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Abstract The underconfidence-with-practice (UWP) effect is
a common finding in calibration studies concerned with judg-
ments of learning (JOLs) elicited on a percentage scale. The
UWP pattern is present when, in a procedure consisting of
multiple study–test cycles, the mean scale JOLs underestimate
the mean recall performance on Cycle 2 and beyond.
Although this pattern is present both for items recalled and
unrecalled on the preceding cycle, to date research has con-
centrated mostly on the sources of UWP for the latter type of
items. In the present study, we aimed to bridge this gap. In
three experiments, we examined calibration on the third of
three cycles. The results of Experiment 1 demonstrated the
typical pattern of higher recall and scale JOLs for previously
recalled items than for unrecalled ones. More importantly,
they also revealed that even though the UWP effect was found
for items previously recalled both once and twice, its magni-
tude was greater for the former class of items. Experiments 2
and 3, which employed a binary betting task and a binary 0 %/
100 % JOL task, respectively, demonstrated that people can
accurately predict future recall for previously recalled items
with binary decisions. In both experiments, the UWP effect
was absent for both items recalled once and twice. We suggest
that the sensitivity of scale JOLs, but not binary judgments, to
the number of previous recall successes strengthens the claim
of Hanczakowski, Zawadzka, Pasek, and Higham (Journal of
Memory and Language 69:429–444, 2013) that scale JOLs

reflect confidence in, rather than the subjective probability
of, future recall.
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Metacognitive theorists use a variety of different judgments to
investigate how people assess their own memory processes.
One common one is the judgment of learning (JOL), in which
people assess their future memory performance. In a typical
experiment employing JOLs, participants study a list of single
words or word pairs. After the presentation of each item, a
prompt appears instructing participants to rate the likelihood
of future recall of that item on a scale from 0 % to 100 %—the
JOL.1 After the study phase, a recall test for the whole list
follows. By comparing the JOLs to recall performance, two
measures can be calculated. First, resolution is the degree to
which JOLs distinguish between items that will and will not
be recalled at test. In order for resolution to be maximized,
later-recalled versus later-unrecalled items should be assigned
high versus low JOLs, respectively. Second, calibration is the
difference between the mean JOLs and the mean recall perfor-
mance. If the two measures are equal, assessments of future
recall are said to be realistic. Mean JOLs lower versus higher
than recall performance indicate underconfidence versus
overconfidence, respectively.

1 Although the probabilistic 0 %–100 % scale is most commonly used for
eliciting predictions of future memory performance, alternative judgment for-
mats (e.g., Hanczakowski, Zawadzka, Pasek, & Higham, 2013; McCabe &
Soderstrom, 2011; McGillivray & Castel, 2011) and framings of the JOL
prompt (e.g., Finn, 2008; Serra & England, 2012) have been employed by
researchers, as well.
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Although most JOL studies have revealed overconfidence
(see, e.g., Koriat, 2012), there are exceptions. For example,
the underconfidence-with-practice (UWP) effect (e.g., Koriat,
1997; Koriat, Sheffer, &Ma’ayan, 2002) is a common finding
in JOL research involving repeated study and recall of the
same list over at least two cycles. In most UWP studies, recall
performance increases with each additional study–test cycle,
as does resolution. However, although JOLs are typically sim-
ilar to recall on the first cycle, they do not increase as much as
recall on subsequent cycles, causing calibration to worsen
with practice—the UWP effect.

One explanation of the UWP pattern is based on people’s
memory for past test performance (e.g., Finn & Metcalfe,
2007, 2008; Tauber & Rhodes, 2012; for alternative accounts
of UWP, see, e.g., England & Serra, 2012; Koriat, 1997;
Scheck & Nelson, 2005). According to the memory-for-past-
test (MPT) account of the UWP effect, after Cycle 1, people
base their immediate JOLs on their performance on the last
test. Previously recalled items tend to get high JOLs, since
their future recall seems very likely. Conversely, previously
unrecalled items are assigned low JOLs, because people re-
member their failed recall attempt. What people fail to appre-
ciate, though, is that additional learning occurs between the
two tests. This additional learning means that some of these
previously unrecalled items are recalled on a subsequent test,
increasing the discrepancy between mean JOLs and mean
recall performance, thus producing UWP.

The MPT account localizes the UWP effect mostly in un-
duly low judgments being assigned to previously unrecalled
items. However, Koriat et al. (2002), Finn and Metcalfe
(2007), and Hanczakowski et al. (2013) reported the presence
of the UWP pattern for previously recalled items as well. Finn
and Metcalfe (2007) argued that these items may contribute to
the UWP effect because of variability present in JOLs.
Subsequent recall of items that were successfully recalled on
a previous cycle is typically excellent, and they attract very
high JOLs. However, because the JOL scale ends at
100 %, any variability is necessarily downward,
resulting in mean JOLs that underestimate mean recall per-
formance (i.e., underconfidence). But what produces this
downward variability? Finn and Metcalfe (2007) remained
agnostic of its source. One option is that it may be simply
random, not stemming systematically from any characteristics
of the rated items. For example, peoplemay be reluctant to use
the 100% rating too often, therefore assigning lower ratings to
some items, even though they believe that the items are ex-
tremely likely to be later recalled. It is equally plausible, how-
ever, that the JOL variance for recalled items depends on item-
specific information (see Dougherty, Scheck, Nelson, &
Narens, 2005, for similar considerations regarding random
and systematic sources of variability in delayed scale JOLs).

If item-specific information is responsible for the down-
ward variability present in scale JOLs, it is important to

consider what cues might influence the assignment of these
judgments. One type of information that participants may rely
on when predicting future recall of the previously recalled
items is how many times these items have been successfully
retrieved. If JOLs are collected in a procedure employing at
least three study–test cycles, it stands to reason that items that
were successfully retrieved twice, on both Cycles 1 and 2, will
receive higher JOLs than items that were successfully
retrieved once, on either Cycle 1 or Cycle 2. As Vaughn and
Rawson (2011) have shown, the number of successful re-
trievals in a learning-to-criterion procedure determines the
magnitude of JOLs. Crucially, it seems also likely that such
a systematic source of variance in JOLs for already-recalled
items would contribute to the pattern of UWP. As Finn and
Metcalfe (2007) noted, any variance in JOLs for recalled items
in the multicycle procedure used to investigate JOLs is likely
to worsen calibration by removing JOLs further from the ceil-
ing level of recall performance. Thus, if participants incorpo-
rate the information about the number of previous successful
retrieval attempts into their JOLs, then items previously
recalled once only should exhibit worse calibration than items
previously recalled twice, exaggerating UWP. The aim of the
present study was to test this hypothesis by comparing the
ways in which people assign scale and binary ratings to pre-
viously recalled items in the UWP paradigm.

Experiment 1

In Experiment 1, we employed a common UWP procedure
involving three study–test cycles. This methodology allowed
us to investigate Cycle-3 0 %–100 % JOLs for items previ-
ously recalled once and twice. Previous research has shown
that even a single successful recall attempt makes future recall
success extremely likely (e.g., Koriat et al., 2002); therefore,
recall performance for items previously recalled once and
twice was expected to be comparable and near ceiling. The
questions remained whether scale JOLs would be influenced
by the number of past recall successes, and how any such
influence would affect the UWP pattern.

Method

ParticipantsA group of 27 students participated in this study
for course credit.

Materials and procedure Sixty pairs of unrelatedwords were
created from a set of 120 English nouns of medium frequency,
ranging from four to eight letters in length. The same set of
pairs was used for all study–test cycles. All pairs were ran-
domly ordered anew for each participant on each study and
test phase.
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During the study phase, participants were presented indi-
vidually with all pairs and instructed to memorize them for a
future test. Each pair was presented on a computer screen for
1.5 s. After the presentation of each pair, the target was re-
placed by a prompt instructing participants to judge the like-
lihood of recalling the target from that pair at test when they
were presented with the cue only. Participants were allowed to
type in any value between 0 % and 100 %.

At test, participants were presented with one cue at a time
and asked to type in the target that had accompanied this cue
during the study phase. If they could not recall the target, they
were instructed to press “Continue” to skip to the next cue. To
ascertain that people had access to the information about the
number of successful recall attempts for each pair, an addi-
tional task was implemented at Test 3. When presented with
the cue, participants were asked to recall not only the target,
but also the number of successful recall attempts for that target
on the preceding cycles. The options presented to participants
were: 2 (on both Test 1 and Test 2), 1 (on either Test 1 or Test
2), and 0 (on neither Test 1 nor Test 2). This judgment was
made for all pairs, independently of whether or not they were
recalled at Test 3.

Before subjecting the results to analysis, participants’ recall
scores were checked manually. Responses were scored as cor-
rect whenever the stem of the word typed in by a participant
matched the stem of the target (e.g., silent was considered
correct if silence was the target). Misspelled words (e.g.,
slience) were also counted as correct responses.

Results and discussion

The means for JOLs, recall, and resolution (represented here
by Ag, a nonparametric measure of resolution calculated from
confidence judgments; see, e.g., Pollack, Norman, &Galanter,
2015) are presented in Table 1.2 Even though this study was
not concerned with the resolution of metacognitive judg-
ments, we provide resolution analyses for comparison with
the results of other studies in the literature. Resolution scores
were influenced by cycle, as was evidenced by a one-way
repeated measures analysis of variance (ANOVA), F(2, 52)
= 53.912, MSE = .006, p < .001, ηp

2 = .675. Resolution
increased from Cycle 1 to Cycle 2, t(26) = 7.622, SE = .018,
p < .001, d = 1.47, and from Cycle 2 to Cycle 3, t(26) = 3.680,
SE = .021, p = .001, d = 0.71.

A 2 (Measure: JOL, recall) × 3 (Cycle: 1, 2, 3) repeated
measures ANOVA revealed a significant main effect of cycle,
F(2, 52) = 75.206,MSE = .014, p < .001, ηp

2 = .743, showing
that, in general, both JOLs and recall performance increased
from cycle to cycle. The interaction was also significant, F(2,
52) = 62.918, MSE = .007, p < .001, ηp

2 = .708: Whereas on
Cycle 1, participants’mean JOLs were higher than their recall
performance, t(26) = 5.069, SE = .042, p < .001, d = 0.98, this
pattern was reversed on Cycles 2 and 3, t(26) = 3.131, SE =
.039, p = .004, d = 0.61, and t(26) = 2.647, SE = .033, p =
.014, d = 0.48, respectively, revealing the UWP pattern. The
main effect of measure was not significant, F < 1.

The mean recall and mean JOLs for items recalled never,
once, and twice are presented in the top panel of Fig. 1. Also
shown in the figure are analogous means for the assessed
(rather than actual) recall performance. On average, at
Test 3, participants were able to correctly recall the number
of previous successful recall attempts in 90 % of cases. The
mean gamma correlation computed for each participant be-
tween the assessed and actual numbers of successful recall
attempts was .986, confirming that participants were highly
accurate in their assessments.

The crucial analyses of calibration on Cycle 3 were con-
ducted on the data set on the basis of participants’ actual past
recall performance.3 For previously unrecalled items, partici-
pants revealed good calibration, t(26) = 1.191, SEM = .050, p
= .245, d = 0.23, whereas for items previously recalled once
and twice, the 0 %–100 % JOLs underestimated recall perfor-
mance, t(26) = 6.102, SEM = .034, p < .001, d = 1.17, and
t(26) = 3.128, SEM = .031, p = .004, d = 0.60, respectively.
Crucially, the magnitude of the UWP effect was much greater
for items previously recalled once (21 %) rather than twice
(10 %), t(26) = 6.351, SEM = .017, p < .001, d = 1.22. As can
be seen in the top panel of Fig. 1, this difference in calibration
was caused mostly by lower 0 %–100 % JOLs that were
assigned to items previously recalled once rather than twice.
Overall, this pattern indicates that systematic variance in JOLs
based on the number of times that items were previously
recalled determined the magnitude of the UWP effect.4

In Experiment 1, we replicated the common finding that
0 %–100 % JOLs underestimate recall performance from
Cycle 2 onward—the UWP effect. We also demonstrated that

2 In this context, Ag is an estimate of the area under the metacognitive (type-2)
receiver operating characteristic (ROC) curve (a plot of the metacognitive hit
rate as a function of the metacognitive false alarm rate). For metacognitive
ROCs, the hit rates versus false alarm rates are the proportions of correct versus
incorrect answers, respectively, assigned a given level of confidence or higher.
Ag computedwith the trapezoidal rule is a measure of resolution superior to the
more common Goodman–Kruskal gamma coefficient, computed with
concordant and discordant pairs. See Higham, Zawadzka, and
Hanczakowski (2015a) for more detail.

3 For completeness, the same analyses were performed on the data set based
on participants’ assessments of past recall performance. The pattern of results
was identical, with good calibration for the previously unrecalled items, and
the UWP pattern for items previously recalled once and twice.
4 The lack of UWP for previously unrecalled items found in this experiment,
which is not consistent with the predictions of the MPTaccount, was unexpect-
ed, especially since the same difference had been significant in Experiment 1 of
Hanczakowski et al. (2013), which used the same number of cycles, presenta-
tion times, list length, and instructions. We suspect that the difference between
recall and JOLs for previously unrecalled items may be less robust in three-
cycle procedures, as compared to the more commonly used two-cycle proce-
dures, because the pool of items not recalled on any of the preceding cycles is
limited, making the measures less stable.
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the UWP pattern for previously recalled items can be found
irrespective of the number of past recall successes. The

finding that the UWP pattern can be found for once-recalled
items has been previously reported in experiments consisting

Table 1 Means (with SEs) for recall performance, scale JOLs, proportions of bets, 0 %/100 % JOLs, and resolution (Ag for scale JOLs, d' for bets and
0 %/100 % JOLs) as a function of cycle in Experiments 1–3

Experiment and Cycle Measure

Recall Scale JOLs Betting 0 %/100 % JOLs A d'

Experiment 1

Cycle 1 .22 (.03) .43 (.04) – – .61 (.02) –

Cycle 2 .51 (.05) .39 (.04) – – .75 (.02) –

Cycle 3 .65 (.05) .56 (.04) – – .83 (.02) –

Experiment 2

Cycle 1 .29 (.05) – .43 (.04) – – 1.10 (0.15)

Cycle 2 .56 (.05) – .52 (.05) – – 1.84 (0.15)

Cycle 3 .70 (.05) – .69 (.05) – – 2.11 (0.12)

Experiment 3

Cycle 1 .23 (.03) – – .47 (.04) – 0.76 (0.13)

Cycle 2 .53 (.04) – – .46 (.04) – 1.43 (0.08)

Cycle 3 immediate .70 (.04) – – .61 (.04) – 1.81 (0.10)

Cycle 3 delayed .62 (.04) – – .66 (.04) – 2.08 (0.14)

The “Cycle 3 immediate” row in Experiment 3 combines the 0 %/100 % JOLs elicited during the immediate Study Phase 3 with recall data from the
immediate test. The “Cycle 3 delayed” row combines the 0%/100% JOLs elicited during the immediate Study Phase 3with recall data from the delayed test

Experiment 1

Experiment 2

assessed

assessed

actual

actual

Fig. 1 Mean 0%–100% JOLs (Exp. 1), proportions of bets (Exp. 2), and recall performance (both experiments) on Cycle 3 as a function of the assessed
(left panels) and actual (right panels) numbers of previous recall successes on Cycles 1 and 2. Error bars indicate standard errors of the means
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of two study–test cycles (e.g., England & Serra, 2012; Koriat
et al., 2002), as well as on the second of three cycles in
Experiments 1 and 4 of Hanczakowski et al. (2013). More
importantly, we also demonstrated that including all items that
were previously recalled at least once in the analysis masks an
important source of variance in both JOLs and the pattern of
UWP. By examining separately items previously recalled once
versus twice in the three-cycle procedure, we demonstrated
that the variance in JOLs for already-recalled items is not
random. Furthermore, we were able to show that this variance
strongly contributes to the UWP pattern, which is exaggerated
for items that were previously recalled once only.

The traditional way of interpreting the pattern of results
obtained in Experiment 1 would be to argue that participants
are underconfident in their assessments of future recall of pre-
viously successfully retrieved items, particularly if these items
were retrieved only once on the preceding cycles. In other
words, scale JOLs would reflect a pattern of inaccurate likeli-
hood assessments concerning future recall. However, a differ-
ent perspective is offered by a recent study by Hanczakowski
et al. (2013). In their study, it was argued that computing
calibration scores from JOLs made on a 0 %–100 % scale
may not be sufficient to draw conclusions regarding psycho-
logical under- or overconfidence. Hanczakowski et al. argued
that scale JOLs likely do not reflect participants’ assessments
of the likelihood of future recall, but rather their confidence in
future recall.

The difference between these two approaches to JOLs
can be described using the pattern from Experiment 1.
Recall for previously recalled items on Cycle 3 is uni-
formly high and very close to ceiling. Yet, at the same
time, participants clearly differentiate between these
items, which drives lower 0 %–100 % JOLs for once-
as compared to twice-recalled items. Under the tradition-
al likelihood interpretation, such a pattern demonstrates
that participants do not believe that nearly all of their
previously once-recalled items will be retrieved again
on Cycle 3. Under the confidence interpretation offered
by Hanczakowski et al. (2013), such a pattern is equally
consistent with participants believing that nearly all pre-
viously recalled items will be retrieved again on Cycle 3.
What drives 0 %–100 % JOLs assigned to once-recalled
items down under this interpretation is an explicit de-
mand posed by the scale-JOL task—namely, to differen-
tiate between various items at study. Even though partic-
ipants may be convinced that items that were already
recalled a short while ago will be recalled again on an
immediate test, such as those commonly used for inves-
tigating UWP, participants nevertheless use the scale pro-
vided by the experimenter to express their varying level
of confidence in future recall.

Hanczakowski et al. (2013) proposed that one way to
differentiate between the likelihood and confidence

interpretations would be to use binary decisions, such
as decisions to bet (or refrain from betting) that an item
will be recalled, to assess participants’ perceived likeli-
hood of future recall.5 If participants truly underestimate
future recall of a subset of items, then the proportion of
bets for these items should be lower than their mean
recall performance. If, on the other hand, the pattern
of underconfidence in scales does not reflect partici-
pants’ estimations of the probability of future recall,
but rather varying levels of confidence in future recall,
then the proportion of bets should match the subsequent
proportion of recalled items.

In Experiment 2, we used the logic outlined above to again
examine calibration on Cycle 3 for items previously recalled
once or twice. In this experiment, we employed the betting
task proposed by Hanczakowski et al. (2013). The crucial
questions were whether the UWP pattern would disappear in
the betting task, replicating Hanczakowski et al., and whether
any differences in calibration would be observed between
items previously recalled once or twice.

Experiment 2

Method

ParticipantsA group of 22 students participated in this study
for course credit.

Materials and procedure The materials and procedure were
the same as in Experiment 1, with one exception: instead of
providing scale JOLs, participants were given a binary betting
task. Good calibration on the binary betting task would be
obtained if the proportion of bets equaled the proportion of
recalled items. For each pair in the betting task, participants
were asked whether they would like to bet that they would
later recall the target from that pair when presented with the
cue. They were instructed that for correct bets they would gain
a point, whereas for incorrect bets they would lose a point. If
they refrained from betting, no points would be gained or lost.
Participants were not shown their point count during the
experiment.

5 Hanczakowski et al. (2013) demonstrated that the binary betting task pro-
duces the same results as the binary (“yes/no”) JOL task, without suffering
from a potentially serious drawback that characterizes the latter task. In the
binary JOL task, people may assign different subjective values to two types of
incorrect answers—metacognitive misses (correctly recalling an item assigned
a “no” JOL) andmetacognitive false alarms (failing to recall an item assigned a
“yes” JOL)—introducing a source of potential bias to the measure. In the
betting task, on the other hand, the penalties and rewards for different types
of answers are objectively defined by the experimenter and equated, minimiz-
ing the possibility of biased responding.
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Results and discussion

The means for the proportions of bets, recall performance, and
resolution (d') are presented in Table 1.6 Again, resolution was
influenced by cycle, F(2, 42) = 20.939,MSE = .284, p < .001,
ηp

2 = .499, and increased from Cycle 1 to Cycle 2, t(21) =
4.418, SEM = .167, p < .001, d = 0.74, and from Cycle 2 to
Cycle 3, t(21) = 2.123, SEM = .126, p = .046, d = 0.27.

A 2 (Measure: proportion of bets, recall performance) × 3
(Cycle: 1, 2, 3) repeated measures ANOVA revealed a signif-
icant main effect of cycle, F(2, 42) = 123.270,MSE = .010, p
< .001, ηp

2 = .854, indicating an increase from cycle to cycle
in both the proportion of bets and recall performance. The
interaction was also significant, F(2, 42) = 22.888, MSE =
.004, p < .001, ηp

2 = .522. Whereas on Cycle 1, participants
bet on a greater proportion of items than they later recalled,
t(21) = 4.084, SEM = .033, p = .001, d = 0.87, there was no
difference between these measures on Cycles 2 and 3, t(21) =
1.239, SEM = .033, p = .23, d = 0.26, and t < 1, respectively.
The main effect of measure was not significant, F(2, 42) =
1.153, MSE = .0122, p = .29, ηp

2 = .052. These results repli-
cate the findings of Hanczakowski et al. (2013), again dem-
onstrating that participants can accurately track future recall
performance with their betting decisions.

Participants’ assessments of the number of successful recall
attempts were as good as they were with scale JOLs (see the
bottom panel of Fig. 1). At Test 3, in 91% of cases participants
were able to correctly assess the number of previously suc-
cessful recall attempts for each pair, producing gamma = .977.

Analyses of calibration performed separately on each level
of past recall performance (never, once, and twice) revealed
that recall performance did not differ from the proportion of
bets for any kind of items, all ts < 1.7 Of particular interest is
the fact that no UWP whatsoever was apparent for items pre-
viously recalled once and twice when the betting task was
used. As a direct consequence of this pattern, calibration in
the present experiment, calculated as the difference between
the proportion of bets and the mean recall performance, was
equally good for items previously recalled once and twice, t <
1. This contrasts starkly with the results of Experiment 1, in
which calibration was markedly worse for items previously
recalled once versus twice.

In total, the results revealed that, on Cycle 3, people were
well calibrated in the betting task, independent of past recall
performance. This suggests that participants were able to

predict the very high probability of successful recall for items
previously recalled at least once, as well as the lack of differ-
ence in future recall performance for these items, and executed
their betting decisions accordingly. In other words, we argue
that the results of Experiment 2 confirm that participants are
well aware that previously recalled items are very likely to be
recalled on a subsequent immediate test. This, in turn, indi-
cates that the UWP pattern observed in Experiment 1 for items
previously recalled (which was exaggerated for once-recalled
items) should not be interpreted in terms of improper likeli-
hood assessments. The UWP pattern revealed by scale JOLs
in Experiment 1 speaks to the fact that participants are more
confident that items previously recalled twice rather than once
will be again recalled. The results of Experiment 2 demon-
strate that participants also believe that both types of items will
probably be successfully retrieved.

The discrepancy between scale JOLs and binary betting
decisions found in this study is similar to the pattern observed
by Hanczakowski et al. (2013). In their study, UWP was pres-
ent for scale JOLs, but not for binary bets, and the same pat-
tern was observed here. Experiment 2 further demonstrated
that Cycle-3 calibration of betting decisions is very good not
only overall, but also for each type of items considered in the
three-cycle procedure: items recalled never, once, and twice.
This experiment, however, did not specifically determine why
binary bets differ from scale JOLs, since two differences be-
tween the binary betting task (as well as the binary “yes/no”
JOL task used by Hanczakowski et al., 2013; see note 5) and
the 0 %–100 % JOL task can be noted.8 First, the numbers of
possible response options differ, with two options in the bina-
ry tasks and multiple options in the 0 %–100 % JOL task.
Second, the use of numerical labels differs, with the binary
task using none and the scale-JOL task using percentage
values as labels. Experiment 3 was designedmainly to address
this confound.

Experiment 3

The main purpose of Experiment 3 was to adjudicate whether
the discrepant findings of Experiments 1 and 2 should be
assigned to the different numbers of options available in the
assessment tasks or the differential use of numerical labels in
these tasks. Toward this aim, for the present experiment we
used another assessment task: one in which participants were
asked to make binary 0 %/100 % JOLs—that is, to choose
either “0 %” or “100 %” for each studied pair (see also
Higham, Zawadzka, & Hanczakowski, 2015b, for this type
of rating task used to assess retrospective confidence). This task
preserves the binary format of responding from Experiment 2,

6 The d' measure is computed from the metacognitive hit rate and false alarm
rate. In this context, these rates are defined as the proportions of correct versus
incorrect answers that are bet upon. Technically, d' is the standardized
difference between the means of the correct and incorrect response
distributions and, hence, provides a measure of resolution. See Higham et al.
(2015a) for a discussion.
7 The same pattern of results was obtained when the analyses were performed
on the data set based on participants’ assessments of their past recall
performance. 8 We thank an anonymous reviewer for pointing this issue out to us.
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while simultaneously using some of the numerical values that
were used in Experiment 1. If the limited number of response
options was responsible for abolishing the UWP pattern in
Experiment 2, we would expect the same perfect calibration
for all item types in Experiment 3. If it was the lack of numer-
ical values that eliminated the UWP pattern, we would expect
the pattern of UWP observed in Experiment 1 to reemerge.

Another aim of Experiment 3 was to shed more light on the
differences between items previously recalled once and twice.
Recall that in Experiment 1, we found a difference in the
magnitudes of the UWP effect between these item types.
This difference was driven by variation in the magnitude of
0 %–100 % JOLs, because recall for both types of previously
recalled items was comparable and at ceiling. Why, then,
would participants assign different ratings to items for which
the future recall was almost identical? We speculated that par-
ticipants were aware of subtle differences between the items
recalled once and twice that were not reflected in the measure
of immediate recall, but that nevertheless shaped participants’
confidence in future recall. To test for this possibility, in
Experiment 3 we implemented a manipulation of delay in
testing on Cycle 3, by testing half of the items immediately
(as in previous experiments), and the other half after complet-
ing another experiment, approximately 40 min later. Previous
research had suggested that differences in memory strength
between different classes of items would more likely be de-
tected if the criterial test was more difficult (Kornell, Bjork, &
Garcia, 2011). Testing memory for one half of the items after a
delay should obviously increase the test difficulty for these
items. Thus, if items previously recalled twice are indeedmore
strongly encoded than those recalled only once, a difference in
delayed recall should be found.

Method

ParticipantsA group of 24 students participated in this study
for course credit.

Materials and procedure The materials were the same as in
Experiments 1 and 2. On the first two cycles, only the rating
task differed from those used in the previous experiments. For
each studied pair, participants were asked to provide a binary
0 %/100 % JOL—that is, to choose either “0 %” or “100 %.”
The instructions for the rating task were adapted from those
used by Hanczakowski et al. (2013) in their “yes/no” JOL
experiment, with “100 %” and “0 %,” respectively, being
substituted for the “yes” and “no” responses. On Cycle 3,
the study phase was the same as on the previous cycles. The
test, however—unbeknown to participants—was split into
two halves. The first half of the test, on which participants
were tested on 30 of the studied word pairs, was administered
immediately after the study phase. After completing this half
of the test, participants took part in another, unrelated

experiment, which took between 35 and 45 min (responding
in that experiment was self-paced). The second half of the test
was administered immediately after this “filler” experiment
and consisted of the remaining 30 word pairs. The assignment
of word pairs to test halves was counterbalanced.

In contrast to Experiments 1 and 2, on the Cycle-3 tests
participants were not asked to estimate the number of preced-
ing recall successes for each pair. Such assessments were
deemed superfluous, given the extremely high correlations
between assessed and actual recall performance documented
in Experiments 1 and 2, and excluding these assessments
allowed for shortening the procedure, which, together with
the filler experiment, took about 1 h 30 min to complete.

Results and discussion

The means for 0 %/100 % JOLs, recall performance, and
resolution (d') are presented in Table 1. First, we performed
the same analyses as in Experiments 1 and 2 on the full set of
immediate data.9 Resolution again was affected by cycle, F(2,
40) = 26.425, MSE = .239, p < .001, ηp

2 = .569: It increased
from Cycle 1 to Cycle 2, t(23) = 5.076, SE = .132, p < .001, d
= 1.04, and from Cycle 2 to Cycle 3, t(20) = 3.071, SE = .131,
p = .006, d = 0.67.10 A 2 (Measure: 0 %/100 % JOLs, recall
performance) × 3 (Cycle: 1, 2, 3) ANOVA revealed a significant
main effect of cycle, F(2, 46) = 93.170,MSE = .012, p < .001,
ηp

2 = .802, which was qualified by a significant interaction, F(1,
23) = 44.168,MSE= .009, p < .001, ηp

2 = .658. OnCycle 1, the
0 %/100 % JOLs exceeded the recall performance, t(23) =
5.184, SE = .045, p < .001, d = 1.06, whereas on the next two
cycles the recall performance exceeded the 0 %/100 % JOLs,
[t(23) = 1.999, SE = .032, p = .058, d = 0.41, for Cycle 2, and
t(23) = 3.513, SE = .024, p = .002, d = 0.72, for Cycle 3],
demonstrating the UWP pattern. The main effect of measure
was not significant, F(1, 23) = 1.124, MSE = .027, p = .30,
ηp

2 = .047. Overall, these results demonstrate that it was not
merely the change of task format from scale to binary that elim-
inated the UWP pattern in Experiment 2.

The crucial results concerned the calibration for various
classes of items on Cycle 3. The results for recall and 0 %/
100 % JOLs, conditionalized on the number of previous recall
successes (see panel A of Fig. 2), demonstrated a different
locus of the overall UWP effect observed in this experiment,
as compared to that in Experiment 1. This time, the presence
of the UWP pattern was driven by a huge underestimation
(28 % to 49 %) of future recall performance for previously
unrecalled items, t(23) = 3.793, SE = .056, p = .001, d = 0.78.

9 Note that this means that, for Cycle 3, only the 0 %/100 % JOL and recall
data for the 30 word pairs presented on the immediate test were subjected to
these analyses.
10 It was not possible to calculate the Cycle-3 d's for three participants, be-
cause they correctly recalled all items.
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For items recalled at least once, on the other hand, the 0 %/
100% JOLs tracked the recall performance extremely well: t <
1 for once-recalled items, and t = 1 for twice-recalled items.
Consequently, calibration was equally good for items previ-
ously recalled once and twice, t < 1. This lack of a difference
in calibration joins the results of Experiment 2 in showing that
participants can accurately predict future recall performance
for previously recalled items if they are given an appropriate
task.

In addition to the analyses of immediate recall data de-
scribed above, we analyzed the data from the delayed recall
test (see panel B of Fig. 2). The purpose of delaying one half
of the Cycle-3 test was to more clearly demonstrate that items
previously recalled once and twice would indeed differ in
terms of retention. Our results were consistent with this hy-
pothesis: Items previously recalled twice were more often
recalled on the delayed test than were items previously
recalled once, t(22) = 2.973, SE = .024, p = .007, d = 0.62.
This strengthens the claim that, in a scale-JOL task such as
that employed in Experiment 1, participants can detect the true

differences between items, even if these differences are not
revealed in the measure of immediate recall performance.

The main interest of the present experiment lay again in the
calibration pattern. The pattern of calibration on Cycle 3 for
previously recalled items indicates that the discrepancy be-
tween Experiments 1 and 2 was likely caused by the number
of response options, not by the use of the betting or percentage
framing. In both Experiments 2 and 3, binary responding was
required and no UWP for previously recalled items was ob-
served, which contrasts with the scale-JOL results of
Experiment 1. This implies that the requirement to provide
fine-grained distinctions in the 0 %–100 % JOL task is what
is responsible for UWP for previously recalled items.

The present observation of a reliable difference in delayed
recall for previously once- and twice-recalled items leaves
clues as to why the pattern of UWP is generated. The differ-
ence in delayed recall shows that there is a real difference in
the memory information for items previously recalled once
and twice. Given a scale-JOL task, participants may feel in-
clined to express this real difference by lowering their JOLs

Fig. 2 Mean 0 %/100 % JOLs and recall performance on Cycle 3 of Experiment 3. Panel A presents recall results from the immediate test, and panel B
presents recall results from the delayed test. Error bars indicate standard errors of the means
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for items with a weaker memorial basis (previously recalled
only once). However, immediate recall, which provides a stan-
dard against which these JOLs are assessed in terms of cali-
bration, shows only a negligible difference between items pre-
viously recalled once and twice (1 % in Exp. 1, 4 % in Exp. 2,
and 3 % in Exp. 3). The result of this is the pattern of exag-
gerated UWP for once-recalled items in the scale-JOL task, a
pattern that should not be taken to imply that participants are
somehow unaware that the likelihood of immediate retrieval
of the already mastered items is actually extremely high.

In the present study, we focusedmostly on items previously
recalled once or twice. We argued that the number of
responding options is crucial for the calibration pattern ob-
served for these items. This, however, is not to say that the
betting-versus-percentage framing does not matter. The results
of Experiment 3 clearly show that framing has important con-
sequences for the calibration pattern on Cycle 3 for items that
were not previously recalled. Specifically, in Experiment 2
these items showed perfect calibration in the betting task, yet
in Experiment 3 a massive UWPwas shown for these items in
the 0 %/100 % JOL task.

Why, then, did the results obtained in two binary tasks
differ so much? One possibility is that the binary betting task
might minimize the probability of biased responding, as com-
pared to other binary tasks (see note 5). In short, the betting
task utilizes an explicit payoff matrix in which the losses from
different incorrect responses—that is, not betting on the item
subsequently recalled or betting on the item subsequently
unrecalled—are equated. In the 0 %/100 % JOL task, on the
other hand, the payoff matrix is only implicit, and thus differ-
ent errors may have different psychological values. It is there-
fore possible that the well-defined payoff matrix of the betting
task facilitates the perfect calibration for all types of items
observed in Experiment 2, whereas the implicit payoff matrix
of the 0 %/100 % JOL task introduces a conservative bias by
which participants err on the side of too many 0 % judgments.
Alternatively, perhaps the “100 %” label used in the binary
0 %/100 % task was responsible for the UWP pattern for
previously unrecalled items in Experiment 3. The highest val-
ue on the confidence scale (“100 %”) may seem inappropriate
for such items, something not shared by the decision to bet. If
so, participants may be more reluctant to assign a 100 % judg-
ment than to bet on previously recalled items, which would
produce the UWP effect that we observed.

In total, our results clearly show that the issue of the labels
used to elicit metacognitive judgments requires further empir-
ical scrutiny. It is worth pointing out here that this is not the
first case described in the metacognitive literature of a discrep-
ancy between two rating types that share a format of
responding. To note just two prominent examples, McCabe
and Soderstrom (2011) demonstrated differences in resolution
between JOLs and judgments of remembering and knowing
(JORKs), both elicited on three-point scales, and Dougherty

et al. (2005) found differences between retrospective confi-
dence judgments and delayed JOLs elicited on percentage
scales.

General discussion

In the present study, we investigated the intricacies of the UWP
pattern in a multicycle learning procedure. With respect to the
general pattern of calibration, in Experiment 1, which used the
0 %–100 % scale, the UWP pattern was present on Cycles 2
and 3. In Experiment 2, which employed the binary betting
task, no UWP was found on any of the cycles. The results of
Experiment 2 replicated the findings of Hanczakowski et al.
(2013), who had also demonstrated good calibration in the
binary betting task in their Experiments 3 and 4. Finally,
Experiment 3, which used binary 0 %/100 % JOLs, in which
the UWP pattern reemerged on Cycles 2 and 3 for previously
unrecalled items, demonstrated that the UWP pattern can be
reliably obtained when only two response options are available
to participants.

The main objective of this study was to investigate the
influence of the number of past recall successes on calibration
across the task formats. Experiment 1 demonstrated that cali-
bration was impaired regardless of the number of past recall
successes, but the magnitude of this impairment was far great-
er for items previously recalled once rather than twice, which
was mostly due to lowered 0 %–100 % JOLs for the former
item class. Conversely, in Experiment 2, betting decisions
tracked recall performance almost perfectly for all classes of
items, suggesting that people are able to predict their future
recall performance with very high accuracy if they are given
an appropriate task. Also in Experiment 3, 0 %/100 % JOLs
assigned to previously recalled items tracked Cycle-3 recall
extremely well. The results of Experiments 2 and 3 demon-
strate that the difference in the magnitudes of the UWP effect
for previously recalled items that we observed in the scale task
cannot be attributed to an inability to make correct predictions
concerning future recall performance for these items. In gen-
eral, the results for previously recalled items reveal a dissoci-
ation between scale and binary judgments with respect to
calibration.

Why, then, does this dissociation occur? We believe that
the results of the present study are consistent with the claim of
Hanczakowski et al. (2013) that participants’ 0 %–100 %
JOLs are not assessments of recall probability, but rather rep-
resent confidence judgments. The difference between
probability and confidence ratings has profound consequences
for calibration research, in which it is common practice to
directly compare mean JOLs and mean recall. For this com-
parison to be meaningful regarding assessments of the realism
of JOLs, there is an assumption that the intervals on the scale
on which ratings are made are comparable to the intervals on
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the underlying psychological dimension that the scale values
are meant to index. However, confidence scales are likely only
ordinal; that is, JOLs may simply represent a rank ordering of
the recallability of items, not recall probabilities. For the latter,
participants must ensure that the psychological distance be-
tween 70 % and 80 % is the same as that between 20 % and
30 % (or any other pairs of values that differ by 10 %), which
seems unlikely (e.g., see Poulton, 1979). That being the case,
direct comparisons between the mean of scale JOLs and mean
recall provides little to no information about the realism of
people’s judgments.

The present findings confirm and extend those of
Hanczakowski et al. (2013). First, they replicate the previous
finding that binary betting and 0 %–100 % JOL tasks give rise
to different results, even though in theory they are supposed to
measure the same underlying construct: probability of future
recall. Second, our findings directly demonstrate different prop-
erties of binary and scale ratings. Betting decisions turn out to

be able to accurately track recall performance, independent of
the number of past recall successes. Scale JOLs, on the other
hand, are dependent on the number of past recall successes to a
much greater extent than immediate recall performance is, as is
evidenced by the difference in the magnitudes of the UWP
effect between items previously recalled once and twice. In
total, our results strengthen the conclusion that scale JOLs, as
compared to betting decisions, do not measure subjective prob-
ability, but rather are ratings of confidence in future recall.

Howmight an account that considers 0%–100% JOLs to be
confidence ratings rather than probability judgments account
for our results? According to the confidence account of scale
JOLs, even though the participants in Experiment 1 were aware
that the probabilities of recalling a previously recalled item
were similar for the two classes of items and close to 100 %,
they may have assumed that each additional successful recall
attempt warrants an increase in confidence in future recall.
Confidence ratings do not aim at providing numerical

betno bet

0% 100%

Perfect recall

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

scale JOLs

betting task

0/100% JOLs

Fig. 3 Simplified graphical depiction of the results for previously recalled
pairs in the tasks used in Experiments 1–3. In each panel, two distributions
are positioned on the evidence-for-future-recall dimension. The
dimensions on the left represent unrecalled items, whereas the
distributions on the right represent correctly recalled items. The numbers

denote items previously recalled once (1) and twice (2), and the dashed
lines represent criteria: confidence criteria in increments of 10 %, in the
case of Experiment 1, and binary criteria in Experiments 2 and 3. The
dotted rectangular area encompasses items positioned in the upper part
of the evidence dimension, for which recall performance is 100 %
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assessments of probability. For this reason, they do not have to
track recall performance closely. Participants may base their
JOLs on cues that allow them to demonstrate that they are
aware of actual differences amongst the subsets of highly re-
callable items. That these differences really exist is exemplified
well by the difference in delayed recall performance between
items previously recalled once and twice that we demonstrated
in Experiment 3.

It is worth noting that the results of this study do not nec-
essarily suggest that participants access different kinds of in-
formation in the scale-JOL and binary tasks. In fact, it is per-
fectly viable that participants would have the same informa-
tion available in scales and binary tasks, but could choose
different cues for each of the tasks, which, in turn, would
produce the scale/binary dissociation (see also Higham et al.
2015a).11 Consider the three panels of Fig. 3, which present a
single-dimension interpretation of the results of Experiments
1–3. Binary tasks, presented in the middle (binary betting) and
bottom (0 %/100 %) panels, require only a single decision
criterion: The evidence available for each item falls either
below or above that criterion. Because previously recalled
items all have high levels of evidence for future recall, virtu-
ally all of them fall above that single criterion, regardless of
whether its location is unbiased (binary betting) or more con-
servative (0 %/100 %). This results in the insensitivity of
binary responses to the once-versus-twice cue that the present
study revealed (i.e., all of them are assigned positive re-
sponses). Scale ratings (top panel), on the other hand, require
multiple decision criteria—one for each confidence value.
This means that several of these criteria (e.g., 80 %, 90 %,
and 100 % in the example presented in Fig. 3) are positioned
at the high end of the evidence dimension, where recall per-
formance is at ceiling. In this case, the recall probability cue is
of little use, from the perspective of a participant who wants to
discriminate between these strongly encoded items. For this
reason, high JOLs have to be driven by other cues, not all of
which have to be related to the probability of immediate recall.

In the present study, we looked at only one type of cue that
shapes scale JOLs: the number of previous successful re-
trievals. An interesting issue for future research would be to
examine how this cue interacts with other cues in the
multicycle procedure, such as, for example, the fluency of
retrieval (e.g., Benjamin, Bjork, & Schwartz, 1998; Koriat &
Ma’ayan, 2005). Although Serra and Dunlosky (2005) have
shown that the overall contribution of retrieval fluency to the
UWP effect in a two-cycle procedure is minimal, this cue

might potentially play a role in procedures consisting of three
or more cycles. As we mentioned above, previously recalled
items that differ in the number of past recall successes most
likely have more commonalities than differences, which limits
the pool of cues that participants can utilize to distinguish
between these items. In such a case, if items previously
recalled twice were indeed more fluently retrieved than items
recalled only once, this could contribute to the difference in
JOLs between these items (see also Pyc & Rawson, 2012, for
the influence of retrieval fluency on the JOLs for successfully
recalled items).

Finally, it has to be noted as well that the number of suc-
cessful retrieval attempts can be predictive of future recall
under certain circumstances. As the results of the delayed test
in Experiment 3 demonstrate, the more times that an item is
recalled, the better the memory for that item after a delay (see
also Vaughn & Rawson, 2011), and scale JOLs are known to
be sensitive to this cue (Pyc & Rawson, 2012). Even though
participants are aware that their task is to predict recall on an
immediate test, rendering long-term predictions of retention
irrelevant to the task they face, the number of previous suc-
cessful recalls may be incorporated into ratings to demonstrate
that items previously recalled once and twice differ in terms of
memorial evidence.

In any case, it can safely be assumed that the quality and/or
quantity of evidence for future recall differ between items previ-
ously recalled once versus twice, and scale JOLs pick up on that
difference even when the items do not differ in terms of their
probabilities of future recall on an immediate test. For researchers
interested in people’s insight into their own memory, scale JOLs
provide more detailed information than less sensitive betting de-
cisions. This sensitivity of scale JOLs comes, however, at a cost:
It makes the task unsuitable for querying assessments of subjec-
tive probability. Certain (but not all) binary decisions, such as
binary bets or “yes/no” JOLs, on the other hand, fare much better
as proxies of subjective probability. Researchers interested in the
calibration of judgments of future memory performance should
therefore opt for using the binary betting task with equated and
well-defined rewards and penalties, to reduce the chance of
obtaining biased estimates of future recall probability. The
present results therefore underscore the importance of choosing
an appropriate task for answering a research question.

Author note We thankMaciej Hanczakowski for his helpful comments
on an earlier version of the manuscript.
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