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Abstract
People generate reminders in a variety of ways (e.g. putting items in special places or creating to-do lists) to support their
memories. Successful remindings can result in retroactive facilitation of earlier information; in contrast, failures to remind can
produce interference between memory for related information. Here, we compared the efficacy of different kinds of reminders,
including participant’s self-generated reminders, reminders created by prior participants, and normatively associated reminders.
Self-generated reminders boosted memory for the earlier target words more than normatively associated reminders in recall tests.
Reminders generated by others enhanced memory as much as self-generated reminders when we controlled output order during
recall. The results suggest that self-generated reminders boost memory for earlier studied information because they distinctly
point towards the target information.
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Remindings help us thrive in a complex and changing envi-
ronment by connecting relevant past knowledge to current
experiences. Meeting new people can remind us of people
we already know, current music can remind us of oldies, and
novel problems can remind us of ones we have previously
solved. Remindings, stimulus-guided retrievals of prior epi-
sodes, can bring relevant past experiences to bear to solve
novel problems and thereby link information separated in time
(Benjamin & Ross, 2011). Here, we examine whether learners
can generate their own reminders successfully and explore
what makes a reminder effective.

Remindings may underlie a wide range of cognitive func-
tions, from basic memory processes (e.g., Tullis, Benjamin, &
Ross, 2014) to complex problem-solving processes (e.g.,
Reeves & Weisberg, 1994). Remindings were first shown to
impact memory more than 40 years ago, when studying novel
information retroactively facilitated memory for earlier related
information (Bruce &Weaver, 1973). Remindings have since
been implicated in many memory processes, including recen-
cy judgments (Hintzman, 2010; Tzeng & Cotton, 1980;

Wahlheim & Jacoby, 2013; Winograd & Soloway, 1985),
the spacing effect (Benjamin & Tullis, 2010), judgments of
the spacing between repeated episodes (Hintzman, Block, &
Summers, 1973), frequency judgments (Hintzman, 2004), list
discrimination (Jacoby, Wahlheim, & Yonelinas, 2013),
memory for source information (Tullis & Benjamin, 2020),
and memory for change (Jacoby,Wahlheim, & Kelley, 2015).
Remindings have further been theorized to affect higher order
cognition, including categorization (Medin & Schaffer, 1978;
Ross, Perkins, & Tenpenny, 1990), interpretation of ambigu-
ous events (Ross &Bradshaw, 1994; Tullis, Braverman, Ross,
& Benjamin, 2014), generalization (Gick & Holyoak, 1983;
Ross & Kennedy, 1990), and transfer (Tullis & Goldstone,
2016).

The mnemonic impact of studying related information de-
pends on whether or not remindings occur. When related in-
formation reminds learners of previously studied information,
retroactive facilitation boosts recall (Tullis, Benjamin, et al.,
2014); when learners fail to recollect the change that happened
during study, related information can cause proactive or ret-
roactive interference between related targets at test (Jacoby &
Wahlheim, 2013). Therefore, knowing what causes
remindings is important to understanding how related infor-
mation will impact subsequent recall of that information. Two
central factors have been theorized to impact the occurrence of
remindings. First, the timing between related episodes may
determine whether remindings occur. Long lags between
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related episodes may reduce the probability of reminding be-
cause learners forget the earlier instance before the later epi-
sode or because intervening items interfere with the
reminding. Evidence suggests that long lags prevent
remindings between related episodes. For example, the mne-
monic benefits of presenting related information disappear
when related items are spaced far apart (e.g., Benjamin &
Tullis, 2010; Hintzman, Summers, & Block, 1975). Even
the mnemonic benefits of repetitions decrease when repeti-
tions are spaced at very long lags (e.g., Cepeda, Pashler,
Vul, Wixted, & Rohrer, 2006). The timing between related
episodes, then, is one important factor that can determine the
impact of remindings on memory.

Second, remindings are likely driven by the similarity or
association between related episodes. For example, in prob-
lem solving research, the superficial similarity of the novel
problem to prior problems drives the probability of
remindings (Ross, 1984, 1987). The similarity of the superfi-
cial context between episodes (i.e., an unrelated background
picture) also affects how probable remindings are (Tullis,
Braverman, et al., 2014). Beyond the timing of episodes and
the relationship between episodes, we know little about what
makes a reminder effective. Here, we test the effectiveness of
different kinds of reminders on memory, including reminders
that learners generate for themselves, which allows us to ex-
amine characteristics underlying successful reminders.

Self-generated reminders

People generate reminders throughout their daily lives. People
create to-do lists to remind them of their plans for the day, gen-
erate file names to remind them of the contents of the file, and
take photos to remind them of specific experiences (see Tullis &
Finley, 2018). In fact, in a survey about the types of reminders
people generate, 100% of people reported putting items in a
special place to remind them of something, 97% reported writing
notes to themselves, 93% reported writing shopping lists, and
53% reported using a timer as reminders (Harris, 1980).

The specific effectiveness of self-generated reminders is large-
ly untested (but see evidence about the ineffectiveness of self-
generated reminders to take medication; Osterberg & Blaschke,
2005). While the efficacy of self-generated reminders has not
been tested, much research on self-generated test cues shows that
they support recall more effectively than test cues provided by
others. For example, when learners generate their own descrip-
tions of target stimuli, these descriptions cue memory very effec-
tively, even for long lists of items and for long retention intervals
(Bäckman & Mäntylä, 1988; Hunt & Smith, 1996; Mäntylä,
1986; Mäntylä & Nilsson, 1983, 1988; Tullis & Benjamin,
2015a, 2015b). The effectiveness of self-generated test cues de-
rives, at least partially, from their distinctiveness (Tullis &
Fraundorf, 2017): Learners produce cues that point to a small

number of potential targets. Reducing the number of potential
targets that a cue leads to can guide access to the appropriate
target item, exclude nontargets from retrieval, and ultimately
bolster the efficacy of the cue (Hunt, 2006; Waddill &
McDaniel, 1998; Watkins & Watkins, 1976). In the current ex-
periments, we will examine whether distinctiveness affects the
efficacy of reminders.

The primary distinction between test cue generation and
reminding is the intentionality of retrieval. In research examining
the effectiveness of test cue generation, learners are given their
cues during cued recall tests when they are actively searching
memories for studied episodes (i.e., they may be in a distinct
“retrieval mode”; Lepage, Ghaffar, Nyberg, & Tulving, 2000).
However, reminders can occur during study when participants
are trying to encode new information (and not solely trying to
retrieve any studied episodes). For example, novel problems can
remind learners of previously answered problems during math
instruction (e.g., Bassok & Holyoak, 1989; Ross, 1987) and
novel exemplars can remind learners of prior studied exemplars
during category learning (Ross, 1996; Ross et al., 1990). In these
scenarios, reminders bring prior information to mind when
learners are just trying to encode new information or solve new
problems. Reminders need to trigger retrieval of prior encoded
items to be effective, but tests cues do not because learners are
already in a retrieval mode.

Across three experiments, we tested the effectiveness of dif-
ferent reminders on memory for earlier episodes. Learners stud-
ied a list ofwords one at a time; the list contained the target words
followed by their own reminders, normative reminders, or others’
reminders. Finally, learners took a free recall test (Experiment 1),
a recognition test (Experiment 2), or an extra-list cued recall test
(Experiment 3) to assess their memory for the target items. We
examined three specific questions in each of the three experi-
ments. First, we examinedwhether studying relatedwords boosts
memory for earlier normatively related targets to test whether
related information reminds learners of prior information (as
has been shown previously; Tullis, Benjamin, et al., 2014).
Second, we examined whether self-generated reminders boost
memory for earlier information more than normatively related
reminders do. Finally, we examined whether self-generated re-
minders boost memory more than reminders generated by others
to test whether idiosyncratic connections and self-reference ef-
fects underlie the benefits of self-generated reminders. If self-
generated reminders derive effectiveness from connections to
personal experiences, self-generated reminders would boost
memory for earlier targets more than would reminders generated
by others.

Experiment 1

In Experiment 1, we compared the mnemonic effects of four
types of reminders (self-generated reminders, reminders
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generated by others, normatively related reminders, and
unrelated reminders) on free recall of earlier target words. If
learners produce particularly effective reminders for their own
learning that are tied into their own idiosyncratic knowledge
and experiences, self-generated reminders should produce the
biggest mnemonic benefit to the target information when
compared to the other three types of reminders.

Method

Participants Prior research suggests that remindings have a me-
dium to large effect on free recall (Cohen’s d from 0.50 to 1.01;
Tullis, Benjamin, et al., 2014).We conducted a power analysis to
determine howmany participants were needed to detect an effect
of 0.5 with 0.8 power, an alpha of 0.05, and a correlation among
repeated measurements of zero (to be the most conservative).
G*Power suggested we needed 45 participants (Faul, Erdfelder,
Lang, & Buchner, 2007), so 45 undergraduate students from the
University of Arizona fully participated in exchange for partial
course credit for introductory educational psychology courses.
Four additional undergraduate students were recruited to provide
the initial round of self-generated reminders (but were excluded
from all analyses), as described below.

Materials Forty word pairs were selected from those used in
Tullis, Benjamin, et al. (2014; Experiment 1). The word pairs
were collected from the University of South Florida Free
Association Norms (Nelson, McEvoy, & Schreiber, 1998)
and each word in a pair was the strongest associate of the
other. Associated pairs were highly related, such that the mean
associative strength from the cue to the target equaled 0.27
(SD = 0.07). The normatively associated pairs included syno-
nyms (e.g., gross, disgusting), antonyms (e.g., weakness,
strength), hyponyms (e.g., dance, ballet), and male and female
counterparts (e.g., hero, heroine).

Procedure The experiment was programmed in MATLAB
using the Psychophysics Toolbox (Fraundorf et al., 2014).
Participants completed the experiment on individual desktop
computers while up to three other participants used other com-
puters in the same room. The first participant on each comput-
er saw every possible target word presented one at a time in
50-point black Arial font and were instructed to “Type a word
that most makes you think of the top, target word.” The first
four participants generated their own reminder for each target
word; they could not receive any prior participants’ reminders
(because there were no prior participants) and consequently
were excused after this initial phase. Their memories were
never tested, and their data are included in no analyses.

All following participants completed three phases
(preexposure/generation, delay, and study/test phases), which
are depicted in Fig. 1. During the preexposure/generation
phase, participants both created their own reminders for the

self-generated condition and rated the relationships for the all
of the words pairs across all conditions. More specifically, a
target word (P1) was presented at the top of the screen and the
reminder word (P2) was presented below it. Specific instruc-
tions to participants said the following:

In this experiment, we will give you 32 word pairs. You
job is to judge how strongly the bottom word points to
the top word (or how strongly the bottom word makes
you think of the top word).
You will rate these relationships on a scale of 1 to 4. If
you believe the bottomword very strongly directs you to
the top word, you would rate it as a 4 (very strongly
directed), if you believe the bottom word does not point
to the top word (or make you think of the top word), you
would rate that as a 1 (very weakly directed).
For some of the words, we will have you generate a
word that points to the top word as strongly as it can
for you. After you generate a word that makes you think
of the top word, you will rate the strength of its relation-
ship, just like all other pairs.

The top word (i.e., the target, or P1) was always the target
word that came from the word norms. The bottomword (i.e., the
reminder, or P2) depended upon the condition of the word pair.
Word pairs were randomly but equally distributed across four
conditions, including normatively related, unrelated, self-gener-
ated, and other-generated. In the normatively related condition,
the reminder came from the South Florida Free Association
Norms, as described above. In the unrelated condition, the re-
minderwas taken from a different, unrelated, and unstudiedword
pair. In the self-generated condition, participants created their
own reminder for a given target. The target word was displayed
at the top of the screen below a question that asked, “What word
makes you most strongly think of the top word?”After typing in
their own reminder, participants rated the strength of the associ-
ation from their reminder to the target as in the other conditions.
Finally, in the other-generated condition, the reminder came from
themost recent prior participantwho generated a reminder for the
given target. A list composed of the most recent participant-
generated reminders for each target was stored on each computer;
when a target was assigned to the other-generated condition, the
most recent reminder generated by a prior participant was pulled
from this list.

After rating each of the pairs, participants were told they com-
pleted that experiment and started a second experiment. In this
delay phase, participants completed a math task for 10 minutes.
The math task was inserted between the generation and study
phases to allow some forgetting of the items from the generation
phase. Further, splitting up the preexposure phase from the study
phase with an unrelated task should reduce the impact of the
preexposure phase on the study/test phase.
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After participants completed the math task, they were
instructed to start a third experiment, which included the study
and test phases. Participants were not told about the relation-
ship between the preexposure/generation phase and this study/
test phase. The only instructions participants received were,
“You will study a list of words. Please remember them for an
upcoming memory test.” Participants studied words one at a
time in 60-point black Arial font for 5 seconds, followed by
200milliseconds of blank white screen between presentations.
The first word from each pair (P1) and the second word from
each word pair (P2) were separated in the study list by three
other intervening words from the study list. A lag of three
intervening items was chosen to mirror prior research
(Tullis, Benjamin, et al. 2014). Lags of three other words
allow some forgetting of the first word (P1) before the second
word (P2) is shown, but are not too long to prevent reminding.
As described above, word pairs were randomly assigned to
condition, such that each participant had eight word pairs in
each of the self-generated, other-generated, normative, and
unrelated conditions for each participant. All words shown
during the study list had been presented during the
preexposure/generation phase.

List position was controlled across conditions by present-
ing a word pair from each condition before repeating a condi-
tion and randomizing the order within the four conditions. The
study list had two primacy buffer words and two recency
buffer words that were not related to any study words and
were not included in any analyses. After studying a list of 36
items, participants took a free recall test, in which they typed

in any word they could remember from the study list. When
participants decided they could remember no more words,
they exited the free recall test. They repeated the study/test
cycle with a new list of word pairs.

Results

Data from this experiment and those that follow are available
on the OSF (ht tps : / /os f . io /w9m3s /?v iew_only=
3d50437869dd4bf7b7555d5ee797b392).

We first examined the ratings of association that partici-
pants made during the preexposure phase, which are shown
in Fig. 2. A one-way repeated-measures analysis of variance
(ANOVA) showed that participants’ judgments of association
differed across the four conditions, F(3, 132) = 359.81, p <
.001, ηp

2 = 0.89. Normatively related word pairs were rated as
more strongly associated than unrelated pairs, t(44) = 31.55, p
< .001, d = 4.76. The judged association between normatively
related reminders and self-generated reminders did not signif-
icantly differ, t(44) = 1.41, p = .17, d = 0.21. Further, the
judged association between self-generated reminders and
other-generated reminders did not significantly differ, t(44)
= 1.03, p = 0.31, d = 0.15. The self-generated cues were the
same as the normative ones for 12.5% (SD = 10.87%) of the
targets. The between-participant correlations among these
judgments (and among cued recall) for this experiment and
the following experiments are shown in the Appendix.

Next, we examined the proportion of studied words that
were correctly recalled, which is shown in Fig. 3. Our

Fig. 1 The procedure and instructions for Experiments 1–3
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hypotheses focus primarily on three specific comparisons.
First, we compared recall of the normatively related pairs with
the unrelated pairs as a replication of prior research (Tullis,
Benjamin, et al., 2014). Second, we compared self-generated
cues with normatively related cues to examine whether self-
generated reminders produce more robust remindings than
normative relationships. Third, we compared recall of self-
generated pairs with other-generated pairs to examine whether
self-generated reminders specifically benefit oneself (or
whether their benefits extend to others’ memory).

P1 indicates the words from each word pair that were present-
ed first (the targets), whileP2 indicates thewords from eachword
pair presented second (the reminders).We analyzed P1s separate-
ly from P2s because P1s came from the standardized word list,
while P2s in some conditions were generated by participants.
P1s, then, should be inherently equally memorable, and any dif-
ferences found between their recall should be a function of their
condition (i.e., whether they were successfully reminded). Recall
of P2s may be driven by differences in the characteristics of
words generated (and may differ due to generation itself;
Slamecka & Graf, 1978). A repeated-measures ANOVA on
P1s revealed a significant effect of condition on recall, F(3,
132) = 16.01, p< .001,ηp

2 = 0.27. Further, we examined planned
contrasts between specific conditions. P1s followed by a norma-
tively relatedwordwere remembered better than P1s followed by

an unrelated word, t(44) = 3.36, p = .002, d = 0.51. P1s followed
by self-generated words were remembered better than P1s
followed by a normatively related word, t(44) = 3.47, p = .001,
d = 0.52. Finally, P1s followed by a self-generated word were
remembered better than P1s followed by a word generated by
someone else, t(44) = 3.35, p = .002, d = 0.51.

While not related to our central research questions, we
analyzed the proportion of P2s recalled by condition for com-
pleteness. A repeated-measures ANOVA revealed a signifi-
cant effect of condition on recall of P2, F(3, 132) = 25.32, p <
.001, ηp

2 = 0.37. P2s preceded by normatively related words
were remembered better than P2s preceded by unrelated
words, t(44) = 7.97, p < .001, d = 1.20. Recall for self-
generated P2s and for P2s preceded by a normatively related
word were not significantly different, t(44) = 1.53, p = .13, d =
0.23. Finally, self-generated P2s were remembered better than
other-generated P2s, t(44) = 4.51, p < .001, d = 0.68.

Discussion

Experiment 1 revealed a strong effect of the kind of reminder
(P2) on memory for earlier related items (P1s). Normatively
related reminders boosted recall of P1 compared with the unre-
lated condition, which replicates prior research (Tullis, Benjamin,
et al., 2014). Further, self-generated reminders benefitedmemory

Fig. 2 Judged association of word pairs across the four cue conditions in Experiment 1. The width of the error bars here and on all subsequent graphs
indicate the within-subjects 95% confidence interval across conditions (Loftus & Masson, 1994)

Fig. 3 Proportion of P1s (left panel) and P2s (right panel) recalled in Experiment 1
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for the previously studied episode more than for the normatively
related reminders or reminders generated by others.

The data show that the benefits of reminding are not driven
entirely by learners’ judged association between the items.
Learners rated normatively associated pairs as the most
strongly related, yet word pairs in the normative condition
were remembered worse than were word pairs in the self-
generated condition. As discussed in the Introduction, the ef-
fectiveness of self-generated reminders may be driven by id-
iosyncratic connections to personal experiences (i.e., self-ref-
erence) or the reminders’ distinctiveness—a comparison we
will examine in more depth after the three experiments.

A potential different hypothesis to explain the data is that
learners remember the reminders (P2s) that they generate bet-
ter than other reminders. If they remember the reminder that
they generated, they could potentially use it to recall the asso-
ciated P1. For example, during the recall test, if a learner
remembers that they generated “library,” they may search
their memories for related items (e.g. “book,” “read,” “librar-
ian”) and output related studied items at a greater rate because
of strategic recall processes. If this is the case, then the benefits
of reminding to P1 would be driven by strategic recall during
testing, rather than reminding influences during encoding
(Tullis, Benjamin, et al., 2014). If learners were strategically

recalling associated words together, we would expect similar-
ities between the patterns of recall for P1 and P2. However,
memory patterns for P2 do not mimic memory patterns for P1.
For example, memory for P2s was greatest in the normatively
related condition and weaker for P2s that learners generated
(even though the pattern for P1s was the reverse). Given the
different patterns across memory for P1 and P2, it is likely that
memory benefits for reminded P1s are not due solely to mem-
ory for P2 and subsequent recall strategies.

Experiment 2

Experiment 1 found mnemonic benefits of self-generated re-
minders over other conditions in a free recall task. Remindings
may match the processes that occur during recall tasks; more
specifically, remindings may entail recall of the prior studied
word while studying a later related word, just as free recall
tests require learners to recall studied items. However, free
recall tasks suffer from a lack of control over how learners
output items, so learners may strategically search their mem-
ories for associates of items that they have recalled (Howard&
Kahana, 2002). In Experiment 2, we replicated the procedures
of Experiment 1 with a recognition test in order to control

Fig. 4 Judged association of word pairs across the four conditions in Experiment 2

Table 1 Recognition test performance

P1 P2

HR FAR (rated) FAR (not rated) HR FAR (rated) FAR (not rated)

Self-generated 0.77 (0.22) 0.31(0.29) 0.71 (0.22) 0.28 (0.26)

Other-generated 0.74 (0.20) 0.26 (0.27) 0.07 (0.15) 0.71 (0.20) 0.31 (0.25) 0.19 (0.21)

Normatively related 0.72 (0.23) 0.26 (0.22) 0.08 (0.19) 0.75 (0.21) 0.37 (0.24) 0.10 (0.15)

Unrelated 0.73 (0.23) 0.19 (0.19) 0.05 (0.10) 0.74 (0.21) 0.27 (0.25) 0.09 (0.18)

Note. Proportion of hits (recognition ratings of 3 s or 4 s for studied items) and false alarms (recognition ratings of 3 s or 4 s for unstudied items) as a
function of condition for P1 and P2. Standard deviations are displayed in parentheses

650 Mem Cogn (2021) 49:645–659



strategies learners use during testing and minimize output or-
der effects.

Prior research suggests that normative reminders benefit
memory only for memory tests involving recall, but not rec-
ognition tests (Tullis, Benjamin, et al., 2014). Given that self-
generated reminders were more mnemonically beneficial than
normative reminders, Experiment 2 is a strong test of whether
remindings benefit recognition memory.

Method

Subjects As in Experiment 1, we recruited 45 undergraduate
students from the University of Arizona to participate in ex-
change for partial course credit.

Materials Thematerials for Experiment 2 consisted of 76word
pairs. Thirty-two pairs were rated by learners during the asso-
ciation phase, and were presented to learners during study
(i.e., rated and studied); 32 were rated during the association
rating phase, but were not studied (i.e., only rated, not stud-
ied); and 12 were not rated during the association phase or
studied (i.e., not rated or studied). All unstudied word pairs
served as distractors during the recognition test. Word pairs
were randomly selected to be studied or not for each partici-
pant; further, word pairs were randomly assigned to each of
the four conditions as in Experiment 1.

Procedure The procedure of Experiment 2 replicated that of
Experiment 1, except for two substantial changes. First, there
was only one study/test cycle in Experiment 2. We used one
long study list to ensure that recognition was not at ceiling.
Second, the memory test involved recognition rather than re-
call. On the recognition test, participants were presented with
a single word, one at a time, and rated their memory for each
on a scale of 1 (I definitely did not study that word) to 4 (I
definitely did study that word). The recognition test comprised
32 word pairs that were rated for their association and were
studied, 32 words pairs that were rated for their association but
were not studied, and 12 word pairs that were not rated or
studied. For the 12 word pairs that were neither rated nor
studied, four each were in the other-generated, normatively
related, and unrelated conditions. Self-generated reminders
had to be generated during the preexposure phase, so partici-
pants always rated them. During the recognition test, partici-
pants were instructed to endorse only words seen during the
study phase of the experiment and to reject those that they
rated during the earlier rating phase but did not study. All
targets (P1s) were tested before any reminders (P2s) because
we are primarily interested in remindings’ effects on the mem-
ory for earlier episodes and we wanted to avoid any
remindings that could potentially occur among related pairs
during testing.

Results

As in Experiment 1, we first analyzed the association judg-
ments that participants made during the preexposure/
generation phase, which are shown in Fig. 4. A one-way re-
peated-measures ANOVA showed that participants’ associa-
tion judgements differed across the four conditions, F(3, 132)
= 774.08, p < .001, ηp

2 = 0.95. Normatively related word pairs
were rated as more strongly associated than unrelated pairs,
t(44) = 48.09, p < .001, d = 7.25. The judged association
between normatively related reminders and self-generated re-
minders did not significantly differ, t(44) = 0.33, p = .74, d =
0.05. The judged association between self-generated re-
minders was significantly greater than other-generated re-
minders, t(44) = 3.03, p = .004, d = 0.46. The self-generated
reminders were the same as the normative ones for 15.1% (SD
= 10.0%) of the targets.

Next, we examined recognition performance. Hit and false-
alarm rates are shown in Table 1.1 For each condition for each
participant, we computed da, a signal detection theoretic mea-
sure of recognition, and results are shown in Fig. 4. To com-
pute da, we used the hit rate for rated and studied items with
the false-alarm rate from items that were rated but not stud-
ied.2 A repeated-measures ANOVA on da of P1 showed no
significant effect of condition, F(3, 132) = 1.37, p = .26, ηp

2 =
0.03. Planned comparisons revealed no significant differences
between specific conditions: The unrelated condition showed
marginally better performance than the normatively related
condition, t(44) = 1.98, p = .05, d = 0.30, the self-generated
condition did not differ from the other-generated condition,
t(44) = 0.02, p = .98, d = 0.004, and the self-generated condi-
tion did not differ from the normative condition, t(44) = 0.56,
p = .58, d = .08.

We repeated the signal detection analysis on recognition of
P2, and the results are shown in Fig. 5. A repeated-measures
ANOVA on da of P2 showed no significant effect of condi-
tion, F(3, 132) = 1.09, p = .36, ηp

2 = 0.02. Planned compar-
isons revealed no significant differences between any of the
specific conditions: The normatively related condition did not

1 We computed the hit rate minus the false-alarm rate for each condition,
assuming that recognition ratings of 3 s and 4 s were endorsements. We
considered endorsements of rated but not studied items to be false alarms
and endorsements of rated and studied items to be hits. A repeated-measures
ANOVA on hits minus false alarms for P1s showed no significant effect of
condition, F(3, 132) = 1.64, p = .18, ηp

2 = 0.04. No planned comparison
between two conditions reached significance (ps > .05). The unrelated condi-
tion showed marginally higher performance than the normatively related con-
dition, t(44) = 1.87, p = .07, d = 0.28.
2 We also computed the signal detection theoretic measures of performance
between conditions using ratings of studied words as the “old” items and
ratings of all items that were neither preexposed nor studied as the “new”
items. Consistent with the results described in the main text, we found no
significant difference in memory across the four conditions, F(3, 132) = .59,
p = .62, ηp

2 = .01. Regardless of the items used as the “old” contrast group, we
find no differences in recognition for P1s as a function of the type of P2
studied.

651Mem Cogn (2021) 49:645–659



differ from the unrelated condition, t(44) = 0.91, p = .37, d =
0.14, the self-generated condition did not differ from the
other-generated condition, t(44) = 0.33, p = .74, d = 0.05,
and the self-generated condition did not differ from the nor-
mative condition, t(44) = 0.80, p = .43, d = 0.12.

Discussion

The results from Experiment 2 revealed some similarities and
some striking differences from those of Experiment 1. Like
Experiment 1, normatively related, other-generated, and self-
generated pairs were all judged to be more strongly related
than unrelated word pairs. However, unlike Experiment 1, no
benefits of reminders appeared on the memory test. In fact, the
unrelated condition showed the best recognition of all four
conditions. So, while the qualities of the studied words did
not shift between Experiments 1 and 2, the mnemonic results
did change. Even for very potent reminders (i.e., self-
generated reminders), remindings did not boost memory dur-
ing the recognition test. These results align with those found in
the prior literature, suggesting that reminding does not benefit
all kinds of memory (Tullis, Benjamin, et al., 2014).

We argue that transfer appropriate processing may determine
which tests showmnemonic benefits of remindings. Remindings
during study may be more similar to recall tasks than to

recognition tasks because learners recall the prior studied infor-
mation (rather than just recognize it) during a reminding.
Therefore, tests that assess recall of content may reveal
reminding benefits, while those that do not test recall of the
content may not. On the memory test used in Experiment 2,
learners do not have to recall the content because each word is
presented to them. Instead, the specific recognition test utilized in
Experiment 2 may require learners to identify where they have
studied the items. To succeed on this task, participants must
decipher among three potential sources of memory: everyday
life, the preexposure phase, or the study phase. Learners may
decipher among these sources by recalling the context of the
episode (Johnson, Hashtroudi, & Lindsay, 1993) or by inferring
its source from the memory strength (Henkel & Franklin, 1998).
Thesememory processesmay differ from recalling the content of
episodes, and consequently, reminding benefits may not arise on
these tests. However, if remindings changememory because they
are a practice test of the earlier episode at the time of the later
episode (as suggested by Benjamin & Tullis, 2010), some re-
search suggests that practice tests should bolster memory for the
source or context of that memory (Akan, Stanley, & Benjamin,
2018; but see Brewer, Marsh, Meeks, Clark-Foos, & Hicks,
2010, for more complex results). More broadly, Experiment 2
shows that remindings during study, even with powerful self-
generated reminders, did not benefit all types of memory tasks.

Fig. 5 Signal-detection theoretic measure of recognition performance, da, for P1s (left panel) and P2s (right panel) in Experiment 2

Fig. 6 The judged association of word pairs across the four cue conditions

652 Mem Cogn (2021) 49:645–659



Experiment 3

Experiment 3 tested whether the lack of mnemonic benefits in
recognition result from the control we exerted over test order
in Experiment 2 or whether the nature of the memory test (i.e.,
whether it involves recognition/source identification or
retrieval/recall of the content) explains the difference in results
between Experiments 1 and 2. In Experiment 3, we utilize an
extra-list cued recall test which requires that learners recall the
target information rather than recognize it while controlling
for output order.

Method

Subjects Tullis, Benjamin, et al. (2014) showed that the mne-
monic benefits of remindings in an extra-list cued recall task
were smaller than those of free recall, so we computed a new
power analysis. A power analysis suggested that 90 partici-
pants were needed to detect a small-sized effect (d = .30), with
0.8 power and an alpha of 0.05 using a repeated-measures t
test. Ninety undergraduate students from introductory educa-
tional psychology courses at the University of Arizona partic-
ipated in exchange for partial course credit.

Materials Thirty-two new word pairs and eight buffer words
were selected from the items used in Tullis, Benjamin, et al.
(2014; Experiment 3). For each item in the word list, an extra-
list cue was selected that was exclusively associated with one
of the two items in each pair. For example, if learners studied
“navy” and later “army,” “jeep” was the extra-list cue for
“army” because “jeep” was unassociated with “navy.”
Similarly, “submarine” was the test cue for “navy” because
it was not associated with “army.”

Procedure Experiment 3 followed the same general proce-
dures as the previous two experiments, including a
preexposure/generation phase, a math task, and a study/test
phase. During the study list, participants studied a single word
list of 68 items, which included eight pairs in each condition,
two primacy untested buffer items, and two recency untested
buffer items. The major difference from the prior experiments
was that an extra-list cued recall test was utilized to assess
memory. During the test, an unstudied extra-list cue was pre-
sented with the corresponding initial letter of the target and the
correct number of blank spaces for the full target. For exam-
ple, if the normatively related studied word pair included
“square” and “circle,” “square” would be tested with
“block–s_ _ _ _ _.” After all targets (P1s) were tested, the
normatively related and unrelated reminders (P2s) were tested.
P2s were not tested in the self-generated and other-generated
condition because extra-list cues did not exist for targets that
were generated by participants.

Results

First, we analyzed the association judgments that participants
made during the generation phase, which are shown in Fig. 6.
A one-way repeated-measures ANOVA showed that partici-
pants’ association judgements differed across the four condi-
tions, F(3, 267) = 910.16, p < .001, ηp

2 = 0.91. Normatively
related word pairs were rated as more strongly associated than
unrelated pairs, t(89) = 44.21, p < .001, d = 4.69. The judged
association between normatively related reminders and self-
generated reminders did not significantly differ, t(89) = 0.03, p
= .97, d = .003. The judged association between self-generated
reminders was significantly greater than other-generated re-
minders, t(89) = 4.63, p < .001, d = 0.49. The self-generated
reminder was identical to the normative reminder for 32.78%
(SD = 19.86%) of the targets.

Next, we examined cued recall of P1s across conditions,
which is shown in the left panel of Fig. 7. A repeated-
measures ANOVA showed that the cued recall of P1s differed
across the four conditions, F(3, 267) = 5.57, p = .001, ηp

2 =
0.06. Self-generated reminders resulted in better cued recall
for P1s than did normatively related reminders, t(89) = 3.32, p
= .001, d = 0.35. Self-generated reminders did not produce
better cued recall for P1s than other-generated reminders,
t(89) = 0.81, p = .42, d = 0.08.3 Other-generated reminders
were more beneficial than normative reminders, t(89) = 2.46,
p = .02, d = .26. Normatively related reminders did not lead to
better cued recall than unrelated reminders, t(89) = 0.10, p =
.92, d = .01. Finally, we compared cued recall of P2s across
conditions, as is shown in the right panel of Fig. 7.
Normatively related pairs elicited better cued recall than unre-
lated pairs, t(89) = 3.23, p = .002, d = 0.34.

Discussion

The study procedures of Experiment 3 mirrored those of
Experiments 1 and 2, but learners were tested using an
extra-list cued recall task. Judged associations across condi-
tions largely replicated that patterns shown in the prior two
experiments—namely, self-generated and normatively related
reminders were judged to be most strongly related to the target
and unrelated reminders were judged to be very weakly relat-
ed to the targets.

Self-generated reminders boosted memory for prior related
episodes more so than normatively related reminders did, as in
Experiment 1. One of the explanations of the benefits of self-
generated reminders is that participants generate reminders
that are tied to their own idiosyncratic knowledge and

3 Given the importance of this comparison for understanding what kind of
reminders are most effective, we computed a Bayesian analysis to test how
strongly the results support the null or alternative hypotheses. The Bayes factor
for this comparison showed substantial evidence in favor of the null (i.e., self-
and other-generated reminders being equally effective: BF = 6.25).
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experiences. If learners created reminders tied to their own
personal experiences, their reminders would be more benefi-
cial for themselves than for others (i.e., self-reference effects).
However, data from this experiment refute that hypothesis.
Reminders generated by others were just as effective at
boosting cued recall of earlier items as reminders generated
by oneself. This indicates that self-generated cues in this ex-
periment were not entirely based in idiosyncratic, personal
knowledge. Instead, benefits of self-generated reminders
may arise because they may be more distinct than normatively
related ones; we will explore this hypothesis more fully in the
subsequent section.

Unlike prior research using this same extra-list cued recall
reminding paradigm (Tullis, Benjamin, et al., 2014), norma-
tively related reminders did not boost cued recall of earlier
related episodes more than unrelated reminders did. At least
two possibilities may explain why these results did not repli-
cate the prior research. First, in this experiment, learners were
preexposed to all pairs during the rating task. Learners may
have created episodic connections between unrelated pairs
during the judgment of association task and these episodic
connections may have supported remindings as much as nor-
matively related reminders. Second, in prior research, only
half of the studied words involved remindings (and half were
unrelated). Here, three fourths of words involved remindings
(only a fourth were unrelated). Competition during the study
phase may limit the amount of remindings that are possible.
Normatively related pairs may be the weakest reminders and
may suffer compared with the stronger remindings in the self-
generated and other-generated conditions. Changes in proce-
dures may reduce the benefits of reminding across both

Experiments 1 and 3. To examine whether reminding effects
found in these experiments are smaller than those found pre-
viously, we compared the mnemonic benefits of reminding in
the normatively related condition in Experiment 1 with very
similar prior research with normatively related pairs. The ben-
efit of normative over unrelated reminders in Experiment 1 (d
= .51) was smaller than in very similar prior research (ds of
1.01, 0.84, 0.89: Tullis, Benjamin, et al., 2014). The smaller
effects of remindings across Experiments 1 and 3 suggest that
the current procedures may reduce the benefits of reminding.

Cue characteristics To determine why self-generated reminders
are particularly effective in boostingmemory for earlier instances
(as shown in Experiments 1 and 3), we examined the character-
istics of the reminders used across the conditions.We focused on
aspects of reminders that have been shown to be particularly
important for cueing memory: normative cue-to-target associa-
tive strength and distinctiveness (Tullis & Benjamin, 2015a,
2015b). Self-generated test cues produce high recall when they
have high cue-to-target associative strength and distinctiveness.
Cue-to-target associative strength has been operationalized as the
normative probability that the cue elicits the target during a free
association task (Tullis &Benjamin, 2015a); we utilize the South
Florida Free Association Norms to provide normative reminder-
to-target associative strength (Nelson et al., 1998).
Distinctiveness is an indicator of how broadly a reminder is
associated; more specifically, we operationalized distinctiveness
as the total associative strength from the reminder to every item
in the South Florida database (as in Tullis & Fraundorf, 2017).
Given that there are no reasons to expect differences between the
experiments in the kinds of reminders generated, the results of

Table 2 The associative strength and distinctiveness of the reminders across the four conditions combined across all three experiments

Self-generated Other-generated Normative Unrelated

Reminder-to-target associative strength 0.15 (0.11) 0.13 (0.10) 0.39 (0.12) 0

Reminder to all targets cumulative strength 0.70 (0.12) 0.69 (0.12) 0.81 (0.04) 0.83 (0.02)

Standard deviations are displayed in parentheses

Fig. 7 Cued recall of P1s (left panel) and P2s (right panel) in Experiment 3
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these analyses combined across experiments are shown in
Table 2.

Self-generated and other-generated cues show similar char-
acteristics because self-generated cues were passed to subse-
quent participants. Compared with normatively related re-
minders, self-generated reminders showed significantly weak-
er reminder-to-target associative strength, t(178) = 30.89, p <
.001, d = 2.32. However, self-generated reminders showed
significantly greater distinctiveness (i.e., they showed smaller
cumulative associative strength to all cues within the data-
base) than normatively related reminders, t(178) = 12.58, p
< .001, d = 0.94.

General discussion

Self-generated reminders produced greater mnemonic benefits
to earlier episodes than normatively related ones on both the
free recall and cued recall tests. Normative stimuli allow for
well-controlled relationships, but may not harness more dis-
tinct relationships. Consequently, normative stimuli, which
have been used in all prior research on remindings, may un-
derestimate the impact of reminders on memory. When com-
pared with other-generated reminders, the benefits of self-
generated reminders were less consistent. Self-generated re-
minders boosted memory more than other-generated re-
minders during free recall, but self-generated reminders and
other-generated reminders produced equal benefits when we
controlled output order with an extra-list cued recall test. The
benefits of self-generated reminders over other-generated re-
minders on the free recall test may be driven by high free recall
of self-generated reminders (P2). Because learners generated
the reminders in Experiment 1, they are likely to recall a high
proportion of those reminders (i.e., generation effects;
Slamecka & Graf, 1978). After learners recall the reminder
(P2) that they generated, they may use bootstrapping strate-
gies to recall the associated target (P1) during the recall test.
When controlling for output strategy use during recall (as in
Experiment 3), self-generated reminders provided no benefits
compared to reminders generated by others. The results sug-
gest that self-generated and other-generated reminders boost
recall to the same extent when output strategies are controlled.

Self-generated reminders more effectively elicit
remindings than do normative ones, but the results imply that
self-generated reminders do not derive their effectiveness
from their idiosyncratic connections to one’s personal experi-
ences. If self-generated reminders derived their effectiveness
from connections to idiosyncratic personal knowledge (i.e.,
self-reference), reminders generated by others would not be
as helpful as reminders generated by oneself (Symons &
Johnson, 1997). One limitation of this explanation is that our
sample may be sufficiently homogeneous that self-generated
cues largely overlap with other participants’ experiences. If so,

self-generated reminders would be equally effective for
others. To test this idea, we calculated the proportion of self-
generated cues that overlapped among participants. Across the
three experiments, the percentage of participants who gener-
ated the same cue for each target averaged 17% (SD = 8%),
indicating significant variety among the reminders that partic-
ipants generated. Even though reminders varied among
learners, other-generated reminders boosted memory for tar-
gets as much as self-generated reminders in Experiment 3.
This, again, suggests that self-reference effects (or the idio-
syncrasies of self-generated reminders) do not cause the ben-
efits seen in self-generated reminders.

Further, the data suggest that the benefits of self-generated
reminders are not driven entirely by generation effects. If gen-
eration, in and of itself, underlay the mnemonic effects of self-
generated reminders, self-generated reminders would be more
effective than other-generated reminders. Learners’ recall of
P1 benefits as much from studying others’ reminders as they
do from studying their own reminders. Second, our primary
conclusions derive from comparisons across memory for P1s,
which are words that learners did not generate. The mnemonic
benefits of generationmay strengthen cue-to-target processing
(e.g., McDaniel, Waddill, & Einstein, 1988), but, if generation
strengthened reminder-to-target processing in our experi-
ments, we would likely see bigger benefits for self-generated
reminders than for other-generated reminders. Further, exten-
sive research suggests that generation boosts memory across
both recall and recognition tasks (for a meta-analysis, see
Bertsch, Pesta, Wiscott, & McDaniel, 2007). We find no ben-
efits of generation on the recognition test in Experiment 2. For
these reasons, we believe that generating reminders (i.e., P2s)
did not produce mnemonic benefits for related P1s.

We also argue that reminder-to-target associative strength
does not exclusively determine the effectiveness of reminder.
Participants reported greater reminder-to-target associative
strength for normatively related reminders than other-
generated ones, but other-generated reminders boosted mem-
ory more. The data consistently show that the strength of the
association between the reminder and target does not exclu-
sively determine the effectiveness of the reminder. Further,
learners may judge the strength of association based upon
the bidirectional association from target to reminder and from
reminder to target (e.g., Koriat & Bjork, 2005). Reminding
theory posits that the backward associative strength (from re-
minder to target) is more crucial for effective reminding than
forward associative strength (from target towards reminder),
but no research has specifically examined this question.
Future research can examine whether the direction of this
relationship matters for the effectiveness of a reminder.

We finally examined how the distinctiveness of reminders
relates to efficacy of reminders, given that connections to
one’s personal idiosyncratic experiences, generation, and
reminder-to-target associative strength did not entirely
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determine the effectiveness of reminders. Distinctiveness in-
dicates the breadth of associations from a reminder and may
play an important role in guiding learners to a single prior
episode. When learners generate cues for specific target
words, learners output distinctive cues and distinctiveness is
a prime factor in the cues’ effectiveness (Tullis & Fraundorf,
2017). The benefits of self-generated and other-generated re-
minders, then, may be partially driven by the distinctiveness
of those reminders. In these experiments, normatively related
reminders were more broadly related to potential targets (i.e.,
less distinct) than reminders generated by individuals. Self-
generated and other-generated reminders may derive effec-
tiveness, not exclusively through reminder-to-target associa-
tive strength but also through their distinctiveness. In other
words, another difference between conditions is the number
of participants who have generated the reminders. In the nor-
mative condition, reminders are based upon a broad partici-
pant pool and reflect shared, consistent knowledge across
learners. In the self-generated and other-generated conditions,
reminders are based upon a single participant. There is great
variability in the kinds of reminders that learners generate. The
data show that this variability may be helpful because it allows
for distinctive reminders that point to fewer potential target
items.

One difference between the current procedures and prior
reminding procedures is the inclusion of the preexposure/
generation phase. In order to test the effectiveness of self-
generated reminders, we must elicit self-generated reminders
from learners before study. We equated the impact of the
preexposure/generation phase of the experiment by incorpo-
rating all conditions in an association rating task. The
preexposure phase presented words from all four conditions
to participants and ensured that participants processed those
pairs as similarly as possible. Yet the preexposure phase could
potentially impact later memory. For example, studying a P1
could potentially remind learners of related P2s from the
preexposure phase (however, we make no strong conclusions
about memory for P2s). To reduce the impact of the
preexposure phase on reminding, we separated the
preexposure phase from the study/test phase as much as pos-
sible within our hour-long experimental timeslot and made no
explicit mention of the connection of the preexposure phase to
the study/test phase. Again, a significant limitation of these
data is that learners were preexposed to all studied items dur-
ing the generation/preexposure phase. If the conditions caused
learners to differentially encode P1s between the conditions
during the preexposure/generation phase, this would con-
found the potency of reminders during the later study session.
For example, generating a P2 (a reminder) could potentially
change long-term memory for P1 and mnemonic advantages
to P1 may arise due to this phase rather than due to
remindings.4 This preexposure phase may potentially also in-
duce mnemonic benefits across unrelated reminders later

during study and obscure differences between conditions.
Future research may try to further reduce the impact of the
preexposure phase on later studying using longer delays or
more items during the preexposure phase.

Notably, our self-generation instructions prompted learners
to produce words that “made them think of the target word”
rather than explicitly asking participants to generate “re-
minders” for the target words. We avoided including
“reminding” in the instructions to minimize demand charac-
teristics that could unfairly benefit the self-generated condi-
tion. Further, we believed that asking how strongly a word
“reminded” learners of a different word may have confused
learners. Whether participants would output different kinds of
reminders with different instructions could be explored in fu-
ture research. Modifying the instructions to prompt learners to
output “reminders” could potentially bolster the efficacy of
self-generated reminders.

Our research questions center exclusively on how re-
minders impact memory for earlier information; more specif-
ically, how do different kinds of P2s retroactively impact
memory for earlier studied P1s? We cannot draw conclusions
about the proactive influence of P1s onmemory for P2s across
conditions for multiple reasons. First, we cannot control the
stimulus characteristics across P2s, which are drawn from
norms in two conditions and generated by participants in the
other two conditions. Differences in stimulus characteristics
preclude meaningful comparison of memory for P2s across
conditions. Second, in Experiments 2 and 3, we test memory
for P1s before we test memory for P2s. We control testing
order in this manner because testing one itemmay affect mem-
ory for related items and we prioritize measuring memory for
P1 cleanly. Given that we test P2s only after testing P1s, we do
not make strong conclusions about the impact of P1s on mem-
ory for later P2s. P1s may influence memory for later P2s, but
that question is beyond the scope of the current experiments.
Future research should cleanly test the proactive effects of a
related P1 on later P2s (see Wahlheim & Jacoby, 2013, for an
example).

Despite the efficacy of self-generated reminders in
Experiments 1 and 3, the recognition test showed nomnemon-
ic benefits of self-generated reminders. These results align
with prior research, which suggests that remindings boost fu-
ture recall of instances, but do not enhance future recognition
(Tullis, Benjamin, et al., 2014). Remindings may involve
practice recall of the prior related word during study of a later
word; practice recall is typically most beneficial for future
recall tests (Chan & McDermott, 2007). The consequences
of remindings on memory may be driven by the boost to
recallability for the earlier content that practice recall provides.

4 As we have argued earlier in the Discussion section, we believe that the data
point against this explanation because self-generated and other-generated tar-
gets are remembered equally well in the third experiment.
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Other theories of reminding suggest that studying related ep-
isodes benefits memory because learners consciously rehearse
earlier episodes during later related information (McKinley,
Ross, & Benjamin, 2019; Rundus, 1971). The current results
hint that the benefits of remindings are not driven by extra
conscious rehearsal of the target during study of the reminder
because extra rehearsal would enhance recognition perfor-
mance for those studied items. We find no benefit of
reminding on recognition. Finally, other theories of reminding
suggest that reminders benefit memory through spreading ac-
tivation mechanisms (e.g., Collins & Loftus, 1975). In con-
trast to those theories, our results suggest that strongest asso-
ciated items were not the most effective reminders. The results
of these three experiments, then, may be most consistent with
the idea that remindings are beneficial because they involve
practice recall of prior episodes.

People frequently report generating reminders in their
everyday lives, including making to-do lists, placing items
in unusual places, and creating calendar entries. The capa-
bility of people to generate effective reminders may be
crucial to succeeding in a very busy world. For example,
the ability of a calendar entry to trigger the appropriate
memory is required to instigate appropriate actions and
achieve important goals. In our studies, personally gener-
ated reminders yielded greater mnemonic benefits for ear-
lier target information than normative reminders. The ben-
efits of self-generated reminders may be driven by their
distinctiveness, a characteristic that people value when
generating memory cues (Tullis & Benjamin, 2015b).
The ability to create effective reminders adds to the long
list of metacognitive control that learners can effectively
exercise over their memories (e.g., Finley, Tullis, &
Benjamin, 2009), including successfully choosing study
strategies (Tullis, Fiechter, & Benjamin, 2018) and judi-
ciously allocating study time across items (Tullis &
Benjamin, 2011). However, the ability to generate effec-
tive reminders is unique because learners often fail to
show effective control over their future retrieval (Finley
& Benjamin, 2020). Learners in our experiments generated
reminders for their future mindsets that effectively pro-
voked remindings and benefited memory. Understanding
when and how learners utilize personal knowledge of their
own cognitive states to control their retrieval environments
can shape whether and how we should provide support to
learners who are exercising metacognitive control over
their memories.

The data and materials for all experiments are available
( h t t p s : / / o s f . i o / w 9 m 3 s / ? v i e w _ o n l y =
3d50437869dd4bf7b7555d5ee797b392).

Funding This research was supported by an NSF CAREER grant
(Award 1847007) to the PI entitled “That Reminds Me: The Causes
and Consequences of Remindings.”

Appendix

Between-participant correlations between conditions across
the three experiments.

Table 3 Correlations among the judged associations in Experiment 1

Other-
Gen

Normative Unrelated

Self-Gen .18 .13 .33

Other-Gen .18 .35

Normative .31

Table 4 Correlations among the proportion of free recall for P1s in
Experiment 1

Other-
Gen

Normative Unrelated

Self-Gen .07 .21 .26

Other-Gen .29 .18

Normative .06

Table 5 Correlations among the proportion of free recall for P2s in
Experiment 1

Other-
Gen

Normative Unrelated

Self-Gen .22 -0.06 −0.06
Other-Gen .27 .09

Normative .25

Table 6 Correlations among the judged associations in Experiment 2

Other-
Gen

Normative Unrelated

Self-Gen 0.20 0.63 0.34

Other-Gen 0.40 0.01

Normative 0.27

Table 7 Correlations among the das of recognition for P1s in
Experiment 2

Other-
Gen

Normative Unrelated

Self-Gen 0.51 0.45 0.44

Other-Gen 0.52 0.40

Normative 0.52
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