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Abstract
Serial position effects involve the differential recall of information based on its temporal order at encoding. Previous research
indicates that learners may be aware of these effects under certain encoding conditions, but it is unclear whether metacognitive
control is sensitive to serial position effects. The current study examined whether there are serial position effects in participants’
study time and whether they can learn about serial position effects under fixed encoding conditions and then transfer what they
have learned to self-paced study conditions. Specifically, participants were given lists of to-be-remembered words and studied
each word for a fixed duration on initial lists, but self-paced their study time on later lists. Results revealed that self-paced study
times oppositely mirrored serial position effects (i.e., briefer study times in the beginning and end of each list), and serial position
effects were reduced in self-paced study conditions, particularly in participants initially studying under fixed conditions before
self-pacing their study time. Specifically, participants may have monitored their output and, based on observations of forgetting
middle items, transferred their learning of serial position effects from prior lists. Thus, participants may use forgetting and serial
position information to guide encoding, indicating that fundamental properties of the memory system can be incorporated into the
processes that guide metacognitive control.
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In free recall tests of memory for word lists containing around
10 or more units of information, the likelihood that an item is
recalled is often predicted by its locationwithin the list, known
as the serial position effect (Glanzer & Cunitz, 1966;
Murdock, 1962; Waugh & Norman, 1965). Specifically, the
serial position effect involves enhanced recall for the informa-
tion presented in the beginning (primacy items) and at the end
of a list (recency items) relative to information in the middle.
Elevated recall for primacy and recency items can occur in
many contexts, such as recalling lists of words (e.g., Grenfell-
Essam & Ward, 2012; Unsworth & Engle, 2007), when re-
membering information offloaded to an external memory
source (e.g., Kelly & Risko, 2019), and when recalling the
presidents of the United States (e.g., Roediger & Crowder,
1976).

While primacy effects generally arise as a result of in-
creased rehearsal, recency effects are largely attributed to the
retrieval phase. For example, during a given item’s presenta-
tion, participants also often rehearse previously presented
items resulting in primacy items getting the most rehearsal,
leading to better memorability for primacy items (see Fischler
et al., 1970; Rundus, 1971; Rundus & Atkinson, 1970). In
contrast, the recency effect largely depends on the delay be-
tween the presentation of the final to-be-remembered item and
the beginning of the recall test. Specifically, if the recall test
immediately follows the study phase, participants often dump
the most recently rehearsed items from working memory
stores resulting in pronounced recency effects (Crowder,
1969). However, a delay between the encoding phase and
the recall test generally reduces recency effects (Glanzer &
Cunitz, 1966; Howard & Kahana, 1999; Waugh & Norman,
1965). Thus, serial position effects typically arise as a result of
both encoding and retrieval processes.

To evaluate people’s awareness of their memory processes
(i.e., metacognition; Nelson & Narens, 1990; see also
Dunlosky et al., 2016; Nelson, 1996), researchers often solicit
judgments of learning (JOLs): metacognitive self-assessments
of the likelihood of later remembering information (see
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Rhodes, 2016, for a review). When JOLs are made immedi-
ately after an item is studied, these judgments are often in-
formed by the cues available during learning. Koriat (1997)
proposed a useful theoretical framework for evaluating the
cues that inform JOLs whereby three types of cues inform
metacognitive judgments: intrinsic, extrinsic, and mnemonic
cues. Intrinsic cues include processing fluency, word-pair re-
latedness, or other characteristics that influence or are believed
to influence memory. Extrinsic cues involve the learner’s
encoding operations as well as factors such as study time,
the type of memory test, or the presence of a distractor task.
Lastly, mnemonic cues involve learners’ experience with the
to-be-learned material such as how easily an item comes to
mind in response to a cue. Although judgments are sometimes
based on cues that do not influence memory performance,
such as font size or word volume (e.g., Rhodes & Castel,
2008, 2009), within this framework, JOLs are generally accu-
rate if judgments and performance are based on the same
factors (Dunlosky & Matvey, 2001; Tiede & Leboe, 2009;
see also Bröder & Undorf, 2019; Koriat, 2015).

To determine whether people are metacognitively aware of
serial position effects, Dunlosky andMatvey (2001) presented
participants with lists of either related or unrelated word pairs
and asked them to predict the likelihood of remembering each
pair. Results revealed that these predictions were generally
less sensitive to serial position (i.e., an extrinsic cue in this
instance) compared with intrinsic cues like the relatedness of
the word pairs. Thus, in some encoding conditions, people are
metacognitively unaware of serial position effects and instead
base predictions of future remembering on the intrinsic qual-
ities of the information.

To reduce the extent to which participants rely on intrinsic
cues and to increase the influence of extrinsic cues on partic-
ipants’metacognitive judgments, Castel (2008) presented par-
ticipants with word lists and asked them to make a pre-JOL (a
JOL before studying each word; see also Mueller &
Dunlosky, 2017). On initial study–test trials, participants did
not properly incorporate serial position information but were
able to learn about primacy and recency effects after gaining
task experience (i.e., after several lists). As a result, on later
lists, pre-JOLs generally mirrored actual recall performance
whereby judgments and recall were greatest for primacy and
recency items. Thus, when making judgments before
encoding each item, no intrinsic cues are available at the time
of the judgment leaving only extrinsic and mnemonic cues to
inform JOLs and experience-based learning can lead to better
informed and more accurate metacognition.

If participants use intrinsic cues like item relatedness or
processing fluency to monitor their learning (e.g., Rhodes &
Castel, 2008, 2009), this can lead to an inefficient allocation of
study time and potentially poorer memory outcomes (e.g.,
Metcalfe & Finn, 2008). In contrast to measures of
metacognitive monitoring (i.e., JOLs), metacognitive control

processes are based on information gained from monitoring
and are often captured by the self-regulation of study time
(Dunlosky et al., 2016; Egner, 2017; Nelson, 1996; Nelson
& Narens, 1990; Son & Metcalfe, 2000; Thiede & Dunlosky,
1999). Prior research has illustrated that metacognition plays a
vital role not only in monitoring one’s memory but also in
controlling learning by selecting what information to study
for longer periods (see Ariel, 2013; Ariel & Dunlosky, 2013;
Ariel et al., 2009; Dunlosky & Ariel, 2011a, 2011b, for
agenda-based regulation framework). However, research has
yet to determine how serial position effects influence
metacognitive control processes.

Previous work has indicated that learners’ allocation of
their rehearsal time for items in each serial position drives
serial position effects (Fischler et al., 1970; Rundus, 1971;
Rundus & Atkinson, 1970) and under certain encoding con-
ditions, people have some metacognitive awareness of serial
position effects (Castel, 2008). However, research has yet to
examine how this awareness can influence study behavior and
subsequent memory performance (but see Krinsky, 1993).
Specifically, we were interested in how participants incorpo-
rate extrinsic or mnemonic factors such as serial position ef-
fects when making study decisions.

The current study

Much prior work examining serial position effects has manip-
ulated presentation rate and list length (e.g., Brodie &
Murdock, 1977; Glanzer & Cunitz, 1966; Murdock, 1962;
Roberts, 1972; Tan & Ward, 2000; Waugh, 1967), and there
has been continued interest in theories of free recall (Brown
et al., 2007; Davelaar et al., 2005; Farrell, 2012; Laming,
2010; Lehman & Malmberg, 2013; Lohnas et al., 2015;
Polyn et al., 2009; Sederberg et al., 2008) but little work has
investigated how learners self-pace their study time as a func-
tion of presentation position. Although there is some evidence
of potentially inverted serial position effects in learners’ allo-
cation of study time within a list (see Krinsky, 1993;
Unsworth, 2016; Zimmerman, 1975; see also Belmont &
Butterfield, 1971; Kellas et al., 1973; Kellas & Butterfield,
1971; McFarland & Kellas, 1974), further work is necessary
to replicate these effects and determine whether participants
can learn about serial position effects and maximize recall on
later lists via strategic metacognitive control mechanisms to
counteract serial position effects.

In the current study, we investigated whether participants
demonstrate serial position effects in their study time for a list
of to-be-remembered words and if participants can learn to
predict the serial position curve to maximize learning.
Specifically, we presented participants with lists of to-be-
remembered words, along with the item’s serial position with-
in the list, to determine whether participants can learn about
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serial position effects as a product of task experience and
effectively apply their knowledge of serial position effects to
optimize memory performance, a process potentially involv-
ing the transfer of learning (the influence of prior learning on
the learning of new material; McGeoch, 1942; see Barnett &
Ceci, 2002, for a review).

After several study–test trials with fixed study time, we
allowed participants to self-pace their study time on later lists.
Rather than allocating similar amounts of study time to each
item, we expected participants self-pacing their study time to
demonstrate metacognitive awareness of serial position effects
after gaining task experience. Specifically, we expected par-
ticipants to spend less time studying primacy and recency
items and more time studying items in the middle of each list
by transferring their learning of serial position effects from
prior lists to more effectively engage metacognitive control
mechanisms to counteract serial position effects andmaximize
memory performance.

In addition to understanding whether people can learn from
experience and subsequently shift patterns of self-paced study
based on their awareness of serial position effects, we were
also interested in the efficiency of self-paced study time. For
example, there are instances whereby the allocation of more
study time for a given item is not accompanied by a corre-
sponding benefit to memory performance (i.e., the labor-in-
vain effect; see Nelson & Leonesio, 1988). This surplus of
study time in hopes to achieve a desired level of performance
illustrates the potential memory inefficiency as a consequence
of poor metacognitive control. Applied to serial position ef-
fects, if participants spend more time studying primacy and
recency items compared with items in the middle of a list, this
may lead to an overall recall deficit as a result of the labor-in-
vain effect. Conversely, if participants take serial position ef-
fects into account and differentially allocate their study time
across serial positions, this could lead to a flattening of the
serial position curve and better recall efficiency.

Experiment 1

In Experiment 1, participants studied six lists of 15 words, and
each word was presented alongside its serial position within
the list (e.g., 1. Table, 2. Shirt . . . 15. Lamp) such that partic-
ipants were aware of the serial position of each word (see
Castel, 2008). Participants either studied each item for 2 sec-
onds, self-paced their study time (with a maximum of 8 sec-
onds), or studied each item for 2 seconds on the first three lists
and then self-paced their study time (with a maximum of 8
seconds) on the last three lists. This final “transfer” condition
allowed for an examination of how participants might learn
about serial position effects without any need to control their
study time on early lists and use this knowledge to inform
subsequent study allocation decisions. Specifically, the

absence of any metacognitive control aspects on initial lists
may allow learners to get better acclimated to serial position
effects, leading to a recall advantage for middle items on later
lists and a reduction in serial position effects.

Method

Participants After exclusions, participants were 126 under-
graduate students (Mage = 19.83, SDage = 1.98) recruited from
the University of California Los Angeles (UCLA) Human
Subjects Pool. Participants were tested online and received
course credit for their participation. Participants were exclud-
ed from analysis if they admitted to cheating (e.g., writing
down answers) in a posttask questionnaire (participants were
told that they would still receive credit if they cheated). This
exclusion process resulted in two exclusions. A sensitivity
analysis indicated that for a repeated-measures, between-
subjects analysis of variance (ANOVA) with three groups
(study schedule: fixed, self-paced, transfer) and six measure-
ments (list), with a medium correlation between repeated mea-
sures (recall on Lists 1–6, r = .58), assuming alpha = .05,
power = .90, the smallest effect (interaction between group
and list) the design could reliably detect is η2 = .01.

Materials and procedure Participants were told that they
would be presented with six lists of words, with each list
containing 15 words, and that their task was to remember
the words for a later test. Words were accompanied by
their serial position within the list (e.g., 9. Twig, 10.
Donkey, 11. Book) and the words were nouns that
contained between four and seven letters and had an every-
day occurrence rate of at least 30 times per million
(Thorndike & Lorge, 1944). In the study phase, study time
was either fixed (2 seconds; n = 42), self-paced (maximum
of 8 seconds; n = 43), or fixed (2 seconds) for the first
three lists and self-paced (maximum of 8 seconds) for the
last three lists (n = 41). After the presentation of all 15
words, participants were given an immediate free recall test
(1 minute) in which they recalled as many words as they
could from the list, in any order they wished. Immediately
following the recall period, participants were informed of
the number of correctly recalled words for that list, but
were not given feedback about specific items. Following
the conclusion of the task, participants reported what
encoding strategies (if any) they had used to remember
the words. Specifically, participants indicated whether they
simply read each word as it appeared, repeated the words
as much as possible, developed rhymes for the words, used
sentences to link the words together, developed mental im-
ages of the words, grouped the words in a meaningful way,
or utilized some other strategy (participants could select
some, all, or none).
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Results

Effects of experience Study time as a function of study sched-
ule and list is shown in Fig. 1a. To compare study time on self-
paced lists, we conducted a 2 (study schedule: transfer, self-
paced1) × 3 (list: 4–6) repeated-measures, between-subjects
ANOVA. However, Mauchly’s test of sphericity indicated
violations for list (Mauchly’s W = .88, p = .005). Huynh–
Feldt-corrected results revealed a main effect of list, F(1.82,
149.38) = 4.38, p = .017, η2 = .05, such that study time de-
creased on later lists, but pairwise comparisons did not reveal
any significant differences between study time on List 4 (M =
4.30, SD = 2.38), List 5 (M = 3.99, SD = 2.59), and List 6 (M =
3.93, SD = 2.56; all pbonf > .058). Furthermore, results did not
reveal a main effect of study schedule, F(1, 82) = .30, p = .583,
η2 < .01, such that participants in the self-paced study condi-
tion (M = 4.21, SD = 2.31) spent a similar amount of time
studying each word as participants in the transfer condition (M
= 3.92, SD = 2.53). Moreover, list did not interact with study
schedule, F(1.82, 149.38) = .26, p = .748, η2 < .01.

To examine differences in overall recall performance (see
Fig. 1b), a 3 (study schedule: fixed, self-paced, transfer) × 6
(list) repeated-measures, between-subjects ANOVA revealed
a main effect of list (Mauchly’s W = .70, p < .001: Huynh–
Feldt-corrected results), F(4.60, 565.14) = 6.89, p < .001, η2 =
.05, such that the proportion of words recalled improved with
task experience. Additionally, results revealed a main effect of
study schedule, F(2, 123) = 13.53, p < .001, η2 = .05, such that
participants self-pacing their study time recalled a greater pro-
portion of words (M = .64, SD = .15) than participants with
fixed study time (M= .48, SD = .14; pbonf < .001, d = .45) and
participants in the transfer condition (M = .53, SD = .17; pbonf
= .002, d = .31); however, participants with fixed study time
recalled a similar proportion of words as participants in the
transfer condition (pbonf = .346, d = .14). Moreover, list
interacted with study schedule, F(9.19, 565.14) = 3.31, p <
.001, η2 = .05, such that participants in the transfer condition
increased their recall performance once able to self-pace their
study time.

Serial position effects To examine study time as a function of
serial position and study schedule (see Fig. 2a), we computed
a series of quadratic regressions. As shown in Table 1 (top
panel), there were reverse serial position effects in
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Fig. 1 Study time (a) and recall (b) as a function of study schedule and list in Experiment 1. Error bars reflect the standard error of the mean

1 We did not include the fixed study time group in this analysis, because study
time was constant (2 seconds).
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participants’ study time such that they spent more time study-
ing items in the middle of the list compared with primacy and
recency items, and this effect was strongest2 in participants
self-pacing their study time, particularly on Lists 4–6.
Similarly, to examine recall as a function of serial position
and study schedule (see Fig. 2b), a series of quadratic regres-
sions (see Table 1, bottom panel) revealed that there were
serial position effects in participants’ recall such that primacy
and recency items were recalled better than items in the mid-
dle of the list, but when participants were allowed to self-pace
their study time, serial position effects were reduced.
Particularly, participants in the transfer condition showed a
greater reduction in serial position effects on later lists than
participants self-pacing their study time on all six lists.

Output order To investigate whether serial position predicted
the output position of retrieved items, we conducted a multi-
level model (MLM) where we treated the data as hierarchical
or clustered (i.e., multilevel), with items nested within indi-
vidual participants. Across lists and conditions, results re-
vealed that serial position significantly negatively predicted
output position, t(6149) = −8.47, p < .001, such that the later
the presentation position, the earlier in the retrieval phase
words tended to be recalled. Thus, on an immediate recall test,
recency items can still be well recalled despite shorter study
times if they are outputted first.

Efficiency Next, we computed a recall “efficiency” index for
each participant by dividing the proportion of words recalled
on a given list by the average study time per word for that list.

A 3 (study schedule: fixed, self-paced, transfer) × 6 (list) re-
peated-measures, between-subjects ANOVA revealed a main
effect of list (Mauchly’s W = .10, p < .001: Huynh–Feldt-
corrected results), F(2.37, 291.53) = 3.86, p = .016, η2 =
.03, such that efficiency increased with task experience.
However, there was not a main effect of study schedule,
F(2, 123) = 1.33, p = .270, η2 = .02, such that participants
with fixed study time (M = .24, SD = .07), participants self-
pacing their study time (M = .21, SD = .12), and participants
in the transfer condition (M = .24, SD = .10) were similarly
efficient. Finally, list interacted with study schedule, F(4.74,
291.53) = 2.78, p = .020, η2 = .04, such that participants in the
transfer condition became more efficient once able to self-
pace their study time, potentially resulting from greater
encoding effort or strategies on middle items.

Strategy use Participants generally reported using multiple
encoding strategies (M = 3.26, SD = 1.25), but this did not
reliably differ between each group, F(2, 123) = 2.60, p = .079,
η2 = .04. In terms of each specific strategy, 74% reported
reading the words as they appeared, 77% reported engaging
in rote rehearsal, 11% reported developing rhymes for the
words, 60% reported using sentences to link the words togeth-
er, 52% reported grouping the words in a meaningful way, and
53% reported using mental imagery.

Discussion

In Experiment 1, allowing participants to self-pace their study
time reduced serial position effects compared with fixed study
conditions. Specifically, serial position effects may have been
reduced as a result of participants spending more time study-
ing items in the middle of each list, indicating some
metacognitive awareness of primacy and recency effects.
Additionally, participants appear to learn about serial position
effects as a result of task experience (i.e., after several lists)
and use this knowledge to inform future study decisions

Table 1 Quadratic regression with study time (top) and recall (bottom) predicted by serial position in Experiment 1

2 Since each model is based on different data (i.e., Lists 1–3 versus Lists 4–6),
we are unable to compute a formal comparison between models. Rather, we
examine the serial position curves in terms of their relative effect sizes (i.e.,
R2). Specifically, we frame our discussion in terms of how much of the vari-
ance the relative quadratic models accounted for, with models accounting for
more variance (revealing a greater quadratic trend) indicating more pro-
nounced serial position effects and models accounting for less variance (re-
vealing a weaker quadratic trend) indicating flatter serial position curves.
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whether study time on initial lists was fixed or self-paced.
Thus, although not asked to estimate the likelihood of remem-
bering each item, participants may be monitoring their output
and engaging in strategic metacognitive control mechanisms
to maximize memory output.

Experiment 2

In Experiment 1, both groups of participants that were given
the opportunity to self-pace their study time showed a reduc-
tion in serial position effects compared with participants under
fixed encoding conditions. However, learners in the transfer
condition may have anchored their study time on later lists
based on the relatively short study time given on the first three
lists. These participants may have shown a greater reduction in
serial position effects and transfer of learning if given more
time to study the items on initial lists. In Experiment 2, we
investigated how participants self-pace their learning on later
lists when study time is longer on the first three lists as well as
the subsequent effects on their serial position effects and recall
efficiency. We used similar methods as in Experiment 1, but

participants either studied the first three lists for 2 seconds or
5.5 seconds before self-pacing their study time for the last
three lists.

Method

ParticipantsAfter exclusions, participants were 88 undergrad-
uate students (Mage = 19.93, SDage = 2.16) recruited from the
UCLA Human Subjects Pool. Participants were tested online
and received course credit for their participation. Participants
were excluded from analysis if they admitted to cheating (e.g.,
writing down answers) in a posttask questionnaire (partici-
pants were told that they would still receive credit if they
cheated). This exclusion process resulted in two exclusions.
A sensitivity analysis indicated that for a repeated-measures,
between-subjects ANOVA with two groups (study schedule:
2 seconds initial study, 5.5 seconds initial study) and six mea-
surements (list), with a medium correlation between repeated
measures (recall on Lists 1–6, r = .57), assuming alpha = .05,
power = .90, the smallest effect (interaction between group
and list) the design could reliably detect is η2 = .01.
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149Mem Cogn  (2022) 50:144–159



Materials and procedure The materials and procedure in
Experiment 2 were similar to Experiment 1, except that par-
ticipants either studied the first three lists for 2 seconds (n =
44) or 5.5 seconds (n = 44) before self-pacing study time
(maximum of 8 seconds) for the last three lists.

Results

Effects of experience Study time as a function of study sched-
ule and list is shown in Fig. 3a. To examine group differences
in study time on the self-paced lists, a 2 (study schedule: 2
seconds initial study, 5.5 seconds initial study) × 3 (Lists 4–6)
repeated-measures, between-subjects ANOVA revealed a
main effect of list (Mauchly’s W = .84, p < .001; Huynh–
Feldt-corrected results), F(1.76, 151.51) = 8.67, p < .001, η2

= .09, such that study time on List 4 (M = 4.24, SD = 2.41)
was greater than study time on List 5 (M = 3.76, SD = 2.50;
pbonf = .006, d = .34) and List 6 (M= 3.71, SD = 2.51; pbonf =
.003, d = .36); however, study time on Lists 5 and 6 was
similar (pbonf > .999, d = .05). Additionally, results revealed
a main effect of study schedule, F(1, 86) = 9.33, p = .003, η2 =
.10, such that participants studying each word for 2 seconds
on initial lists spent less time studying each word on later lists
(M = 3.17, SD = 2.19) than participants studying each word

for 5.5 seconds on initial lists (M = 4.64, SD = 2.54).
However, list did not interact with study schedule, F(1.76,
151.51) = .83, p = .424, η2 = .01. Thus, there were anchoring
effects such that a greater fixed study time on initial lists led to
increased self-paced study time on later lists.

To examine recall as a function of task experience (see Fig.
3b), we conducted a 2 (study schedule: 2 seconds initial study,
5.5 seconds initial study) × 6 (list) repeated-measures,
between-subjects ANOVA. Results revealed a main effect of
list (Mauchly’s W = .61, p < .001; Huynh–Feldt-corrected
results), F(4.33, 372.07) = 3.22, p = .011, η2 = .03, such that
recall improved with task experience. Additionally, results
revealed a main effect of study schedule, F(1, 86) = 7.51, p
= .007, η2 = .08, such that participants initially studying each
word for 5.5 seconds (M = .64, SD = .17) recalled more words
than participants initially studying each word for 2 seconds (M
= .54, SD = .16). Moreover, list interacted with study sched-
ule, F(4.33, 372.07) = 6.84, p < .001, η2 = .07, such that, once
able to self-pace their study time, recall increased in partici-
pants initially studying each word for 2 seconds.

Serial position effects To examine recall as a function of serial
position when study time was fixed (Lists 1–3; see Fig. 4a),
we computed a series of quadratic regressions. As shown in
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Table 2 (bottom panel), both groups showed serial position
effects, but serial position effects were more pronounced in
participants studying each item for 2 seconds. Next, quadratic
regressions of study time predicted by serial position on Lists
4–6 (see Fig. 4b) revealed that there were serial position ef-
fects in participants’ study time, and this effect was strongest
in participants initially studying each item for 2 seconds (see
Table 2, top panel). Furthermore, to examine recall as a func-
tion of serial position when study time was self-paced (Lists
4–6; see Fig. 4c), quadratic regressions revealed that partici-
pants again showed serial position effects and this effect was
still more pronounced in participants initially studying each
item for 2 seconds (see Table 2, bottom panel).

Output order To investigate output position as a function of
serial position, we conducted aMLMwith items nested within
individual participants. Results revealed that serial position
significantly negatively predicted output position, t(4593) =
−7.63, p < .001, such that the greater the serial position, the
sooner in the retrieval phase words tended to be recalled, sim-
ilar to Experiment 1.

Efficiency To illustrate group differences in recall efficiency
(proportion of words recalled divided by study time per word),
a 2 (study schedule: 2 seconds initial study, 5.5 seconds initial
study) × 6 (list) repeated-measures, between-subjects
ANOVA revealed a main effect of list (Mauchly’s W = .05,
p < .001: Huynh–Feldt-corrected results), F(2.04, 175.33) =
8.67, p < .001, η2 = .09, such that participants became more
efficient once able to self-pace their study time. Additionally,
results revealed main effect of study schedule, F(1, 86) =
43.67, p < .001, η2 = .34, such that participants initially study-
ing each item for 2 seconds weremore efficient (M = .26, SD =
.09) than participants initially studying each item for 5.5 sec-
onds (M = .15, SD = .06). However, list did not interact with
study schedule, F(2.04, 175.33) = 1.56, p = .213, η2 = .02.

Strategy use Participants generally reported using multiple
encoding strategies (M = 2.98, SD = 1.26), but this reliably
differed between each group, t(86) = 2.62, p = .010, d = .56,

such that participants initially studying each item for 5.5 sec-
onds reported using more encoding strategies (M = 3.32, SD =
1.16) than participants initially studying each item for 2 sec-
onds (M = 2.64, SD = 1.28), perhaps due to having more time
to study each word. In terms of each specific strategy, 77%
reported reading the words as they appeared, 78% reported
engaging in rote rehearsal, 8% reported developing rhymes
for the words, 57% reported using sentences to link the words
together, 39% reported grouping the words in a meaningful
way, and 39% reported using mental imagery.

Discussion

Similar to Experiment 1, when self-pacing their study time,
participants spent more time studying items in the middle of
the list indicating a metacognitive awareness of serial position
effects in long-term memory. Therefore, metacognitive con-
trol may be tuned to serial position effects such that partici-
pants differentiate their study time in response to the perceived
effectiveness of learning, correctly noting that recall is poorer
for items in the middle of the lists and reacting by spending
more time studying these items. However, the flattening of the
serial position curve in the group initially studying each word
for 5.5 seconds occurred without the reverse serial position
effects in study time (which was fixed), indicating that differ-
entially allocating study time may not be necessary for the
flattening of the serial position curves. Specifically, before
the self-paced study lists, the group studying each item for 2
seconds likely did not have time for strategic rehearsal while
the group studying each item for 5.5 seconds likely had suffi-
cient time to increase effort and attention to the mid-list items.
Thus, the experience of output failure may influence subse-
quent studying or rehearsal under both fixed and self-paced
encoding conditions.

In Experiment 2, although both groups became more effi-
cient once able to self-pace their study time, when the initial
fixed study time was 5.5 seconds compared with 2 seconds,
participants spent more time studying each word on later lists
without a recall advantage. Consequently, participants initial-
ly studying each item for 2 seconds were more efficient than

Table 2 Quadratic regression with study time (top) and recall (bottom) predicted by serial position in Experiment 2
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participants initially studying for 5.5 seconds. This more effi-
cient learning in participants with more limited initial study

time may be due to a transfer of learning in metamemory.
Specifically, when initial study time is briefer, and participants
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Fig 4 Free recall probability on Lists 1–3 (a), study time on Lists 4–6 (b), and free recall probability on Lists 4–6 (c) as a function of serial position in
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feel rushed (resulting in more pronounced serial position ef-
fects), the need to engage more efficient metacognitive mech-
anisms may become more prevalent, and participants may
transfer this learning to later lists by using more efficient strat-
egies to encode each item. Thus, after observing instances of
forgetting items from the middle of the list, participants can
become more efficient in their memory for these items.

Experiment 3

In Experiments 1 and 2, we demonstrated reverse serial posi-
tion effects in participants’ study time, potentially the result of
participants’ metacognitive awareness of serial position ef-
fects and a transfer of learning to achieve more efficient mem-
ory. In Experiment 3, we investigated participants’
metacognitive awareness of serial position effects and poten-
tial transfer of learning when a delay precedes the recall test.
Specifically, participants completed a similar task as in
Experiment 1, but with a 30-second distraction task before
completing the recall test. Prior work has shown that a recall
delay reduces recency effects (Glanzer & Cunitz, 1966;
Howard & Kahana, 1999; Waugh & Norman, 1965) and we
wanted to determine whether participants adjust study time in
light of reduced recency effects resulting from delayed recall.

Method

Participants After exclusions, participants were 132 under-
graduate students (Mage = 19.81, SDage = 1.76) recruited from
the UCLA Human Subjects Pool. Participants were tested
online and received course credit for their participation.
Participants were excluded from analysis if they admitted to
cheating (e.g., writing down answers) in a posttask question-
naire (participants were told that they would still receive credit
if they cheated). This exclusion process resulted in four exclu-
sions. A sensitivity analysis indicated that for a repeated-mea-
sures, between-subjects ANOVA with three groups (study
schedule: fixed, self-paced, transfer) and six measurements
(list), with a medium correlation between repeated measures
(recall on Lists 1–6, r = .55), assuming alpha = .05, power =
.90, the smallest effect (interaction between group and list) the
design could reliably detect is η2 = .01.

Materials and procedure The task in Experiment 3 was similar
to the task in Experiment 1, except that instead of completing
each free recall test immediately after the study phase, partic-
ipants first completed a 30-second distraction task requiring
them to rearrange the digits of several three-digit numbers in
descending order (e.g., 123 would be rearranged to 321;
adapted from Rohrer & Wixted, 1994; Unsworth, 2007).
Participants were given 3 seconds to view each of the 10
three-digit numbers and subsequently rearrange the digits.

Similar to Experiment 1, study time was either fixed (2 sec-
onds; n = 44), self-paced (maximum of 8 seconds; n = 44), or
fixed (2 seconds) for the first three lists and self-paced (max-
imum of 8 seconds) for the last three lists (n = 44).

Results

Effects of experience Study time as a function of study sched-
ule and list is shown in Fig. 5a. To compare study time on self-
paced lists, we conducted a 2 (study schedule: transfer, self-
paced3) × 3 (list: 4–6) repeated-measures, between-subjects
ANOVA. Results did not reveal a main effect of list
(Mauchly’s W = .83, p < .001; Huynh–Feldt-corrected re-
sults), F(1.74, 149.93) = .11, p = .871, η2 < .01, such that
study time on List 4 (M = 3.68, SD = 2.09), List 5 (M =
3.63, SD = 2.08), and List 6 (M = 3.59, SD = 2.32) was similar.
Additionally, results did not reveal a main effect of study
schedule, F(1, 86) = .17, p = .682, η2 < .01, such that partic-
ipants in the self-paced study condition (M = 3.55, SD = 2.06)
spent a similar amount of time studying each word as partic-
ipants in the transfer condition (M = 3.72, SD = 1.84).
Furthermore, list did not interact with study schedule,
F(1.74, 149.93) = .81, p = .433, η2 = .01.

To examine differences in overall recall performance (see
Fig. 5b), a 3 (study schedule: fixed, self-paced, transfer) × 6
(list) repeated-measures, between-subjects ANOVA revealed a
main effect of list (Mauchly’sW = .73, p < .001; Huynh–Feldt-
corrected results), F(4.60, 593.44) = 10.80, p < .001, η2 = .07,
such that the proportion of words recalled improved with task
experience. However, results did not reveal a main effect of
study schedule, F(2, 129) = .29, p = .751, η2 < .01, such that
participants self-pacing their study time (M = .52, SD = .19),
participants with fixed study time (M = .49, SD = .16), and
participants in the transfer condition (M = .51, SD = .19)
recalled a similar proportion of words. Moreover, list interacted
with study schedule, F(9.20, 593.44) = 3.18, p < .001, η2 = .04,
such that participants in the transfer condition increased their
recall performance once able to self-pace their study time.

Serial position effects To examine study time as a function of
serial position and study schedule (see Fig. 6a), we computed
a series of quadratic regressions. As shown in Table 3 (top
panel), there were reverse serial position effects in partici-
pants’ study time such that participants spent more time study-
ing items in the middle of each list compared with primacy
and recency items, but this effect was similar across study
schedules. Furthermore, to examine recall as a function of
serial position and study schedule (see Fig. 6b), a series of
quadratic regressions (see Table 3, bottom panel) revealed that
there were serial position effects in participants’ recall such

3 Similar to Experiment 1, we did not include the fixed study time group in this
analysis, because study time was constant (2 seconds).
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that primacy items were recalled better than items in the mid-
dle and end of the list. However, contrary to Experiment 1,
when participants were allowed to self-pace their study time,
serial position effects were not reduced.

Output order To investigate whether serial position predicted
the output position of retrieved items, we conducted a MLM
with items nested within individual participants. Results re-
vealed that serial position significantly positively predicted
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Table 3 Quadratic regression with study time (top) and recall (bottom) predicted by serial position in Experiment 3
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output position, t(5932) = 22.60, p < .001, such that the earlier
the presentation position, the sooner in the retrieval phase
words tended to be recalled. Thus, participants spent less time
studying recency items and the recall of these items may have
also suffered as a consequence of participants recalling prima-
cy items before recency items in the delayed recall test.

Efficiency To examine group differences in recall efficiency
(proportion of words recalled divided by average study time
per word), a 3 (study schedule: fixed, self-paced, transfer) × 6
(list) repeated-measures, between-subjects ANOVA did not
reveal a main effect of list (Mauchly’s W = .30, p < .001:
Huynh–Feldt-corrected results), F(3.10, 399.44) = 2.55, p =
.053, η2 = .02, such that participants were similarly efficient
throughout the task. However, there was a main effect of study
schedule, F(2, 129) = 3.89, p = .023, η2 = .06, such that
participants encoding under fixed study conditions (M = .24,
SD = .08) were more efficient than participants self-pacing
their study time (M = .20, SD = .10; pbonf = .025, d = .23),
but not participants in the transfer condition (M = .21, SD =
.07; pbonf = .139, d = .18); additionally, participants in the
transfer condition were similarly efficient as participants

self-pacing their study time (pbonf > .999, d = .06).
Moreover, list interacted with study schedule, F(6.19,
399.44) = 2.44, p = .024, η2 = .04), such that participants in
the self-paced condition became more efficient with task ex-
perience, but participants in the transfer condition became less
efficient once able to self-pace their study time.

Strategy use Participants generally reported using multiple
encoding strategies (M = 3.23, SD = 1.31) and this did not
reliably differ between each group, F(2, 129) = 2.05, p = .133,
η2 = .03. In terms of each specific strategy, 78% reported
reading the words as they appeared, 77% reported engaging
in rote rehearsal, 11% reported developing rhymes for the
words, 61% reported using sentences to link the words togeth-
er, 45% reported grouping the words in a meaningful way, and
49% reported using mental imagery.

Discussion

In Experiment 3, participants studied items in the middle of
the list more than recency items, similar to Experiments 1 and
2. However, this did not result in reduced serial position

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

S
tu

d
y

 T
im

e 
(s

ec
o

n
d

s)

Serial Position

Fixed (Lists 1-6)

0

0.2

0.4

0.6

0.8

1

a

b

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

P
ro

p
o
rt

io
n
 R

ec
al

le
d

Serial Position

Fixed (Lists 1-6)

Fig. 6 Study time (a) and free recall probability (b) as a function of serial position in Experiment 3. Error bars reflect the standard error of the mean

155Mem Cogn  (2022) 50:144–159



effects as participants in each condition still demonstrated a
primacy effect but mitigated recency effects, consistent with
previous work using delayed free recall paradigms (e.g.,
Glanzer & Cunitz, 1966; Howard & Kahana, 1999). Thus,
the transfer of learning observed in Experiments 1 and 2 was
diminished in the presence of a delay, an extrinsic cue (cf.
Koriat, 1997; Koriat et al., 2004) that may not be considered
or incorporated when participants make metacognitive control
decisions. Specifically, participants may use short-term mem-
ory models rather than a more accurate understanding of how
a delay will affect long-term memory.

Furthermore, participants self-pacing their study time stud-
ied each word for a longer duration, but in contrast to
Experiment 1, there were no group differences in recall per-
formance. As a result, participants self-pacing their study time
demonstrated poorer efficiency compared with participants
under fixed encoding conditions. Thus, participants self-
pacing their study time exemplified the labor-in-vain effect
(Nelson & Leonesio, 1988), whereby increases in study time
led to only small benefits to performance and subsequently to
less efficient memory than participants under fixed encoding
conditions.

General discussion

When studying large amounts of information, serial position
effects refer to enhanced memory for items learned at the
beginning (primacy) and the end (recency) of a learning peri-
od (Glanzer & Cunitz, 1966; Murdock, 1962; Waugh &
Norman, 1965). Failing to consider the effect of an item’s
temporal order at encoding could result in unexpected forget-
ting of important information, particularly if that information
appeared in the middle of a study period. However, previous
work has illustrated that people have some metacognitive
awareness of serial position effects (Castel, 2008), indicating
that participants may be able to engage metacognitive control
processes to more efficiently study information, decrease se-
rial position effects, and reduce the forgetting of information
presented in the middle of a list.

In the present study, we investigated whether participants
could reduce serial position effects when allowed to self-pace
their study time and if they could transfer learning of serial
position effects from prior, fixed study conditions to subse-
quent self-paced study conditions. Since there is evidence that
participants have some metacognitive awareness of serial po-
sition effects (Castel, 2008), we expected participants to at-
tempt to maximize memory utility by allocating the most
study time towards information in the middle of a list com-
pared with primacy and recency items. In line with our hy-
potheses, results revealed that serial position effects were re-
duced when participants were allowed to self-pace their study
time and serial position effects were incorporated into self-

paced study decisions such that participants spent more time
studying items in the middle of each list compared with the
primacy and recency positions.

Participants’ patterns of study time indicate that
metacognitive control may be informed by item memorability
such that participants employ a study time allocation model
whereby more difficult items are allocated more study time
(see the discrepancy-reduction model; Thiede & Dunlosky,
1999). However, although participants exert strategic control
when choosing what to study, processes responsible for
choosing how long to study each item are less attributable to
metacognitive control (Koriat et al., 2006). Additionally, pre-
vious work has demonstrated that metacognitive control can
be influenced by habitual processes, such as reading from left
to right, and participants are not fully capable of modifying
resulting biases in recall performance (e.g., Ariel et al., 2011;
Dunlosky & Ariel, 2011b). Thus, the study trends observed in
the present experiments suggest that participants either em-
ploy metacognitive control strategies even without experienc-
ing serial position effects under fixed-study conditions or that
this pattern arises as a consequence of habitual or motivational
processes whereby participants speed up at the beginning and
the end of a studied list.

Rather than strategic or habitual behavior, the inverted se-
rial position effects observed in participants’ study times could
also indicate that the heightened study of middle items reflects
increased rehearsal of primacy items. Specifically, mid-list
study time may be shared between both primacy and middle
items (i.e., cumulative rehearsal). For example, the study time
for Serial Position 8 may not be solely a measure of the time
spent studying the item in Position 8, but may also include the
time used to rehearse previously presented items (see Fischler
et al., 1970; Rundus, 1971; Rundus & Atkinson, 1970).
However, due to the excessive amount of information, partic-
ipants may subsequently abandon this cumulative rehearsal
strategy, leading to quicker study times for items at the end
of the list. Thus, similar study patterns using immediate and
delayed recall procedures could reflect cumulative rehearsal
rather than strategic control mechanisms.

Future work may benefit by using overt rehearsal proce-
dures (see Tan & Ward, 2000; Ward et al., 2003) whereby
participants rehearse words out loud to determine how items
are differentially rehearsed as a function of their serial position
within a list. However, although the extended time partici-
pants spend studying mid-list items likely includes rehearsal
of primacy items, participants tend to use a myriad of
encoding strategies. For example, many participants reported
using many strategies like creating sentences to link the words
together and grouping the words in a meaningful way,
encoding strategies that may simultaneously benefit recall
for both primacy and mid-list words. Thus, the flattening of
the serial position curve observed in the current study indi-
cates that participants were able to more effectively encode
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words in the middle of the list via the allocation of additional
study time, regardless of whether some of the additional study
time was used to rehearse previously presented items.

Across experiments, participants studied recency items the
least, indicating that participants may have expected to max-
imize memory performance by “dumping” recency items
from working memory stores (Crowder, 1969) rather than
spending more time studying these items. However, in the
presence of a delay, the ability to retrieve items from working
memory stores is often impaired (e.g., Glanzer & Cunitz,
1966; Howard & Kahana, 1999) leading to poorer recall effi-
ciency. At a theoretical level, in the present work (and espe-
cially in Experiments 1 and 2), participants may use serial
position information to guide metacognitive control process-
es, but do not incorporate the effects of a delay between study
and test (an extrinsic cue; see Koriat et al., 2004). However,
the transfer of the knowledge of serial position effects likely
also relies on the use of experiential or mnemonic cues (i.e.,
experiences of having poorer recall for mid-list content).
Thus, experience may give rise to extrinsic cues, specifically
that mid-list items tend to be more poorly recalled and can
benefit from additional study time compared with primacy
and recency items.

While differentially allocating study timemay contribute to
reduced serial position effects, the additional study time spent
on the information in the middle of each list generally im-
proved participants’ efficiency. To calculate each participants’
recall efficiency, we divided the proportion of words recalled
by the average amount of time participants spent studying
each word. Results indicated that recall efficiency showed
the greatest improvement when initially under more
constrained study conditions (only 2 seconds to encode each
word) before self-pacing study time, and this increase in effi-
ciency may be due to the interaction between metacognitive
monitoring and control (see Dunlosky et al., 2016; Nelson,
1996; Nelson & Narens, 1990; Son & Metcalfe, 2000;
Thiede & Dunlosky, 1999). Specifically, participants likely
monitor their output, and their awareness of list length plus
the enhanced recall of primacy and recency items likely influ-
ences and informs later study choices such that participants
spend more time studying items from serial positions with
poor retrieval performance on previous lists.

Despite improved efficiency when brief, fixed encoding
conditions transitioned to self-paced study, participants’ effi-
ciency was greatly reduced when the initial fixed study time
was longer (5.5 seconds). For participants given more study
time on initial lists, metacognitive monitoring may have been
governed more by intrinsic cues (i.e., word salience) than
extrinsic or mnemonic cues like serial position (see Koriat,
1997; Koriat et al., 2004), leading to unexpected forgetting
of items in the middle of the list and poorer efficiency.
Specifically, the transfer of knowledge regarding serial posi-
tion effects likely relies on the use of experiential or

mnemonic cues (i.e., experiences of having poorer recall for
mid-list content) such that experience may give rise to extrin-
sic theories about serial position effects indicating that there is
a complex mixture of cues being used to guide study
decisions.

Although serial position within a list is generally consid-
ered an extrinsic or mnemonic cue, since each item was pre-
sented along with its serial position in the study phase in the
current study, serial position may have been more salient and
thus also serve as an intrinsic factor. Future work could pres-
ent each item without its serial position explicitly given to
ensure that an item’s serial position does not become salient
(and thus an intrinsic factor potentially influencing study
time). Additionally, future work not including a recall test
after each list could further demonstrate that observations of
forgetting mid-list items (mnemonic cues) are needed to trans-
fer knowledge about serial position effects to the allocation of
study time on later lists.

In a more applied setting, such as classroom-based self-
regulated learning, if students have a list of chapters from a
textbook or a lineup of lecture content to review for an exam
(assuming they are all equally important), although students
may prefer to study or restudy information in chronological
order (which may provide a feeling of fluency), differentially
allocating study time towards primacy or recency information
may result in suboptimal memory performance. Rather, the
present study suggests that students may experience the
greatest benefit by spending more of their time studying in-
formation from the middle of their textbook or lectures from
the middle of the term. Future research could investigate
whether the results observed in the current study would gen-
eralize to longer learning sessions typical in classroom learn-
ing. Moreover, additional work could examine how the diffi-
culty of information is incorporated into self-regulated study
decisions of information based on when it was learned.
Furthermore, future work could present participants with lists
of information to remember, but utilize a paradigm allowing
participants to restudy information to further reveal the extent
to which people are metacognitively aware of serial position
effects and how they can overcome them.

In sum, the current study revealed that people may learn
about serial position effects under certain fixed encoding con-
ditions and then transfer what they have learned to self-paced
study conditions. After studying lists of to-be-remembered
words for a fixed duration, subsequent lists with self-paced
study time resulted in study times that oppositely mirrored
serial position effects (i.e., briefer study times in the beginning
and end of each list), and participants self-pacing their study
time demonstrated reduced serial position effects. Participants
may have monitored their output and transferred their learning
of serial position effects from prior lists to engage in more
efficient metacognitive control mechanisms, and this strategy
may be useful for maximizing memory output. Thus, the
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present work provides insight regarding how intrinsic, extrin-
sic, and mnemonic cues can be incorporated into the processes
that guide metacognitive control.
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