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Abstract The cue-utilization view to judgments of learning
(JOLs) assumes that both ease of processing during study and
people’s beliefs about memory may contribute to people’s
predictions on the likelihood of remembering recently studied
information. However, a recent study (Mueller, Tauber, &
Dunlosky, Psychonomic Bulletin & Review, 20(2), 378–384,
2013; Experiment 3) found that processing fluency does not
contribute to the effect of pair relatedness on JOLs, that is, to
higher JOLs for related paired associates as compared to
unrelated paired associates. We investigated whether this find-
ing primarily depends on specific aspects of the paired asso-
ciates employed or on the measure of processing fluency used
in the previous study. In our first two experiments, participants
therefore studied lists with (a) uniformly high associative
strengths versus (b) a wide range of associative strengths.
Results showed that processing disfluency—operationalized
as number of trials to acquisition in Experiment 1 and as self-
paced study time in Experiment 2—partially mediated the
effect of relatedness on JOLs for both types of lists. Finally,
in Experiment 3, the contribution of processing fluency to the
relatedness effect increased with study-test experience. Unlike
Mueller et al., we thus found that processing fluency contrib-
utes to the relatedness effect on JOLs. These findings are
consistent with the assumption that ease of processing is an
important basis for JOLs.
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The question of how people know that they know has been
addressed by a large body of research on metacognition. A

general conclusion from this work is that people infer their
own cognitive processes from various cues and heuristics. In
the domain of judgments of learning (JOLs), that is, people’s
predictions on the likelihood that they will remember recently
studied information at a later time, this idea has been advanced
by Koriat’s (1997) cue-utilization approach. According to the
cue-utilization theory, JOLs may be based on different types
of cues. Intrinsic cues refer to characteristics that disclose the a
priori difficulty of to-be-learned information. Extrinsic cues
refer to study conditions and to the learner’s encoding opera-
tions. Both intrinsic and extrinsic cues may affect JOLs either
directly through the deliberate application of a rule or a
belief about memory, or indirectly through their effect on
mnemonic cues. Mnemonic cues such as the fluency of
encoding during study derive from people’s current pro-
cessing of items and are assumed to give rise directly to a
subjective feeling of mastery (Koriat, 1997).

As an example, consider one of the largest and most robust
effects in the literature on JOLs: the effect of pair relatedness
on JOLs. It is well documented that JOLs are much higher for
related paired associates than for unrelated paired associates
(for a review, see Mueller, Tauber, & Dunlosky, 2013).
Following the cue-utilization approach, it has been suggested
that this relatedness effect relies on processing fluency as well
as on people’s a priori theories about memory. With respect to
intrinsic cues, it has been argued that related pairs receive
higher JOLs than unrelated pairs, because people deliberately
apply the belief that memory performance is better for related
pairs than for unrelated pairs (e.g., Mueller et al., 2013;
Soderstrom & McCabe, 2011). With respect to mnemonic
cues, it has been proposed that related pairs are more
fluently encoded than unrelated pairs and thus evoke
higher experiences of knowing (e.g., Mueller et al.,
2013; Soderstrom & McCabe, 2011).

A large number of studies have examined the cue-
utilization approach (Koriat, 1997). Although some studies
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suggested that some revision or additional assumptions may
be required (e.g., Dunlosky & Matvey, 2001; Jang & Nelson,
2005; Kimball & Metcalfe, 2003), most findings were consis-
tent with its predictions (e.g., Castel, 2008; Fraundorf &
Benjamin, 2014; Koriat, Bjork, Sheffer, & Bar, 2004;
Kornell, Rhodes, Castel, & Tauber, 2011; Soderstrom &
McCabe, 2011). Most important for present purposes, a grow-
ing body of evidence suggests that mnemonic cues do indeed
affect JOLs (e.g., Benjamin, Bjork, & Schwartz, 1998; Besken
& Mulligan, 2013, 2014; Castel, McCabe, & Roediger, 2007;
Koriat & Ma’ayan, 2005; Matvey, Dunlosky, & Guttentag,
2001; Susser et al., 2013; Undorf & Erdfelder, 2011, 2013).
There is also some evidence that beliefs about memory may
influence JOLs (for a review, see Bjork, Dunlosky, & Kornell,
2013). For example, JOLs were affected by the beliefs that
forgetting occurs over time (e.g., Koriat et al., 2004) and that
studying results in learning (e.g., Kornell & Bjork, 2009;
Kornell et al., 2011). Following training, JOLs accurately
reflected the belief of a memory advantage for low frequency
words in recognition tests (Benjamin, 2003) and the belief that
specific targets seem very obvious when presented along with
the cue at study but are hard to recall at test (Koriat & Bjork,
2005, 2006). However, all previous studies also showed that
ignoring or discounting metacognitive beliefs tends to be the
rule rather than the exception (e.g., Ariel, Hines, & Hertzog,
2014; Kornell & Bjork, 2009; Kornell et al., 2011) and that
beliefs must be activated to be incorporated into
metacognitive judgments (e.g., Ariel et al., 2014; Koriat
et al., 2004). In sum, there is evidence that JOLs are based
on mnemonic cues such as processing fluency and, to a lesser
extent, on people’s beliefs about memory (Bjork et al., 2013).

A recent line of research has, however, challenged the idea
that JOLs rely on mnemonic cues. From a series of studies,
Mueller et al. (2013) concluded that “people’s beliefs largely –
if not entirely – mediate the substantial effect of pair related-
ness on JOLs” (Mueller et al., 2013, p. 383). What is the
evidence for this conclusion? Mueller et al. (2013) found
relatedness effects not only with JOLs that were made imme-
diately after each pair had been studied, but also with pre-
study JOLs, which were elicited prior to studying each pair
and thus cannot rely on processing fluency (Experiment 1). A
second experiment revealed that pairs for which perceptual
fluency was disrupted by presentation in alternating case (e.g.,
tOoTh) gave rise to a relatedness effect of about the same size
as did normal lowercase pairs. In Experiment 3, controlling
statistically for processing fluency as measured by lexical
decision latencies did not significantly reduce the correlation
between relatedness and JOLs.

Several aspects of Mueller et al.’s (2013) experiments do,
however, suggest that their conclusion about the contribution
of processing fluency to the relatedness effect on JOLs may be
somewhat premature. As reported by the authors, JOL differ-
ences between related and unrelated pairs were reduced with

pre-study JOLs compared to immediate JOLs in their first
experiment. This indicates that processing fluency made a
significant, albeit small, contribution to the relatedness effect
in Experiment 1. Moreover, the contribution of processing
fluency to the relatedness effect is probably underestimated
in this study, because the only information available with pre-
study JOLs, but not with immediate JOLs, was whether pairs
were related or unrelated. This may have led to a particularly
pronounced influence of beliefs on pre-study JOLs.
Experiment 2 by Mueller et al. (2013) clearly shows that the
ease with which pairs are perceived—that is, perceptual flu-
ency—does not contribute to the relatedness effect on JOLs.
Conceptual fluency, however, supposedly remained unaffect-
ed by presenting words in alternating case and thus may have
caused the relatedness effect (cf. Mueller et al., 2013).

Hence, Mueller et al.’s (2013) Experiment 3 alone supports
the idea that the relatedness effect on JOLs is entirely mediat-
ed by beliefs. However, it remains an open question whether
findings from this experiment depend critically (a) on the
specific set of paired associates or (b) on the specific measure
of processing fluency used. Mueller et al. (2013) employed a
carefully constructed list of pairs from Rhodes and Castel
(2008). Compared with other JOL studies (e.g., Castel et al.,
2007; Connor, Dunlosky, & Hertzog, 1997; Hertzog, Sinclair,
& Dunlosky, 2010; Koriat & Bjork, 2005), the average asso-
ciation between members of related pairs was strong and
related pairs were easily distinguishable from unrelated pairs.
This may have increased people’s reliance on beliefs about
relatedness. To investigate this possibility, two different study
lists are used in the first two experiments presented below:
The high association list is comparable to the list used by
Mueller et al. (2013), whereas the wide range list consisted of
pairs with a wider range and a lower mean of associative
strengths.

The measure of processing fluency used by Mueller et al.
(2013) was response time in a lexical decision task. In this
task, each cue was presented in isolation for 1 second, after
which the target—a related or an unrelated word or a non-
word—appeared on the screen. Both cue and target remained
on the screen until participants decided whether the target was
a word or a non-word. Because lexical decision latencies have
served as measures of processing fluency in few JOL studies so
far (Mueller, Dunlosky, Tauber, & Rhodes, 2014),1 we use two
established measures of processing fluency to address its con-
tribution to the relatedness effect in the experiments reported

1 Lexical decision latencies have been used in two studies on feeling-of-
knowing judgments and tip-of-the-tongue feelings (Connor, Balota, &
Neely, 1992; Yaniv & Meyer, 1987). Results showed that lexical deci-
sions were faster for items that induced high feeling-of-knowing judg-
ments and tip-of-the-tongue feelings. However, unlike in the study by
Mueller et al. (2013), decision latencies were obtained in a separate phase
of the experiment rather than included in the judgment phase in these
studies.
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below: (1) the number of trials to acquisition in Experiment 1
(e.g., Hoffmann-Biencourt, Lockl, Schneider, Ackerman, &
Koriat, 2010; Koriat, Ackerman, Lockl, & Schneider, 2009;
Koriat, 2008) and (2) self-paced study time (e.g., Castel et al.,
2007; Koriat, 2008; Koriat & Ackerman, 2010; Koriat,
Ma’ayan, & Nussinson, 2006; Miele, Finn, & Molden, 2011;
Undorf & Erdfelder, 2011, 2013) in Experiments 2 and 3.

If Mueller et al.’s (2013, Experiment 3) finding that
processing fluency does not contribute to the relatedness
effect crucially depends on using lists with uniformly strong
associations between the members of related pairs, their null
effect should replicate with high association lists, whereas
processing fluency should contribute to the relatedness effect
with wide range lists. Moreover, if Mueller et al.’s (2013)
results crucially depend on their measure of processing
fluency, the relatedness effect should be mediated by
processing fluency when using standard fluency mea-
sures such as the number of trials to acquisition or
self-paced study time. Both predictions were tested in
Experiments 1 and 2.

Experiment 1

All participants studied and recalled both a high association
list and a wide range list in Experiment 1. The order of list
presentation was counterbalanced across participants. The
number of trials required for a pair to be correctly recalled
was used as a measure of processing fluency.

Method

Participants Participants were 42 University of Mannheim
undergraduates. Three participants did not finish the experi-
ment because of time constraints. Their data were discarded
from all analyses. The remaining participants were randomly
assigned to studying the wide range list in either the first (n =
20) or the second half of the experiment (n = 19).

Materials Target words consisted of 120 German nouns with
a mean log frequency of 1.63 (SD = 0.76) and a mean number
of letters of 5.52 (SD = 1.38). Sixty targets were paired with
unrelated cues and 60 with related cues. Two sets of related
pairs were constructed by pairing each target with two differ-
ent cues. Cue words from the two sets were equated for log
frequency (M = 1.02, SD = 0.61) and number of letters (M =
5.67, SD = 1.20). Association values for related pairs ranged
between .02 and .75 (M = .16, SD = .17) in the wide range set
and between .41 and .75 (M = .55, SD = .09) in the high
association set (Melinger & Weber, 2006).

We constructed four study lists of 30 unrelated and 30
related pairs. Two of the lists contained related pairs from
the wide range set and from the high association set,

respectively. Study lists were comparable with respect to
associative strength, word frequency, and number of letters.
Two apparently related and two apparently unrelated buffer
pairs were placed at the beginning of each list and served as
primacy buffers.

Procedure All participants were presented with one wide
range list and with one high association list. The experiment
consisted of two parts, each containing several study-test-
sequences, a JOL phase, a filler task, and a final cued recall
test. The two parts were merely replications of each other with
a new study list. During each study phase, 64 pairs were
presented one by one for 2 s each. A self-paced cued recall
test, in which the cues were presented alone and participants
were asked to type in the targets, occurred immediately after
the last pair. Correctly recalled items were removed from
subsequent study-test sequences. Participants were informed
of this procedure prior to the second study phase. After having
correctly recalled each pair, all pairs were presented once
again for 2 s and participants made a self-paced JOL in which
they estimated the probability of recalling the target in a final
test on a percentage scale (0 % to 100 %). This test was
preceded by a 7-min filler task consisting of addition prob-
lems. Responses that were very similar to the target word (e.g.,
teeth instead of tooth) were scored as correct responses in the
final test.

The order of pairs was randomly determined for each
participant except that buffer pairs were always presented first,
and that pairs presented in the first half of the study phase were
part of the first half of the test phase. Half of the participants
were presented with a wide range list and half with a high
association list in the first half of the experiment. Each of the
two wide range lists and each of the two high association lists
was presented to one half of the participants in each order
condition.

Results and discussion

Means (and standard deviations) of recall performance, num-
ber of trials to acquisition, and JOLs can be found in Table 1.
Data were submitted to mixed three-way ANOVAs with list
order (high association list first, wide range list first) as a
between-participants factor and with relatedness (related pairs,
unrelated pairs) and list type (high association list, wide range
list) as within-participant factors.2 Recall performance was
higher for related pairs than for unrelated pairs, F(1, 37) =
32.25, p <0.001, ηp

2 = .47. No other effects were significant.

2 For this analysis and for all following analyses, unrelated pairs were
coded as 0 and related pairs were coded as 1. The pattern of results is
identical, however, when actual associative strengths for related pairs are
included in the analyses. The same is true for Experiments 2 and 3.
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Mean number of trials to acquisition was lower for related
pairs than for unrelated pairs, F(1, 37) = 50.77, p < 0.001, ηp

2

= .58, and was lower for the high association list than for the
wide range list, F(1, 37) = 4.45, p = 0.042, ηp

2 = .11.
Significant interactions between list type and list order, F(1,
37) = 8.43, p = .006, ηp

2 = .19, and between relatedness, list
type, and list order, F(1, 37) = 5.88, p = .020, ηp

2 = .14,
showed that the influence of relatedness on number of trials to
acquisition was most pronounced with the wide range list in
the wide range list first condition. No other effects were
significant.

JOLs were significantly higher for related pairs than for
unrelated pairs, F(1, 37) = 130.75, p < .001, ηp

2 = .78. A
significant effect of list order showed that JOLs were higher in
the high association list first condition, F(1, 37) = 4.89, p =
.033, ηp

2 = .12. Furthermore, significant interactions between
relatedness and list type, F(1, 37) = 6.99, p = .012, ηp

2 = .16,
and between relatedness, list type, and list order, F(1, 37) =
7.63, p = .009, ηp

2 = .17, showed that the relatedness effect
was most pronounced for the high association list in the high
association list first condition. No other effects were
significant.

In order to examine whether the relatedness effect on JOLs
was mediated by number of trials to acquisition, we first
conducted multilevel regression analyses (cf. Kenny,
Korchmaros, & Bolger, 2003; Krull & MacKinnon, 2001)
using the R packages lme4 and lmerTest (Bates, Maechler,
& Bolker, 2014; Kuznetsova, Brockhoff, & Christensen,
2014; R Core Team, 2013). Two mixed linear models (level
1: items, level 2: participants) with participants as random
effects and with relatedness and number of trials to
acquisition as fixed effects were fitted separately for
the two list types in each order condition. Number of
trials to acquisition was regressed on relatedness in the

first model and JOLs were regressed on number of trials
to acquisition and relatedness in the second model.
Figure 1 shows the direct effects of number of trials
to acquisition on JOLs (Panel a) and of relatedness on
number of trials to acquisition and JOLs (Panels b and
c, respectively). It can be seen that all effects were
significant for each list in both list order conditions.
Importantly, this is also true for the direct effects of
relatedness on JOLs.

Mediation analyses were carried out using the R
package mediation (Tingley, Yamamoto, Keele, & Imai,
2013; see also Imai, Keele, & Tingley, 2010). Thus,
indirect effects of relatedness on JOLs mediated by
trials to acquisition and their 95 % confidence intervals
were estimated using Tingley et al.’s (2013) nonpara-
metric bootstrapping procedure with 2,000 bootstrap
samples. For the high association list, the indirect ef-
fects of relatedness on JOLs were 7.94, 95 % CI [6.57,
9.39], p < .001, when studied first and 2.50, [1.56,
3.46], p < .001, when studied last. The respective
values for the wide range list were 5.69, [4.46, 6.96],
p < .001, when studied first and 4.51, [3.49, 5.73], p <
.001, when studied last. The proportions of the total
effect of relatedness on JOLs mediated by number of
trials to acquisition were 0.24, [0.20, 0.28], p < .001,
and 0.12, [0.07, 0.16], p < .001, for the high association
list studied first and last, respectively, and 0.26, [0.20,
0.32], p < .001, and 0.21, [0.16, 0.26], p < .001, for the
wide range list studied first and last, respectively.

For purposes of comparability with Mueller et al.’s (2013)
results, we also compared zero-order correlations between
relatedness and JOLs with partial correlations between relat-
edness and JOLs while controlling for number of trials to
acquisition. As shown in the Appendix, these analyses led to

Table 1 Basic descriptive statistics for Experiment 1 and Experiment 2

High association list Wide range list

Studied first Studied last Studied first Studied last

Rel. Unrel. Rel. Unrel. Rel. Unrel. Rel. Unrel.

Experiment 1

Recall 96.84 (6.89) 84.56 (18.23) 92.50 (21.95) 74.17 (27.65) 95.33 (7.75) 82.17 (22.30) 93.68 (12.81) 83.86 (23.15)

TTA 1.41 (0.38) 2.36 (0.83) 1.39 (0.37) 2.45 (1.39) 1.69 (0.52) 2.96 (1.60) 1.50 (0.50) 2.15 (0.73)

JOL 83.90 (12.75) 50.54 (22.03) 70.07 (18.95) 48.53 (19.97) 64.36 (15.10) 42.56 (18.03) 78.41 (16.31) 56.76 (19.84)

Experiment 2

Recall 89.07 (13.62) 45.19 (28.68) 94.17 (7.25) 51.50 (22.57) 88.17 (9.94) 55.17 (22.57) 75.00 (17.69) 43.15 (26.85)

ST 3.84 (2.03) 6.86 (3.57) 2.59 (1.01) 5.45 (1.97) 4.58 (1.93) 7.53 (2.55) 3.03 (1.63) 5.63 (3.19)

JOL 78.81 (12.74) 38.89 (15.39) 78.12 (9.50) 45.55 (20.45) 71.77 (11.79) 47.34 (17.30) 70.95 (18.27) 36.31 (14.25)

Values represent the mean (and standard deviation) of means for recall performance (in percentage correct) and JOLs and the mean (and standard
deviation) of medians for number of trials to acquisition and study time. Rel. = related pairs, Unrel. = unrelated pairs, TTA = number of trials to
acquisition, JOL = judgments of learning, ST = study time
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the same conclusions as mediation analyses. It should be
noted, however, that comparing zero-order and partial corre-
lations to examine mediation effects is problematic (e.g.,
Cheung & Lau, 2007; MacKinnon, Lockwood, Hoffman,
West, & Sheets, 2002).

In sum, mediation analyses revealed that both the
direct effects of relatedness on JOLs and its indirect
effects on JOLs mediated by number of trials to acqui-
sition were significant for both lists, regardless of list
order. This suggests that processing fluency as measured
by number of trials to acquisition partially mediates the

relatedness effect on JOLs. Unexpectedly, the proportion
mediated was significantly smaller for the high associa-
tion list studied last than for the other conditions.

Experiment 2

Results from Experiment 1 showed that processing fluency
contributed to the relatedness effect on JOLs with high asso-
ciation lists as well as with wide range lists. Experiment 2 was
designed to test whether this pattern of results would also be
obtained when processing fluency is operationalized as self-
paced study time rather than as number of trials to acquisition.

Method

Participants Participants were 38 undergraduates (26 fe-
male). They were randomly assigned to studying the wide
range list in either the first (n = 20) or the second half of the
experiment (n = 18).

Materials and procedure Materials were the same as in
Experiment 1. The procedure was identical to that of
Experiment 1 with the following exceptions. In each half of
the experiment, participants were presented with a single
study phase. Participants were told to study the pairs for a
cued recall test and to choose their study times so that they
could recall the second word in the test phase while spending
as little study time as possible. Immediately after clicking an
onscreen button to indicate that they had finished studying a
pair, participants made a self-paced JOL. As soon as the JOL
was made, the next item was presented for study. After com-
pleting the study phase, participants solved easy mathematical
problems as a filler task (90 s).

Results and discussion

Means (and standard deviations) of recall performance, JOLs,
and study time are presented in Table 1. A mixed three-way
ANOVA revealed that recall performance was higher for
related pairs than for unrelated pairs, F(1, 36) = 136.27, p <
0.001, ηp

2 = .79, and higher for the high association list than
for the wide range list, F(1, 36) = 6.75, p = 0.014, ηp

2 = .16. A
significant interaction between list type and relatedness re-
vealed that the relatedness effect on recall performance was
more pronounced for the high association list than for the wide
range list, F(1, 36) = 14.06, p = 0.001, ηp

2 = .28. No other
effects were significant.

Mean self-paced study time was lower for related pairs than
for unrelated pairs, F(1, 36) = 80.82, p < 0.001, ηp

2 = .69. A
significant interaction between list type and list order indicat-
ed that study time was higher for the list that was studied first,

a

b

c

Fig. 1 Unstandardized regression coefficients for the direct effects of
number of trials to acquisition (TTA) on judgments of learning (JOLs) (a)
and of relatedness on TTA (b) and JOLs (c) in Experiment 1. Coefficients
are presented separately for high association lists studied first and last and
for wide range lists studied first and last. Error bars represent 95 %
confidence intervals. *** p < .001
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F(1, 36) = 8.43, p = .006, ηp
2 = .19. No other effects were

significant. However, a marginally significant main effect of
list type was also observed, F(1, 36) = 3.93, p = 0.055, ηp

2 =
.10.

JOLs were significantly higher for related pairs than for
unrelated pairs, F(1, 36) = 143.50, p < .001, ηp

2 = .80. A
significant effect of list type showed that the high association
list evoked higher JOLs than the wide range list, F(1, 36) =
10.47, p = .003, ηp

2 = .23. Furthermore, a significant
interaction between relatedness and list type, F(1, 36)
= 6.99, p = .012, ηp

2 = .16, showed that the relatedness
effect was more pronounced for the high association list
than for the wide range list. No other effects were
significant.

Because linear mixed models rest on the assumption
of normality, logarithmic transformation of study times
was used to move their distribution closer to normality.
Figure 2 shows that the direct effects of study time on
JOLs (Panel a) and of relatedness on study time and
JOLs (Panels b and c, respectively) were significant for
both lists regardless of list order. The only exception
was the effect of study time on JOLs for the high
association list when studied last. As in Experiment 1,
direct effects of relatedness on JOLs were significant in
all conditions.

Bootstrapped mediation analyses were conducted in
the same way as in Experiment 1 and revealed estimates
for the indirect effect of relatedness on JOLs mediated
by study time of 3.27, 95 % CI [1.91, 4.69], p < .001,
and 1.11, [−0.32, 2.59], p = .121, for the high associ-
ation list when studied first and last, respectively. The
respective estimates for the wide range list were 3.69,
[2.55, 4.88], p < .001, and 2.91, [1.55, 4.30], p < .001.
The proportions of the total effect of relatedness on
JOLs mediated by study time were 0.08, [0.05, 0.12],
p < .001, and 0.03, [−0.01, 0.08], p = .121, for the high
association list studied first and last, respectively, and
0.15, [0.10, 0.20], p < .001, and 0.08, [0.04, 0.12], p <
.001, for the wide range list studied first and last,
respectively. Estimates for the indirect effect of related-
ness on JOLs mediated by study time and for the
proportion mediated were thus significant for the high
association list when studied first and for the wide
range list in both list order conditions, but not for the
high association list studied first the (see Appendix for
zero-order correlations between relatedness and JOLs
and partial correlations between relatedness and JOLs
while controlling for study time).

This pattern of results confirms findings from
Experiment 1 in showing that processing fluency as mea-
sured by self-paced study time partially mediates the re-
latedness effect on JOLs. Compared to Experiment 1, the
proportion of the relatedness effect mediated by processing

fluency was somewhat smaller and did not even reach
significance for the high association list when studied last.

Experiment 3

Results from the first two experiments showed that processing
fluency as measured by number of trials to acquisition and by
self-paced study time contributed to the relatedness effect on
JOLs both with high association lists and with wide range

a

b

c

Fig. 2 Unstandardized regression coefficients for the direct effects of
self-paced study time (ST) on JOLs (a) and of relatedness on ST (b) and
judgments of learning (JOLs) (c) in Experiment 2. Coefficients are
presented separately for high association lists studied first and last and
for wide range lists studied first and last. Error bars represent 95 %
confidence intervals. *** p < .001
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lists. This raises the question of whether the contribution of
processing fluency to the relatedness effect on JOLs increases
with repeated study-test practice. The cue-utilization approach
(Koriat, 1997) predicts that with increased practice, JOLs
should shift from reliance on a priori theories to reliance on
mnemonic cues such as processing fluency. Across repeated
presentations, JOLs are assumed to become more sensitive to
inter-item differences within the classes of related and unre-
lated pairs and, thus, more accurate in predicting actual recall
performance (see also Ariel & Dunlosky, 2011; Jang,
Wallsten, & Huber, 2012; Serra & Ariel, 2014). This
may also result in a decrease of the relatedness effect
with repeated study-test practice. Consistent with this
idea, Koriat (1997, Experiment 2) found that study-test
practice increased the predictive accuracy of JOLs for
recall and likewise decreased but did not eliminate the
correlation between relatedness and JOLs.

Experiment 3 was designed to test whether the contribution
of processing fluency to the relatedness effect would increase
with repeated practice studying the same materials, as predict-
ed by the cue-utilization approach (Koriat, 1997). Therefore,
people were given four study-test trials on the same list of
paired associates.

Method

Participants Participants were 36 undergraduates (30 fe-
male). Data from 14 participants were discarded from all
analyses because they gave JOLs of 100 (13 participants) or
90 (one participant) for all pairs in one or more presentations
(two, five, and 13 participants in Presentations 2, 3, and 4,
respectively). This left us with a total of 23 participants.

Materials and procedure All participants studied one wide
range list from Experiment 1. The procedure was identical to
that of Experiment 2 except that participants completed four
study-test cycles. Prior to the first study phase, partici-
pants were told that they would study and recall the
same list of paired associates four times. In each study-
test cycle, participants made immediate JOLs regarding
cued recall in the next test.

Results and discussion

Table 2 presents means (and standard deviations) of recall
performance, study time, and JOLs. A repeated measures
ANOVA with relatedness (related pairs, unrelated pairs) and
presentation (1, 2, 3, 4) as within-participant factors showed
that recall performance was greater for related pairs than for
unrelated pairs,F(1, 21) = 32.56, p < 0.001, ηp

2 = .61, and that
recall performance increased with presentation, F(3,63) =
120.83, p < 0.001, ηp

2 = .85. A significant interaction showed
that the effect of relatedness on recall performance decreased

with presentation, F(3, 63) = 49.84, p < 0.001, ηp
2 = .70.

Planned comparisons confirmed that recall performance was
reliably higher for related pairs than for unrelated pairs across
all presentations, t(21) = 11.08, p <0.001, d = 2.36; t(21) =
4.45, p <0.001, d = 0.95; t(21) = 2.70, p = 0.013, d = 0.58; and
t(21) = 2.39, p = 0.026, d = 0.51, for Presentations 1, 2, 3, and
4, respectively.

Study time was lower for related pairs than for unrelated
pairs, F(1, 21) = 18.42, p < 0.001, ηp

2 = .47, and decreased
with presentation, F(3, 63) = 23.11, p < 0.001, ηp

2 = .52. A
significant interaction revealed that the effect of relatedness on
study time decreased with presentation, F(3, 63) = 4.75, p =
0.005, ηp

2 = .19. Planned comparisons revealed that study
time was reliably lower for related pairs than for unrelated
pairs in all but the last presentation, t(21) = 2.69, p = 0.014, d =
0.57; t(21) = 4.53, p < 0.001, d = 0.97; t(21) = 3.09, p = 0.006,
d = 0.65; and t(21) = 1.65, p = 0.114, d = 0.35, for
Presentations 1, 2, 3, and 4, respectively.

JOLs were higher for related than for unrelated pairs, F(1,
21) = 64.10, p < 0.001, ηp

2 = .75, and increased with presen-
tation, F(3, 63) = 195.69, p < 0.001, ηp

2 = .90. A significant
interaction revealed that the relatedness effect on JOLs de-
creased with presentation, F(3, 63) = 18.41, p < 0.001, ηp

2 =
.47. Planned comparisons confirmed that JOLs were reliably
higher for related pairs than for unrelated pairs across all
presentations, t(21) = 11.11, p < 0.001, d = 2.37; t(21) =
8.43, p < 0.001, d = 1.80; t(21) = 4.40, p < 0.001, d = 0.94;
and t(21) = 2.82, p = 0.010, d = 0.60, for Presentations 1, 2, 3,
and 4, respectively.

As shown in Fig. 3, direct effects of log-transformed study
time on JOLs (Panel a) and of relatedness on log-transformed
study time and JOLs (Panels b and c, respectively) were
significant across all presentations. It can be seen that the
effect of relatedness on both study time and JOLs decreased
with presentation, whereas the effect of study time on JOLs
increased with presentation.

Mediation analyses revealed that the indirect effect of
relatedness on JOLs mediated by study time was significant
across all presentations, 0.87, 95 % CI [0.17, 1.63], p = .018;
4.35, [3.32, 5.40], p < .001; 3.16, [2.28, 4.07], p < .001; and
0.96, [0.26, 1.70], p = .011, for Presentations 1, 2, 3, and 4,
respectively. The same was true for the proportion of the total
effect mediated by study time, 0.03, [0.01, 0.05], p = .018;
0.17, [0.13, 0.21], p < .001; 0.19, [0.14, 0.25], p < .001; 0.10,
[0.03, 0.17], p = .011, for Presentations 1, 2, 3, and 4, respec-
tively. It can be seen that the proportion mediated increased
from Presentation 1 to Presentation 2 and remained about the
same for the following presentations the (see Appendix for
zero-order correlations between relatedness and JOLs
and partial correlations between relatedness and JOLs
while controlling for study time). As predicted by the
cue-utilization approach (Koriat, 1997), study-test prac-
tice thus decreased the size of the relatedness effect on
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JOLs, but increased the contribution of processing flu-
ency to the relatedness effect in Experiment 3.

General discussion

The goal of the present experiments was to investigate the
contribution of processing fluency to the effect of pair relat-
edness on JOLs. In three experiments, we found that process-
ing fluency contributed to the relatedness effect. First,
Experiment 1 showed that processing fluency as measured
by number of trials to acquisition (e.g., Hoffmann-Biencourt
et al., 2010; Koriat, 2008) contributed to the effect of related-
ness on JOLs both for lists with uniformly strong associations
and for lists with a wide range of associative strengths.
Mediation analyses revealed that the indirect effect of related-
ness on JOLs mediated by number of trials to acquisition
explained up to 26 % of the total effect of relatedness on
JOLs. The size of this indirect effect was not affected by
whether lists were studied in the first or in the second half of
the experiment. Converging evidence for these findings was
obtained in Experiment 2, which used the same paired asso-
ciates as in Experiment 1 but a different measure of processing
fluency. Experiment 2 revealed that self-paced study time
(e.g., Castel et al., 2007; Koriat, 2008; Miele et al., 2011;
Undorf & Erdfelder, 2011, 2013) significantly mediated the
effect of relatedness on JOLs for wide range lists irrespective
of list order, and for high association lists when studied first.
Up to 15 % of the relatedness effect was mediated by self-
paced study time; the proportion mediated was thus somewhat
lower than in Experiment 1. Finally, Experiment 3 demon-
strated that repeated practice studying the same pairs increased
the contribution of processing fluency to the relatedness effect
(e.g., Koriat, 1997). The proportion of the relatedness effect
mediated by self-paced study time rose from only 3 % in
Presentation 1 to a maximum of 19 % in Presentation 3.
Inspection of direct effects revealed that this increase relied
on stronger effects of study time on JOLs with repeated study-
test experience.

a

b

c

Fig. 3 Unstandardized regression coefficients for the direct effects of
self-paced study time (ST) on JOLs (a) and of relatedness on ST (b) and
judgments of learning (JOLs) (c) in Experiment 3, presented separately
for Presentations 1 to 4. Error bars represent 95 % confidence intervals.
*** p < .001 ** p < .01 * p < .05

Table 2 Basic descriptive statistics for Experiment 3

Presentation

1 2 3 4

Rel. Unrel. Rel. Unrel. Rel. Unrel. Rel. Unrel.

Recall 81.52 (15.52) 43.18 (23.96) 93.79 (9.22) 73.33 (27.02) 95.61 (6.54) 85.45 (21.96) 97.58 (5.06) 90.30 (16.96)

ST 3.83 (2.48) 6.17 (5.25) 2.07 (1.03) 3.07 (1.69) 1.46 (0.70) 1.90 (1.00) 1.29 (0.63) 1.36 (0.63)

JOL 66.83 (13.23) 34.00 (14.11) 80.09 (12.86) 53.99 (20.69) 88.51 (11.24) 72.16 (20.68) 93.73 (7.77) 83.58 (18.39)

Values represent the mean (and standard deviation) of means for recall performance (in percentage correct) and JOLs and the mean (and standard
deviation) of medians for study time. Rel. = related pairs, Unrel. = unrelated pairs, ST = study time, JOL = judgments of learning
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Our findings are consistent with the cue-utilization approach
to JOLs (Koriat, 1997). Most importantly, all three experiments
showed that the relatedness effect on JOLs is mediated by
processing fluency. This is all the more remarkable considering
that the methods of eliciting JOLs differed substantially
between experiments. Whereas JOLs were made during study
in Experiments 2 and 3, JOLs were made in a separate phase
following criterion recall in Experiment 1. Thus, our findings
provide strong support for the idea that JOLs usually rely on
mnemonic cues. Additionally, Experiment 3 provides evidence
for the claim that JOLs shift from reliance on beliefs to reliance
on mnemonic cues with increased study-test practice:
Mediation analyses revealed that study-test practice significant-
ly increased the impact of processing fluency (as indexed by
self-paced study time) on JOLs.

The current data are compatible with Experiment 1 by
Mueller et al. (2013) in which a more pronounced relatedness
effect was found with pre-study JOLs than with immediate
JOLs. Assuming that the relatedness effect is mainly driven by
conceptual fluency, our results are also consistent with
Mueller et al.’s (2013, Experiment 2) finding that percep-
tual fluency does not contribute to the relatedness effect on
JOLs.

However, our findings appear to be at odds with Experiment
3 by Mueller et al. (2013), which showed that controlling
statistically for processing fluency as measured by lexical
decision latencies did not significantly reduce the correlation
between relatedness and JOLs. The first two experiments
reported here tested two possible explanations for this find-
ing. One was that processing fluency does not contribute to
the relatedness effect for study lists with uniformly strong
associations between the members of related pairs, but con-
tributes to the relatedness effect for lists with varying de-
grees of association. This account, however, conflicts with
our finding that the proportion of the relatedness effect
mediated by processing fluency was significant for both high
association lists and wide range lists in Experiments 1 and 2.
The second explanation was that processing fluency, when
measured by lexical decision latencies, does not mediate the
relatedness effect, whereas commonly used measures of
processing fluency do. In line with this idea, both measures
of processing fluency used in our studies, that is, number of
trials to acquisition (Experiment 1) and self-paced study time
(Experiment 2 and Experiment 3), significantly mediated the
relatedness effect.

Currently, it is unclear what accounts for the discrepancy
between the results for different indicators of processing flu-
ency. Nevertheless, it seems safe to conclude that there are
systematic differences between different measures of process-
ing fluency. Further support for this conclusion comes from
our observation that self-paced study time contributed less to
the relatedness effect than number of trials to acquisition.
Considering that previous studies found identical results with

different measures of encoding fluency in general (for a re-
view, see Undorf & Erdfelder, 2011), and with lexical decision
time and self-paced study time in particular (Mueller et al.,
2014), this is an interesting new finding that deserves scrutiny
in future research.

What are the implications of our studies for the contribution of
beliefs to the relatedness effect on JOLs? One might argue that
any direct effect of relatedness on JOLs reflects the contribution
of metacognitive beliefs to the relatedness effect. However, this
interpretation is based on the assumption that the contributions of
processing fluency are fully captured by indirect effects. Contrary
to this view, the present findings suggest that no specific measure
captures all aspects of processing fluency. It therefore seems
more likely that the direct effect of relatedness on JOLs reflects
both beliefs about memory and aspects of processing fluency not
grasped by the respective fluency measure. Yet another possibil-
ity would be that the direct effect of relatedness on JOLs reflects
some currently unknown third factor in addition to beliefs and a
remaining portion of processing fluency. To our knowledge,
however, no factor beyond processing fluency and beliefs has
been proposed or found to influence JOLs so far. It therefore is
reasonable to assume that direct effects of relatedness on JOLs
reflect a combination of beliefs and some remaining portion of
processing fluency (for a similar rationale, see Besken &
Mulligan, 2014). Considering that the proportion of the related-
ness effect mediated by processing fluency did not exceed
26 % of the total effect in any of our experiments and that
metacognitive beliefs have been shown to be involved in the
relatedness effect (Mueller et al., 2013), it is likely that beliefs
contributed to the relatedness effect in the current studies as well.

Taken together, these results suggest that both processing
fluency and beliefs contributed to the relatedness effect on JOLs
and that the impact of beliefs on the relatedness effect was
reduced with repeated study-test trials on the same list of items.

Concluding comments

Our study demonstrated that processing fluency partially me-
diates the relatedness effect on JOLs. These results thus do not
support the idea that the relatedness effect on JOLs is entirely
mediated by beliefs (Mueller et al., 2013). They are, however,
also inconsistent with the claim that JOLs are based exclu-
sively on processing fluency (Koriat et al., 2004). Rather, our
findings indicate that (a) beliefs and processing fluency both
contribute to JOLs and that (b) their relative contributions may
change with practice. This conclusion is in close accordance
with the cue-utilization approach to JOLs (Koriat, 1997).

Author note Manuscript preparation was supported in part by a grant
from the Deutsche Forschungsgemeinschaft (UN 345/1-1) to Monika
Undorf.
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Appendix

Table 3 shows mean within-person correlations (Pearson r)
between JOLs and relatedness, JOLs and number of trials
to acquisition, and JOLs and relatedness while controlling
for number of trials to acquisition obtained in Experiment
1, and mean within-person correlations between JOLs and
relatedness, JOLs and self-paced study time, and JOLs and
relatedness while controlling for study time obtained in
Experiment 2. Following Mueller et al. (2013), zero-order
correlations between JOLs and relatedness and partial cor-
relations between JOLs and relatedness while controlling
for processing fluency were submitted to mixed ANOVAs
with list order (high association list first, wide range list
first) as a between-participants factor and with list type
(high association list, wide range list) and type of correla-
tion (zero-order correlation, partial correlation) as within-
participant factors.

In Experiment 1, a large main effect of type of correlation
revealed that zero-order correlations were higher than partial
correlations, F(1, 37) = 137.31, p < .001, ηp

2 = .79, and a
significant main effect of list type indicated that correlations
were higher for the high association list than for the wide

range list, F(1, 37) = 5.18, p = .029, ηp
2 = .12. No other effects

were significant.
The same pattern of results was found for Experiment 2.

Two significant main effects indicated that zero-order corre-
lations were higher than partial correlations, F(1, 36) = 26.94,
p < .001, ηp

2 = .43, and that correlations were higher for the
high association list than for the wide range list, F(1, 36) =
9.97, p = .003, ηp

2 = .22. No other effects were significant.
Table 4 presents correlations between JOLs and related-

ness, JOLs and self-paced study time, and JOLs and related-
ness while controlling for study time in Experiment 3. A
mixed ANOVA revealed that zero-order correlations between
JOLs and relatedness were higher than partial correlations
between JOLs and relatedness while controlling for study time,
F(1, 21) = 16.42, p = .001, ηp

2 = .44, and a main effect of
presentation showed that correlations decreased with presenta-
tion, F(3, 63) = 34.42, p < .001, ηp

2 = .62. The interaction was
also significant, F(3, 63) = 3.36, p = .024, ηp

2 = .14. Planned
comparisons indicated that zero-order correlations were higher
than partial correlations in all but the last presentation, t(21) =
2.52, p = 0.020, d = 0.54; t(21) = 3.49, p = 0.002, d = 0.74; t(21)
= 2.27, p = 0.034, d = 0.48; t(21) = 0.65, p = 0.524, d = 0.14, for
Presentations 1, 2, 3, and 4, respectively.

Table 3 Correlations between JOLs and relatedness, JOLs and number
of trials to acquisition, and JOLs and relatedness controlling for number
of trials to acquisition in Experiment 1, and between JOLs and

relatedness, JOLs and study time, and JOLs and relatedness controlling
for study time in Experiment 2

High association list Wide range list

Studied first Studied last Studied first Studied last

M SD M SD M SD M SD

Experiment 1

r Rel JOL .64*** .25 .48*** .23 .45*** .24 .51*** .18

r TTA JOL -.55*** .18 -.41*** .18 -.44*** .18 -.49*** .17

r Rel JOL.TTA .54*** .25 .39*** .24 .34*** .24 .41*** .21

Experiment 2

r Rel JOL .74*** .23 .66*** .34 .56*** .30 .66*** .23

r ST JOL -.47*** .26 -.36*** .28 -.38*** .27 -.37*** .29

r Rel JOL.ST .67*** .23 .62*** .31 .48*** .29 .57*** .25

Rel = relatedness, JOL = judgments of learning, TTA = number of trials to acquisition, ST = study time

*** p < .001
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In sum, we found significant decreases in the relatedness-
JOL correlation when statistically controlling for effects of
processing fluency as measured by number of trials to acqui-
sition (Experiments 1) or self-paced study time (Experiments
2 and 3). These results are consistent with findings from
bootstrapped mediation analyses (see main text for details)
but inconsistent with results from Mueller et al. (2013,
Experiment 3) who used lexical decision times as indicators
of fluency.
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