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Abstract Although memory performance benefits from the spacing of information at
encoding, judgments of learning (JOLs) are often not sensitive to the benefits of spacing.
The present research examines how practice, feedback, and instruction influence JOLs for
spaced and massed items. In Experiment 1, in which JOLs were made after the presentation
of each item and participants were given multiple study-test cycles, JOLs were strongly
influenced by the repetition of the items, but there was little difference in JOLs for massed
versus spaced items. A similar effect was shown in Experiments 2 and 3, in which
participants scored their own recall performance and were given feedback, although partic-
ipants did learn to assign higher JOLs to spaced items with task experience. In Experiment 4,
after participants were given direct instruction about the benefits of spacing, they showed a
greater difference for JOLs of spaced vs massed items, but their JOLs still underestimated
their recall for spaced items. Although spacing effects are very robust and have important
implications for memory and education, people often underestimate the benefits of spaced
repetition when learning, possibly due to the reliance on processing fluency during study and
attending to repetition, and not taking into account the beneficial aspects of study schedule.
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Memory performance benefits from the repeated presentation of items, and long-term
retention benefits when these items are spaced apart in time, rather than massed. This
“spacing effect” has been demonstrated in a number of instances, with different populations,
and is a highly robust phenomenon (see Cepeda et al. 2006, for a review; see also Glenberg
1976). On an applied level, spaced schedules would be ideal for students when studying for
tests or exams. However, spaced strategies are often not employed, and several lines of
evidence suggest that participants often fail to appreciate the benefits accrued by spaced
practice. For example, Baddeley and Longman (1978) demonstrated that postal workers
preferred massed over distributed training despite the fact that spaced practice lead to better
performance. Zechmeister and Shaughnessy (1980) showed that participants’ memory pre-
dictions did not differentiate between massed and spaced rehearsal (or were more likely to
favor massed rehearsal), despite the fact that recall was superior for spaced items. Evidence
from motor learning also suggests that, although massed practice can benefit short-term
retention, participants predict that massed practice will also lead to better later retention,
relative to spaced practice (Simon and Bjork 2001). Thus, prior data suggests that, contrary to
actual performance, participants consistently regard massed practice as better for learning
than spaced practice (cf. Bjork 1999). The present study examines this issue by using a design
that includes experience-based learning and feedback about recall performance.

Other methods of assessing metacognitive performance are consistent with the idea that
participants do not fully appreciate the benefits of spacing. For example, several studies have
allowed participants to choose to employ different spacing schedules. When items are presented
at a fast presentation rate, Son (2004) showed that participants chose massed practice for certain
items, relative to spacing. Thus, even when studying is under participants’ control, they choose
massed practice. Benjamin and Bird (2006) reported that participants would space items when
told that they needed to space half of the items (and mass the remaining items), such that
participants will space more difficult items that they feel they need to practice at a later time (see
also Toppino et al. 2009). Pyc and Dunlosky (2010) found that participants chose to mass both
easier and rapidly-presented items. Toppino and Cohen (2010) also noted a preference among
participants to space study of difficult items during a cued-recall task. They found that subjects
chose to space more items that were given an arbitrary high “point value” (5 points vs. 1 point or
no points) for memory, regardless of difficulty level. Taken together, they argue that these
findings support Ariel et al. (2009) agenda-based regulation model, which states that learners
create study agendas based on maximizing goal achievement.

These studies suggest that although participants may choose study options that include
spacing items under certain circumstances, it is not clear if participants know that spacing will
lead to better recall, and if predictions of later recall will reflect the benefits of spaced versus
massed rehearsal. Individuals tend to greatly underestimate the effect spacing has on memory
performance. This can lead to a general “illusion of comprehension” or competence (e.g.,
Jacoby et al. 1994), in which students feel better prepared with massed practice, despite spaced
practice leading to better later memory performance. The current research extends upon
previous work by exploring whether providing subjects with experience, feedback, and infor-
mation on the benefits of spacing would help them become more aware of the spacing effect.

In the context of judgments of learning (JOLs) and spaced versus massed practice,
participants often underestimate the influence of spacing on later recall. Zechmeister and
Shaughnessy (1980) asked participants to make memory predictions after a single presen-
tation of an item, or after the second presentation of items that were presented twice in either
a massed or spaced manner. With a short list of words (24) and a delayed free recall task after
a one-minute retention interval, participants’ predictions were higher for the twice versus
once presented items, but participants were more inclined to give slightly higher JOLs for
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massed than spaced items, despite a recall advantage for spaced items. This design may be
improved by asking people to make predictions after each presentation of each item (as
opposed to only after the second presentation), as this may lead to more accurate predictions.

Research in the area of metacognition suggests that individuals typically prefer massed
practice (or fail to understand the benefits of spacing), but that this may be the result of
participants having little experience with retrieval following massed or spaced practice. For
example, Koriat et al. (2004) have shown that participants’ JOLs are insensitive to retention
interval, and that participants place high priority on the properties of the items (e.g.,
associative relatedness of word pairs), as opposed to test-related information such as the
length of retention interval between study and test. Several studies (e.g., Dunlosky and
Hertzog 2000; Koriat and Bjork 2006) have shown that practice with encoding and retrieval
conditions can lead to alterations in predictions that better capture memory performance. For
instance, deWinstanley and Bjork (2004) found that after studying passages in which both
to-be-read and to-be-generated items were present and being tested, people would demon-
strate a traditional generation advantage in memory. However, on a subsequent passage and
test, participants improved their performance on to-be-read items to match that of the
generated items, suggesting some use of prior experience informing later encoding strate-
gies. In a similar vein, Castel (2008) found that participants learned to incorporate serial
position information when making JOLs, but only with experience and when the serial
position information was easily accessible during encoding.

Why do people’s memory predictions not differentiate between massed and spaced
rehearsal, despite memory being strongly affected by spaced practice? In the present study,
we examined participants’ memory predictions for massed and spaced items, following the
work of Zechmeister and Shaughnessy (1980) and others (e.g., Dunlosky and Nelson 1994;
Kornell and Bjork 2008; Kornell et al. 2010). In Experiment 1, we examined this issue when
participants made ratings after each presentation of the repeated (massed or spaced) items. In
particular, participants might become more aware of the benefits of both repetition and
spacing when these predictions are made for each presentation of the item (as opposed to
only after the second presentation, as done in the study by Zechmeister and Shaughnessy
1980). In addition, participants also engaged in multiple study-test cycles (with unique lists
of words), in order to determine if participants learned from experience with previous lists
and recall tests and adjusted JOLs to better capture the benefits of spacing, to examine any
effect of knowledge updating (e.g., Hertzog et al. 2009). In Experiments 2 and 3, we
attempted to make participants aware of the benefits of spacing by allowing them to score
their own recall performance in terms of massed and spaced items that were recalled. Our
reasoning was that this might draw attention to the differences in performance for spaced and
massed items. Finally, in Experiment 4, we directly informed participants about the benefits
of spacing in memory performance, to compare how direct cueing influenced JOLs com-
pared to potentially more subtle cues of experience and feedback. The results from these
experiments are then discussed in terms of the cues that participants use when making JOLs
for massed and spaced items, and how metacognitive predictions can be sensitive or
insensitive to critical features that lead to the benefits of spacing in everyday learning.

Experiment 1
Although spacing enhances later recall performance, participants’ predictions do not always

reflect this finding, suggesting that people are not aware of the benefits of spaced rehearsal
(Dunlosky and Nelson 1994; Zechmeister and Shaughnessy 1980). In Experiment 1 we
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sought to replicate the main finding in which recall, but not predictions of recall, were
influenced by spacing of items. Participants studied a list of items, some of which were
presented twice, in either a massed or spaced fashion. Upon the second presentation of these
items, participants made a JOL. Based on previous work, we expected recall to favor spaced
items, but that JOLs would be less sensitive to spacing.

We also were interested in whether participants could learn to assign higher JOLs
to spaced items, with experience with multiple lists (study and tests), and making
JOLs after each presentation of the item. This was done to draw participants’ attention
to the spaced and massed presentation of items in the context of memory predictions,
and to allow for a measure of the change in JOLs from first to second presentation of
the various items. Furthermore, several experiments have suggested that repeated
testing improves JOL accuracy (e.g., Begg et al. 1989; King et al. 1980; Koriat
1997; Leonesio and Nelson 1990; Lovelace 1984). Thus, as done by others who have
examined how experience with encoding and retrieval can influence the accuracy of
subsequent metacognitive judgments (e.g., Castel 2008; Koriat 1997; Koriat and Bjork
2006; Price et al. 2008; Rhodes and Castel 2008a, b), participants were given
experience with study and test conditions, in order to determine if JOLs would change
with test experience. This process, referred to as knowledge updating, can lead to
improvements in metacognitive accuracy in certain situations (Dunlosky and Hertzog
2000). Thus, the present study expanded on previous work by soliciting JOLs after
each presentation of each item, as opposed to just the second presentation of each
item (see Zechmeister and Shaughnessy 1980), as well as having participants engage
in three study-test cycles with a unique list of words in each cycle, to determine if
JOLs become more sensitive to the spacing effect with task experience.

Method

Participants Twenty-eight participants were recruited from undergraduate courses and
received course credit for participating.

Apparatus The experiment was run on a Dell computer with a standard 15 in. monitor and
implemented using E-prime software (Schneider et al. 2001). The stimuli were presented in
the center of the screen, in white lowercase letters on a black background and printed in 18-
point Arial font.

Materials The stimuli consisted of three lists of 19 medium frequency words selected from
Kucera and Francis (1967). The word lists consisted of words that were presented only once
(single presentation), words that were repeated immediately (massed presentation), and
words that were repeated after a lag of three intervening items (spaced practice). Two words
at the beginning and two words at the end of the list were used as buffer words to account for
primacy and recency effects. The 15 remaining words—five in each condition (single,
massed, spaced)}—were counterbalanced across conditions.

Procedure Participants were asked to learn and recall three lists, and provided JOLs after
each presentation of every item in each list. In the learning phase of each list, participants
were told they would be given a list of words to study, one at a time, and that some words
would be repeated at various points in the list. After the presentation of each word, they
would be asked to predict how likely they would be to remember the word (also referred to
as a judgment of learning, or JOL).
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At the beginning of a trial in the learning phase, a word was presented on the computer
screen for 6 s. After the second presentation of an item, once the word was cleared from the
screen, participants were asked “How likely are you to remember this word?”” and shown a
rating scale from 0 % to 100 %, marked in 10 % increments. They entered their JOL from
0 % to 100 % using keys marked in the 10 % increments on the keyboard (0 %, 10 %, 20 %,
etc.). The JOL question and scale remained on the screen for a total of 6 s or until a response
was entered. After the JOL, there was a 500 ms fixation display in which a white crosshair
appeared in the center of the screen before the next word was presented. After the learning
phase, participants completed a distracter task that involved counting aloud backwards by
3’s for 30 s from a three-digit number. After the counting task was finished, participants were
given instructions about the recall test. They were instructed to recall as many of the words
from the list as possible by speaking them aloud to the experimenter, who recorded the
participants’ responses on paper. After the learning and final recall phases for the first list of
words, participants then proceeded to the learning and recall phases of the second list,
followed by the learning and recall phases of the third list.

Results and discussion

The results from Experiment 1 are displayed in Fig. 1 (in terms of mean recall and JOLs for
massed and spaced items as a function of list) and Fig. 2 (mean recall and JOLs for the first
and second presentation of massed and spaced items as a function of list).

Free recall As expected, there were significant effects of both repetition and spacing on free
recall performance. Participants recalled more massed (M=51 %; SE=4.1 %) than once-
presented items (M=40 %; SE=4.2 %), F(1, 27)=9.89, MSE=466.31, p<.01, nzp:.27 and
recalled more spaced items (M=67 %; SE=3.7 %) than massed items, F(1, 27)=37.51,
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Fig. 1 Mean recall performance and judgment of learning (JOL) of spaced and massed items for each list in
Experiment 1. Error bars reflect standard error of the means in all figures
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Fig. 2 Mean judgment of learning (JOL) for the first (JOL1) and second (JOL2) presentation of massed and
spaced items, and mean recall for massed and spaced items, for each list in Experiment 1

MSE=293.47, p<.001, n2p=.58. There was also a slight trend towards a main effect of List,
such that recall improved over lists, from 56 % in List 1 to 65 % in List 3, although this did
not reach conventional levels of significance, F(2, 54)=2.51, MSE=530.95, p=.09, nzp:.09.
This increasing trend in free recall across trials could be attributed to strategy changes across
free-recall study/test cycles (e.g., Delaney and Knowles 2005). The List x Spacing effect was
not significant, F<1, as the mean spacing effect remained fairly stable across lists.

Judgments of learning JOLs were collected on all trials for all conditions, yielding one JOL
for once presented items and two JOLs for items in the massed and spaced conditions. There
was no reliable difference between JOLs for once-presented items and massed items on the
first presentation (F'<1). However, there was a significant difference between JOLs for once-
presented items and the second presentation of massed items, such that participants gave
higher JOLs to massed items on their second presentation (M=53 %; SE=2.9 %) than to the
once-presented items (M=46 %; SE=2.8 %), F(1, 27)=20.82, MSE=98.52, p<.001,
e »=-44. Thus, participants increased their JOL ratings when an item was repeated. Differ-
ences in JOLs were also apparent based on study schedule (massed vs. spaced). Specifically,
participants gave higher JOLs on the second presentation of an item (M=54 %; SE=2.9 %)
compared to the first presentation of an item (M=46 %; SE=2.8 %), F(1, 27)=27.51, MSE=
171.78, p<.001, 772,,:.51. JOLs were also slightly but reliably higher for spaced items
(M=52 %; SE=2.8 %) than massed items (M=50 %; SE=2.8 %), F(1, 27)=8.88,
MSE=36.08, p<.01, nzp:.ZS, suggesting some awareness of the spacing effect. How-
ever, despite this slight increase in JOLs for spaced items, participants still under-
estimated the benefits of spacing by a substantial margin.

Comparison of recall with JOLs We carried out a direct comparison of JOLs and recall
performance, in order to determine how these variables may or may not be related, and how
this could change with task experience and/or knowledge updating. However, we note that
these analyses should be treated with some caution as participants may use a restricted range
when assigning JOLs, whereas recall performance is not limited by these scaling issues. In
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terms of determining if Measure (JOL and recall) interacted with List (1%, 2", or 3") or
Study Schedule (spaced or massed), a 2 (Measure: JOL, recall) x 3 (List: first, second, third)
x 2 (Study Schedule: spaced, massed) repeated measures ANOVA was conducted for each
JOL trial (initial judgment vs repeated judgment). For the initial JOL, there was a main effect
of Measure such that actual recall was higher (M=59 %; SE=3.7 %) than JOLs (M=47 %;
SE=4.8 %), F(1,27)=9.70, MSE=1270.31, p<.01. 7721,=.26. This difference between actual
recall and JOLs increased across lists, as shown by a Measure x List interaction. In
particular, while recall increased over lists (55 % to 57 % to 65 % for Lists 1, 2 and 3,
respectively), JOLs decreased across lists (50 % to 47 % to 44 %), F(2, 54)=6.08, MSE=
286.20, p<.01, nzp:. 18. This general decline of JOLs across multiple lists has been
demonstrated in previous studies, and has been referred to as the “underconfidence with
practice effect” (e.g., Koriat et al. 2002). As illustrated in Fig. 1, there was also a significant
interaction between memory measure and study schedule, such that the spacing effect was
much larger for recall (67 % vs 51 % for spaced and massed, respectively) than for initial
JOLs (48 % vs 46 % respectively), F(1, 54)=34.18, MSE=131.95, p<.001, 772p:.56.

For the JOLs made on the second presentation of each item, there was a significant interaction
between Measure and List, such that recall increased over list (55 % to 57 % to 65 %) but JOLs
decreased over list (59 % to 54 % to 50 %), F(2, 54)=7.69, MSE=290.84, p<.001, 7721,:.22.
There was also a significant interaction between Measure and Study Schedule, such that the
spacing effect was much larger in recall (67 % vs 51 % for spaced and massed, respectively) than
in the repeated JOLs (57 % vs 53 % respectively), F(1, 54)=25.89, MSE=154.94, p<.001, 772,,=
49. There was a much smaller disparity between JOLs for massed items (M=53 %; SE=2.9 %)
and actual recall of massed items (M=51 %; SE=4.1 %), compared to JOLs given for spaced
items (M=56 %; SE=3.0 %) and actual recall for the spaced items (M=67 %; SE=3.7 %). This
suggests that although participants were quite accurate at predicting recall for massed items, they
underestimated how likely they would be to recall the spaced items.

In an exploratory analysis designed to assess the potential influence of experience on
participants’ JOL ratings over lists, we examined the correlation between the size of the spacing
effect and difference in JOLs for massed vs spaced items for each participant. It may be the case
that when participants show a sizable spacing effect, then JOLs reflect a difference between
massed and spaced items. Alternatively, it could be the case that only those participants who
show a spacing effect are aware of this difference, due to some participant characteristics. For
List 3, the correlation between size of the spacing effect and size of the difference in JOLs for
massed and spaced items was ¥=—02 p>.90, indicating no relationship between the size of the
spacing effect in actual memory performance and subjects’ JOLs for spaced vs massed items.

The results from Experiment 1 suggest that, although participants are well aware of the
benefits of repetition and massed practice, JOLs were not highly sensitive to the effect of
spaced presentation on later recall. Experiment 1 showed that participants’ JOLs did not
differ for spaced compared to massed practice, whereas recall was better for spaced items.
This replicates and extends the main findings from Zechmeister and Shaughnessy (1980) in
which participants’ memory predictions failed to differentiate between massed or spaced
items, despite actual memory performance being greater for spaced relative to massed items.
In general, it appears that JOLs increased by approximately 10 percentage points from the
first to the second presentation (massed or spaced), possibly reflecting an “anchoring and
adjusting” mechanism (e.g., Scheck et al. 2004) that is common for both spaced and massed
items. What is also present in the results is that overall recall increased with task experience
(see also Delaney and Knowles 2005) while JOLs declined, which may reflect “under-
confidence with practice” (Koriat et al. 2002). The main finding is that while JOLs were
fairly well calibrated for massed items, JOLs underestimated actual recall for spaced items.
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Experiment 2

One potential reason that participants’ memory predictions may not accurately capture the
role of spacing in recall may be the lack of feedback regarding recall performance for massed
and spaced items. For example, participants may not understand the impact of spacing
because, in a free recall task, they are unable to distinguish between those items that are
recalled which were presented in a spaced compared to massed fashion. Thus, if participants
were aware that they recalled a larger number of spaced items, they might adjust their JOLs
accordingly. Experiment 2 addressed this issue by providing specific feedback on recall
output. The procedure was identical to Experiment 1, with the exception that participants
were informed of their performance after each list. Specifically, in order to make participants
aware of their own recall performance, participants in Experiment 2 scored their own recall
immediately after the recall session (see also Rawson and Dunlosky 2007), and tabulated the
number of spaced, massed, and single items that were recalled. They then engaged in a
second and third list of unique items, and continued to score their own recall output after
each recall trial. Under these conditions, of specific interest was whether participants’ JOLs
would reflect their performance for spaced and massed items given previous experience and
awareness of differences in recall performance for spaced, massed and single items.

Method

Participants Forty-seven participants were recruited from undergraduate courses and re-
ceived course credit for participating.

Apparatus, materials, and procedure These were identical to Experiment 1, with one
exception: participants were given feedback on their performance after every list by scoring
their own recall sheets. After the recall phase of each list, participants were given a sheet that
listed the words they had just been asked to learn, divided according to condition, with the
labels “spaced practice,” “massed practice,” “studied once,” “beginning of list,” and “end of
list.” Participants were instructed as to what each label meant. Using their recall sheet,
participants were instructed to give themselves one point for every word they correctly
recalled. They then wrote down the number of points they received in each condition. After
grading their recall sheets, they then proceeded to the next list of words until they had
studied and been tested on a total of three lists.

29 <

Results and discussion

The results from Experiment 2 are displayed in Fig. 3 (in terms of overall recall and JOLs for
massed and spaced items as a function of list) and Fig. 4 (recall and JOLs for the first and
second presentation of massed and spaced items as a function of each list).

Free recall As expected, there were significant effects of both repetition and spacing on free
recall performance. Participants remembered massed items (M=53 %; SE=2.9 %) better
than once-presented items (M=45 %; SE=3.0 %), F(1, 46)=12.09, MSE=394.82, p<.01,
1721,:.21, and recalled more spaced items (M=67 %; SE=3.1 %) than massed items, F(1,
46)=33.21, MSE=444.40, p<.001, 1°,=.42.

Judgments of learning As in Experiment 1, JOLs were collected on all trials for all
conditions, yielding one JOL for once presented items and two JOLs for items in the massed
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Fig. 3 Mean recall performance and judgment of learning (JOL) of spaced and massed items for each list in
Experiment 2

and spaced conditions. In terms of repetition effects in JOLs, there was no reliable difference
between JOLs for once-presented items and the initial presentation of the massed or spaced
items (F<1). However, there was a significant difference between JOLs for once-presented
items and the repeated presentation of massed items, such that participants gave higher JOLs
to massed items on their second presentation (M=56 %; SE=1.8 %) than to the once-
presented items (M=47 %; SE=1.7 %), F(1, 46)=78.82, MSE=70.65, p<.001, nzp:.63.

80
75
70
65 |
i _ DJoL 1

55 [ @JoL 2

ol W RECALL
45 |
40

35

30

MASSED [ SPACED l MASSED I SPACED { MASSED l SPACED
LIST 1 LIST 2 LIST 3

Mean Percentage JOL Rating or Correct Recall

Fig. 4 Mean judgment of learning (JOL) for the first (JOL1) and second (JOL2) presentation of massed and
spaced items, and mean recall for massed and spaced items, for each list in Experiment 2
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Thus, participants increased their JOL ratings when an item was repeated. In general,
participants gave higher JOLs on the second presentation of an item (M=57 %; SE=1.8)
compared to the first presentation of an item (M=47 %; SE=1.6 %), F(1, 46)=118.64,
MSE=112.10, p<.001, 772p=.72. There was no difference in JOLs for spaced and massed
items on the initial JOL (47 % vs 48 %, respectively) but there was a difference on the
repeated JOL (59 % vs 56 %, for spaced vs. massed, respectively) Thus, participants were
not only reliably giving higher JOLs to repeated items, they were correctly judging spaced
items as more likely to be remembered compared to massed items, although they still greatly
underestimated actual performance for spaced items.

Comparison of recall with JOLs The relation between recall and JOLs was examined in a 2
(Measure) x 3 (List) x 2 (Study Schedule) repeated measures ANOVA each JOL trial (initial
judgment vs repeated judgment). For the initial JOL, there was a main effect of Measure
such that actual recall was higher (M=60 %; SE=2.7 %) than JOLs (M=47 %; SE=1.6 %),
F(1, 46)=21.42, MSE=1068.46, p<.001, 7721,:.32. As illustrated in Fig. 3, there was also a
significant interaction between Measure and Study Schedule, F(1, 46)=27.17, MSE=
241.54, p<.001, n2p=.37, such that the spacing effect was much larger in recall (67 % vs
53 % for spaced and massed, respectively) than in initial JOLs (48 % vs 47 % for spaced and
massed, respectively).

For the repeated JOL, there was also a significant interaction between Measure and Study
Schedule, F(1, 46)=19.85, MSE=224.74, p<.001, n2p=.30, such that the spacing effect was
much larger in recall (67 % vs 53 % for spaced and massed, respectively) than in the
repeated JOLs (59 % vs 56 % respectively). As in Experiment 1, there was a much smaller
disparity between JOLs for massed items (M=56 %; SE=1.8 %) and actual recall of massed
items (M=53 %; SE=2.9 %), whereas JOLs given for spaced items (M=59 %; SE=1.9 %)
were significantly lower than actual recall for the spaced items (M=67 %; SE=3.1 %). Thus,
participants were quite accurate at predicting recall for massed items, and reliably increased
their JOLs for spaced compared to massed items upon repetition, but they still under-
estimated how likely they would be to recall the spaced items within each list. Thus, the
impact of spacing on recall was much more substantial than the impact of spacing on JOLs.

As in Experiment 1, the correlation between a subjects’ spacing effect in actual recall and the
spacing effect in their JOLs was computed for the final list, List 3. Contrary to Experiment 1,
there was a significant correlation between the size of the spacing effect in memory and the size
of the spacing effect in JOLs, r (47)=.34, p<.02. Individuals with larger spacing effects were
more likely to adjust their JOLs for spaced and massed items accordingly.

Experiment 3

In order to determine if participants may become sensitive to spacing when a larger spacing
effect is present, we conducted an experiment in which the lag between spaced items was
increased, as well as the total number of items in the list. Increasing the lag between spaced
items should lead to a greater spacing effect (e.g., Glenberg 1976, 1977; Madigan 1969;
Melton 1970; Murdock 1974; Underwood 1969). This manipulation was used to allow for a
greater number of spaced items to be recalled at test, which may then draw attention
to the presence of a spacing effect when participants score their own recall output.
Thus, a lag of eight items between spaced repetitions was used, as compared to a lag
of four items in the previous experiments. The combination of a greater lag and
longer lists enhanced the overall spacing effect.
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Method

Participants Twenty-four participants were recruited from undergraduate courses and re-
ceived course credit for participating.

Apparatus, materials, and procedure These were identical to Experiment 2, with two
key exceptions. A longer lag was used for the spacing condition in order to produce a
larger spacing effect, and a longer list was used in an effort to make the spacing
between items more salient to participants. A lag of 8 items between spaced repeti-
tions was used, as compared to a lag of 4 items in the previous experiments. In
addition, the number of words per condition was increased from five to eight, which
increased list length from 29 words in Experiments 1 and 2 to 45 words, so subjects
had more experience with all conditions.

Results and discussion

The results from Experiment 3 are displayed in Fig. 5 (in terms of overall recall and
JOLs for massed and spaced items as a function of list) and Fig. 6 (recall and JOLs
for the first and second presentation of massed and spaced items as a function of
each list).

Free recall As expected, there were significant effects of both repetition and spacing on free
recall performance. Participants remembered massed items (M=56 %; SE=3.1 %) better
than once-presented items (M=56 %; SE=3.1 %), F(1, 23)=12.0, MSE=314.72, p<.01,
1n2p=.34, and recalled more spaced items (M=70 %; SE=3.5 %) than massed items, F(1,
23)=35.47, MSE=226.26, p<.001, 12p=.60.
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Fig. 5 Mean recall performance and judgment of learning (JOL) of spaced and massed items for each list in
Experiment 3
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Fig. 6 Mean judgment of learning (JOL) for the first (JOL1) and second (JOL2) presentation of massed and
spaced items, and mean recall for massed and spaced items, for each list in Experiment 3

Judgments of learning As in Experiment 2, JOLs were collected on all trials for all
conditions, yielding one JOL for once presented items and two JOLs for items in the massed
and spaced conditions. In terms of repetition effects in JOLs, there was no reliable difference
between JOLs for once-presented items and the initial presentation of the massed or spaced
items (F<1). There was a significant difference when comparing JOLs for once-presented
items and the repeated presentation of massed items, however, such that JOLs were higher
for massed items upon repetition (56 %) compared to once-presented items (51 %), F(1,
23)=8.50, MSE=84.32, p<.01, n2p=.27, indicating that JOLs were sensitive to repetition.
There was no difference in JOLs for spaced and massed items on the initial JOL (51.5 % vs
50.6 %, respectively). For the repeated JOL, however, JOLs were significantly higher for
spaced (58.4 %) compared to massed (55.7 %) items, F(1, 23)=5.10, MSE=48.47, p<.04,
1n2p=.18, indicating that participants were somewhat sensitive to the benefits of spacing in
recall.

Comparison of recall with JOLs The relation between recall and JOLs was examined in a 2
(Measure) x 3 (List) x 2 (Study Schedule) repeated measures ANOVA for each JOL trial
(initial judgment vs repeated judgment). For the initial JOL, as shown in Fig. 6, there was a
significant interaction between Measure and Study Schedule, F(1, 23)=25.89, MSE=
136.46, p<.001, n2p=.53, such that the spacing effect was much larger in recall (70 % vs
56 % for spaced and massed, respectively) than in initial JOLs (51.5 % vs 50.6 % for spaced
and massed, respectively).

For the repeated JOL, there was also a significant interaction between Measure and Study
Schedule, F(1, 23)=23.29, MSE=117.11, p<.001, n2p=.50, such that the spacing effect was
much larger in recall (70.5 % vs 55.6 % for spaced and massed, respectively) than in the
repeated JOLs (58.4 % vs 55.7 % respectively). As in Experiment 2, there was a much
smaller disparity between JOLs for massed items (M=55.6 %; SE=3.1 %) and actual recall
of massed items (M=55.7 %; SE=2.0 %), whereas JOLs given for spaced items (M=58.4 %;
SE=2.1 %) were significantly lower than actual recall for the spaced items (M=70.4 %; SE=
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3.5 %). Thus, participants were quite accurate at predicting recall for massed items, and
reliably increased their JOLs for spaced compared to massed items upon repetition, but they
still underestimated how likely they would be to recall the spaced items within each list. As
in previous experiments, the impact of spacing on recall was much more substantial than the
impact of spacing on JOLs.

As in the previous experiments, the correlation between subjects’ spacing effect in actual
recall and the spacing effect in JOLs was computed for the final list, List 3. There was a
marginally significant correlation between the size of the spacing effect in memory and the
size of the spacing effect in JOLs, #(24)=.39, p=.06, similar to Experiment 2.

Results from Experiment 3 were similar to those in previous experiments. JOLs for
massed items were very close to actual recall for massed items, but JOLs for spaced items
still significantly underestimated the benefits of spacing to final recall. This was the case
despite the fact that lists were changed to make the manipulation of spacing more salient to
participants, by increasing the number of spaced and massed items and doubling the lag
between spaced items from 4 to 8. Again, as in Experiment 2, by the final list, there was a
correlation between the magnitude of participants’ spacing effects in recall and the spacing
effect reflected in their JOLs. This may indicate that participants’ awareness of the benefits
of spacing on memory are most likely to occur when the benefits of spacing are particular
obvious and apparent. In these experiments, there is an indication that this awareness is
developing after experience with multiple lists, but it is still not enough to greatly increase
subsequent JOLs for spaced versus massed items by the final list.

Experiment 4

The findings thus far indicate that, although participants are quite accurate at predicting their
performance for repeated items in a massed condition, they are still not sensitive enough to
the spacing effect to adjust their JOLs for spaced and massed items appropriately, despite
increased experience and feedback with the spacing effect. More recent work has shown that
some knowledge updating can occur with experience, but only when trials are blocked,
making them more apparent to the learner. Price et al. (2008) suggest that one reason JOLs
may not show substantial updating after task experience is that participants do not link
performance at test with previous encoding operations. To make the link more obvious, Price
et al. blocked strategy type at test (e.g., imagery items were tested in a separate block from
repetition items). In this case, JOLs showed somewhat better sensitivity to strategy type. Of
course, blocking trials is impossible in the case of spacing, by definition, so other ways to
draw attention to the benefits of spacing are needed in multi-trial designs. The previous
experiments examined this by allowing for self-scoring of recall performance, which led to a
trend in increased JOLs for spaced items in subjects’ showing large spacing effects, but
perhaps instituting some factor at encoding that makes spacing salient would allow for
greater learning about the effect.

Experiment 4 was conducted to explore the role that more direct awareness of the spacing
effect in recall could have on subsequent JOLs. Participants first studied a word list and gave
JOLs for each item and received feedback on their performance for each class of items after
recall, as in previous experiments. Unlike the previous studies, however, after the first list,
participants were given instruction on the spacing effect, including what it was and how
spacing could benefit their memory. Then, they studied another list of words similar to the
first list, this time armed with direct knowledge of the spacing effect. The effect of this direct
awareness on JOLs and subsequent recall was the focus of this experiment.
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Method

Participants Twenty-five participants were recruited from undergraduate courses and re-
ceived course credit for participating.

Apparatus, materials, and procedure These were similar to Experiment 3, with two key
exceptions. Only two lists of to-be-remembered items were used in Experiment 4. The lists
were the same as those used in Experiment 3, with a lag of eight items, with eight items per
condition, etc. The procedure for each list was also the same as Experiment 3: Participants
studied and made JOLs for each word as it appeared, recalled the words, and graded their
recall sheet afterwards. However, before beginning List 2, participants were given informa-
tion on the spacing effect. After being told that they would now study and rate a new list of
words, they read the following instructions on the screen just before List 2 was presented:

“You may have noticed that some of the words are repeated - sometimes you see a
word twice in a row (MASSED STUDY), other times it is repeated a little later in the
list (SPACED STUDY). Researchers know that repetition is good for memory, and
spaced repetition tends to be much better than massed repetition. The advantage for
spaced items compared to massed items is called the Spacing Effect. You may see a
Spacing Effect in your own memory if your SPACED STUDY score is higher than
your MASSED STUDY score on your grading sheet. The Spacing Effect can be a very
powerful effect in memory, but people tend to underestimate how much spacing will
help their memory. Keep the Spacing Effect in mind as you study and rate the next
words for your memory test!”

After the second list was presented for study and JOLs, participants again recalled the items
and graded their recall sheets.

Results & discussion

The results from Experiment 4 are displayed in Fig. 7 (in terms of overall recall and JOLs for
massed and spaced items as a function of list) and Fig. 8 (recall and JOLs for the first and
second presentation of massed and spaced items as a function of each list).

Free recall As expected, there were significant effects of both repetition and spacing on free
recall performance. Participants remembered massed items (M=48 %; SE=3.7 %) better
than once-presented items (M=40 %; SE=3.6 %), F(1, 24)=6.32, MSE=269.27, p<.02,
1n2p=.21, and recalled more spaced items (M=69 %; SE=2.9 %) than massed items, F(1,
24)=37.70, MSE=285.55, p<.001, n2p=.61. There was also a significant List x Spacing
interaction, F(1, 24)=5.11, MSE=293.88, p<.04, n2p=.18, such that the spacing effect was
larger on List 2 (29 %) than List 1 (13 %).

Judgments of learning As in Experiments 2 and 3, JOLs were collected on all trials for all
conditions, yielding one JOL for once presented items and two JOLs for items in the massed
and spaced conditions. In terms of repetition effects in JOLs, there was a small but reliable
difference between JOLs for once-presented items and the initial presentation of the massed
or spaced items, F(1, 24)=8.13, MSE=24.53, p<.01, n2p=.25, such that initial JOLs for
massed items (45 %) were actually slightly smaller than JOLs for once-presented items
(47 %). However, when comparing JOLs for once-presented items and the repeated
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Fig. 7 Mean recall performance and judgment of learning (JOL) of spaced and massed items before and after
instructions on the spacing effect in Experiment 4

presentation of massed items, JOLs for massed items (51 %) were significantly higher than
once-presented items, F(1, 24)=11.16, MSE=21.11, p<.01, n2p=.32, indicating that JOLs
were sensitive to repetition. There was no difference in JOLs for spaced and massed items on
the initial JOL (48 % vs 46 %, respectively). However, for the repeated JOL, there was a
significant difference between spaced (58 %) and massed items (51 %), F(1, 24)=33.75,
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Fig. 8 Mean judgment of learning (JOL) for the first (JOL1) and second (JOL2) presentation of massed and
spaced items, and mean recall for massed and spaced items, before and after instructions on the spacing effect
in Experiment 4
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MSE=33.51, p<.001, n2p=.58. There was also a significant List x Study Schedule interac-
tion, F(1, 24)=7.58, MSE=33.54, p<.02, n2p=.24, which showed that the spacing effect in
JOLs was greater in List 2 (10 %), after instructions on the spacing effect, than List 1 (3 %).
Thus, direct information on the spacing effect appeared to increase awareness of the benefits
of spacing and subsequently influenced JOLs for spaced versus massed items.

Comparison of recall with JOLs The relation between recall and JOLs was examined in a 2
(Measure) x 3 (List) x 2 (Study Schedule) repeated measures ANOVA for each JOL trial
(initial judgment vs repeated judgment). For the initial JOL, as shown in Fig. 8, there was a
significant interaction between Measure and Study Schedule, F(1, 24)=24.81, MSE=
155.73, p<.001, n2p=.51, such that the spacing effect was much larger in recall (69 % vs
48 % for spaced and massed, respectively) than in initial JOLs (48 % vs 46 % for spaced and
massed, respectively).

For the repeated JOL, there was also a significant interaction between Measure and Study
Schedule, F(1, 24)=16.04, MSE=153.28, p<.01, n2p=.40, such that the spacing effect was
still larger in recall (69 % vs 48 % for spaced and massed, respectively) than in the repeated
JOLs (58 % vs 51 % respectively). As in Experiment 3, there was a much smaller disparity
between JOLs for massed items (M=51 %; SE=1.7 %) and actual recall of massed items
(M=48 %; SE=3.7 %), whereas JOLs given for spaced items (M=58 %; SE=2.3 %) were
significantly lower than actual recall for the spaced items (M=69 %; SE=2.9 %). Thus,
participants were more accurate at predicting recall for massed items than spaced items,
although they did reliably increase their JOLs for spaced compared to massed items upon
repetition after instructions on the spacing effect. Thus, instruction on the spacing effect
served to influence JOLs for spaced and massed items to reflect a greater awareness of the
spacing effect, but JOLs for spaced items still underestimated actual recall of spaced items.
This is especially striking given the instructional information provided prior to the study, and
may suggest that participants use more cue-based information, relative to theory-based
information, when making JOLs regarding massed and spaced items. Given that this effect
did not change substantially across lists, a lack of knowledge updating was observed that is
consistent with prior studies (e.g., Hertzog et al. 2009; Price et al. 2008), and suggests that
learners may be more focused on specific properties of the information, and thus do not
incorporate the benefits of temporal spacing when making item-based JOLs.

General discussion

The findings from the present studies show that although JOLs are highly sensitive to the
repetition of items at encoding, JOLs do not accurately capture the benefits of spaced
rehearsal (see also Dunlosky and Nelson 1994; Kornell and Bjork 2008; Zechmeister and
Shaughnessy 1980). This effect persisted despite participants making JOLs during each
presentation of the item, and even when participants were made aware of the presence of a
spacing effect by scoring their own recall prior to engaging in a second similar memory task.
Although JOLs did show a slight trend in terms of differentiating between spaced and
massed practice, the JOLs were much more accurate for massed than spaced items, as
participants greatly underestimated the recall of spaced items. Thus, although participants
may not appreciate the benefits of spacing, this type of observation allows for a better
understanding of cues that are used when making judgments about memory performance,
and why certain cues (repetition) are given more weight than others (schedule of repetition)
when making judgments of learning.
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Our findings may be consistent with Koriat’s (1997) cue-utilization approach, which
argues that extrinsic cues, such as repetition, are discounted when making JOLs. Recent
research has shown that participants may underestimate the benefits of repeated study on
later learning (Kornell and Bjork 2009). The present findings suggest that participants may
take repetition into account but show less sensitivity to the benefits of spaced repetition. One
explanation for the current results is that participants use ease of processing or fluency when
making JOLs (e.g., Begg et al. 1989; Castel et al. 2007; Yue et al. 2012), and repeated,
massed items are perceived as more fluent than spaced items, despite later recall favoring
spaced items. Specifically, in the present study, participants may report that if they just
studied some information, an immediate presentation of this same information should
enhance learning. However, fluency might have a slightly different effect when items are
presented within a longer temporal context (i.e., spaced). In this type of situation, this may
lead to a “discounted JOL”, in which participants may rely on some sort of anchoring and
adjustment mechanism (cf. Scheck et al. 2004). With massed items, the initial JOL at first
presentation serves as an anchor, and with the second immediate presentation, participants
then “logically” enhance their ratings. However, with spacing, upon the second spaced
presentation of an item, the participant may then be reminded that this information was in
fact presented earlier, but was possibly not well encoded (due somewhat less fluent process-
ing of spaced items as compared to fluency that is accrued in massed fashion). Although
somewhat speculative, this experience and insight regarding the current status of the item in
memory may then cause the participant to adjust their JOL to capture this intuition, adjusting
downward from what might actually have been an accurate initial anchor.

Several additional theoretical explanations may exist regarding why participants do not
give accurate JOLs for spaced items. One possibility may be based on encoding variability,
in that participants have stronger access to the present and prior instances of massed items,
and weaker access to the first item instances for spaced items when making JOLs. Thus,
accessibility plays a dominant role when making JOLs, whereas variability may be a better
diagnostic cue, but is less accessible. Another possibility is that participants understand that
massed presentations lead to good performance for immediate tests, and do not anticipate a
long-term memory test, in which spaced items are better recalled relative to massed items.
However, if this were the case, then with task experience (e.g., on List 2 or 3), participants
should be aware of the retrieval conditions, and it appears that participants do not show
knowledge updating (see also Hertzog et al. 2009; Price et al. 2008). While the present
results do not provide a firm delineation between various theoretical accounts, the observa-
tion of learning about the benefits of spacing with task experience are important to better
understand how experience-based learning can inform item-based metacognitive judgments.

It should be noted that the present experiment represents an approach to the study of
spacing that may be somewhat far removed from actual study and testing that occurs in the
classroom, in which longer and more variable retention intervals exist and richer materials
are studied and retrieved. Although the benefits of spacing are widely known to cognitive
psychologists, educators, and possibly many students, in the present experiments, students
may employ a different “mental model” of how information is retained and forgotten. While
the hallmark of learning is often evidenced by tests of long-term memory, students may feel
that learning or mastery can be quickly assessed by an immediate test, and in fact, in terms of
short-term retention (Bjork 1999), massed practice can lead to better memory performance
than spacing. The present study attempted to give participants a certain amount of experi-
ence with study-test episodes that lead to a robust spacing effect, but perhaps JOLs are more
a measure of immediate processing fluency (Begg et al. 1989) and not a reflection of how
encoding variability and retention interval might influence learning.
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In general, students may be most comfortable with massed practice, and for this reason
their predictions regarding the effect of repetition and massed practice are in fact quite
accurate. However, spacing presents a situation in which encountering previously studied
material may lead to some discrepancies regarding actual learning and assessment of the
desired level of learning (cf. Dunlosky and Hertzog 1998; Thiede and Dunlosky 1999).
Recent work by Price et al. (2008) suggests that one reason JOLs may not show substantial
updating after task experience is that participants do not link performance at test with
previous encoding operations (see also Kornell and Bjork 2009). Price et al. (2008) blocked
strategy type at test so that imagery items were tested in a separate block from repetition
items. Blocking strategy type led to somewhat better sensitivity to strategy type in JOLs. In
the present study, we attempted to draw attention to the benefits of spacing by using a multi-
trial design that allowed for experience and feedback about spacing effects through self-
scoring of recall performance, which led to small but reliable trends in increased JOLs for
spaced items in subjects showing large spacing effects. In our final experiment, Experiment
4, we used perhaps the most obvious method possible to draw attention to the benefits of
spacing, by directly instructing students about these benefits and how spacing could
influence their subsequent memory. This direct instruction led to the largest effects in JOLs,
a full 10 % difference between JOLs for spaced and massed items after instruction. Although
JOLs in this experiment still underestimated the magnitude of the spacing effect in recall,
they were nonetheless influenced more substantially by instruction about the spacing effect
than by the variables of repetition and feedback.

Although participants did not appear to adequately assess how spacing would influence
recall, they were quite attuned to how repetition in general would influence recall—a factor
that is somewhat more accessible than presentation schedule. However, it may be difficult to
differentiate how repetition and spacing can influence recall using common metacognitive
index, such as a JOL. It may the case that when making JOLs, participants place a priority on
the effect of one variable (repetition: presented once or twice), and can adequately incorpo-
rate this into JOLs, with other ostensibly “secondary variables” either ignored or treated as
noise. This would allow for the development and use of a simple heuristic based on
repetition. Interestingly, there is evidence that participants attempted to refine the use of
this heuristic as they became more aware of the benefits of spacing, by recalling more spaced
items than massed items, especially when given instruction, although this effect was limited
when compared to the actual performance effect of spacing. While students can often
appreciate the benefits of spacing in theory, and report using this schedule when studying
for tests and exams, it is important to note that, based on the present results, students may
indeed underestimate the potential of spacing in a variety of settings if they are not keenly
aware of its benefits.

The present findings have implications for how students study material, especially in self-
regulated learning environments. In the context of monitoring learning, participants in the
present studies began to appreciate the benefits of spacing, but still under-estimated these
benefits despite direct instruction regarding how spacing can help memory. It may be that
students typically use a “shorter-term” memory model when assessing the potential benefits
of massing and spacing and under short-term memory conditions, massing or cramming can
lead to good memory performance, but not necessarily longer-term learning (see also Koriat
et al. 2004; Kornell and Bjork 2009). Students may begin to appreciate the benefits of
spacing when material differs in terms of the difficulty in initial learning (e.g., Benjamin and
Bird 2006) and the test is based on long-term learning. Our findings showed that a
combination of instruction, experience, and feedback produced the largest spacing effects
in JOLs, revealing that students are indeed sensitive to this information. Outside of the

@ Springer



Metacognition and the spacing effect 193

laboratory, students may learn to appreciate the benefits of spacing more quickly and adapt
their own study strategies accordingly when such instruction, experience, and feedback are
given to them in the context of impacting their grades (Toppino and Cohen 2010). Given that
spacing can have such a powerful effect on retention, it would also be of interest to extend
these results using more educationally-relevant materials (or in actual classrooms) and using
a more diverse range of learners rather than the typical college student (Logan and Balota
2008; Meyer and Logan, in press). Overall, since students can engage in a variety of learning
techniques when they self-pace their own study, future research is needed to develop ways
for students to discover and understand how spacing can enhance both memory performance
and long-term learning in self-regulated learning environments.
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