experiment 3
was essentially a replication of Experiment 2. However,
immediately after completing the third study—test trial,
participants studied a 40-word list (twice as long as their
previous study lists) and then completed either a part-set
cuing or free recall task. This combination of conditions
ensured that half of the participants who originally per-
formed several part-set cuing tasks did either a part-set
cuing or a free recall task at transfer. Likewise, partici-
pants who originally performed several free recall tasks
did either a part-set cuing or a free recall task at transfer.
We expected that if participants could learn that part-set
cues disrupt performance, participants who originally per-
formed several part-set cuing tasks would exhibit more
accurate predictions on the part-set cuing transfer task
than would participants who originally did free recall
tasks. However, the improvement in performance may be
confined to the specific, 20-word lists employed on the
original tasks. If that is the case, we would not expect to
observe any transfer when participants are given a part-set
cuing task for the 40-word list.

Method

Participants. Forty-eight Colorado State University psychol-
ogy students participated for partial course credit. Participants were
tested individually.

Design. A 2 (initial tasks: free recall, part-set cuing) X 2 (trans-
fer task: free recall transfer, part-set cuing transfer) X 2 (measure:
prediction, recall) X 3 (trial: 1, 2, 3) mixed-factor design was used,
with initial tasks and transfer task manipulated between participants
and measure and trial manipulated within participants.

Materials. The materials for the initial set of part-set cuing and
free recall tasks were identical to those used for the part-set cuing
and free recall conditions of Experiment 2. Items for the transfer task
consisted of a set of 40 unrelated nouns taken from the same general
set as the items used in Experiment 2. These items were equated
with those used in the original part-set cuing and free recall tasks in
terms of Kucera and Francis (1967) frequency (M = 40.03), number
of letters (M = 5.60), and number of syllables (M = 1.68). In addi-
tion, the set of 40 items used for the transfer task was randomly split
into two subsets of 20 items to serve as part-list cues. Each subset
of 20 items was equated on the dimensions previously noted and
served equally often as the cued or noncued items in the part-set
cuing transfer condition.

Procedure. Participants were randomly assigned to either the
free recall or the part-set cuing condition for their initial tasks and to
the free recall or part-set cuing condition for their transfer task. The
initial part-set cuing or free recall tasks consisted of three study—test

trials that used the same procedure as that used in Experiment 2. Im-
mediately following the third study—test trial, participants proceeded
to the transfer phase of the experiment. Participants were instructed
that they would study a list that would be longer than the lists they
had studied previously. The procedure for this study phase was iden-
tical to that used previously, with the exception that participants
studied 40 instead of 20 words. At the conclusion of the transfer
study list, participants in the free recall transfer condition were given
a set of addition, subtraction, and multiplication problems to work
on for 60 sec. Participants in the part-set cuing transfer condition
were shown half of the items that they had studied and were asked
to examine each item and to identify whether it had been presented
in the beginning, middle, or end of the study list (cf. Cokely et al.,
2006). This task took approximately 60 sec to complete.

Following these interpolated tasks, all of the participants were
asked to predict how many words they would be able to remember
in 3 min, with participants in the free recall condition making this
prediction out of 40 words possible and participants in the part-set
cuing condition making this prediction out of 20 words possible.
Participants were then given 3 min to recall as many items as pos-
sible. All other aspects of the test procedure were the same as those
in Experiment 2.

Results

Predictions and recall performance are presented in
Figures 3A (free recall) and 3B (part-set cuing). As in Ex-
periment 2, we first examined recall performance to deter-
mine whether our manipulation of part-set cuing produced
a decrement in recall, analyzing the proportion of items
recalled in a 2 (condition: part-set cuing, free recall) X
3 (trial: 1, 2, 3) mixed-factor ANOVA. Overall, recall in
the free recall condition (M = .46) was superior to that in
the part-set cuing condition (M = .33) [F(1,46) = 8.57,
n3 = .16]. Thus, our part-set cuing manipulation was ef-
fective, permitting us to examine the relation between pre-
dictions and actual recall performance across conditions.

Overall performance. These data were first analyzed
in a 2 (measure: prediction, recall) X 3 (trial: 1, 2, 3) X
2 (initial tasks: free recall, part-set cuing) mixed-factor
ANOVA. Results showed that participants’ predictions
(M = .44) reliably exceeded recall performance (M = .39)
[F(1,46) = 6.20, n3 = .12]. In addition, performance var-
ied by initial task conditions [F(1,46) = 6.50, n3 = .12]
but did not differ across trials (/' < 1). More important,
several interactions were present. In particular, a reliable
measure X initial tasks interaction was evident [F(1,46) =
4.54, 17]2) = .09]. This interaction reflects the fact that, over-
all, predictions (M = .46) did not differ from recall (M =
47) for the free recall condition (F < 1). However, for the
part-set cuing condition, predictions (M = .41) reliably
exceeded recall (M = .33) [F(1,22) = 12.13,n5 = .35]. A
measure X trial interaction was also present [F(2,92) =
5.23, »3 = .10], since predictions differed across trials
[F(2,92) = 5.53, 73 = .11], but recall did not [F(2,92) =
1.21, p = .30, 73 = .10]. The triple interaction of measure,
trial, and initial tasks was not reliable (F < 1).

As in Experiment 2, because of our interest in calibration,
we examined the difference between predicted and actual
recall performance by trial within each condition. Results
showed that, in the free recall condition, predictions did not
reliably differ from recall on Trial 1 [F(1,22) = 3.46,p = .08,
13 = .13]. The same pattern was evident on Trials 2 (/" < 1)
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Figure 3. (A) Predicted and actual recall performance as a func-
tion of list order (trial) for participants in the free recall condition
in Experiment 3. (B) Predicted and actual recall performance as a
function of list order (trial) for participants in the part-set cuing
condition in Experiment 3.

and 3 [F(1,46) = 2.04, p = .17, n3 = .08]. For the part-set
cuing condition, participants’ predictions overestimated re-
call on Trials 1 [F(1,22) = 5.58,#3 = .20] and 2 [F(1,46) =
13.32, »3 = .37]. However, no difference was evident be-
tween predictions and recall by Trial 3 (F < 1).

Thus, these data suggest that, for participants in the free
recall condition, estimates were relatively well calibrated
(i.e., there was little discrepancy between predicted and
actual recall performance) by Trial 2, whereas participants
in the part-set cuing condition did not meet this criterion
until Trial 3. We next turned to the question of whether
performance on the initial part-set cuing or free recall
tasks transferred to a somewhat different task.

Part-set cuing at transfer. Predictions and recall
for the transfer task are presented in Figures 4A (part-
set cuing transfer) and 4B (free recall transfer). We first
examined recall performance across transfer conditions to
determine whether our manipulation of part-set cues was
effective. Results showed that recall in the free recall con-
dition (M = .31) was superior to that in the part-set cuing
condition (M = .15) [F(1,46) = 17.86, n3 = .28]. Thus,
our part-set cuing manipulation was effective, permitting
us to examine transfer across conditions.

Overall transfer performance. Performance on the
transfer tasks was examined in a 2 (measure: prediction,
recall) X 2 (initial task: free recall, part-set cuing) X
2 (transfer task: free recall transfer, part-set cuing trans-
fer) mixed-factor ANOVA. Results showed that partici-
pants’ predictions (M = .28) reliably exceeded actual re-
call performance (M = .23) [F(1,44) = 9.21, 3 = .17].
Performance varied reliably between transfer task condi-
tions [F(1,44) = 5.93, »3 = .12] but did not differ between
initial task conditions [F(1,44) = 3.06, p = .09, »3 = .07].
More importantly, several interactions were present. In
particular, a reliable measure X transfer task interaction
was evident [F(1,44) = 13.97, »3 = .24], which was sub-
sumed by a reliable three-way interaction of measure, ini-
tial tasks, and transfer task [F(1,44) = 6.64, 3 = .13].
Follow-up tests were conducted in order to explore this
interaction by examining performance in each transfer
condition.

Part-set cuing transfer performance. Performance
in the part-set cuing transfer condition was analyzed in a
2 (measure: prediction, recall) X 2 (initial task: free recall,
part-set cuing) mixed-factor ANOVA. The results showed
that estimates (M = .27) reliably exceeded actual recall
performance (M = .15) [F(1,22) = 20.44, n} = .48].
Performance did not vary by initial task [F(1,44) = 1.90,
p = .18, 73 = .08], but a reliable measure X initial task
interaction was present [F(1,22) = 6.67, 73 = .23]. In par-
ticular, whereas recall did not differ between conditions,
(F <'1), participants who first did part-set cuing made
reliably lower predictions than did participants who first
did free recall [F(1,22) = 4.38, »3 = .17]. Thus, partici-
pants who first did part-set cuing exhibited more sensitiv-
ity to part-set cuing at transfer than did participants who
initially did free recall.

Free recall transfer condition. Performance in the
free recall transfer condition was analyzed in a 2 (measure:
prediction, recall) X 2 (initial task: free recall, part-set
cuing) mixed-factor ANOVA. Results showed that estimates
(M = .29) did not differ from recall performance (M = .30)
(F < '1). Performance did not vary by first task [F(1,22) =
1.27,p = .27, n3 = .05]; neither did initial task interact with
measure (F < 1). Follow-up tests confirmed that neither
recall [F(1,22) = 1.90, p = .18, »3 = .08] nor predictions
(F <'1) differed between initial task conditions.

Discussion

The results from Experiment 3 replicated those of Ex-
periment 2. That is, predictions were initially better cali-
brated for the free recall condition than for the part-set
cuing condition. However, with practice, differences in
calibration between conditions were eliminated, since
participants became sensitive to the detrimental effects
of part-set cuing, consistent with an accessibility account.
Moreover, performance on the transfer tasks suggests that
participants who initially experienced part-set cuing were
better able to predict their performance on a transfer task
that also involved part-set cuing than were participants
who initially did free recall. This occurred in conjunction
with identical recall performance between the conditions.
In contrast, there were no differences in performance (ei-
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Figure 4. (A) Predicted and actual recall performance as a func-
tion of initial task for participants in the part-set cuing transfer
condition in Experiment 3. (B) Predicted and actual recall per-
formance as a function of initial task for participants in the free
recall transfer condition in Experiment 3.

ther of recall or predictions) for the free recall transfer
task. We examine the implications of these data and other
issues in the General Discussion section.

GENERAL DISCUSSION

In the present study, we examined the extent to which
participants’ predictions of memory performance antici-
pate the detrimental effect of part-set cues on recall. In
Experiment 1, we used a semantic memory task in which
participants were charged with recalling states in the U.S.,
either under free recall instructions or after having been
cued with 25 randomly selected states. Results showed
that, although part-set cues led to a reliable decrement in
recall as compared with the free recall condition, predic-
tions were identical for the two groups. In Experiment 2,
we investigated whether participants were similarly in-
sensitive to part-set cues in an episodic memory task and
whether, after several exposures to part-set cues, predic-
tions would become more accurate. Those data suggested

that although participants’ predictions did not initially
anticipate interference engendered by part-set cues, with
experience, participants became well calibrated. For ex-
ample, by Trial 3, participants in the part-set cuing condi-
tion made predictions that were consistent with recall.

Experiment 3 demonstrated that initial experience with
part-set cuing transferred to a different part-set cuing task.
In particular, predictions for participants who first did
part-set cuing were more sensitive to interference engen-
dered at retrieval by part-set cues than were participants
who first did free recall. Thus, these data suggest that par-
ticipants learned from prior experience with part-set cues
and were able to transfer this knowledge to a somewhat
different task. However, we do suggest some caution in
this conclusion. In particular, the transfer task used in the
present study retained many elements of the initial task,
with only the length of the study list (and the number of
part-set cues) changing from the initial task to the transfer
task. A stronger test of transfer would likely involve chang-
ing more elements of the task. For example, after gaining
experience with an episodic, list-learning version of the
task, one could examine transfer to a semantic memory
task, such as the states task used in Experiment 1 of the
present study. If participants truly learned that part-set cues
were detrimental to memory performance, they should
make lower predictions of recall when exposed to part-set
cues. However, for the present, it remains an open question
whether transfer would also be observed for a task in which
many elements change.

How do data reported in the present study cohere with
extant accounts of predictions of performance under con-
ditions of interference? One theory holds that predictions
are made largely on the basis of the familiarity of the cues
available (e.g., Metcalfe et al., 1993). Such an account
would suggest that the provision of part-set cues, visible
to participants when making predictions, would serve to
elevate predictions of performance for the part-set cuing
condition compared with the free recall condition. That
is, given that participants viewed a subset of items from
the to-be-recalled set when making predictions, a cue fa-
miliarity account would hold that this familiarity would
lead to inflated levels of confidence. Results showed a
consistent pattern of overconfidence for participants in
part-set cuing conditions. This occurred both in a seman-
tic memory task, with portions of the to-be-remembered
set presented, and in an episodic memory task, with a sub-
set of previously studied items presented as part-set cues.
However, across experiments, predictions did not exceed
the level of confidence evident for participants who were
not provided with part-set cues, suggesting that familiarity
cannot account for subsequent differences in predictions
between the free recall and part-set cuing conditions (cf.
Eakin, 2005).

Instead, we suggest that, with experience (i.e., in Experi-
ments 2 and 3), participants’ judgments were sensitive to
diminished target accessibility due to interference from
the cues. That is, consistent with an accessibility account,
participants based their predictions on the amount of in-
formation coming to mind from the to-be-remembered set
(Koriat, 1993). As noted previously, although theories of
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part-set cuing postulate different mechanisms, each sug-
gests that part-set cues decrease access to noncued items
(e.g., Aslan et al., 2007; Basden et al., 2002; Cokely et al.,
20006). The increased sensitivity to part-set cues, evident
after several trials in Experiments 2 and 3, may likewise
reflect increased sensitivity to the fact that such cues di-
minish access to target information. Evidence for this di-
minished access may only come through experience (cf.
Koriat, 1997), and thus only with experience did partici-
pants adjust predictions accordingly (Experiments 2 and 3)
and transfer that knowledge to a different task (Experi-
ment 3). Note also that this idea parallels other accounts,
suggesting that predictions of memory performance can be
sensitive to competition from extralist information (e.g.,
Schreiber, 1998; Schreiber & Nelson, 1998).

Thus far, we have only reported data for cues that pro-
duce decrements in recall. We have also collected data
suggesting that participants’ predictions are insensitive
to part-set cues even when such cues facilitate recall. For
example, we tested participants using a variant of the part-
set cuing condition of Experiment 1. The difference was
that participants were provided with the first 25 states of
the U.S. in alphabetical order, rather than 25 randomly se-
lected states (cf. Basden et al., 2002). As in Experiment 1,
participants made predictions of their performance prior
to recall. The results showed that participants experienced
facilitation of recall performance in response to such cues,
recalling a large proportion (M = .72, SE = .03) of the
noncued states. However, participants’ mean predictions
(M = .58, SE = .03) revealed strong levels of undercon-
fidence [#(24) = 4.71, p < .001]. Therefore, when ini-
tially exposed to part-set cues, participants may not ap-
preciate those cues that produce decrements or benefits
in performance.

The present conclusions have implications beyond a
laboratory context. That is, there may be situations in
which being provided with cues or hints to previously
learned information might be detrimental to recall.
Awareness of such situations would seem to be of some
benefit. For example, in the context of eyewitness tes-
timony, the provision of a subset of cues might impair
memory, as compared with questions asking for more
structured recall (e.g., from the beginning to the end of
an event). In the context of education, an awareness of
the degree to which cues aid or hinder memory would
likewise be helpful. For example, if a student were study-
ing for an upcoming chemistry test and learned the pe-
riodic table of elements in order, cuing with a random
subset of elements might potentially disrupt memory per-
formance. Being aware that such cuing is detrimental to
performance might motivate the learner to exercise con-
trol (cf. Nelson & Narens, 1990) and to engage in further
study, perhaps using a variety of strategies. In a broader
context, understanding those factors, including part-set
cuing, that interfere with retrieval can allow the learner to
adjust strategies accordingly and can make learners aware
of how cues can facilitate recall in some cases but play a
detrimental role in others.

Overall, results from the present study are consistent
with the idea that participants do not always appreciate

factors that interfere with performance but can adjust their
predictions with experience (cf. Benjamin, 2003; Castel,
2008; Koriat & Bjork, 2006a). These data support theories
suggesting that predictions are made on the basis of the
accessibility of information coming to mind rather than of
the familiarity of cues available to the rememberer. Future
work would benefit from further examination of predic-
tions under conditions that hinder or facilitate memory
performance, specifically examining interference and
the match between cues available at encoding and those
present at test. For now, we suggest that the present study
indicates that people are not always aware of factors at
retrieval that can hinder performance.
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NOTES

1. Cue familiarity and accessibility accounts have been combined
in some cases. For example, Koriat and Levy-Sadot (2001) suggested
that familiarity operates early in judgment (cf. Reder, 1987) to deter-
mine whether a rememberer will use a cue to interrogate memory. Only
after a cue is deemed sufficiently familiar will the rememberer inter-
rogate memory and use the amount of information coming to mind as a
basis for prediction. In the present study, however, we assumed that all
part-set cues were sufficiently familiar that cue familiarity would not
be necessary as a gating mechanism. Instead, a cue familiarity account
would predict that exposure to a subset of previously studied information
should inflate confidence, leading to higher predictions for the part-set
cuing condition than for the free recall condition.

2. Colorado was excluded from this list because all testing took place
in Colorado.

3. Studies of part-set cuing (e.g., Basden et al., 2002) frequently use
the proportion of noncued items recalled as the dependent variable, so as
to ensure that any differences between conditions are not due to the items
used themselves. However, given that participants were asked to predict
how many items they would recall out of a possible 50 (free recall condi-
tion) or 25 (part-set cuing condition), we felt that it was most appropriate
to calculate measures of recall and predictions out of the total number of
items possible, so as to remain faithful to predictions. However, analyses
using the proportion of noncued items recalled do not change the pattern
of results reported in this and subsequent experiments.
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