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Action Memory and Metamemory

Neil W. Mulligan, Jonathan A. Susser, and Daniel J. Horschler
Department of Psychology & Neuroscience, University of North Carolina at Chapel Hill

Actions can enhance memory, exemplified by the enactment effect. In a typical experiment, participants
hear a series of simple action phrases (e.g., bounce the ball), which they either carry out (subject-per-
formed tasks, or SPTs), watch the experimenter carry out (experimenter-performed tasks, EPTs), or sim-
ply listen to (verbal tasks, VTs). Later memory is usually better for SPTs than for either EPTs or VTs.
Although research on action memory is extensive, research on action and metamemory is sparse and
produces contradictory results. Furthermore, the metamemory literature has largely ignored the effects
of action. Some theoretical perspectives argue that actions produce a particularly effective and automatic
form of encoding, and that such nonstrategic encoding should produce inaccurate memory predictions.
Other theories argue that action memory relies on executive control processes, suggesting that memory
predictions for actions should be just as good (or better) than for control conditions. In Experiments 1a
and 1b, participants predicted (with judgements-of-learning, JOLs) whether they would later remember
SPTs and EPTs. Resolution (the correlation between JOLs and later recall) was greater for EPTs than
SPTs, and not significantly different than zero in the latter case. Experiment 3 produced the same results
with SPTs and VTs: resolution was greater for VTs and not significant for SPTs. The results are consist-
ent with nonstrategic accounts of the enactment effect, and also highlight the importance of examining
metamemory for actions given that actions can alter metamemory relative to verbal (VT) and other non-
action (EPT) conditions. In addition, the presence of JOLs attenuates the enactment effect, a reactive
effect of JOLs similar to that found with other encoding effects.
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The study of memory has traditionally been dominated by
verbal materials, even though everyday memory often entails re-
trieval of actions we have taken or observed. To remedy this
imbalance, researchers in the 1980s initiated studies of action
memory (e.g., Cohen, 1981; Engelkamp & Krumnacker, 1980), a
line of inquiry which has generally found that actions (and ges-
tures) enhance memory (Engelkamp, 1998; Ianì & Bucciarelli,
2017; Mulligan, 2014). Perhaps the most heavily investigated phe-
nomenon in this domain is the enactment effect. In a typical
experiment, participants hear a series of simple action phrases
(e.g., bounce the ball), which they either carry out (subject-per-
formed tasks, or SPTs), watch the experimenter carry out (experi-
menter-performed tasks, EPTs), or simply listen to (verbal tasks,
VTs). Memory is typically better for SPTs than either of the other
two conditions—the enactment effect (also referred to as the SPT

effect)—indicating that carrying out the action enhanced memory
(Engelkamp, 1998; Mulligan, 2014; Roediger & Zaromb, 2010).

A traditional and persisting view of the enactment effect is that
carrying out an action elicits a particularly efficient and nonstrate-
gic (or automatic) form of encoding (e.g., Wojcik et al., 2011), a
view proposed early in its strongest form by Cohen (1981, 1983,
1985, 1989). The proposal that the enactment effect is driven by
automatic forms of encoding was predicated on early results indi-
cating that different populations (older vs. younger adults; children
vs. adults; and mentally-retarded vs. control subjects) exhibited
similar memory for SPTs but differed in memory for verbal mate-
rials (e.g., Bäckman & Nilsson, 1984; Cohen & Bean, 1983;
Cohen & Stewart, 1982; Lind & Bowler, 2009). The usually worse
memory in these populations (e.g., older adults; children; individu-
als with mental retardation) is often attributed to differential use of
controlled, strategic encoding processes, making the equality in
memory for SPTs consistent with the nonstrategic encoding thesis.
Likewise, a number of studies indicated that, relative to verbal
materials, SPTs are less affected by traditional encoding manipula-
tions such as levels of processing, generation, and item elaboration
(Cohen & Bryant, 1991; Helstrup, 1987; Nilsson & Cohen, 1988;
Nilsson & Craik, 1990; Zimmer & Engelkamp, 1999). The notion
is that the encoding of verbal material has room to improve when
guided by better encoding strategies, but that actions by default
produce robust encoding and so are not aided (at least as much) by
strategies or controlled processes that can be fruitfully applied to
verbal materials. Although some of these early results have been
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reevaluated, as discussed next, the idea that actions are more auto-
matically encoded has persisted and found support in recent
research (e.g., Ianì & Bucciarelli, 2017; Sahakyan & Foster, 2009;
Schatz et al., 2011; Wang et al., 2021; Wojcik et al., 2011; Zhang
& Zuber, 2020).
Is action memory actually unique? With regard to memory per-

formance, not in the strong sense envisioned by Cohen (1981,
1983), perhaps. Some of the early population dissociations have
been reevaluated as in the case of aging, which initially appeared
to show preserved memory for SPTs in older age (Bäckman &
Nilsson, 1984), but with subsequent research, using refined meth-
ods and greater power, finding equivalent age effects for VTs and
SPTs (Feyereisen, 2009; Rönnlund et al., 2003; see Foley & Rat-
ner, 2001 for similar results with children). With regard to encod-
ing factors, the results are mixed, with some encoding factors
demonstrating differences between actions and verbal materials
and others exhibiting similarity. For example, an early study indi-
cated that memory for SPTs was less affected by presentation time
than verbal materials (Cohen, 1985), interpreted as SPTs exhibit-
ing little effect of controlled rehearsal processes. Later research
using more appropriate control conditions found that increased
presentation time enhanced later memory for SPTs, VTs, and
EPTs to a similar extent (Peterson & Mulligan, 2015). In contrast,
the primacy effect, typically attributed to controlled rehearsal
processes, is often found to be robust with VTs and EPTs, but
smaller (or nonexistent) with SPTs (e.g., Cohen, 1981; Schatz et
al., 2011; Seiler & Engelkamp, 2003). Consistent with this are the
encoding manipulations mentioned earlier (level of processing,
generation, item elaboration) that have larger effects on verbal
materials than on action memory. Finally, dividing attention dur-
ing encoding is more disruptive to memory for EPTs and VTs than
for SPTs (Bäckman et al., 1991, 1993; Wang et al., 2021; cf.
Engelkamp & Zimmer, 1996). Thus, reviews of action memory
(e.g., Mulligan, 2014; Roediger & Zaromb, 2010) conclude that,
despite some similarities in memory for actions and other materi-
als, memory for SPTs is less reliant on strategic and controlled re-
hearsal processes than is memory for VTs or EPTs.
With respect to metamemory, these issues are quite open. De-

spite substantial research and increasing clarity on the ways in
which memory for performed actions is similar and dissimilar to
memory for observed actions and verbal material, research on
metamemory for actions is unclear and sparse. There is a vast
amount of research on metamemory using a wide variety of verbal
materials (word lists, word pairs, sentences, text, etc..) but only a
few studies on action memory, and these studies have had little
impact on the broader metamemory literature. Indeed, several
major reviews of metamemory research do not mention action
memory or the studies reviewed next. This is true of older reviews
(Metcalfe & Shimamura, 1994; Nelson, 1990) as well as more
recent treatments (Dunlosky & Tauber, 2016). This is a potentially
important omission given claims that metamemory for actions dif-
fer from metamemory for verbal and other types of material.
Cohen (1983; Cohen et al., 1991) argued that because actions

are substantially encoded nonstrategically, we have little insight
into their variable encoding whereas verbal material, more subject
to controlled and strategic rehearsal, give rise to at least some
awareness of their differential memorability. Consequently, pre-
dictions about memorability for VTs (and EPTs) should be at least

somewhat accurate whereas predictions for SPTs should exhibit
less resolution. According to this view, metamemory for actions
and verbal materials should produce important differences with
regard to monitoring.

There have only been a handful of studies on metamemory for
actions, most by Cohen (1983, 1988; Cohen & Bryant, 1991;
Cohen et al., 1991), which indicate that participants have little
ability to predict which SPTs will later be recalled but generally
have at least some ability to predict later recall for verbal materi-
als. However, this research was largely conducted prior to the de-
velopment of current standards for evaluating metamemorial
monitoring (e.g., judgments-of-learning [JOLs], resolution, cali-
bration; Rhodes, 2016), and the methods used produce some limi-
tations in interpreting the results. Furthermore, direct comparisons
between the SPT and control conditions were not always reported.

In a typical study (Cohen, 1988; Experiment 1), one group of
participants was presented with a list of individual words and
another group was presented with a list of action phrases for enact-
ment (the SPT condition). A prediction about memorability was
made for each word or action on a 4-point scale: 1 (this word/task
is too weak in my memory for me to recall it) to 4 (this word/task
is strong enough in my memory so I will be able to recall it). A
free recall test was then given for the words or actions. To assess
the accuracy of the predictions (tantamount to a measure of rela-
tive accuracy, or resolution), the average rating for items recalled
minus the average rating for items not recalled was computed for
each participant; values greater than zero indicate at least some
degree of resolution whereas values of zero (or lower) indicate no
predictive accuracy. This number was significantly greater than
zero for the word condition but not for the SPT conditions. How-
ever, this measure of resolution was not statistically compared
between the word and SPT conditions, so it is unclear if resolution
was significantly greater for words than actions. Cohen et al.
(1991) likewise presented one group with a list of words and
another with a list of SPTs, each followed by a memory prediction
on the 4-point scale, and again, resolution was greater than 0 in the
word condition but not in the SPT condition. But again, resolution
was not statistically compared across the two conditions. Cohen &
Bryant (1991) examined metamemory for SPTs from study trials
with either short (5 s) or long duration (30 s), and found that nei-
ther duration produced significant resolution. However, this
experiment did not have a verbal or EPT control condition for
comparison.

Only one of Cohen’s studies had a VT or EPT control condition,
Experiment 2 of Cohen (1983). In this experiment, participants
were presented with a study list of either auditory words, visual
words, VTs, EPTs or SPTs, with each item followed by a recall/
no-recall prediction. To assess resolution, the proportion of items
actually recalled was computed separately for the two prediction
categories, and a ratio of the two values computed, such that val-
ues above 1 indicated greater recall for items predicted to be
recalled. This proportion significantly varied across the list condi-
tions, indicating that resolution varied with the materials. How-
ever, there were no direct statistical comparisons between list
conditions. The numerical value of this measure was highest for
the word lists, next for VTs, then EPTs, and lowest for SPTs, but
the lack of statistical comparison and the proximity of the values
for the VT, EPT, and SPT conditions renders the results
inconclusive.
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One final study (McDonald-Miszczak et al., 1996) contrasted a
VT and SPT condition with older and younger adults across three
study-test blocks. In each block, the participants studied the same
list of VT or SPT items, making a memory prediction (on a 7-point
scale) after each item, followed by a free recall test. This experi-
ment assessed resolution by computing the now commonly used
gamma correlation between ratings and recall (e.g., Nelson, 1984),
finding that the gamma correlation averaged over blocks did not
significantly differ between the VT and SPT conditions, and was
significantly above zero in both cases. Thus, in contrast to Cohen’s
results, the SPT condition produced significant resolution that did
not differ from a verbal control condition.
The handful of studies on metamemory for actions produce con-

flicting implications, with the studies by Cohen suggesting that
metamemory, particularly the accuracy of memory predictions, is
particularly poor for actions, and the results of McDonald-
Miszczak et al. (1996), suggesting that resolution might be equally
good for actions and verbal materials. However, there are several
limitations to these studies that render the question open. First is
the issue of the best control condition. One of the Cohen studies
(Cohen & Bryant, 1991) had no nonaction control condition. Two
other Cohen studies (Cohen, 1988; Cohen et al., 1991) used lists
of individual words as the comparison condition. This condition
differs in several ways from the SPT condition in addition to the
presence of actions: the nature of the list items (individual words
vs. action phrases); the identity of the materials (the words in the
word lists and the action phrases were not the same); the list
lengths; and so forth Any of the differences could drive a differ-
ence in metamemory performance. A better control condition uses
the same action phrases as the SPT condition—the traditional VT
condition, as used in McDonald-Miszczak et al. (1996). An even
better control condition uses the same action phrases and has the
participant observe rather than carry out the action—the EPT con-
dition. This control condition better isolates the action itself (that
is the motoric component of enactment; Engelkamp, 1998). For
example, for the action phrase bounce the ball, the VT condition
controls for the verbal information experienced but the EPT condi-
tion also controls for nonaction perceptual information that is
experienced in the SPT condition, such as the visual appearance of
the object and its motion, and the sound of the ball as it bounces.
This renders a better control for isolating the effects of enactment,
per se. Only Cohen (1983; Experiment 2) included an EPT control
condition, along with SPT, VT and word-list conditions, but did
not report contrasts between individual conditions.
Second, all of the foregoing studies used between-subjects or

pure-list designs, in which a study list was composed entirely of a
single type of item (e.g., a pure list of SPT items, a pure list of VT
items). This design contrasts with a mixed-list design in which the
various item types are randomly intermixed in the study list. The
enactment effect is one of several encoding effects that are moder-
ated by the type of design, such that an enactment effect is typi-
cally found for mixed-list designs on a later free recall test
whereas pure-list designs produce a reduced, null, or even negative
enactment effect (e.g., Engelkamp & Dehn, 2000; Peterson &
Mulligan, 2010, 2015; Steffens, 1999; Steffens et al., 2015; see
McDaniel & Bugg, 2008; Mulligan & Lozito, 2004, for reviews).
Consistent with this, Cohen (1983) found no difference in recall
for SPTs and EPTs, and McDonald-Miszczak et al. (1996) like-
wise found no recall difference for SPTs and VTs. The pure-list

design used in these prior studies may have minimized the usual
enactment effect in memory. The current experiments use a
mixed-list design with free recall as the memory test, to increase
the likelihood that an enactment effect will be found in memory.1

Third, the McDonald-Miszczak et al. (1996) study used three
study-test blocks to assess memory. In such a design, the JOLs
made after the first block are typically influenced by the partici-
pant’s memory for performance on the prior test (the memory-
for-prior-test [MPT] heuristic, Finn & Metcalfe, 2007, 2008).
That is, after the first block, JOLs may be largely based on mem-
ory for prior test performance rather than on the ability of the
subject to discern differences in ongoing encoding (or reencod-
ing). This is problematic in the present case because the ques-
tion of interest focuses on whether actions permit insight into
differentially effective encoding. The introduction of nonencod-
ing bases for JOLs reduces our ability to answer this question
and might explain why McDonald-Miszczak et al. (1996) found
no difference in resolution between their SPT and VT condi-
tions: the two conditions might both be largely based on nonen-
coding factors (e.g., the MPT heuristic) especially on the later
blocks.

Finally, the studies by Cohen and colleagues did not assess
metamemory in ways that have since become standard, such as
using 0–100 JOL predictions and measuring resolution with the
gamma correlation between JOLs and recall performance, both of
which would facilitate comparisons with research in the current
metamemory literature. The use of the typical JOL measure would
also provide the secondary benefit of permitting assessment of
absolute accuracy, or calibration (the difference between predicted
[JOLs] and actual memory performance).

The Current Experiments

The current study examines metamemorial monitoring by con-
trasting SPTs and EPTs (Experiments 1a, 1b, and 2), and SPTs
and VTs (Experiment 3). The main issue relates to resolution—the
extent to which JOLs are predictive of actual memory perform-
ance. The view of Cohen (1983, 1988, for example) was that
actions produce a particularly efficient and nonstrategic form of
encoding and thus provide little insight into the differentially
effective encoding, but that other forms of information are more
subject to strategic, controlled rehearsal processes that provide at
least some insight into differential encoding. This view is echoed
in more recent research, which emphasizes that nonstrategic
encoding plays a greater role for actions than EPTs or VTs (e.g.,
Sahakyan & Foster, 2009; Schatz et al., 2011; Wang et al., 2021;
Wojcik et al., 2011; Zhang & Zuber, 2020). Likewise, the motor-
encoding view of Engelkamp, Zimmer and colleagues argues for
the relatively automatic and effective encoding of motor informa-
tion, proposed as the basis of the enactment effect (e.g., Engel-
kamp, 1998; Seiler & Engelkamp, 2003; Zimmer & Engelkamp,
1999). These views imply that predictions about action memory
should have less relation to actual memory than predictions for
other materials.

1 Although there is also the possibility that making memory predictions
on an item-by-item basis may also reduce or eliminate the enactment effect,
an issue discussed later.
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Another view of the enactment effect is the episodic-integration
account (Feyereisen, 2009; Hainselin et al., 2014; Kormi-Nouri,
1995; Kormi-Nouri & Nilsson, 2001), an account that disputes the
centrality of motor information in the enactment effect. This
account instead argues that the enactment effect is due to enhanced
episodic binding among the various constituents of the enacted
event, especially among the verbal-semantic attributes of the
enacted phrase. This binding process has been characterized as an
executive control process (e.g., De Lucia et al., 2019). Thus, in
contrast to other theories about the enactment effect, the episodic-
integration account attributes the enactment advantage to strategic,
controlled processes, which in turn implies that the SPT condition
should exhibit substantial resolution, at least as much resolution as
control conditions (EPT or VT conditions) that engage the central
(controlled) binding process either less effectively or to a lesser
degree.
The primary focus is on resolution but as secondary matters, the

experiments also allow the assessment of (a) average JOLs and (b)
absolute accuracy, or calibration. Average JOLs determine the
extent to which participants predict an enactment effect in mem-
ory. As for calibration, the current experiments determine if enact-
ment enhances or detracts from this aspect of metamemorial
accuracy. Calibration has not been clearly assessed in the prior
research.
A final issue relates to the enactment effect in memory. All of

the present experiments used a mixed-list design because pure-list
designs (as used in the prior research) typically reduce or eliminate
the enactment effect in free recall. A mixed-list design maximizes
the opportunity to observe the enactment effect, and the current
experiments are based on materials and procedures that have dem-
onstrated higher recall for the SPT than EPT or VT conditions
(Hornstein & Mulligan, 2004; Mulligan & Hornstein, 2003; Peter-
son & Mulligan, 2015). However, the presence of item-by-item
JOLs complicates the straightforward prediction of an enactment
effect because JOLs can influence memory performance (i.e., the
reactivity of JOLs; Double et al., 2018). In particular, the presence
of JOLs can sometimes reduce or eliminate otherwise robust mem-
ory effects. For example, the usual effect of perceptual interfer-
ence on memory was eliminated when participants made item-by-
item JOLs during encoding (Besken & Mulligan, 2013). The same
result has been reported with the generation effect (Begg et al.,
1991; Matvey et al., 2001). Similarly, JOLs attenuate, if not elimi-
nate, the levels-of-processing effect (Tekin & Roediger, 2020). Of
course, JOLs do not always reduce memory effects (e.g., related-
ness effects in cued recall actually increase with JOLs; Janes et al.,
2018). It is unknown if JOLs attenuate the enactment effect but if
so, it may be necessary to perform a control experiment without
JOLs to verify that the usual enactment effect occurs under the
current conditions.

Experiments 1a and 1b

Experiment 1a began the investigation with a comparison of
SPT and EPT conditions. Experiment 1b was conducted as an
exact replication to assess the replicability of Experiment 1a
and to clarify one aspect of the results of that experiment (see
Footnote 3).

Method

Participants

Thirty-two undergraduates from UNC at Chapel Hill partici-
pated in Experiment 1a in exchange for partial course credit in an
introductory psychology course.2 A separate sample of 32 UNC
undergraduates participated in Experiment 1b. Otherwise, the
experiments were identical. All experiments received approval
from the UNC IRB.

Design and Materials

Encoding condition (SPT vs. EPT) was manipulated within sub-
jects. Thirty-six action phrases were drawn from those used in
Peterson & Mulligan (2015) and Hornstein & Mulligan (2004).
Each phrase had a unique verb and object that was not duplicated
in any other action phrase. Four of the phrases served as primacy
(two) and recency (two) buffers on the study lists and were not
scored on the final test. The remaining 32 phrases were the critical
items. These phrases were randomly divided into Sets A and B,
and used to create two study lists, one in which Set A was assigned
to the SPT condition and Set B to the EPT condition, and another
list with the assignments reversed. The phrases from the two sets
were randomly intermixed in the study lists subject to the con-
straint that no more than two items in the same condition appeared
in sequence. The primacy and recency buffers consisted of one
SPT and one EPT item each.

Procedure

At the beginning of the experiment, participants were informed
that they would hear a list of action phrases, half of which they
would perform and the other half they would see the experimenter
perform. Participants were also informed that they would be asked
to predict whether they would remember each action on the later
test. The participant and the experimenter sat on opposite sides of
a table facing each other. Part of the table was screened from the
participant’s view, behind which were the objects required for the
actions. Each study trial consisted of the following. First, an action
phrase was presented over computer speakers. Next, the experi-
menter removed the relevant object from behind one of the screens
and placed it on the table. The experimenter then said either
“Enact” or “Observe” depending on whether the item was in the
SPT or EPT condition. For SPT trials, the participant carried out
the action. For EPT trials, the participant watched as the experi-
menter carried out the action. Each study trial lasted 6 seconds,
which pilot testing showed was sufficient time to carry out the
actions. After the trial was complete, the experimenter placed the
object back behind the screen, out of the participant's view. The
participant then provided a JOL, indicating how confident he or
she was about being able to recall the action phrase on the later
test on a scale of 0 (Not confident at all) to 100 (Extremely

2 Experiment 1a was conducted several years prior to submission of this
article, before a priori power calculations were routinely reported. The
sample size was chosen to be similar to sample sizes used in our previous
experiments in which the SPT and EPT conditions were compared within-
subjects (Hornstein & Mulligan, 2004; Mulligan & Hornstein, 2003;
Peterson & Mulligan, 2015). Post-hoc power computations were based on
size of the enactment effect in these experiments, which averaged dz = .73.
The power to detect an enactment effect of this size is .99 for n = 32.
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confident). The participant spoke the rating aloud and the experi-
menter entered it into the computer. The JOL rating was self-
paced.
After the study phase, the participant was given a 3-minute dis-

tractor task consisting of arithmetic problems. Following this, the
recall test was administered. The participant was given a blank
sheet of paper and asked to write down as many of the action
phrases as could be recalled. The participant was asked to try to
recall the entire action phrase when possible but to recall any parts
of the phrase if it could not be recalled in its entirety. The test
lasted 5 minutes.
The data and materials for all experiments are available here: https://

osf.io/zs8du/?view_only=cc96d316f9b64d1db7c1604305a012a1.

Results

JOLs and Recall Performance

The results from both experiments are presented in Table 1.
During the study phase, JOLs for SPTs were significantly greater
than those for EPTs in both Experiment 1a, t(31) = 3.69, p = .001,
dZ = .65, and Experiment 1b, t(31) = 3.05, p = .005, dZ = .54. Per-
formance on the recall test was measured in two ways, according
to both a lenient and strict criterion. For the lenient scoring, the
item was scored as correct if either the action or the object of the
action phrase was recalled. For the strict scoring, both the action
and the object of the action phrase needed to be recalled together.
The final score was computed as the percent of SPT or EPT items
recalled. The lenient and strict scoring produced the same results
(in this and the following experiments) with one exception noted
below. Consequently, only the strict results are reported. The
recall scores did not significantly differ between SPTs and EPTs
for either Experiment 1a, t(31) = 1.23, p = .23, or Experiment 1b,
t(31) = .87, p = .39. Thus, no significant enactment effect was
found in recall.

Resolution

To assess the relationship between JOLs and recall, gamma cor-
relations were computed for each subject separately for SPTs and
EPTs. Gamma cannot be computed if either the JOLs or the recall
status is the same for all items in a condition. In Experiment 1a, 31
participants had a valid gammas for the SPT condition, 31 for the
EPT condition, and 30 subjects had a valid gamma for both. In
Experiment 1b, 31 subjects had a valid gammas for the SPT condi-
tion, 32 for the EPT condition, and 31 subjects had a valid gamma
for both. Thus, the dfs vary slightly in the subsequent analyses.

The gamma correlations were significantly larger for EPTs
than SPTs for both Experiment 1a, t(29) = 2.75, p = .010, dZ =
.50, and for Experiment 1b, t(30) = 2.13, p = .041, dZ = .38.3 In
addition, gamma correlations were significantly greater than zero
for EPTs (Experiment 1a: t(30) = 2.22, p = .034, dZ = .40;
Experiment 1b: t(31) = 3.45, p = .002, dZ = .61) but not for
SPTs, (Experiment 1a: t(30) = �.80, p = .43; Experiment 1b:
t(30) = .17, p = .87).

Calibration

To assess calibration, the difference between the average JOL
and proportion recalled was computed separately for the SPT and
EPT condition for each participant. Scores nearer zero indicate
better calibration. For the strict scoring, calibration was not signifi-
cantly different for the SPT and EPT conditions in Experiment 1a,
t(31) = .14, p = .89, or in Experiment 1b, t(31) = .90, p = .37. Par-
ticipants were markedly overconfident (calibration scores were
substantially positive) but the encoding conditions did not differ in
calibration.4

Combined Analysis of Experiments 1a and 1b

For more powerful analyses, the data from Experiments 1a and
1b were combined and reanalyzed with experiment as a factor. For
recall, the SPT and EPT conditions did not significantly differ, F
(1, 62) = .86, p = .34. The gamma correlations were significantly
greater in the EPT than SPT condition, F(1, 59) = 8.15, MSe =
.140, p = .006, h2

p = .164. For all analyses, there was no indication
of an interaction between encoding condition and experiment (all
Fs, 1).

Discussion

The primary results focus on resolution. Gamma correlations
were higher for EPTs than SPTs, and gamma correlations were
significantly greater than zero for EPTs but not for SPTs. This was
found in Experiment 1a and in the replication Experiment 1b. Fur-
thermore, in the combined analysis, this consistency was demon-
strated by the lack of interaction with experiment—indicating that
the results were qualitatively and quantitatively replicated.

Next are two issues of secondary importance. First, participants’
average JOLs indicate an expectation that SPTs would be more
memorable than EPTs. This extends the results of McDonald-Mis-
zczak et al. (1996) who found higher JOLs for SPTs than VTs.
This also appears consist with the results of Cohen’s (1983) pre-
diction ratings, which appear somewhat higher for SPTs than
EPTs or VTs, although no statistical comparisons were reported.
Ironically, in the present case as in both of these prior studies, the
enactment effect was not actually observed on the recall test. This

Table 1
Results of Experiments 1a and 1b: Means (SD)

Experiment 1a Experiment 1b

Measure SPT EPT SPT EPT

JOL 79.7 (16.0) 76.4 (18.6) 75.3 (20.7) 70.3 (20.1)
Recall 32.0 (11.7) 30.7 (14.0) 37.5 (11.4) 35.2 (13.2)
Gamma �.07 (0.48) .20 (0.53) .02 (0.50) .26 (0.45)
Calibration 47.6 (20.6) 45.8 (24.2) 37.8 (23.2) 35.2 (24.1)

Note. JOL = judgment of learning; SPT = subject-performed task;
EPT = experimenter-performed task.

3 The one difference between the lenient and strict recall scores occurred
for the gamma correlations in Experiment 1a. When gamma was computed
between JOLs and the lenient scores, the correlations were not significantly
greater for EPTs (M = 0.18, SD = 0.43) than SPTs (M = 0.03, SD = 0.42), t
(29) = 1.43, p = .16. For Experiment 1b, however, gammas with the lenient
scores were significantly greater for EPTs (M = 0.20, SD = 0.46) than SPTs
(M =�0.04, SD = 0.33), t(30) = 2.72, p = .011, dZ = .49, consistent with the
gammas for strict scores.

4 The lenient recall scores are necessarily higher than the strict scores,
but relative to these scores, participants’ JOLs were likewise substantially
overconfident (in this and the subsequent Experiment 3).
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may mean that the JOL ratings were (at least partly) based on a
general belief about the efficacy of enactment encoding rather than
an accurate projection about the actual subsequent memory per-
formance under the current conditions. Second, calibration was
equal across conditions, showing that absolute accuracy of JOLs
was similar for SPTs and EPTs.
Finally, the recall scores did not exhibit an enactment effect. At

the outset, it was clear that the use of a mixed-list design should
make the enactment effect more likely but that the addition of
item-by-item JOLs had the possibility of attenuating the effect, as
has been found with other encoding effects (Begg et al., 1991;
Besken & Mulligan, 2013; Matvey et al., 2001; Tekin & Roediger,
2020). In the present case, the use of JOLs may have rendered the
usual enactment effect nonsignificant. In order to determine if this
is actually the case, Experiment 2 repeated the current experiment
without JOLs to verify that the enactment effect would otherwise
occur under the present conditions.

Experiment 2

Method

Participants

Twenty-two undergraduates from UNC at Chapel Hill partici-
pated in exchange for partial course credit in an introductory psy-
chology course. A power analysis was based on our previous
experiments comparing SPT and EPT conditions within-subjects
(Hornstein & Mulligan, 2004; Mulligan & Hornstein, 2003; Peter-
son & Mulligan, 2015), which yielded an average enactment effect
on recall of dz = .73. The sample size required to detect this effect
with power of .90 (a = .05, two-tailed) is 22.

Design, Materials, and Procedure

Experiment 2 was identical to Experiments 1a and 1b with the
exception that the JOLs were removed from the study trials.

Results and Discussion

As expected, the enactment effect was found: recall was signifi-
cantly greater for SPTs (M = 46.0, SD = 19.7) than EPTs (M =
31.8, SD = 20.8), t(21) = 2.70, p = .013, dZ = .58.
A cross-experiment comparison shows that the significant

enactment effect in Experiment 2 is indeed significantly larger
than the nonsignificant effect in the prior experiments. The recall
data from Experiments 1a and 1b were combined and compared to
the recall data from Experiment 2. The analysis revealed a signifi-
cant interaction between encoding condition and experiment (1a
and 1b vs. 2), F(1, 84) = 7.32, MSe = .017, p = .008, h2

p = .080.
The interaction indicates that the enactment effect is significantly
larger in Experiment 2 than in the combined data from Experi-
ments 1a and 1b, consistent with the notion that the item-by-item
JOLs attenuated (and largely eliminated) an otherwise robust
enactment effect.
The results are clear: when the item-by-item JOLs were

removed, a robust enactment effect emerged in the recall test. This
indicates that the typical enactment advantage is found with the
present materials and procedures, and that the presence of JOLs in
Experiments 1a and 1b dampened the effect. JOLs have been

shown in past research to attenuate otherwise robust encoding
effects. It appears that the enactment effect (at least as measured
by the SPT–EPT difference) can likewise be reduced by JOLs.

Experiment 3

SPTs produce worse resolution than EPTs, implying that actions
impair the relative accuracy of metacognition. Experiment 3 com-
pares SPTs with VTs to further examine this issue. Although there
are good arguments that EPTs are the better control condition for
examining the effects of enactment on memory (and metamemory;
e.g., Engelkamp, 1998), there are several reasons for extending the
analysis to the VT control condition. First, numerous studies of
action memory make use of VTs as the control condition (e.g., Ma
et al., 2021; McDonald-Miszczak et al., 1996; Sahakyan & Foster,
2009; Smith et al., 2010; Zhang & Wang, 2020; Zhang & Zuber,
2020; Zimmer & Engelkamp, 1999). To increase the applicability
of the current analysis to the broader literature on the enactment
effect, it is important to contrast SPTs with both of the commonly
used control conditions. Second, using a VT control condition
more directly gets at Cohen’s original claims that metamemory for
actions differs from metamemory for verbal materials. Third, the
experiment provides an additional opportunity to see if the poor
resolution of SPTs replicates. Finally, the issue of JOL reactance
may be less critical with VTs as the control condition because the
SPT–VT difference in memory is more robust and consistent than
the SPT–EPT difference (e.g., De Lucia et al., 2019; Feyereisen,
2009). Thus, even if JOLs dampen the enactment effect, it is possi-
ble that the SPT-VT difference would still be detectable.

Method

Participants

Sixty undergraduates from UNC at Chapel Hill participated in
exchange for course credit. The effect size of enactment on resolu-
tion in Experiments 1a and 1b averaged dz = .43. The sample size
required to detect this effect with power of .90 (a = .05, two-
tailed) is 59, increased to 60 to satisfy counterbalancing
requirements.

Design, Materials, and Procedure

Encoding condition (SPT vs. VT) was manipulated within sub-
jects. The materials and procedure were the same as Experiments
1a and 1b with the exception that the EPT study trials were
replaced with VT trials in which the participant heard the action
phrase but did not see the experimenter carry out the action.
Before the study phase, participants were informed that they
would hear action phrases and that in some cases they would be
asked to enact the phrase and in other cases to listen to the phrase
without enacting. The SPT trials proceeded as in Experiments 1a
and 1b. The VT trials started with the presentation of the action
phrase over the computer’s speakers. Next, the experimenter
retrieved the relevant object from behind the screen and placed it
on the table. The experimenter then instructed the participant that
this was a Listen trial. Participants then had 6 seconds to encode
the phrase in the presence of the object. Next, the experimenter
placed the object back behind the screen, out of the participant's
view. The participant then gave a JOL, and the next trial began.
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Results

JOLs and Recall Performance

The results are in Table 2. During the study phase, JOLs for
SPTs were significantly greater than those for VTs, t(59) = 5.25,
p , .001, dZ = .68. Recall was also greater for SPTs than VTs,
t(59) = 4.48, p , 001, dZ = .58, demonstrating the enactment
effect (as measured by the SPT–VT difference).

Resolution

The gamma correlation could not be computed for one participant
in the VT condition. The gamma correlations were significantly
greater for VTs than SPTs, t(58) = 3.01, p = .004, dZ = .39, and were
significantly greater than zero in the VT condition t(58) = 4.55, p ,
.001, dZ = .59, but not in the SPT condition, t(59) = .26, p = .80.

Calibration

Calibration scores were computed separately for the SPT and
VT condition for each participant. Calibration was not signifi-
cantly different in the SPT and VT conditions, t(59) = 1.61, p =
.11. As in the Experiments 1a and 1b, participants were substan-
tially overconfident but the encoding conditions did not signifi-
cantly differ in calibration.

Discussion

The most important result is that resolution is greater for VTs
than SPTs, consistent with the results contrasting SPTs and EPTs.
Regardless of whether the control condition is VT or EPT, actions
appear to disrupt resolution. And like Experiments 1a and 1b,
there is no evidence of above-chance resolution for SPTs, further
indicating that enactment eliminates the (limited) metacognitive
insight participants otherwise might have into the encoding of the
action phrases.
In contrast, an important difference with Experiments 1a and 1b

is that a significant enactment effect was found in recall. The
enactment effect is often larger and more consistent when VTs are
the control condition (e.g., De Lucia et al., 2019; Feyereisen,
2009). So it may be the case that the more robust SPT–VT differ-
ence is still detectable even when item-by-item JOLs are used
whereas the SPT–EPT difference may be more vulnerable to this
attenuation. Another possibility is that the SPT–VT difference is
simply unaffected by the presence of JOLs during encoding. A
direct comparison of the effect with and without JOLs would be
necessary to determine which is the case. For present purposes,
however, this is secondary; primary is the simple finding of the
SPT–VT difference in recall, which demonstrates that the effect

can be found with the current methods, and precludes any neces-
sity of demonstrating the effect in an experiment without JOLs.

With regard to average JOLs and calibration, the results are con-
sistent with Experiments 1a and 1b. The average JOLs show that
participants expect to remember SPTs better than VTs, just as they
expected better recall of SPTs than EPTs. The calibration results
are likewise consistent. Participants generate the same overconfi-
dence as in the earlier experiments, and this overconfidence is sim-
ilar for SPTs and VTs.

General Discussion

The present experiments contrasted SPTs with EPTs and VTs to
determine if action affects metamemory. Some conceptions of the
enactment effect have implications for metamemory, which have
not been adequately investigated, and research on metamemory
has largely ignored action memory. The primary results show that
SPTs produce worse resolution than EPTs and VTs, with gamma
correlations that are insignificant in the former condition. This
indicates that participants have little insight into the quality of
memory encoding for actions whereas they have at least some
insight into encoding for comparable verbal and observed events.
Despite the difference in relative accuracy, the degree of absolute
accuracy (calibration) is roughly equivalent for SPTs and EPTs,
and for SPTs and VTs. Finally, the average JOL was consistently
higher for SPTs than for EPTs or VTs.

In early studies of action memory, Cohen (1983, 1989; Cohen
et al., 1991) proposed that action encoding is relatively nonstrate-
gic or automatic, a view echoed in recent research (e.g., Ianì &
Bucciarelli, 2017; Sahakyan & Foster, 2009; Schatz et al., 2011;
Wang et al., 2021; Wojcik et al., 2011; Zhang & Zuber, 2020).
This view implies that we should have less insight into the quality
of encoding for SPTs compared to VTs and EPTs, which are more
subject to controlled and strategic encoding processes. The
motoric view of Engelkamp and colleagues (e.g., Engelkamp,
1998; Seiler & Engelkamp, 2003) likewise implies that the opera-
tive motoric representations are a relatively automatic conse-
quence of enactment, and thus dovetails with broader nonstrategic
accounts of the enactment effect. The primary results of the cur-
rent experiments are consistent with this view: participants had no
measurable ability to predict which SPTs will be recalled, and had
higher (if still modest) ability to predict recall of EPTs and VTs.

In contrast, the current results appear inconsistent with the epi-
sodic-integration account (Feyereisen, 2009; Kormi-Nouri, 1995;
Kormi-Nouri & Nilsson, 2001), which argues that the enactment
effect results from enhanced episodic binding among the constitu-
ents of the enacted event, especially among the verbal-semantic
attributes of the enacted phrase. The locus of the enactment
advantage in such executive control processes (e.g., De Lucia et
al., 2019) should render the encoding open to metacognitive
insight and, at least to some degree, predictive accuracy. If the
SPT condition heightens the involvement of an executive control
process, then enactment should offer the same or higher degree of
monitoring ability as the EPT or VT conditions that engage these
control processes less effectively or fully. The current results are
contrary to this view—there is no evidence that SPTs produce
equivalent or higher levels of resolution compared to EPTs and
VTs.

Table 2
Results of Experiment 3: Means (SD)

Measure SPT VT

JOL 73.3 (18.8) 67.1 (19.5)
Recall 41.5 (13.6) 31.8 (11.7)
Gamma �.01 (0.43) .22 (0.46)
Calibration 31.7 (21.9) 35.3 (21.1)

Note. JOL = judgment of learning; SPT = subject-performed task; VT =
verbal task.
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It might be asked whether the results compel the conclusion that
SPT encoding is relatively nonstrategic (relative, that is, to VT and
EPT encoding). Not in the sense that all possible contrary accounts
have been ruled out, only in the limited sense that of the extant
accounts of the enactment effect, the nonstrategic view fits the
results and the episodic-integration account appears not to. A suc-
cessful alternative to the nonstrategic view would have to propose
that the enactment effect is due to greater strategic encoding of
SPTs, and then account for why participants neglect this informa-
tion when making JOLs for SPTs but not when making JOLs for
VTs or EPTs. To our knowledge, no account with these character-
istics has been proposed.
We have assessed the prediction first articulated by Cohen

(1983; Cohen et al., 1991) that action-based encoding produces
limited insight into the memorability of the event whereas the
other types of encoding produce greater, if still limited, insight.
This prediction predated much of the current research on metame-
morial monitoring, focusing primarily on the use of JOLs (Rhodes,
2016). Furthermore, this prediction makes assumptions about the
nature of memory predictions that are important to assess. In par-
ticular, the view articulated by Cohen assumes that memory pre-
dictions are sensitive to variation in controlled, strategic rehearsal
processes, and that an encoding condition dominated by nonstrate-
gic processing will be missing this basis of accurate prediction. At
the outset, it should be noted that this is a reasonable assumption
under the traditional view that we have awareness of and control
over strategic processes, which should provide at least some
insight into their effectiveness, whereas nonstrategic processes are
not subject (or less subject) to awareness and control, and variation
thereof gives rise to limited insight.
Despite the plausibility of this assumption, is it supported by

research on JOLs? Of course, current research on metamemory
has often shown that JOLs are affected by sources of information
(cues) that are not related to actual memory performance. For
example, various manipulations of fluent processing impact JOLs
but have no (or opposite) effects on actual memory performance
(e.g., Benjamin et al., 1998; Besken & Mulligan, 2013; Susser &
Mulligan, 2015). But JOLs are also affected by information that is
diagnostic of later recall, such as relatedness in paired-associative
learning (e.g., see Rhodes, 2016; for review). Most relevant for
current purposes is evidence that controlled and strategic encoding
processes contribute to JOLs and enhance their accuracy (i.e., re-
solution). For example, Hertzog et al. (2010) showed that JOLs
are sensitive to relatedness and also to strategy use such that more
effective strategy use led to both higher JOLs and higher subse-
quent recall, resulting in enhanced resolution. Bröder and Undorf
(2019) likewise found that encoding strategies can impact JOLs
and recall. Friedman and Castel (2011) examined JOLs for
Remember (R) and Forget (F) items in item-method directed for-
getting. The usual interpretation of item-method directed forget-
ting is that people choose to rehearse R items and not F items,
producing an R advantage in later recall that is driven by con-
trolled, strategic encoding processes (e.g., Sahakyan & Foster,
2009). In Friedman and Castel’s (2011) study, JOLs were higher
for R than F items, indicating that participants were aware of the
difference in controlled rehearsal and used it to make JOLs. The
same results were obtained when a recall-value manipulation was
used in which some items were assigned positive values during
encoding (e.g., þ5, indicating that these items should be recalled

later) or negative values (e.g., �5, indicating that these items
should not be recalled later, and should instead be forgotten). In
addition, resolution was generally greater than zero for R (or posi-
tive value) items but not for F (or negative value) items. This is
consistent with the notion that F items are not rehearsed (in the
controlled sense), so variation in the effectiveness of their encod-
ing is difficult to track, but R items are subject to controlled re-
hearsal, so variation in their encoding has at least some impact on
JOLs and resolution (see Ariel & Dunlosky, 2011, for related
evidence).

In sum, the hypothesis tested in the present experiments relies
on the assumption that controlled, strategic rehearsal has at least
some impact on JOLs and contributes to resolution, an assumption
that is theoretically reasonable and appears supported by metame-
mory research. Of course, even in the EPT and VT conditions, the
gamma correlations were still quite modest, indicating that JOLs
were mostly driven by cues that are not diagnostic of recall and
only modestly reflect diagnostic factors. While in the SPT condi-
tion, the JOLs appear wholly dominated by nondiagnostic
information.

In the current experiments, SPTs produced little resolution.
However, consideration of metamemory research indicates that
there may be circumstances under which SPTs will show signifi-
cant, and perhaps substantial resolution, particularly if additional,
nonencoding information is brought to bear on JOLs. When partic-
ipants experience multiple study-test blocks with the same mate-
rial, resolution typically improves over blocks (Rhodes, 2016).
This is likely because on later study phases, participants may think
back about what was recalled earlier, giving higher JOLs to infor-
mation that was previously recalled and lower JOLs for items that
were not recalled—the MPT heuristic (Finn & Metcalfe, 2007,
2008). Over multiple blocks, new information about recall per-
formance can be brought to bear in later study phases that was not
available during the initial phase—that is, a new source of nonen-
coding information can now impact JOLs. Presumably, memory
for prior recall could impact JOLs for SPTs as well as for other
forms of information. If so, then resolution should increase across
blocks for SPTs as well as for VT or EPT conditions, potentially
attaining high levels of resolution.

This possibility is consistent with the results of McDonald-Mis-
zczak et al. (1996) as well as a new study (Kubik et al., 2022) pub-
lished after the present research was complete. Like McDonald-
Miszczak et al. (1996), Kubik et al. examined metamemory for
SPTs and VTs over three study-test blocks.5 Both studies found
that resolution for both SPTs and VTs increased over study-test
blocks, with SPTs (as well as VTs) reaching relatively high levels
of resolution (e.g., average gammas above .60 in Kubik et al.,
2022). Furthermore, Kubik et al. reported higher gamma correla-
tions for the VT than SPT condition, consistent with the results of
Experiment 3. It should be noted, however, that this conflicts with
the results of McDonald-Miszczak et al. (1996), who reported no
significant differences in gamma correlations between conditions.
However, the gamma correlations in McDonald-Miszczak et al.
were numerically lower for SPTs than VTs in six of six experi-
mental cells, so perhaps the differences between the studies are

5 Kubik et al. (2022) also examined the effects of retrieval practice, an
issue not relevant for current purposes.
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not as stark as they might seem. Regardless, follow-up research on
this issue should be done with EPTs as the control condition to
better isolate the effect of action in the SPT condition.
Turning to the enactment effect in memory, Experiments 2 and

3 produced the expected effect. This is important given that earlier
experiments on action memory and metamemory used pure-list
designs. These designs often do not produce an enactment effect
with free recall even with the typical experimental procedure,
which does not use JOLs. Indeed, these prior studies failed to dem-
onstrate an enactment effect in memory (Cohen, 1983; McDonald-
Miszczak et al., 1996).
Even so, the current results indicate that the enactment effect (at

least as measured by the SPT–EPT difference) is attenuated by the
presence of JOLs. This is pertinent in two ways. First, it indicates
that even with the use of a mixed-list design, it may not be possi-
ble to simultaneously observe an enactment effect in memory (that
is, the SPT–EPT difference), and measure JOLs. However, for this
to compromise the results of Experiments 1a and 1b, the presence
of JOLs would have to not only eliminate the enactment effect in
memory, but also induce a spurious difference in resolution by ei-
ther selectively increasing resolution for EPTs or selectively
reducing resolution for SPTs. There is no reason to suspect that is
the case, and Experiment 3 argues against this in showing that the
SPT–VT difference in resolution co-occurs with the usual SPT
advantage in memory performance. Second, the lack of an enact-
ment effect in Experiments 1a and 1b constitutes another example
of the reactivity of JOLs. Recent research on this issue often
focuses on whether JOLs increase or decrease memory perform-
ance relative to a no-JOL condition (e.g., Double et al., 2018;
Myers et al., 2020). But another manifestation of reactance is
when JOLs change the size or nature of a memory effect. This has
been documented with the effect of perceptual interference, gener-
ation, and levels of processing, all of which are decreased by JOLs
(Begg et al., 1991; Besken & Mulligan, 2013; Matvey et al., 2001;
Tekin & Roediger, 2020). The present results indicate that the
enactment effect joins this list.
Because our primary focus is not on JOL reactivity, we do not

provide a complete analysis of this issue here. However, this is an
important issue for future research because the reduction (or elimi-
nation) of the enactment effect by JOLs may be contrary to the
nonstrategic view. That is, if the SPT advantage is rooted in non-
strategic encoding, one might wonder why the introduction of
JOLs should reduce or eliminate that advantage. There are possi-
bilities consistent with the nonstrategic view—perhaps JOLs bring
recall levels in the EPT condition up to the level of SPT recall—
but other possibilities seem less consistent—for instance, that
JOLs reduce SPT recall. Given that we did not experimentally
manipulate the presence of JOLs within a single experiment, our
data do not provide this level of detail. It should be noted, how-
ever, that cross-experiment comparison of Experiments 1a and 1b
with Experiment 2 imply that JOLs reduce SPT recall more than
increasing EPT recall, a picture that appears inconsistent with the
nonstrategic view. A clearer answer to this issue will require a
direct, experimental analysis.
The present experiments focused primarily on resolution and

did not directly assess theories of metamemory. However, the
results regarding average JOLs merit some discussion. We consis-
tently found that JOLs were higher for SPTs than for EPTs or
VTs. A dominant framework for interpreting monitoring and JOLs

is the cue-utilization account (Koriat, 1997; see Rhodes, 2016).
This framework differentiates among three types of cues that may
influence JOLs: intrinsic, extrinsic, and mnemonic cues. Intrinsic
cues are properties of the to-be-remembered items, including the
perceptual or semantic characteristics of the stimulus. Extrinsic
cues refer to the conditions of learning, including such factors as
the processes carried out on the stimulus, the relations among
stimuli (e.g., serial position), and the characteristic of retrieval
(e.g., the retention interval, nature of retrieval cues). Finally, mne-
monic cues refer to the experiences of the learner that may be
thought to predict later recall, such as the ease or fluency of proc-
essing a stimulus, or the memory for having previously recalled a
stimulus. With regard to the intrinsic–extrinsic distinction, the
cue-utilization account argues that intrinsic cues are typically
heavily weighted in making JOLs and that extrinsic cues are rela-
tively neglected. In the present case, the presence or absence of
action may be thought of as an intrinsic property of the item
because it is salient and clearly discerned. In terms of the cue-utili-
zation account, this is one reason to expect the enactment manipu-
lation to affect JOLs.

The enactment manipulation might also evoke differences in the
mnemonic experience of the learner. Taking action feels quite dif-
ferent than not taking action in a number of ways (e.g., motori-
cally, tactually, in the need for motor planning). There are also
differences in terms of the degree of self-involvement in the SPT
versus control conditions (e.g., Feyereisen, 2009; Kormi-Nouri &
Nilsson, 2001) that may elicit a difference in the mnemonic expe-
rience. This indicates, that in terms of the cue-utilization account,
it is an open question as to whether the intrinsic differences
between actions and nonactions or the experiential differences (or
both) drive differences in average JOL. Regardless, it should be
noted that the SPT advantage with respect to JOLs is robust, hap-
pening for within-subject designs as used in the present experi-
ments, and in between-subjects designs used in earlier research
(McDonald-Miszczak et al., 1996). This is notable because some
variables that have robust effects on JOLs in within-subject
designs do not have an effect when the conditions are manipulated
between subjects (e.g., Susser et al., 2013).

Another important avenue for subsequent research is the rela-
tionship between actions and metamemorial control. Research on
metamemory distinguishes between monitoring (the evaluation of
states of knowledge) and control (using these evaluations to guide
learning behaviors). As an aside, this distinction should be kept
separate from the issue of strategic (or controlled) versus auto-
matic encoding processes that often guide theorizing about mem-
ory as opposed to metamemory (though see Peng & Tullis, 2021).
The current studies focused only on monitoring and resolution.
However, given that monitoring is an important input to metame-
morial control (e.g., for study time decisions, restudy decisions,
etc.; e.g., Nelson, 1990), the current results suggest that the poorer
resolution in the SPT condition should feedforward, possibly pro-
ducing less effective metamemorial control in the SPT condition
than in the VT or EPT condition, an implication that should be
assessed in subsequent research.

In closing, the study of action memory was initially prompted by
questions of whether memory for actions was a distinct form of epi-
sodic memory (Zimmer et al., 2001). Subsequent research found suffi-
cient similarities between memory for actions and memory for other
materials to reject the strong claim of uniqueness but sufficient
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differences to support the nonstrategic view of action memory (e.g.,
Sahakyan & Foster, 2009; Schatz et al., 2011; Wang et al., 2021; Woj-
cik et al., 2011; Zhang & Zuber, 2020; see Mulligan, 2014; Roediger
& Zaromb, 2010, for reviews). With regard to metamemory, the study
of actions has been largely missing (cf. Susser & Mulligan, 2015; Sus-
ser et al., 2017; Yang et al., 2009). The current experiments (and the
earlier Cohen studies) indicate that metamemory for actions bears
some important differences from metamemory for other materials, in
terms of relative accuracy (resolution; supporting the nonstrategic view
of action memory) and average JOLs, along with at least one similarity
with respect to absolute accuracy (calibration). The differences espe-
cially call for additional analysis of action metamemory.
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