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What characteristics make self-generated memory cues effective over time?
Jonathan G. Tullis a and Jason R. Finleyb

aEducational Psychology, University of Arizona, Tucson, AZ, USA; bPsychology, Southern Illinois University Edwardsville, Edwardsville, IL,
USA

ABSTRACT
From writing to-do lists to creating mnemonic devices in school, people frequently generate
cues to help them remember information. Creating memory cues is a vital aspect of
metacognition and allows learners to somewhat control their retrieval circumstances. Across
three experiments, we tested the extent to which self-generated memory cues fail at long
retention intervals because they are based in fleeting mental states. Participants studied
target words and generated mnemonic cues for themselves or for others. Cues intended for
others showed greater cue-to-target associative strength, were less distinctive, and were less
idiosyncratic (more common) than cues intended for oneself. However, the effectiveness of
the cues in supporting recall did not differ by intended recipient at medium (∼3 days) or
long (∼1 year) retention intervals. In the third experiment, we directly tested the stability of
self-generated cues for oneself (compared to cues for others, descriptions of the target, and
focused descriptions) by asking participants to generate cues twice for the same targets
across a delay of 3 weeks. Cues intended for others were more stable than all other cues,
but the stability of the cues did not affect long term retention. Implications for effective cue
generation are discussed.
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Have you ever written a note to yourself, and then later
struggled to figure out what you meant? Creating mne-
monic cues to support one’s memory is a crucial aspect
of metacognition. People generate memory cues regu-
larly, including naming computer files so that one
remembers their contents, writing to-do lists so that
one remembers to complete important tasks, and creat-
ing mnemonics so that one remembers the names of the
Great Lakes for an upcoming test. In fact, 73% of people
report using the first letter of to-be-remembered items
to create a more memorable structure for information
(e.g., ROY G. BIV for the colours in the rainbow) and
57% of people report using rhymes to help them
remember (e.g., i before e except after c: Harris, 1980).
Students of all ages report creating mnemonics to help
remember classroom information (Tullis & Maddox,
2020; Van Etten et al., 1997). These self-generated
memory cues support recall more effectively than cues
generated by others across a variety of tasks (Bellezza
& Poplawsky, 1974; Jamieson & Schimpf, 1980; Kuo &
Hooper, 2004; Saber & Johnson, 2008; for review, see
Tullis & Finley, 2018). Yet, external mnemonic cues some-
times fail. Across three experiments, we examine
whether self-generated mnemonic cues fail because
they are generated in fleeting, unstable mental states

which do not ultimately match mental states at long
retention intervals.

Cue generation is a vital aspect of metacognitive
control that people exercise over their memories. The
control that people exercise over their memories during
encoding and retrieval may have greater impact on their
recall than individual differences in mnemonic abilities
(Benjamin, 2008). Learners make many effective choices
during encoding, including choosing which items to
restudy (Kornell & Metcalfe, 2006; Tullis & Benjamin,
2012), allocating study time (Tullis & Benjamin, 2011), sche-
duling study (Benjamin & Bird, 2006), choosing encoding
strategy (Finley & Benjamin, 2012), and even choosing
retrieval practice over restudy (Tullis et al., 2018). Learners
may be able to choose effective encoding practices
because they have privileged access to their own idiosyn-
cratic mental states during encoding and can therefore
base choices on this privileged knowledge that others do
not have (Lovelace, 1984; Underwood, 1966). In other
words, if learners believe that they have encoded an
item poorly, they can choose to restudy that particular
item. Cue generation is a particularly interesting example
of metacognitive control over memory because learners
need to anticipate what cue will be most helpful during
later retrieval. In essence, they must lay down a trail of
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breadcrumbs for their future selves to follow. As described
below, anticipating one’s future mental state is a difficult
task. Here, we examine whether failure to anticipate
future mental states impairs cue generation.

Typically, learners generate effective cues that trigger
their recall. In a classic laboratory experiment, participants
remembered 91% of words from a very long list when they
were prompted with self-generated cues (Mäntylä, 1986).
Self-generated cues benefit memory for a variety of
target information, including simple words (Mäntylä,
1986; Zhang & Tullis, 2021; Mantyla & Nilsson, 1983),
foreign language vocabulary (Atkinson & Raugh, 1975),
and complex science concepts (Levin & Levin, 1990; Rich-
mond et al., 2011; Tullis & Qui, 2021). Self-generated cues
are typically more effective than cues generated by
peers (Tullis & Benjamin, 2015b), produced by experts
(Bloom & Lamkin, 2006), or randomly selected from an
experimenter-curated list (Finley & Benjamin, 2019). Prior
research argues that self-generated cues can be effective
because learners choose cues that are tailored to their
specific memory needs (Tullis & Benjamin, 2015b). Learners
have special access to their own idiosyncratic cognitive
states and prior experiences (Lovelace, 1984; Tullis &
Fraundorf, 2017; Underwood, 1966), and this private
knowledge about their own mental states may allow
them to output uniquely effective cues (Kuo & Hooper,
2004; Symons & Johnson, 1997; Tullis & Finley, 2018).
Specifically, when learners generate mnemonic cues,
they output distinctive cues (i.e., cues that narrowly
point to a small set of potential targets; Tullis & Fraundorf,
2017). The distinctiveness of the cue narrows the search
space for the target at the time of retrieval.

Despite the broad effectiveness of self-generated mne-
monic cues, self-generated mnemonic cues can fail,
especially at long retention intervals. Self-generated
memory cues may fail because learners struggle to antici-
pate future mental states. Accurately anticipating future
mental states is crucial to effective cue generation
because the conditions under which learners generate

cues differ from those under which they attempt retrieval.
For example, when generating cues, the target is present
(and the cue is present once the learner generates it);
but, during retrieval, only the cue is present. So, the gener-
ating conditions do not match the retrieval conditions.
Beyond differences in what is present during generation
and what is present at retrieval, learners’ mental states
naturally fluctuate across time (Estes, 1955). Retrieval
depends upon the overlap between encoding and retrie-
val contexts, so successful mnemonic cues generated
during encoding must partially match the learner’s cogni-
tive state at the time of retrieval (e.g., Raaijmakers &
Shiffrin, 1980; Ryskin et al., 2015). The concepts that are
activated now are unlikely to be present or activated in a
year.

Anticipating and accounting for the differences
between current and future mental states may be
difficult (see Koriat & Bjork, 2005), especially as learners
often show a stability bias, in which they make judgments
based upon their immediate subjective experience (cogni-
tive egocentrism) rather than on beliefs about future
events (Kornell et al., 2011; Kornell & Bjork, 2009). Generat-
ing effective memory cues requires theory of mind for our-
selves in the future, and people tend not to recognise the
extent to which they become different people over time
(cf. the “end of history illusion,” Quoidbach et al., 2013).
The longer the retention interval, the more people
change. Body and mind age, new experiences accumulate,
new perspectives develop, language changes, social and
occupational circumstances change. Things that may
seem obvious now can become obscured with time.
Making accurate choices about the future can necessitate
divorcing those choices from current mental states, which
is difficult to do during encoding (Kornell et al., 2011).
Further, even when people have been told about the
future circumstances (e.g., that test conditions will differ
from encoding conditions), people struggle to take the
perspective of themselves in the future, and thus make
inaccurate predictions of their memories (Koriat & Bjork,
2005).

Across three experiments, we tested whether and how
learners generate cues that are stable and support
memory across long retention intervals. One plausible
mechanism for ensuring stable and long-lasting cues is
to prompt participants to generate cues for others. Prior
research suggests that when learners generate mnemonic
cues to help other people’s memories, the generated cues
show stronger cue-to-target associative strength and
lesser idiosyncracies than cues intended for oneself
(Tullis & Benjamin, 2015b). While cues for oneself may be
based on idiosyncratic and temporary mental activation,
cues for others may be based more in stable, normative
knowledge that does not shift much across time. Across
three experiments, we tested whether cues intended for
others elicit recall more than cues intended for oneself at
extended retention intervals. We predicted that distinctive
and idiosyncratic self-generated memory cues will beFigure 1. Predicted effectiveness of cues over time (hypothetical results).
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more effective at supporting recall in the near future, but
eventually people and their circumstances will change
enough that cues generated for others will become
more effective. This hypothetical pattern is illustrated in
Figure 1. We specifically assess three characteristics of
the generated mnemonic cues across the experiments,
as in prior research (Tullis & Benjamin, 2015a, 2015b;
Tullis & Fraundorf, 2017). First, we measured the cue-to-
target associative strength from the South Florida Free
Association Norms (Nelson et al., 1998). Cue-to-target
associative strength indicates how strongly the cue norma-
tively points towards the appropriate target; cues for
others typically have greater normative cue-to-target
associative strength. Second, we measure the distinctive-
ness of each cue by assessing how many total targets
are associated with the cue in the South Florida Free
Association Norms. Fewer total associates narrows the
search space during the time of retrieval and may be
one of the most important factors that drives recall
(Hunt & Smith, 1996; Nairne, 2002). Cues for others typi-
cally have less distinctiveness than cues for oneself.
Finally, we measure how common each cue is so that we
can assess how idiosyncratic the cue is across learners.
Cue commonality reflects the proportion of participants
who supplied a given cue for each target and is typically
greater for cues for others than for oneself (Tullis & Benja-
min, 2015b). These prior studies suggest that cues for
others tap into more normative and common knowledge,
while cues for oneself are more idiosyncratic and
distinctive.

Ultimately, we sought to answer three research ques-
tions in our three experiments. First, do people generate
different cues for their own memories and others’ mem-
ories, as suggested in prior research (Tullis & Benjamin,
2015b)? Second, do cues generated for others support
learners’ recall at long retention intervals better than
cues intended for oneself because their connection to
the target information is more stable? In other words, if
cues intended for oneself are based in fleeting mental
states, they may become less effective than cues for
others at long retention intervals (Figure 1). Finally, do
the characteristics of effective cues change with retention
interval? More specifically, are effective cues at long reten-
tion interval tied into common, stable, semantic knowl-
edge, while effective cues at short retention intervals
tied in to more idiosyncratic and distinctive knowledge?

Experiment 1

In Experiment 1, participants generated cues for them-
selves or for peers and we tested the effectiveness of
those cues at two different retention intervals. If partici-
pants generated cues for themselves in fleeting, idiosyn-
cratic mental states, cues for themselves should become
much less effective at longer retention intervals. If cues
for others are based upon normative, enduring

knowledge, then cues for others should support recall
better than cues for self at longer lags.

Method

Participants. We sampled the entire class of students of
Fontbonne University enrolled in an intermediate level
psychology methods course. Sixty-nine students gener-
ated cues during an initial experimental session, including
57 females, 11 males, and 1 unreported. The mean age of
students was 22.27 (SD = 5.54). Forty-two students com-
pleted the first test which happened several days after
the cue generation phase (M = 5 days, SD = 5, Mdn = 3,
range: 1–22), and 28 students completed the final test
which happened approximately one year after the cue
generation phase (M = 385 days, SD = 18, Mdn = 379,
range: 359–421).

Design. This experiment featured two within-subjects
independent variables: retention interval (∼3 days for
test 1 vs. ∼1 year for test 2) and intended recipient of
the cues that participants generated (self vs. other). The
dependent variables measured were the cues that partici-
pants generated and their performance on the cued recall
tests.

Materials. One hundred and sixty targets were col-
lected from the University of South Florida Free Associ-
ation Norms (Nelson et al., 1998). We gathered a wide
variety of potential target items.

Procedure. Participants completed the experiment
online. In this and subsequent experiments, participants
first completed their informed consent. Next, we
instructed participants to remember a list of target
words for an upcoming memory test. We told them that
they would generate a cue to help them remember each
target. Participants were instructed that they would get a
cue back during the test and would have to recall the cor-
responding target word. Cues could be any single, English
word that was not a form of the target (i.e., a plural or a
misspelling of the target). Participants were instructed
that they would sometimes generate cues to help their
own memory and sometimes they would generate cues
to help a peer’s memory. Peers were described as their
classmates who were also participating in this experiment.
Half of target items were assigned to the self condition and
half were assigned to the peer condition. The target was
displayed on the right hand side of the screen and partici-
pants had to type their cue into an empty response box on
the left hand side of the screen. The self and peer con-
dition were differentiated on the screen by placing the
target and response box for one condition consistently
towards the top of the screen and the other condition
towards the bottom of the screen; the positioning of con-
ditions was counterbalanced across participants. Half of
the target words were randomly assigned to the self con-
dition and half were assigned to the other condition.

Two days after generating the cues, participants were
contacted to complete the second portion of the
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experiment. On the second day, participants were shown
80 cues that they generated (40 in each condition) and
typed in the corresponding target item. Cues were pre-
sented one at a time in an entirely random order. Partici-
pants were emailed every 2 days (up to 5 emails) to
complete this first test. Finally, starting 1 year after they
completed the initial test, we emailed participants to ask
them to complete the final test. We emailed them every
2 days up to 5 emails to ask to finish the experiment. On
this last testing day, participants were tested with the
remaining 80 untested cues (40 from the self condition
and 40 from the other condition).

Results

The data and syntax for this and the subsequent exper-
iments are available (Tullis & Finley, 2021, February 4)
here: https://osf.io/z4f6c/?view_only=a0fc8a6f83e149cca3
1cee2b3e855274.

Cues for self and others. We first examined whether
participants differentiated between the cues intended for
themselves versus others. To do so, we compared the
cue characteristics across all participants (the same pat-
terns appear if we include only the participants who com-
pleted both tests). Data are shown in Table 1 and indicate
that participants generated different kinds of cues for self
and for others. More specifically, when generating cues for
themselves, participants created cues that were more dis-
tinct (i.e., had fewer associates), were more unique (i.e.,
showed lesser cue commonality), and had weaker cue-
to-target associative strength than when generating cues
for others.1

Cued Recall. Next we examined how effectively cues
supported recall of target words as a function of test
number (1 vs. 2) and intended recipient of cues (self vs.
other). Results are shown in Figure 2. In order to take
advantage of the large number of observations per partici-
pant, we analysed the data using a linear mixed effect

model with a logit link function to model the log odds of
correct recall of each target word. The model included
fixed effects of test number, intended recipient, and their
interaction, as well as crossed random intercepts for par-
ticipants and target words. We coded fixed effects of test
number and intended recipient as −0.5 and +0.5 to
obtain estimates of the main effects analogous to those
from an ANOVA. For this analysis we used the glmer() func-
tion of the lme4 package for R (Bates et al., 2015). Syntax is
available in supplemental materials. Only participants that
completed both test sessions were included in this analy-
sis. The model was:

logit(P(Recallij)) = (b0 + u0i + v0j)+ b1TestNumberij
+ b2IntendedRecipientij + b3Interactionij

(1)

where i is the participant index, j is the target word index,
β0 is the baseline intercept, u0i is the random intercept for
participants, v0j is the random intercept for target words,
and β1-3 are fixed-effect coefficients (i.e., slopes) for test
number, intended recipient, and the interaction between
test number and intended recipient, respectively. Table 2
shows the results.

There was only a statistically significant effect of test
number (i.e., retention interval), such that performance
was lower after 1 year versus 3 days. Neither the intended
recipient nor the interaction were statistically significant.
Our prediction was that recall would be better when
prompted with one’s own cues after a few days, but
would be better when prompted with the cues made for
others after a year. We did not find that pattern.

Relation of cue characteristics to recall. Finally, we
examined how cue characteristics related to their effec-
tiveness. To do so, we computed a linear mixed model pre-
dicting recall from test number (1 or 2), the three cue
characteristics, and the interactions between the cue
characteristics and test number. We centred cue character-
istic variables before adding them to the model. As shown

Table 1. Means and standard deviations in Experiments 1and 2 of cue
characteristics for Cue-target pairs.

Experiment Cue characteristic For others For self

Experiment 1 Cue-to-target
associative
strength

.07 (.03) .06 (.02) t(68) = 4.17,
p < .001,
d = .51

Number of
associates

9.87 (1.34) 9.51(1.61) t(68) = 2.57,
p = .01, d
= .31

Cue commonality .14 (.03) .13 (.03) t(68) = 4.14,
p < .001,
d = .50

Experiment 2 Cue-to-target
associative
strength

.08 (.03) .06 (.03) t(54) = 5.31,
p < .001,
d = .73

Number of
associates

9.68 (1.64) 9.20(2.15) t(54) = 2.18,
p = .03, d
= .30

Cue commonality .15 (.03) .13 (.03) t(54) = 3.34,
p = .002,
d = .46

Figure 2. Mean proportion recall as a function of intended cue recipient
and retention interval, Experiment 1. Error bars represent standard error
of the mean.
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in Table 3, recall decreased from the first test to the
second, the three cue characteristics predicted recall, and
none of the cue characteristics interacted with retention
interval. More specifically, recall was greater when (a)
cue-to-target associative strength was higher, (b) number
of associates was lower, and (c) cue commonality was
higher. The cue characteristics were not involved in any
statistically significant interactions, meaning that the
impact of each cue characteristic did not depend retention
interval.

Discussion

In Experiment 1, participants generated memory cues for
themselves or for others and we tested the effectiveness
of the two kinds of cues at medium and long retention
intervals. Participants generated different cues for them-
selves than for others. Cues intended for others showed
greater cue-to-target associative strength, were less dis-
tinctive, and were less idiosyncratic (more common) than
cues intended for oneself. The intended recipient of the
cue, however, did not affect the efficacy of the cues.
Cues for self and cues for others did not yield different
recall at medium or long lags. The intended recipient of
the cue likely did not affect recall because effective cue
characteristics did not change with retention interval.
Cue-to-target associative strength, distinctiveness, and
cue commonality were all significantly associated with
the effectiveness of cues, but the importance of the cue
characteristics did not change with retention interval. In
other words, cue characteristics that were beneficial at a
3 d retention interval were similarly beneficial at the 1
year delay.

The intended recipient also did not impact the efficacy
of cues because cues for self and for others traded off

between helpful characteristics. More specifically, cue-to-
target associative strength supported recall, but so did dis-
tinctiveness. When switching from generating cues for
themselves to generating cues for others, participants
reduced the distinctiveness of cues but increased the
cue-to-target associative strength. The intended recipient
of cues did not change the efficacy of the cues because
participants switched between two effective cue charac-
teristics. Before interpreting these data further, we repli-
cated this experiment with a different population in
Experiment 2.

Experiment 2

In Experiment 2, we attempted to replicate the results of
Experiment 1. We recruited participants through Amazon
Mechanical Turk, which may allow us to test a broader
population (Difallah et al., 2018) and potentially increase
the participant completion rate across the three sessions.

Method

Participants.We recruited 55 participants to complete the
cue generation phase, 29 identified as female, 22 as male,
and 4 as not reported. The average age of the sample was
35.57 (SD = 9.54). Of the 55 participants who completed
the first phase, 48 completed the first test at the retention
interval of 2 days. Thirty-six participants completed the
final test at the year retention interval.

Design. The experimental design was identical to
Experiment 1.

Materials.We narrowed down the list of target items to
include 80 items from the list used in Experiment 1.

Procedure. The procedure was similar to Experiment 1
except that participants were paid for completing each
phase of the experiment ($2 for cue generation, $2 for
the first test, and $5 for the test after the year). Participants
were reminded up to 2 times to complete each test
portion of the experiment.

Results

Cues for self and others. We first examined whether par-
ticipants differentiated between the cues intended for
themselves versus others. Data are shown in Table 1 and
replicate those from Experiment 1. Participants generated
different kinds of cues for self and for others, as indicated
by significant differences on all cue characteristic
measures. Participants created cues that with fewer associ-
ates, weaker cue-to-target associative strength, and
greater uniqueness for themselves than for others.

Cued Recall. As in Experiment 1, we next examined
how effectively cues supported recall of target words as
a function of test number (1 vs. 2) and intended recipient
of cues (self vs. other). Results are shown in Figure 3. As in
Experiment 1, we ran a linear mixed effect model to
analyse the data. The results are shown in Table 4. Only

Table 2. Fixed effect estimates for mixed effects logit model of cued recall
accuracy in Experiment 1 as a function of test number (1 vs. 2) and intended
recipient of cues (self vs. other).

Fixed effect b̂ SE Wald z p

Intercept (baseline recall) −1.325 0.155 −8.56 <.001
Test number −1.181 0.080 −14.68 <.001
Intended recipient of cues −0.034 0.078 −0.43 .664
Test number × Intended recipient 0.106 0.157 0.67 .501

Note: Total number of observations was 4480, log-likelihood =−2250.

Table 3. Fixed effect estimates for mixed effects logit model of cued recall
accuracy in Experiment 1, including cue characteristics.

Fixed effect b̂ SE Wald z p

Intercept (baseline recall) −1.385 0.140 −9.88 <.001
Test number −1.302 0.089 −14.65 <.001
Cue-to-target associative strength 5.32 0.362 14.70 <.001
Number of associates −0.083 0.007 −12.14 <.001
Cue commonality 0.657 0.323 2.03 0.042
Test number × Cue-to-target assoc.
str.

−0.399 0.645 −0.62 0.53

Test number × Num. assoc. 0.0001 0.013 0.006 0.995
Test number × Cue common. 0.400 0.545 0.73 0.46

Note: Total number of observations was 4480, log-likelihood =−2038.

MEMORY 5



the test number significantly impacted recall, such that
participants remembered fewer items at the year-long
retention interval than the 2-day retention interval.
Neither intended recipient nor the interaction between
test number and intended recipient reached significance.

Relation of cue characteristics to recall. Finally, we
examined what cue characteristics related to recall of the
targets and whether those cue characteristics changed
with retention interval. As in Experiment 1, we conducted
a linear mixed model predicting recall from test number (1
or 2), the three cue characteristics, and the interactions
between the cue characteristics and test number. The
results, shown in Table 5, reveal that recall was greater
with greater cue-to-target associative strength and with
fewer numbers of associates. Further, the impact of

number of associates (i.e., distinctiveness) grew across
retention interval.

Discussion

Experiment 2 largely replicated the findings of Experiment
1. Participants distinguished between cues for self and for
others by increasing the cue-to-target association,
decreasing the distinctiveness, and reducing the idiosyn-
crasies of cues for others. Despite the differences in cues
generated, the intended recipient of the cue did not
affect recall at medium or long retention intervals.
Further, cue-to-target associative strength and number
of associates were both related to a cue’s effectiveness.
In contrast to Experiment 1, the impact of number of
associates on recall grew across retention intervals: At
the second test, the distinctiveness of a cue was even
more important than during the first test. In contrast to
predictions, however, the results from Experiment 2
suggest that distinctiveness may matter more at longer
retention intervals, which would suggest that cues for
self could become especially effective at extended
delays. However, the interaction between retention inter-
val and number of associates did not reach significance
in Experiment 1 (and was small in Experiment 2), so we
hesitate to over-emphasize this inconsistent result.

Even though Experiment 2 hints that the effectiveness
of cues may somewhat depend upon retention interval,
we found no evidence that recall differs based upon the
kinds of cues that learners generated or that recall
depended upon the interaction of cue type with retention
interval. As in Experiment 1, learners traded off distinctive-
ness for cue-to-target associative strength when generat-
ing cues for others. In other words, cues for self and cues
for others were effective for different reasons. Both distinc-
tiveness and cue-to-target associative strength support
recall at short and long retention intervals. Effective cue
characteristics did not change enough with retention
interval to affect the efficacy of cue condition.

Some prior research has examined the impact of cues
for self and others at very short retention intervals (i.e.,
within the same experimental hour as cue generation:
Tullis & Benjamin, 2015b) by asking participants to gener-
ate one cue for themselves and one cue for others. Partici-
pants generated the same cues for themselves as for
others for about half of the target items. However, when
learners produced different cues for self and others, cues
generated for others were less effective for one’s own
memory than cues generated for oneself. Our experiments
differ from this prior research because we only elicited one
cue per target, so we cannot conditionalize upon when
participants distinguished between cues for self and
others. Further, our first test happened 3 days after the
cues were generated, on average. It is possible that we
did not measure the efficacy of self-generated cues soon
enough after they were generated to find differences
between cues for self and for others.

Figure 3. Mean proportion recall as a function of intended cue recipient
and retention interval, Experiment 2. Error bars represent the one standard
error of the mean above and below the sample mean.

Table 4. Fixed effect estimates for mixed effects logit model of cued recall
accuracy in Experiment 2 as a function of test number (1 vs. 2) and intended
recipient of cues (self vs. other).

Fixed effect b̂ SE Wald z p

Intercept (baseline recall) −1.028 0.159 −6.48 <.001
Test number −1.364 0.070 −19.36 <.001
Intended recipient of cues −0.124 0.068 −1.81 .070
Test number × Intended recipient 0.105 0.136 0.77 .442

Note: Total number of observations was 5600, log-likelihood =−2918.

Table 5. Fixed effect estimates for mixed effects logit model of cued recall
accuracy in Experiment 2, including cue characteristics

Fixed effect b̂ SE Wald z p

Intercept (baseline recall) −1.105 0.145 −7.61 <.001
Test number −1.506 0.079 −19.14 <.001
Cue-to-target associative strength 5.093 0.314 16.23 <.001
Number of associates −0.100 0.006 −16.38 <.001
Cue commonality 0.069 0.301 0.23 0.82
Test number × Cue-to-target assoc.
str.

−0.468 0.548 −0.85 0.39

Test number × Num. assoc. −0.023 0.011 −2.04 0.04
Test number × Cue common. 0.283 0.518 0.55 0.58

Note: Total number of observations was 5600, log-likelihood =−2630.
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In the third experiment, we included two additional
conditions that have been examined in prior research
and may elicit cues with greater cue-to-target associative
strength than those from the prior two experiments.
Further, we explicitly tested how stable cues are over
time by measuring how frequently participants generated
the same cue for the same target across a month retention
interval.

Experiment 3

In Experiment 3, we directly tested the stability of cues
over time by requiring participants to generate cues
twice for the same targets over time. If cues generated
for others rely upon stable semantic knowledge, partici-
pants should generate the same cue for a target across
long lags. We additionally included conditions in which
participants generated descriptions of the targets rather
than mnemonic cues for the targets. Comparing the effec-
tiveness of “descriptions” to “memory cues” assesses
whether participants distinguish between characteristics
that support memory compared to characteristics that
describe a target. If participants have accurate metacogni-
tion about their memories, mnemonic cues should support
cued recall better than descriptions. Further, prior research
indicates that one-word descriptions are less distinct than
mnemonic cues, but have similar cue-target associative
strength (e.g., Tullis & Benjamin, 2015a). Experiment 3,
then, allowed us to test the impact of distinctiveness on
long-term retention.

In addition to the description condition, we also
included a focused description condition, in which partici-
pants were instructed to generate a descriptive word
that they would be likely to generate again later. Prior
research suggests that under these focused description
instructions, participants output descriptions that are
more stable in time than descriptions of the target items
(Mäntylä & Nilsson, 1988). If participants have accurate
insight into what kinds of knowledge are stable in their
minds over time, they will generate the same description
for the same target over long lags more frequently in the
focused description condition than the broader descrip-
tion condition. Manipulating the stability of cues through
different instructions to participants may allow us to test
whether stability of cues contributes to their effectiveness.
Focused descriptions have been shown to be more helpful
for cued recall than broader descriptions in prior research.
For example, when provided with self-generated focused
descriptions, memory performance only dropped from
95% to 80% over six weeks; when provided with self-gen-
erated spontaneous descriptions, performance dropped
from 80% to 40% over the same time (Mäntylä & Nilsson,
1988).

We are interested in three specific comparisons among
our conditions. First, to replicate and extend the prior two
experiments, do cues for self and cues for others differ in
characteristics, stability, and mnemonic effectiveness?

Second, to replicate prior research (e.g., Mäntylä &
Nilsson, 1988), do descriptions and focused descriptions
differ in characteristics, stability, and mnemonic effective-
ness? In other words, can learners assess what kinds of
descriptions will be stable in time and does this stability
contribute to effective recall? The distinction between
descriptions and focused descriptions may reveal how
effectively participants can take the perspective of their
future selves. Prior research about the stability bias in
metacognition suggests that learners have trouble antici-
pating changes in the cognition, as they make judgments
based upon their immediate subjective experience (cogni-
tive egocentrism) rather than on beliefs about future
events (Kornell & Bjork, 2007; Kornell et al., 2011), but
Mäntylä and Nilsson (1988) suggests that participants
can decipher between focused and unfocused cues.
Finally, in our third comparison, we examine whether
cues for self and descriptions differ in characteristics, stab-
ility, and mnemonic effectiveness. Prior research has
shown that self-generated mnemonic cues support recall
more than descriptions at short retention intervals (Tullis
& Benjamin, 2015a).

Method

Participants. We recruited 409 participants from Amazon
Mechanical Turk to participate. Participants were paid $2
to complete the first day of cue generation and were
given a bonus of $2 to complete the second portion of
the experiment at a retention interval of 3 weeks. Partici-
pants were contacted twice to complete the second day
of the experiment and 315 participants completed the
second session.

Materials. The study list comprised 150 nouns from the
University of South Florida Free Association Norms (Nelson
et al., 1998). The nouns included a wide variety of topics.

Procedure. Participants completed the experiment
online. Participants were randomly assigned to four con-
ditions: cue generation for self, cue generation for
others, description generation, and focused description
generation. The cue generation conditions mimicked
those from the prior two experiments. In the description
condition, participants were told to generate one word
that describes the target word (as in prior research: Tullis
& Benjamin, 2015b). Specifically, participants received the
following instructions in the description condition:

For each target word, you will generate some aspect of the
word that constitutes an appropriate description of the
target item. This aspect or description can be created accord-
ing to your own life experiences… For each target in the list,
we ask that you type in one word that, according to your own
experiences, describes the target word or is an aspect of the
target word. You can use any description. However, the
target word cannot serve as its own description.

Finally, in the focused description condition, participants
were asked to generate descriptions of the target items
that they would likely generate again under different
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circumstances (as in prior research: Mäntylä & Nilsson, 1988).
Participants in the focused description condition received
specific instructions to “Please generate ‘FOCUSED’ descrip-
tions of the targets: descriptions you would likely generate
again in a different situation… Remember, generate
FOCUSED descriptions of the target items (descriptions
that you would likely generate again under different circum-
stances).” All participants were instructed to generate a
single English word that was not the target word for each
target item and were told to expect a memory test. Partici-
pants generated cues or descriptions for 100 items during
the first experimental session.

Three weeks later, participants were contacted to com-
plete the follow-up test. During this second phase, partici-
pants were assigned to the same condition as during the
initial phase. They were given 100 target words (50 novel
targets and 50 that appeared during the first experimental
session). As during the initial phase, they generated a
single word to cue or describe the target. Participants
were not told that half of the targets were items that
they had seen on the first day, so there were no instruc-
tions about how their cues generated on the second day
should relate to the cues generated on the first day.
Finally, participants’ memory was tested for the 50
targets that they saw during the initial phase but did not
appear during the generation phase of day 2. During this
test, the word generated during the first day was pre-
sented to learners and they had to recall the correspond-
ing target. Targets from the first day were either
assigned to the memory test or to the cue generation pro-
cedure during the second day; no target went through
both phases on the second day.

Results

Cue characteristics. To view the entire sample of cues
generated across description and cue conditions, see the
data uploaded to the Open Science Framework. Examples
of descriptions for targets include “cool” for “shade”,
“yellow” for “onion”, and “shiny” for “jewelry”. Examples
of focused descriptions for targets include “white” for
“snow” and “squarish” for “rectangle”. We examined
whether participants differentiated between the cues
generated across conditions and the data are shown in
Table 6. A one-way ANOVA on cue-to-target associative
strength from cues generated during the first session

showed a main effect of condition, F(3, 405) = 25.25,
p < .001, η2 = .16. Specific follow-up tests showed that
cues for others had greater cue-to-target associative
strength than cues for self, t(205) = 3.41, p < .001, d =
0.47. Cue-to-target associative strength did not signifi-
cantly differ between descriptions and focused descrip-
tions, t(200) = .04, p = .97, d = 0.008. Cues for self showed
greater cue-to-target associative strength than descrip-
tions, t(215) = 3.87, p < .001, d = 0.57.

A one-way ANOVA on the number of associates
revealed a significant effect of condition, F(3, 405) = 8.20,
p < .001, η2 = .06. Cues for others did not have significantly
greater number of associates than cues for self, t(205) =
1.27, p = .20, d = 0.18. Further, descriptions and focused
descriptions did not differ in the number of targets associ-
ated from the cue, t(200) = .20, p = .84, d = 0.03. Descrip-
tions had a greater number of potential associates than
cues for self, t(215) = 2.65, p = .009, d = .55.

Finally, a one-way ANOVA on cue commonality indicated
a significant effect of condition, F(3, 405) = 7.24, p < .001, η2

= .05. Cues intended for others were more common than
cues intended for oneself, t(205) = 3.98, p < .001, d = 0.59.
Cue commonality did not significantly differ between
descriptions and focused descriptions, t(200) = 1.13, p = .26,
d = 0.16. Finally, cues for selfwere less common thandescrip-
tions, t(215) = 3.17, p = .002, d = 0.30.

Stability of cues. Next, we examined how frequently
participants supplied the same cue to the same target
across the two generation phases which were separated
by 3 weeks. The results, shown in the left panel of
Figure 4, reveal a significant effect of condition on the
probability of supplying the same cue across lag, F(3,
308) = 3.05, p = .03, η2 = .03. Planned comparisons indi-
cated the cues generated for others were more stable
over time than cues generated for the self, t(161) = 2.67,
p = .008, d = .42. Focused descriptions did not differ in
stability from descriptions, t(147) = .49, p = .63, d = .08.
Finally, descriptions did not significantly differ from cues
for the self, t(158) = .54, p = .59, d = 0.09.

Cued recall. Finally, we examined how effectively the
different conditions supported cued recall on the
memory test at the end of the second experimental
session. Condition had a significant impact on how much
learners remembered, F(3, 308) = 14.49, p < .001, h2

p = .12.
Recall did not significantly differ between cues intended
for others compared to cues for the self, t(161) = .55,
p = .59, d = .06. Focused descriptions did not support
recall better than descriptions, t(147) = .60, p = .55,
d = .09. Cues for the self supported recall better than
descriptions, t(158) = 4.66, p < .001, d = .73.

Discussion

In Experiment 3, we directly tested the stability ofmnemonic
cues over time and whether the stability of cues determines
their eventual effectiveness. The instructions shaped the
characteristics of the cues that participants generated. For

Table 6. Means and standard deviations in Experiment 3 of cue
characteristics for cue-target Pairs across the four conditions.

Cue
characteristic

Cue For
Others

Cue For
Self Description

Focused
Des.

Cue-to-target
associative str

.09 (.03) .07 (.03) .06 (.02) .06 (.03)

Number of
associates

9.35 (2.47) 8.91 (2.49) 10.30 (2.53) 10.23 (2.17)

Cue
commonality

.12 (.03) .10 (.04) .11 (.03) .10 (.03)
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example, as in prior experiments, cues for others showed
greater cue-to-target associative strength and greater com-
monality than cues for oneself. Further, cues for self
showed stronger cue-to-target associative strength and
were more distinct than descriptions. We found no differ-
ences in descriptions and focused descriptions.

The different kinds of cues generated yielded differen-
tial stability over time. The most stable cues generated
were cues that were intended for others. When partici-
pants generated cues for others, the data suggest that
they tapped into relatively stable knowledge structures
to do so. The results imply that people have a relatively
stable conception of others’ mindsets and what cues
would be useful for others. In contrast, cues for oneself
(and descriptions of the targets) shifted significantly
more than cues for others across the month delay. One’s
own mindset, then, seems to shift more than one’s con-
ceptions of others’ mindsets. Again, in contrast to prior
research, we find no difference in the stability of descrip-
tions compared to focused descriptions (cf. Mäntylä &
Nilsson, 1988).

The stability of the generated mnemonic cues did not
directly cause differences in mnemonic effectiveness. The
patterns for the stability of the cues differed from the
pattern for the recall of the targets across conditions.
While cues for others were the most stable over time,
they were equally as supportive of recall as cues for the
self. Further, both kinds of cues supported recall better
than both kinds of descriptions, even though both kinds
of descriptions were as stable as cues for the self. These
results suggest that the bottleneck of cues is not their stab-
ility, but potentially their ability to trigger recall of the
appropriate target word (i.e., their distinctiveness). Prior
research suggests that mnemonic cues must be both
memorable and decipherable (Dunlosky et al., 2005); stab-
ility may reflect the memorable component of cues. Dis-
tinctiveness may most closely relate to the
decipherability of those cues.

General diascussion

Across three experiments, we tested the effectiveness of
mnemonic cues across long retention intervals. First, par-
ticipants consistently generated different cues for oneself
than for others. Participants generated cues for others
that had greater cue-to-target associative strength, less
idiosyncrasies, and greater stability than cues for oneself.
Second, the intended recipient of the cues did not
change the efficacy of cues at medium or long retention
intervals. Prior research shows that the intended recipient
of the cue matters more when cues are given to others
than when they are given back to the generator (Tullis &
Benjamin, 2015b). More specifically, when cues are given
to others, cues intended for others are more effective
than cues intended for oneself, but when cues are given
back to the generator, the intended recipient does not sig-
nificantly impact cued recall. In the current experiments,
the generator always received their own cues during the
test, which reduces the impact of the intended recipient
of the cue. Further, the equivalent effectiveness of these
two kinds of cues likely reflects the trade-off between
effective cue characteristics. Cue-to-target associative
strength and distinctiveness both support recall. Cues for
others showed greater cue-to-target associative strength,
but less distinctiveness than cues for the self. Finally, the
differential effectiveness between cues for self and cues
for others may be too small to detect within our cued
recall procedure, which uses only single words for both
cues and targets.

Generated cues supported recall much more than
descriptions, which indicates that participants could some-
what effectively anticipate their future recall needs during
mnemonic cue generation. Participants understood that
mnemonic cues are more effective when they are can dis-
tinguish between potential targets (i.e., when they are dis-
tinctive). In contrast to predictions, effective cue
characteristics did not change with retention interval.
Cues that were effective at medium retention intervals
retained their effectiveness over a year. These results
suggest that anticipating future mindsets or taking one’s
future perspective are not the limiting factors when creat-
ing effective mnemonic cues for simple materials. The case
may be different for more complex materials in everyday
life, such as journals, class notes, or comments in computer
code. In an informal pilot survey of undergraduates and
their friends and family, only 29% of 137 said they had
never struggled to figure out a note or reminder they
had previously written for themselves, indicating that
this is a widespread experience.

Stability of perspectives

Cue condition affected the stability of the cues that partici-
pants generated, but stability did not drive the effective-
ness of a cue. Participants’ cues for others were more
stable than cues for themselves, which indicates that

Figure 4. Mean proportion stability (i.e., proportion of the same cues gen-
erated) and Mean Proportion Cued Recall as a Function of Condition, Exper-
iment 3. Error bars represent the one standard error of the mean above and
below the sample mean.
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participants access a mental model of others’ knowledge
that is more stable over time than one’s own mental
state. Conceptions of others change less quickly than
one’s own idiosyncratic mental state does. Participants
tap into normative knowledge about the targets and nor-
mative knowledge does not shift as quickly as one’s
current mental state. This difference may be an interesting
avenue to explore in the future; are predictions about
others’memories less affected by current and idiosyncratic
processing? Taking perspective of a different learner may
allow one to dissociate one’s immediate ongoing experi-
ences when predicting future performance.

Instructing participants to generate “focused” descrip-
tions of the target items did not affect description gener-
ation in any of our measures. While we affected the
stability and kinds of cues generated by changing the
intended recipient of mnemonic cues, the kind of descrip-
tion requested did not affect description generation. Par-
ticipants were not able to tap into their own persistent
mental states and knowledge when instructed to do so.
This suggests that participants may struggle to anticipate
their own future mental states and may not be able to
predict how or in what ways their mental states will shift,
which echoes the stability bias in metacognition (Kornell
& Bjork, 2009). Interestingly, by requesting that partici-
pants take another’s perspective, participants’ cues
become significantly more stable over time.

Control of the retrieval environment

Cue generation addresses an important gap in our under-
standing of metacognition: how learners control their
retrieval environments. Learners control their study and
encoding by, for instance, choosing study strategies or
allocating the amount of time spent on different material
(see Finley et al., 2009 for a review). However, learners
may also regulate their later retrieval, such as by control-
ling what cues will be available to them (as in the
present study) or by adjusting their retrieval strategies
(e.g., Finley, 2012; Fraundorf & Benjamin, 2016). Growing
evidence suggests that, even with shifting mental contexts
(Kornell & Bjork, 2009), generators can select cues that are
more effective for themselves than others can (Tullis &
Fraundorf, 2017). We additionally showed that self-gener-
ated cues more effectively cue memory than self-gener-
ated descriptions at long retention intervals. Our data
provide more evidence of the importance of allowing lear-
ners to exercise control over their own memories and
learning (Tullis & Benjamin, 2011).

We have argued that effectively anticipating and con-
trolling available retrieval routes (i.e., retrieval environ-
ments) during encoding, however, may be an especially
challenging form of self-regulated learning because lear-
ners must take perspective of their selves in the future.
Yet, our current data may indicate that taking the perspec-
tive of oneself in the future is not the limiting factor in pro-
ducing effective mnemonic cues. The stability of cues,

which may indicate an aspect of the ability to take one’s
future perspective, does not determine recall. Further,
even when cue-to-target associative strength is increased
in the cues for others conditions, this does not significantly
increase recall of corresponding targets. Producing
effective cues that reinstate encoding conditions may be
more important than cues that are stable over time.

The real-life experience of failing to decipher one’s old
notes presents an interesting phenomenon worthy of lab-
oratory study, but one that may be difficult to replicate
using simple material in the lab. Using simple one-word
targets and one-word cues may not provide the opportu-
nity for learners to create cues that are idiosyncratic
enough to work well in the short-term but more poorly
in the long-term. The phenomenon may also be difficult
to pinpoint in part because some idiosyncratic knowledge
does in fact persist over very long periods of time (cf. per-
mastore, Bahrick, 1984). Indeed, “secret questions” used for
online security specifically attempt to leverage this kind of
information (e.g., name of your first pet), in the hopes that
it will still be retrievable even years later if one’s password
is forgotten. But even these are susceptible to reduced
effectiveness as people age and change. For example,
your favourite movie may well change over time, or the
city in which you met your partner may change with
new relationships.

Another important limitation of these experiments is
that we provide participants with their cues during the
memory test. Participants only need to decode or interpret
the cue presented to them (Dunlosky et al., 2005); partici-
pants do not need to recall the cue. This mimics some real-
world scenarios, like when people try to understand their
written to-do lists or when people try to remember what
a specific computer file name references. However, in
many other scenarios, learners have to recall the cue
before they can recall the target. For example, when
trying to use mnemonics to remember chemistry facts, stu-
dents would be given a chemistry question, they would
need to recall the mnemonic cue they generated, and
finally, they would need to decode that cue to recall the
target information. Anticipating one’s future mental
states may play an important role in recalling the cue,
even though we show little influence of that cue stability
on target recall. With these data, we cannot assess how
cue generation impacts learners’ ability to retrieve the
cue, which has sometimes been shown to limit how
much learners can recall (Dunlosky et al., 2005). Under-
standing the processes, strengths, and weaknesses of
cue generation may ultimately allow us to develop tar-
geted interventions to help people generate better cues
so that they can more effectively remember and apply
information.

Note

1. Cues for others appeared in the South Florida Free Association
Norms more frequently (M = .73, SD = .08) than cues for self (M
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= .69, SD = .11). Conditionalizing analyses on just the cues con-
tained within the database yields the same pattern of results in
cue-to-target associative strength between conditions: Cues
for others showed greater cue-to-target associative strength
(M = .094, SD = .035) than cues for self (M = .081, SD = .031), t
(68) = 3.20, p = .002, d = 0.39. Similar analyses for all three
Experiments are available in supplemental materials.
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