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Previous studies have suggested that perceptual information regarding to-be-remembered words in the
study phase affects the accuracy of judgement of learning (JOL). However, few have investigated
whether the perceptual information in the JOL phase influences JOL accuracy. This study examined the
influence of cue word perceptual information in the JOL phase on immediate and delayed JOL accuracy
through changes in cue word font size. In Experiment 1, large-cue word pairs had significantly higher
mean JOL magnitude than small-cue word pairs in immediate JOLs and higher relative accuracy than
small-cue pairs in delayed JOLs, but font size had no influence on recall performance. Experiment 2
increased the JOL time, and mean JOL magnitude did not reliably differ for large-cue compared with
small-cue pairs in immediate JOLs. However, the influence on relative accuracy still existed in delayed
JOLs. Experiment 3 increased the familiarity of small-cue words in the delayed JOL phase by adding a
lexical decision task. The results indicated that cue word font size no longer affected relative accuracy in
delayed JOLs. The three experiments in our study indicated that the perceptual information regarding

cue words in the JOL phase affects immediate and delayed JOLs in different ways.

Keywords: Memory; Metamemory; Judgement of learning; Perceptual information.

Metamemory refers to the processes for monitor-
ing and controlling memory activities (Nelson &
Narens, 1990). The judgement of learning (JOL)
is an important form of metamemory monitoring
and refers to judgements of the recall possibilities
for memory tests after the study phase (Dunlosky
& Metcalfe, 2009). Many studies have shown that
JOLs significantly influence subsequent learning
processes; people rely on JOLs to adjust sub-
sequent study time allocation (Metcalfe & Kornell,
2005; Nelson, 1993; Son & Metcalfe, 2000) and the

selection of study items (Metcalfe & Finn, 2008a;
Rhodes & Castel, 2009; Tullis & Benjamin,
2012), for example. Thus, JOL has always been a
key focus for metamemory researchers (Bjork,
Dunlosky, & Kornell, 2013).

Many prior studies have investigated the cues
and heuristics that form the basis of JOLs
(Hertzog, Dunlosky, Robinson, & Kidder, 2003;
Koriat, 1997; Koriat & Ma’ayan, 2005). One
important heuristic that affects JOLs is perceptual
information. Research shows that perceptual
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information has a significant influence on JOLs
and that people give higher JOLs to study materi-
als that have larger font sizes or are presented
in louder voices (Besken & Mulligan, 2013;
Rhodes & Castel, 2008; Rhodes & Castel, 2009).
For example, Rhodes and Castel (2008) asked
their participants to learn words that were shown
in large and small font sizes. Their results showed
that participants tended to believe that their
memory performance would be greater with larger
font sizes compared to smaller font sizes, but there
was no significant difference in memory perform-
ance between the two categories, which indicated
the appearance of a metamemory illusion. How-
ever, previous studies that concern the impact of
perceptual information on JOLs have focused
mainly on the relationship between JOLs and
perceptual information about to-be-remembered
items in the study phase, and very few have
examined perceptual information in the JOL
phase. In this study, we examined the impact of
cue word perceptual information in the JOL phase
on JOL accuracy.

In fact, many studies demonstrate that some
factors in the JOL phase can influence memory
prediction (Benjamin, 2005; Finn, 2008; Hancza-
kowski, Zawadzka, Pasek, & Higham, 2013;
Todorov, Kornell, Larsson Sundqvist, & Jonsson,
2013). For example, Finn (2008) asked partici-
pants to make JOLs within remember and forget
frames and found lower mean JOL magnitude and
less overconfidence bias in the forget frame than in
the remember frame. In addition, Benjamin (2005)
showed that JOL time pressure changed the main
sources that JOLs were based on, and Hancza-
kowski et al. (2013) demonstrated that the JOL
scale type (probability scale or binary decision)
had a significant influence on JOL accuracy. In the
computer-based word-pair learning paradigm, cue
words in word pairs typically appear on the
computer screen when subjects make JOLs (Nel-
son & Dunlosky, 1991; Son & Metcalfe, 2005).
Previous studies have demonstrated that cue word
characteristics (such as cue familiarity) have a
significant impact on metamemory accuracy
(Maki, 1999; Schwartz & Metcalfe, 1992). This
study used different font sizes to change percep-
tual information of cue words to investigate its
influence on JOL accuracy.

Researchers divide JOLs into two types based
on the interval between the learning and the JOL:
immediate JOLs are made immediately after
word-pair learning, and delayed JOLs are made
after a delay (Nelson & Dunlosky, 1991).

Previous studies concerning the impact of the
font size of to-be-remembered materials on JOLs
have been based mainly on the immediate JOL
paradigm (Besken & Mulligan, 2013; Rhodes &
Castel, 2008; Susser, Mulligan, & Besken, 2013)
and propose that study material font size affects
immediate JOLs because of perceptual fluency
differences (Rhodes & Castel, 2008) or meta-
memory beliefs (Mueller, Dunlosky, Tauber, &
Rhodes, 2014). In the JOL phase, cue word font
size may also affect immediate JOLs through
fluency differences or metamemory beliefs, as is
suggested as an explanation of the effect of study
material font size on JOLs. Thus, in this study,
our first purpose was to investigate whether font
size in the immediate JOL phase significantly
affected JOL magnitude.

Although immediate JOLs are based mainly
on heuristics in the study phase (Koriat, 1997),
delayed JOLs rely more on long-term memory
strength (Rhodes & Tauber, 2011a). Prior studies
indicate that delayed JOLs are highly diagnostic
of subsequent memory tests and that the relative
accuracy of delayed JOLs is much greater than
that of immediate JOLs (Dunlosky & Nelson,
1992; Nelson & Dunlosky, 1991). It is unclear
whether cue word font size influences delayed
JOL accuracy. Thus, in addition to the relation-
ship between cue word font size and immediate
JOLs, the second purpose of this study was to
examine the impact of cue word font size on
delayed JOLs, based on which we also investi-
gated the mechanisms underlying delayed JOLs.

Researchers propose two different theories on
delayed JOLs. Some suggest the retrieval-only
theory, which expects that delayed JOLs rely fully
on the retrieval process. For example, Nelson and
Dunlosky (1991) propose that delayed JOLs are
made based on monitoring at the long-term
memory level, whereas Spellman and Bjork
(1992) believe that delayed JOLs mainly rely on
retrieval attempts; JOL is higher if the retrieval
attempt succeeds and lower if the attempt
fails. Other researchers have suggested the dual-
process theory, which proposes that although
retrieval is an essential element in delayed
JOLs, delayed JOLs do not depend simply on
retrieval attempts; instead, delayed JOLs rely
on both cue familiarity and retrieval attempts
(Metcalfe & Finn, 2008b; Son & Metcalfe, 2005).
Cue familiarity is the recognisability of cue words
(Schwartz & Metcalfe, 1992). Cue familiarity is
high if participants can successfully recognise cue
words. According to dual-process theory, making



delayed JOLs is a two-stage process (see Figure 1).
People firstly recognise the cue word, which is
based on cue familiarity. If the cue word is
recognised, they proceed to make subsequent
retrieval attempts. If the cue word is not recog-
nised, then there is no retrieval attempt, and a
very low JOL is given immediately (Metcalfe &
Finn, 2008b).

As far as we know, there are only two studies
that investigate the dual-process theory (Metcalfe
& Finn, 2008b; Son & Metcalfe, 2005). Thus,
more studies are needed to investigate the dual-
process theory from different perspectives. In this
study, we tested the validity of these two delayed-
JOL theories by investigating the influence of cue
word font size on delayed JOLs. If the retrieval-
only theory is correct, then cue word font size
should have no impact on delayed JOL accuracy
because font size has no influence on recall
performance (Kornell, Rhodes, Castel, & Tauber,
2011; Rhodes & Castel, 2008). However, studies
show that perceptual information affects recogni-
tion memory. When words had low perceptual
fluency in recognition tests, participants had the
subjective experience of lower familiarity, which
made them more likely to classify these words as
new words (Johnston, Hawley, & Elliott, 1991;
Verfaellie & Cermak, 1999). If the dual-process
theory is correct, then people could often be more
unfamiliar with small-cue words, giving low-JOL
magnitude based on only low cue familiarity
without using any retrieval processes. According
to Metcalfe and Finn (2008b), relative JOL
accuracy should be poorer if the JOLs are based
mainly on cue familiarity without retrieval
attempts. Thus, the relative delayed-JOL accur-
acy of small-cue pairs should be reliably lower
than that of large-cue pairs.

To summarise, the present study investigated
the impact of cue word font size on both
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Figure 1. The processes underlying delayed judgement of
learning (JOL) according to the dual-process theory. The
processes in the dashed box represent the model of retrieval-
only theory.
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immediate and delayed JOLs. We examined
these effects by performing three experiments.

EXPERIMENT 1

In Experiment 1, the participants were required
to study a series of word pairs. JOLs in the
experiment were made immediately for half of
the studied items and were made at a delay for
the remaining half. In our computer-based experi-
ment, the computer screen presented the cue
words in each word pair during JOLs. Half of
the cue words were presented in a large font and
the other half were presented in a small font.

We expected that for immediate JOLs, the
mean JOL magnitude of large-cue word pairs
might be higher than that of small-cue pairs. For
delayed JOLs, if the retrieval-only theory is
correct, then the cue word font size should have
no influence on JOLs. However, if the dual-
process theory is correct, then the relative JOL
accuracy of small-cue pairs should be reliably
lower than that of large-cue pairs.

Participants

The participants were 28 students from Beijing
Normal University (11 men, 17 women). Each par-
ticipant was tested individually, and each particip-
ant received 20 RMB (Renminbi, the currency
unit of China) as a reward after the experiment.

Materials

The materials consisted of 52 Chinese word pairs.
All of the words were two-character words that
were from the Chinese word database by Cai and
Brysbaert (2010). The word frequency was
between .006 and 46.2 per million words. Before
the experiment, 200 raters used a four-point
rating scale to evaluate the semantic associations
of all the word pairs. On the four-point rating
scale, 1 represented “very unrelated,” and 4
represented “very related.” The semantic associa-
tions of the word pairs were between 1.3 and 1.9.

Procedure

The experiment consisted of four phases: study
(in which immediate JOLs were made), delayed
JOLs, a distractor task and recall. In the study
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phase, the participants had to study all 52 word
pairs in 33-pt font with a 4 s presentation time for
each word pair. The first and last two word pairs
were buffering pairs and were not included in the
JOL and recall phases. From the remaining 48
word pairs, half were randomly selected for
immediate JOLs. After these word pairs disap-
peared from the computer screen, the cue words
were presented again, and participants were given
4 s for each word pair to report aloud a number
from 0 to 100 that represented the probability of
recalling the target words on a later memory test.
Among the 24 word pairs, half of the cue words
were presented in 70-pt font, and the other half
were presented in 9-pt." Word pairs were pre-
sented in a fixed random order in which no more
than three immediate-JOL pairs were presented
consecutively.

The participants then made delayed JOLs
regarding the remaining 24 word pairs, which
were not judged in the immediate JOL phase.
The screen displayed one cue word at a time, and
participants were required to give aloud a num-
ber from 0 to 100 that represented the probability
of target word recall on a later memory test with
a judgement time of 4 s. As with the immediate
JOLs, half of the cue words were shown in 70-pt
font and the other half in 9-pt. A fixed random
sequence was used in which no more than three
cue words of the same font size were presented
consecutively, and the time interval for each word
pair between learning and delayed JOL was at
least 70 s.

After the delayed JOL phase, the participants
engaged in a one-min arithmetic distractor task.
They were then given a recall test. The screen
showed one cue word at a time in 33-pt, and

!Unlike previous studies (e.g., Rhodes & Castel, 2008;
Susser et al., 2013), we did not use the 48-pt and 18-pt as the
large and small font size because in another study using the
paradigm of Rhodes and Castel (2008), we found that mean
JOL magnitude did not reliably differ when to-be-remembered
Chinese words were shown in 48-pt or 18-pt (p >.7). However,
mean JOL magnitude was higher when to-be-remembered
Chinese words were shown in 70-pt than 9-pt (p < .01). To
investigate whether participants could see clearly the 9-pt
words, we conducted an experiment (35 participants) in which
participants completed a lexical decision task (similar to
Experiment 3) in which words and pseudowords were shown
in either 70-pt or 9-pt. The results showed that the accuracy of
lexical decision did not differ (p > .7) between 70-pt (M = .953)
and 9-pt (M =.956) and that there was no significant difference
(p > .8) between reaction time to 70-pt (M = 888.63 ms) and 9-pt
(M = 892.50 ms) words. In addition, all of the participants told
us that they could see the 9-pt words clearly.

participants were instructed to report the target
word aloud. The presentation time for each cue
word was 8 s, and the next cue word was shown
when the time was up, with a beep sound to
remind the participants. In the recall test, the
answer to a cue word was coded as “correct” only
when participants correctly recalled the corre-
sponding target word.

Data analysis

We analysed JOL magnitude, recall performance
and relative accuracy in two steps. First, we
conducted 2 (font size: large vs. small) x 2 (JOL
type: immediate vs. delayed) analysis of variances
(ANOVA) on mean JOL magnitude, recall per-
formance and relative accuracy. We then con-
ducted simple effect analyses no matter whether
the interactions were significant or not. We tested
simple effects regardless of the significance of the
ANOVA interactions for two reasons. First,
researchers have noted that simple effect analysis
has no necessary relationship with interaction
analysis: simple effect analysis addresses the
question of whether the effect of one independent
variable on the dependent variable is significant
at each level of another independent variable,
while interaction analysis focuses on whether the
effect of one independent variable on the depend-
ent variable reliably differ between each level of
another independent variable (Jaccard, 1998,;
Marascuilo & Levin, 1970). In addition, simple
effects can be significant with non-significant
interaction (Tybout et al., 2001; Umesh, Peterson,
McCann-Nelson, & Vaidyanathan, 1996). Second,
according to Umesh et al. (1996), if we are
interested in only the main simple effects, then
the significance or non-significance of the inter-
action is irrelevant, and the results of simple
effect tests are defensible. In our analyses of
mean JOL magnitude, recall performance and
gamma correlation, we are interested in whether
there is significant difference between large-cue
and small-cue pairs in both JOL types (i.e., simple
effect). Thus, we tested simple effects in these
analyses regardless of whether the interactions
were significant or not.

In addition, to further investigate the relative
accuracy of delayed JOLs, we analysed the data
of delayed-JOL word pairs from two different
perspectives. First, we compared mean delayed
JOL magnitude of recalled and forgotten word
pairs on the final test with different cue word font



sizes. The retrieval-only theory suggests that in
delayed JOL phase, participants give JOLs based
on only the results of their retrieval attempts,
which should discriminate well between the word
pairs that are remembered or forgotten regardless
of cue word font size (Spellman & Bjork, 1992).
Thus, cue word font size should have no impact
on mean JOL magnitude for either the recalled or
forgotten pairs. However, based on the dual-
process theory, because retrieval attempts are
more often omitted when cue words are shown
in small fonts, delayed JOLs should be better at
discriminating recalled and forgotten large-cue
pairs than small-cue pairs.

Second, we compared recall performance of
large-cue and small-cue delayed-JOL word pairs
with different JOL magnitudes. If the retrieval-
only theory is correct, then cue word font size
should not affect recall performance regardless of
what JOL magnitude is. However, if the dual-
process theory is correct, then participants would
more easily give a low-JOL magnitude to small-
cue than large-cue pairs based on only low cue
familiarity without a retrieval attempt, and some
of these low-JOL pairs might be recalled in the
memory test. Thus, recall performance of small-
cue pairs should be reliably higher than that of
large-cue pairs when JOL magnitude is low.

Results

Mean JOL magnitude. The mean JOL magni-
tude is shown in Table 1. A 2 (font size: large vs.
small) x 2 (JOL type: immediate vs. delayed)
ANOVA on mean JOL magnitude was conducted.
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Overall, mean JOL magnitude did not differ
between large-cue and small-cue word pairs,
FQ, 27) = 137, p = 253, y} = .05. Similarly,
mean JOL magnitude did not differ between
immediate and delayed JOL pairs, F(1, 27) =
1.53, p = 227, ’7?, = .05. The font size did not
interact with JOL type, F(1, 27) = 2.40, p = .133,
;1[27 = .08. Although the interaction did not reach
the significance level, we proceeded to compare
the mean JOL magnitude of the large-cue and
small-cue pairs in both JOL types. For immediate
JOLs, the large-cue word pairs had a significantly
higher mean JOL magnitude than small-cue pairs,
F(1, 27) = 7.88, p = .009, 111% = .23. However, for
delayed JOLs, there was no significant difference
in mean JOL magnitude between the large-cue and
small-cue pairs, F(1, 27) < .01, p = .964, ;1[2, < .01.

Recall performance. The recall performance is
shown in Table 1. A 2 (font size: large vs. small) x 2
(JOL type: immediate vs. delayed) ANOVA on
recall performance was conducted. Overall, recall
performance did not differ between the large-cue
and small-cue word pairs, F(1, 27) = .52, p = 475,
n, = .02. Similarly, recall performance did not
differ between the immediate and delayed JOL
pairs, F(1, 27) = .03, p = .859, 1, < .01. The font
size did not interact with the JOL type, F(1, 27) =
1.67, p = 207, 172 = .06. We also compared recall
performance of large-cue and small-cue pairs in
both of the JOL types. For both immediate-JOL
and delayed-JOL pairs, recall performance did not
differ between the large-cue and small-cue word
pairs, Fimmediate(1, 27) = 1.75, p = 197, . = .06;
Faclayea(1, 27) = 42, p = .524, 1712) =.02.

TABLE 1
Mean JOL magnitude, recall performance and gamma correlations from Experiments 1-3
Mean JOL magnitude Recall performance Gamma
Large Small Large Small Large Small
Experiment 1
Immediate 53.06 (23.19) 49.38 (21.60) 48.51 (25.67) 43.15 (23.14) 20 (.51) 25 (41)
Delayed 47.02 (17.36) 47.13 (18.82) 45.24 (22.95) 47.32 (23.68) 94 (.12) 78 (.25)
Experiment 2
Immediate 53.34 (23.79) 51.11 (22.90) 46.81 (22.85) 46.81 (22.75) 37 (47) 33 (43)
Delayed 41.40 (22.44) 41.63 (20.37) 39.84 (25.28) 41.25 (24.44) 93 (.12) .79 (.33)
Experiment 3
Immediate 62.70 (22.43) 60.74 (23.10) 43.67 (23.97) 47.00 (20.82) 18 (.44) 12 (44)
Delayed 40.64 (21.97) 41.13 (20.52) 34.00 (22.56) 37.00 (20.14) .90 (.16) .88 (.17)

Standard deviations are reported in parentheses. Recall performance refers to the percentage of words recalled for
Experiments 1-3.



388 HU ET AL.

Relative accuracy. We used gamma correlation
to examine the relative accuracy of the JOLs
(Nelson, 1984). Gamma is a non-parametric index
of association that ranges from —1.0 to 1.0 and
quantifies the association between JOLs and
memory performance. A 2 (font size: large vs.
small) x 2 (JOL type: immediate vs. delayed)
ANOVA on gamma correlation was conducted.
Overall, gamma correlation did not differ
between large-cue and small-cue word pairs,
F(1, 24) = 122, p = .281, n,% = .05. However,
gamma correlation was reliably higher for
delayed-JOL pairs compared with immediate-
JOL pairs, F(1, 24) = 61.35, p < .001, > = .72.
The font size did not interact with JOL type,
F(1, 24) = 145, p = 240, i, = .06. We also
analysed gamma correlation of large-cue and
small-cue pairs separately in both JOL types.
For immediate JOLs, the gamma correlations of
the large-cue word pairs were marginally higher
than 0, #(24) = 1.92, p = .067, and those of the
small-cue pairs were significantly higher than 0,
t(27) = 3.21, p = .003. In addition, there was no
significant difference between the gamma corre-
lations for the immediate JOLs of the large- and
small-cue pairs, F(1,24) = .07, p = .794, i < .01.
For the delayed JOLs, the gamma correlations for
both word types were significantly higher than 0,
harge(27) = 42.47, p < .001; tyman(26) = 16.31, p <
.001. Moreover, relative JOL accuracy with the
large-cue pairs was significantly higher than with
the small-cue pairs, F(1, 26) = 8.75, p = .007, 17[2, =
25 (see Table 1).2

As stated in the data analysis section, to
further investigate the relative accuracy of
delayed JOLs, we analysed the data of the
delayed-JOL word pairs from two different per-
spectives. First, we conducted a 2 (font size: large
vs. small) x 2 (recall status: recalled vs. forgotten)
ANOVA on mean JOL magnitude of delayed
JOLs. Overall, mean JOL magnitude did not
differ between the large-cue and small-cue pairs,
F(1, 26) = .26, p = .616, ;11% = .01. However, mean
JOL magnitude was reliably higher for the
recalled pairs compared with the forgotten pairs,
F(1, 26) = 21639, p < .001, n. = .89. More

2Some of participants did not report the target word for
either immediate- or delayed-JOL pairs. These participants
were excluded from the gamma correlation analyses, which
are reflected in the variations in the degrees of freedom that
are reported for the statistical tests in each of the experiments.
The participants who recalled no delayed-JOL targets were
also excluded from additional ANOVAs on mean JOL
magnitude and recall performance of delayed-JOL pairs.
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Figure 2. Mean JOL magnitude for delayed-JOL word pairs as
a function of cue word font size and recall status in Experi-
ment 1. Error bars represent standard errors.

importantly, these main effects were qualified
by a significant font size x recall status interac-
tion, F(1, 26) = 14.65, p = .001, 17127 = .36 (see
Figure 2). For both the large-cue and small-cue
word pairs, the mean JOL magnitude of the
recalled pairs was significantly higher than were
those of the forgotten pairs, Farge(1, 26) = 213.29,
p <.001, 17; = .89; Fman(1, 26) = 127.41, p < .001,
nf, = .83. However, in Figure 2, we can see that
the differences between the mean JOL magni-
tude of the recalled and forgotten pairs were
larger for the large-cue compared with the small-
cue pairs.

In addition, we separated the delayed-JOL
pairs into two groups according to their JOL
magnitude, which was 0-50 for the first group
and 50-100 for the second.” Then a 2 (font size:
large vs. small) x 2 (JOL magnitude: high vs. low)
ANOVA on recall performance was conducted.
Opverall, recall performance did not differ between
large-cue and small-cue pairs, F(1,26) = 1.39, p =
.249, ;12 = .05. However, recall performance was
reliably higher for high-JOL pairs compared with
low-JOL pairs, F(1,26) =309.31, p <.001, 1712) = .92.
More importantly, these main effects were quali-
fied by a significant Font size x JOL magnitude
interaction, F(1, 26) = 7.63, p = .010, nf) = .23 (see
Figure 3). For the high-JOL pairs, recall perform-
ance did not differ between the large-cue and

3 Participants in our study made JOLs by using a percent-
age scale containing 101 levels (0-100), with the middle value
of 50, 50 levels lower than 50 (0-49), and 50 levels higher than
50 (51-100). Placing word pairs with a JOL magnitude of
exactly 50 in the high-JOL or low-JOL group would be
inappropriate. Thus, if the JOL magnitude of a word pair
was exactly 50, then it was regarded as two half-items in both
the high-JOL and low-JOL groups.
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Figure 3. Recall performance for delayed-JOL word pairs as a
function of cue word font size and JOL magnitude in
Experiment 1. Error bars represent standard errors.

small-cue pairs, F(1, 26) = .62, p = 438, i = .02.
However, for the low-JOL pairs, recall perform-
ance was reliably higher for the small-cue pairs
compared with the large-cue pairs, F(1, 26) = 7.14,
p =.013, 1712, = .22.

Discussion

The results from Experiment 1 showed that the
mean JOL magnitude of immediate JOLs was
significantly higher for large-cue word pairs com-
pared with small-cue pairs. However, cue word
font size did not lead to significant difference in
recall performance. For delayed-JOL word pairs,
cue word font size had no impact on mean JOL
magnitude. However, the gamma correlations
of the delayed JOLs were significantly higher
for large-cue pairs compared with small-cue
pairs. The analysis of the delayed-JOL pairs also
revealed a greater mean JOL discrepancy
between the recalled and forgotten large-cue
pairs than that found with the small-cue pairs,
and it showed that recall performance was higher
for small-cue pairs than large-cue pairs when JOL
magnitude was low.

One possible explanation for these results is
that the time given to make JOLs may have
influenced JOL accuracy in Experiment 1. Previ-
ous studies have indicated that when people
make judgements under time pressure, some
information will be underestimated or even
ignored, which harms the quality of the judge-
ments (Maule & Edland, 1997). Thus, the
information about to-be-remembered items
(such as item difficulty or retrieval fluency; see
Koriat, 1997) could be underestimated when

CUE WORD PERCEPTUAL INFORMATION 389

immediate JOL time is limited, and immediate
JOLs could be mainly based on cue word font
size, which could lead to a metamemory illusion.
If JOL time had been increased, then people
might have considered more of the study material
information, which could have reduced or even
eliminated the metacognitive illusion in Experi-
ment 1. In addition, studies have demonstrated
that processing words in small fonts is more
difficult than processing them in large fonts
(Rhodes & Castel, 2008). Thus, when JOL time
is short, retrieval attempt time should be more
limited for small-cue than for large-cue pairs after
participants successfully perceive the cue words.
More of the remembered small-cue pairs could
not be successfully retrieved in the delayed JOLs,
which could have led to reduced relative accur-
acy. If the delayed JOL time had been increased,
the difference in relative accuracy might have
disappeared.

EXPERIMENT 2

In Experiment 2, the immediate and delayed JOL
times were increased from 4 s to 8 s. For
immediate JOLs, if people consider more study
material information with increased JOL time,
then the metamemory illusion of immediate-JOL
word pairs should reduce or disappear. For
delayed JOLs, we expected that there might be
no difference in relative accuracy between large-
cue and small-cue pairs when participants had a
sufficient retrieval attempt time.

Participants

The participants were 34 students from Beijing
Normal University (11 men, 23 women). Each
participant was tested individually, and each was
given 20 RMB as a reward after the experiment.

Materials

The materials were the same as those that were
used in Experiment 1.

Procedure

The procedure was the same as that in Experi-
ment 1 except that Experiment 2 increased the
immediate and delayed JOL times from 4 s to 8 s.
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Data analysis

Similar to Experiment 1, in Experiment 2 we
conducted 2 (font size: large vs. small) x 2 (JOL
type: immediate vs. delayed) ANOVAs on mean
JOL magnitude, recall performance and relative
accuracy and simple effect tests regardless of
whether the interaction in these two-way ANO-
VAs was significant or not. In addition, as in
Experiment 1, to further investigate the relative
accuracy of delayed JOLs, we analysed mean
JOL magnitude of delayed JOLs of the recalled
and forgotten word pairs on the final test with
different cue word font sizes, and we compared
the recall performance of the large-cue and small-
cue word pairs that had been given high or low
delayed JOLs.

Results

Mean JOL magnitude. The mean JOL magni-
tude is shown in Table 1. A 2 (font size: large vs.
small) x 2 (JOL type: immediate vs. delayed)
ANOVA on mean JOL magnitude was con-
ducted. Overall, mean JOL magnitude did not
differ between the large-cue and small-cue word
pairs, F(1, 33) = .83, p = .369, 11[2] = .03. However,
mean JOL magnitude was reliably higher for
immediate-JOL pairs compared with delayed-
JOL pairs, F(1, 33) = 7.18, p = 011, i, = .18.
The font size did not interact with JOL type,
F(1, 33) = 94, p = 338, 5y =.03. We also
compared mean JOL magnitude of the large-cue
and small-cue pairs in both of the JOL types. The
mean JOL magnitude of immediate JOLs had no
significant difference between large-cue and
small-cue pairs, although the mean JOL magni-
tude for the large-cue pairs was higher, F(1, 33) =
2.77, p = .106, 11,27 = .08. Similarly, for the delayed-
JOL word pairs, there was no significant difference
in mean JOL magnitude between the large-cue and
small-cue pairs, F(1, 33) = .01, p = .908, 57 < .0L.

Recall performance. The recall performance is
shown in Table 1. A 2 (font size: large vs. small) x
2 (JOL type: immediate vs. delayed) ANOVA on
recall performance was conducted. Overall, recall
performance did not differ between the large-cue
and small-cue word pairs, F(1, 33) = .14, p = .713,
n> < .01. However, recall performance was reli-
ably higher for immediate-JOL pairs compared
with delayed-JOL pairs, F(1, 33) = 6.79, p = .014,
i, = .17. The font size did not interact with JOL

type, F(1, 33) = .09, p = 761, i, < .01. We also
compared recall performance of the large-cue and
small-cue pairs in both of the JOL types. For both
immediate-JOL and delayed-JOL pairs, recall
performance did not differ between the large-
cue and small-cue word pairs, Finmediate(1, 33) <
01, p > .999, 172 < .01; Fyelayea(1, 33) = 24, p =
.630, 7],2, = .01

Relative accuracy. A 2 (font size: large vs.
small) x 2 (JOL type: immediate vs. delayed)
ANOVA on gamma correlation was conducted.
Overall, gamma correlation did not differ
between large-cue and small-cue word pairs,
F(1, 28) = 2.04, p = .165, ;7,27 = .07. However,
gamma correlation was reliably higher for
delayed-JOL pairs compared with immediate-
JOL pairs, F(1, 28) = 63.27, p < .001, 1, = .69.
The font size did not interact with JOL type,
F(1, 28) = .60, p = .444, 5> =.02. We also
analysed gamma correlation of the large-cue and
small-cue pairs separately for both of the JOL
types. For immediate JOLs, the gamma correla-
tions for word pairs in both of the cue word font
sizes were significantly higher than 0, #j46(31) =
449, p < .001; t;man(32) = 4.38, p < .001. In
addition, as in Experiment 1, there was no
significant difference in the gamma correlations
between large-cue and small-cue word pairs,
F(1, 31) < .01, p = 959, y7 < .01. For delayed
JOLs, the gamma correlations for word pairs in
both of the cue word font sizes were also
significantly higher than 0, #1,,4¢(30) = 41.43, p <
.001; tsman(32) = 13.66, p < .001. Moreover, there
were significant gamma correlation differences
between the two word types with delayed JOLs,
and the large-cue pairs had significantly higher
gamma correlations than did the small-cue pairs,
F(1, 30) = 4.74, p = .037, ;112, = .14 (see Table 1).

As in Experiment 1, we conducted a 2 (font
size: large vs. small) x 2 (Recall status: recalled vs.
forgotten) ANOVA on mean JOL magnitude of
delayed JOLs. Overall, mean JOL magnitude did
not differ between the large-cue and small-cue
pairs, F(1, 30) = 43, p = .515, 5> = .01. However,
mean JOL magnitude was reliably higher for
recalled pairs compared with forgotten pairs,
F(1, 30) = 238.93, p < .001, r]; = .89. Unlike in
Experiment 1, the recall status x font size inter-
action was not significant, although there was a
trend, F(1, 30) = 2.38, p = .133, i, = .07 (see
Figure 4). We also compared the mean JOL
magnitude of recalled and forgotten pairs in
both cue word font size. For both the large-cue
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Figure 4. Mean JOL magnitude for delayed-JOL word pairs as
a function of cue word font size and recall status in Experi-
ment 2. Error bars represent standard errors.

and small-cue word pairs, the mean JOL magni-
tude of the recalled pairs was significantly higher
than were those of the forgotten pairs, Flarge(1, 30)
=237.45,p <.001, 172 = .89; Fyman(1,30) =117.69, p
<.001, 17[27 = .80.

We also separated the delayed-JOL pairs into
two groups according to their JOL magnitude,
which was 0-50 for the first group and 50-100 for
the second. Then a 2 (font size: large vs. small) x
2 (JOL magnitude: high vs. low) ANOVA on
recall performance was conducted. Overall, recall
performance did not differ between the large-cue
and small-cue pairs, F(1, 30) = .16, p = .696,
;712, = .01. However, recall performance was reli-
ably higher for high-JOL pairs compared with
low-JOL pairs, F(1, 30) = 488.13, p < .001,
17[27 = .94. More importantly, these main effects
were qualified by a significant font size x JOL
magnitude interaction, F(1, 30) = 4.90, p = .035,
171% = .14 (see Figure 5). For the high-JOL pairs,
recall performance did not differ between large-
cue and small-cue pairs, F(1, 30) = 1.55, p = 222,
i, = .05. However, for the low-JOL pairs, recall
performance was marginally higher for small-cue
pairs compared with large-cue pairs, F(1, 30) =
3.00, p = .094, nﬁ =.09.

Discussion

In Experiment 2, the mean JOL magnitude of
immediate JOLs did not significantly differ
between the large-cue and small-cue word pairs,
which supported our hypothesis that the meta-
memory illusion of immediate-JOL pairs was
reduced with increased JOL time. For delayed
JOLs, although the ANOVA results for the mean
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Figure 5. Recall performance for delayed-JOL word pairs as a
function of cue word font size and JOL magnitude in
Experiment 2. Error bars represent standard errors.

JOL magnitude of recalled and forgotten pairs
with different cue word font sizes revealed no
recall status x font size interaction, significant
differences in gamma correlations between large-
cue and small-cue pairs were still observed. The
small-cue pairs had reliably lower relative JOL
accuracy than did the large-cue pairs even when
delayed JOL time was increased. In addition,
recall performance was marginally higher for
small-cue than large-cue pairs when JOL magni-
tude was low. One possible explanation is that
retrieval attempts with the delayed JOLs of small-
cue pairs were more often avoided because of the
small fonts, which participants interpreted as low
cue familiarity and which reduced the relative
accuracy of the small-cue pairs, as proposed by
the dual-process theory (Metcalfe & Finn, 2008b).
To directly examine the relationship between cue
familiarity and delayed JOLs, we increased the
cue familiarity of the small-font cue words in
Experiment 3.

EXPERIMENT 3

The procedure in Experiment 3 was similar to
that in Experiment 2. The only difference was
that Experiment 3 added a lexical decision task
between the study and delayed JOL phases.
During that task, a word or pseudoword appeared
on the screen, and participants determined
whether the stimulus on the screen was a word
or not by pressing a button. In fact, the words in
the lexical decision task included all of the small-
font cue words in the subsequent delayed-JOL
phase but not those in the large font. The actual
purpose of the lexical decision task in Experiment
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3 was to increase the participants’ familiarity with
the small-font cue words. This method was similar
to the method in the experiments that were
conducted by Schwartz and Metcalfe (1992).
Schwartz and Metcalfe asked participants to
make pleasantness judgements on some of the
to-be-remembered words before the memory task
to increase cue familiarity. We expected that in
Experiment 3, cue word font size would not have
a significant influence on the relative accuracy of
the delayed JOLs.

As in Experiment 2, Experiment 3 also inves-
tigated the influence of cue word font size on
immediate JOLs. Our hypothesis was the same as
that of Experiment 2: the cue word font size
should have no significant influence on mean JOL
magnitude of immediate JOLs.

Participants

The participants were 25 students from Beijing
Normal University (5 men and 20 women). Each
participant was tested individually, and each
received 20 RMB as a reward after the experiment.

Materials

The materials were similar to those in Experi-
ments 1 and 2 except that we added 24 two-
character words and 36 pseudowords for the
lexical decision task. All of the pseudowords
came from normal two-character words in which
the sequence of two characters was exchanged so
that they became pseudowords. All 60 two-char-
acter words (including all of the original words
that formed the pseudowords) were from the
Chinese word database by Cai and Brysbaert
(2010), with word frequencies between .03 and
35.71 per million words.

Procedure

The procedure was in essence the same as in
Experiment 2. The only difference was the addi-
tion of the lexical decision task between the study
and delayed-JOL phases. The lexical decision
task contained 36 words and 36 pseudowords;
the 36 words consisted of 24 new words and 12
studied words, and the 12 studied words were the
same as the 12 cue words shown in 9-pt font in
the subsequent delayed-JOL phase. In the lexical
decision task, one word (or pseudoword) was

shown on the screen each time in 33-pt font. The
participants were required to press a button to
determine whether the screen showed a word or a
pseudoword.

Data analysis

As in Experiment 1 and 2, in Experiment 3 we
conducted 2 (font size: large vs. small) x 2 (JOL
type: immediate vs. delayed) ANOVAs on mean
JOL magnitude, recall performance and relative
accuracy and simple effect tests regardless of
whether the interaction in these two-way ANO-
VAs was significant or not. In addition, as in
Experiment 1 and 2, to further investigate the
relative accuracy of delayed JOLs, we analysed
mean JOL magnitude of delayed JOLs of the
recalled and forgotten word pairs on the final test
with different cue word font sizes, and we
compared recall performance of large-cue and
small-cue word pairs that had been given high or
low delayed JOLs.

Results

Lexical decision. The participants’ mean accur-
acy rate reached .971 on the lexical decision task.
The participants’ response times for pseudoword
judgement (M = 1043.22 ms, SE = 53.77 ms) were
significantly higher than those for word judge-
ment (M = 895.51 ms, SE = 41.18 ms), F(1, 24) =
41.65, p < .001, 11127 = .63. The response times
did not differ as to whether the words were
presented in the study phase (M = 876.23 ms,
SE = 49.91 ms) or not (M = 905.15 ms, SE =
41.86 ms), F(1, 24) = .61, p = .441, ;712) =.03.

Mean JOL magnitude. The mean JOL results
are shown in Table 1. A 2 (font size: large vs.
small) x 2 (JOL type: immediate vs. delayed)
ANOVA on mean JOL magnitude was conducted.
Overall, mean JOL magnitude did not differ
between large-cue and small-cue word pairs,
F(1,24) = .22, p = .642, 11,27 = .01. However, mean
JOL magnitude was reliably higher for immediate-
JOL pairs compared with delayed-JOL pairs,
F(1,24) = 1648, p < .001, 7112? = .41. The font size
did not interact with JOL type, F(1, 24) = .80, p =
.380, 1112, =.03. We also compared mean JOL
magnitude of large-cue and small-cue pairs in
both JOL types. For both immediate-JOL and



delayed-JOL pairs, mean JOL magnitude did not
differ between large-cue and small-cue word
pairs, Finmediae(1, 24) = 1.31, p = .263, 1712) =.05;
Fielayea(1, 24) = .04, p = .839, 17[2, < .01.

Recall performance. The recall performance is
shown in Table 1. A 2 (font size: large vs. small) x
2 (JOL type: immediate vs. delayed) ANOVA on
recall performance was conducted. Overall, recall
performance did not differ between the large-cue
and small-cue word pairs, F(1, 24) = 221, p =
.150, nf, = .08. However, recall performance was
reliably higher for immediate-JOL pairs com-
pared with delayed-JOL pairs, F(1, 24) = 16.09,
p = .001, nﬁ = .40. The font size did not interact
with JOL type, F(1, 24) < .01, p = .948, > < .01
We also compared recall performance of large-
cue and small-cue pairs in both of the JOL types.
For both immediate-JOL and delayed-JOL pairs,
recall performance did not differ between large-
cue and small-cue word pairs, Fipmediate(1, 24) =
.80, p = .380, 17127 = .03; Fyelayea(1, 24) = 112, p =
302, 1712} = .04.

Relative accuracy. A 2 (font size: large vs.
small) x 2 (JOL type: immediate vs. delayed)
ANOVA on gamma correlation was conducted.
Overall, gamma correlation did not differ
between large-cue and small-cue word pairs,
F(1,20) = .87, p = 361, i, = .04. However, gamma
correlation was reliably higher for delayed-
JOL pairs compared with immediate-JOL pairs,
F(1, 20) = 80.92, p < .001, 1712) = .80. The font size
did not interact with JOL type, F(1, 20) = .20, p =
.664, ;13 = .01. We also analysed gamma correla-
tion of large-cue and small-cue pairs separately in
both of the JOL types. For immediate JOLs, the
gamma correlations for the large-cue pairs were
higher than 0 but the difference was marginal,
1(21) = 1.92, p = .069; the gamma correlations for
the small-cue pairs were not significantly higher
than 0, #(22) = 1.28, p = .214. In addition, there
was no significant difference between the gamma
correlations of the large-cue and small-cue pairs,
F(1, 21) = 21, p = .654, n> = .01. For delayed
JOLs, the gamma correlations for both word
types were significantly higher than 0, #j4r0.(23) =
2774, p < .001; fgman(23) = 2518, p < .001.
Moreover, there was no significant difference
between the gamma correlations for the large-
cue and small-cue delayed-JOL pairs, F(1, 22) =
A4, p = 514, 2 = .02 (see Table 1).

Similar to Experiments 1 and 2, we conducted
a 2 (font size: large vs. small) x 2 (recall status:
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recalled vs. forgotten) ANOVA on mean JOL
magnitude of delayed JOLs. Overall, mean JOL
magnitude did not differ between the large-cue
and small-cue pairs, F(1, 22) = 1.63, p = 215,
17/!27 = .07. However, mean JOL magnitude was
reliably higher for the recalled pairs compared
with the forgotten pairs, F(1, 22) = 203.07, p <
.001, nf) = .90. More importantly, the recall status
x font size interaction was not significant, F(1, 22)
= .29, p = 595, i, = .01 (see Figure 6). We also
compared the mean JOL magnitude of recalled
and forgotten pairs in both cue word font size.
For both the large-cue and small-cue word pairs,
the mean JOL magnitude of the recalled pairs
was significantly higher than were those of the
forgotten pairs, Fiaree(1, 22) = 158.27, p < .001,
;1[27 = .88; Fyman(1, 22) = 173.49, p < .001, 17[2) = .89.

We also separated the delayed-JOL pairs into
two groups according to their JOL magnitude,
which was 0-50 for the first group and 50-100 for
the second. Then a 2 (font size: large vs. small) x
2 (JOL magnitude: high vs. low) ANOVA on
recall performance was conducted. Overall, recall
performance did not differ between large-cue and
small-cue pairs, F(1, 22) = .71, p = .407, > = .03.
However, recall performance was reliably higher
for high-JOL pairs compared with low-JOL pairs,
F(1, 22) = 560.99, p < .001, 1112) = .96. The font size
did not interact with JOL magnitude, F(1, 22) =
84, p = 371, > = .04 (see Figure 7). For both the
high-JOL and low-JOL pairs, recall performance
did not differ between large-cue and small-
cue pairs, Fpign(1, 22) = .92, p = 347, nf) =.04;
Fow(1, 22) < .01, p = .956, ;7[2, < .01.
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Figure 6. Mean JOL magnitude for delayed-JOL word pairs as
a function of cue word font size and recall status in Experi-
ment 3. Error bars represent standard errors.
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Figure 7. Recall performance for delayed-JOL word pairs as a
function of cue word font size and JOL magnitude in
Experiment 3. Error bars represent standard errors.

Discussion

In Experiment 3, the relative accuracy of the
delayed JOLs was not affected by cue word font
size. This result indicated that when the familiar-
ity of small-cue words was increased, the relative
JOL accuracy did not differ the between large-
cue and small-cue pairs.

GENERAL DISCUSSION

The current study examined the influence of cue
word perceptual information in the JOL phase on
immediate and delayed JOLs through font size
changes. The results from three experiments
demonstrated that cue word font size affected
immediate and delayed JOLs in different ways.
For immediate JOLs, in Experiment 1, mean
JOL magnitude was significantly higher for large-
cue word pairs compared with small-cue pairs but
there was no significant difference in recall
performance, which led to a metamemory illu-
sion. These results showed that the effect of
varying font size during the JOL phase is similar
to the effect of varying font size during the study
phase, both of which had significant influence on
immediate JOLs (Rhodes & Castel, 2008; Susser
et al., 2013). Rhodes and Castel (2008) demon-
strated that people interpret the font size of to-
be-remembered items as ease of processing words
and give higher immediate JOLs to words that
are shown in larger sizes. In Experiment 1,
although the font sizes changed in the JOL phase
rather than in the to-be-remembered materials,
the participants might have still interpreted the
font size differences as encoding fluency and have

given higher JOLs to large-cue pairs. Another
possible explanation for the mean JOL difference
is that participants might have held the meta-
memory belief that words that are printed in
larger font sizes are more easily remembered
(Mueller, Dunlosky, Tauber, & Rhodes, 2014).
Thus, the participants could have given higher
JOLs to words that are shown in the larger font
size even when the font size difference was
unrelated to the study materials.

Unlike in Experiment 1, when JOL time was
increased in Experiments 2 and 3, the difference
between mean JOL magnitude of the large-cue
and small-cue pairs was reduced. These results
indicate that the influence of cue word font size
on immediate JOLs is related to time pressure.
Although in this study we did not record how
long participants took to make JOLs, our findings
in another unpublished study (Hu & Luo, 2014)
show that participants took significantly more
time to make judgements (p < .001) when they
were asked to make immediate JOLs in 8 s (M =
2884.96 ms) than 4 s (M = 1786.84 ms). Thus,
when asked to make JOLs in a limited amount of
time, participants could feel stressed and take less
time to make judgements. Previous studies show
that people can underestimate certain important
information when making judgements under time
pressure, which may reduce the quality of their
judgements (Maule & Edland, 1997; Svenson,
Edland, & Slovic, 1990). For example, Svenson
et al. (1990) asked participants to judge which of
two students would be more qualified to follow a
university programme based on their grades in
different high school courses. Their results
showed that when participants made judgements
under time pressure, they weighed the course
with the highest grade more heavily and under-
estimated the other course grades. Research on
metamemory indicates that immediate JOLs
are affected by many heuristics (Koriat, 1997).
Making JOLs under time pressure can lead to a
reduced range of cue utilisation, which could
cause metacognitive illusion. In our study, the
participants might have underestimated the study
material information with the limited JOL time in
Experiment 1. When the JOL time was increased
in Experiment 2 and 3, the participants gave more
consideration to the study material information,
which reduced the metacognitive illusion. Further
study is needed to investigate in more detail
why participants underestimate the information
from to-be-remembered items when JOL time
is limited.



For delayed JOLs, Experiment 1 showed that
relative JOL accuracy was significantly higher for
large-cue pairs compared with small-cue pairs. In
Experiment 2, we increased JOL time to test
whether a limited amount of time for delayed
JOLs led to a difference in relative accuracy. Hu
and Luo (2014) find that reaction time for making
delayed JOLs was reliably longer (p < .001) when
JOL time was 8 s (M = 3844.91 ms) compared
with 4 s (M = 2220.10 ms), which shows that
participants took more time for retrieval attempts
when the time for delayed JOLs was longer.
However, Experiment 2 revealed the same font-
size effect on gamma correlation when partici-
pants had sufficient time for retrieval attempts.
These results support the dual-process theory,
which suggests that when people make delayed
JOLs, they firstly recognise the cue words and
then retrieve the target words (Metcalfe & Finn,
2008b; Son & Metcalfe, 2005). Small-cue pairs are
more easily misrecognised as new words (John-
ston et al., 1991; Verfaellie & Cermak, 1999) and
given low JOLs based on only low cue familiarity,
which can reduce relative accuracy. To further
verify the dual-process theory, Experiment 3
increased the familiarity of the small-cue words,
and there was no difference in gamma correla-
tions between the large-cue and small-cue pairs.
The experimental design of Experiment 3 is
unbalanced, and in this design we increased only
the familiarity of small-cue words in the delayed
JOL phase. However, the results were consistent
with our prediction that relative accuracy did not
differ between large-cue and small-cue delayed-
JOL pairs when cue familiarity of small-cue
words was increased. Our results show that cue
recognition based on cue familiarity and retrieval
attempts based on target retrievability are both
important processes in delayed JOLs. Previous
research demonstrates that cue familiarity and
target retrievability interact in a number of
metamemory judgements such as feeling of know-
ing (FOK) and delayed JOLs (Koriat & Levy-
Sadot, 2001; Metcalfe & Finn, 2008b). Our results
are consistent with the results of these studies and
suggest that cue familiarity plays an important
role in metamemory monitoring. In addition,
according to the dual-process theory, when peo-
ple make low delayed JOLs based only on cue
familiarity, response times are significantly
shorter than they are for low JOLs that are based
on retrieval attempts (Metcalfe & Finn, 2008b;
Son & Metcalfe, 2005). Future research could
investigate the differences in delayed JOL
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response times between large-cue and small-cue
word pairs.

In addition, our findings show that recall
performance of immediate-JOL pairs was signifi-
cantly higher than that of delayed-JOL pairs in
Experiments 2 and 3, but in Experiment 1 recall
performance did not differ between the two types
of word pairs. Previous studies have reported
different results regarding the influence of JOL
type on recall performance. Some studies have
found no difference in recall performance
between immediate-JOL and delayed-JOL word
pairs (e.g., Dunlosky & Nelson, 1992; Nelson &
Dunlosky, 1991), whereas other studies have
shown that the JOL type had a significant influ-
ence on recall performance. For example, Van
Overschelde and Nelson (2006) found that the
recall performance of immediate-JOL pairs is
lower than that of word pairs with short-delayed
JOLs (5 intervening trials between the study and
JOL phase); however, the recall difference dis-
appeared when there were 50 trials between the
study and delayed JOL phase. In addition, Finn
and Metcalfe (2007) showed that immediate-JOL
word pairs led to higher recall performance than
did delayed-JOL pairs in their first experiment, in
which participants made immediate and delayed
JOLs in two different word lists. However, in
their second experiment, the recall difference was
non-significant when the immediate-JOL and
delayed-JOL word pairs were mixed within a
single list. The findings of these studies suggest
that the influence of JOL type on recall perform-
ance may vary depending on the experimental
paradigm. One important difference in the
experimental paradigm between our study and
previous studies is that the JOLs were self-paced
in previous studies, in which the JOL phase
ended immediately after participants made judge-
ments. However, participants in our study made
JOLs during a fixed time period and might still
have time to improve their memory strength in
the JOL phase after they made JOLs. Given this
difference, there are two potential explanations
for the influence of JOL type on recall perform-
ance in Experiments 2 and 3. The first explana-
tion concerns the different strategies that
participants could use to improve their memory
performance in the immediate- and delayed-JOL
phases. Participants could rehearse the studied
cue-target word pairs in the immediate-JOL phase
because they had recently seen the complete
word pairs, whereas they could not rehearse some
of the studied word pairs in the delayed-JOL
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phase, which might have led to the difference
in recall performance. Although the increased
delayed JOL time in Experiments 2 and 3
encouraged participants to make delayed JOLs
based on their retrieval attempts (Metcalfe &
Finn, 2008b), the retrieval attempts did not lead
to better recall performance in the memory test
several minutes later relative to the word
rehearsal (Roediger & Karpicke, 2006). More-
over, in the delayed JOL phase, participants
could match the cue words with incorrect target
words in their retrieval attempt, which may have
led to a false memory in the memory test and may
have reduced their recall performance (cf.
Rhodes & Tauber, 2011b). However, we found
that the proportion of mismatch errors did not
differ between the immediate-JOL and delayed-
JOL pairs in any of the experiments (p > .1),
indicating that the recall difference between
immediate-JOL and delayed-JOL pairs might
not result from mismatch errors. More impor-
tantly, the difference in learning strategies
between the immediate- and delayed-JOL phases
was present in all three experiments, but the
influence of JOL type on recall performance was
significant only in Experiments 2 and 3. Thus, the
difference in learning strategies may not account
for the recall difference between immediate-JOL
and delayed-JOL pairs.

The second explanation for the influence of
JOL type on recall performance is that according
to Hu and Luo (2014), the time that participants
could use to improve their memory performance
after making JOLs was longer in the immediate-
JOL phase than in the delayed-JOL phase, as the
participants spent more time making delayed
JOLs than immediate JOLs. Hu and Luo (2014)
also found that the time difference between the
delayed and immediate JOLs was marginally
greater when the participants were asked to
make JOLs in 8 s compared with in 4 s (p =
.06); thus, when the JOL time was 8 s, participants
had much less time to improve their memory
performance in the delayed-JOL phase than in
the immediate-JOL phase after they made JOLs.
This time difference may explain why a difference
in recall performance was observed in Experi-
ments 2 and 3 but not in Experiment 1. Further
research is needed to test the effect of JOL type
on recall performance. Moreover, we found that
the mean JOL magnitude was higher for imme-
diate-JOL pairs than for delayed-JOL pairs
in Experiments 2 and 3, which suggests that

participants were aware of the difference in
memory performance.

Many studies demonstrate that perceptual
information regarding to-be-remembered items
affects memory prediction (Rhodes & Castel,
2008; Rhodes & Castel, 2009). However, few
have investigated whether perceptual information
in the JOL phase has a significant influence on
JOLs. The results from our experiments show
that font size in the JOL phase affects both
immediate and delayed JOLs. More studies are
needed to examine the effects of other types of
cue word perceptual information (such as sound
volume; see Rhodes & Castel, 2009) or the impact
of cue word perceptual information on other
types of JOLs, such as global JOLs (cf. Barnes &
Dougherty, 2007). Whether cue word perceptual
information has a significant impact on subsequent
learning could also be investigated. Moreover, our
study indicates that relying on cue word font size
does not always lead to accurate memory predic-
tion. Thus, future research should also investigate
how to reduce or eliminate the negative influence
of cue word font size on the JOL accuracy, using
theory- and experience-based procedures (Koriat
& Bjork, 2006).
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