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Perceptual fluency is generally thought to affect judgments of learning (JOLS) non-analytically.
However, some studies suggested that perceptual fluency may also affect JOLs analytically
based on beliefs about the relationship between perceptual fluency and memory
performance. The present study aimed to investigate how perceptual fluency affects JOLs.
In Experiment 1, participants performed a continuous identification task and a JOLs task
to determine whether perceptual fluency affects JOLs. In Experiment 2, we manipulated
participants’ beliefs about how perceptual fluency affects memory to explore whether
perceptual fluency affects JOLs through belief-based analysis. In Experiment 3, we explored
whether participants who believed neither perceptual fluency nor font size affected
memory performance still offered higher JOLs to large words than to small words, to
explore whether perceptual fluency affects JOLs non-analytically. In Experiment 4,
participants performed a continuous identification-JOLs task, and then they performed
an observation task to measure their beliefs about fluency and memory. The results of
the four experiments suggested that perceptual fluency affects JOLs both non-analytically
and analytically based on beliefs about the relationship between perceptual fluency and
memory performance.

Keywords: judgments of learning, perceptual fluency, beliefs, font size effect, metamemory, metacognition

INTRODUCTION

Judgments of learning (JOLs) refers to predictions of the likelihood of correctly retrieving
studied materials in a subsequent memory test (Metcalfe, 2009). It is an important index of
metamemory monitoring (Metcalfe, 2002).

As for the mechanism of JOLs, the most widely accepted theory is the cue-utilization
framework proposed by Koriat (1997). According to the cue-utilization framework, JOLs are
inference based on some available cues when people are making JOLs (Susser and Mulligan, 2015;
Susser et al., 2017; Undorf et al., 2018, 2020; Undorf and Broder, 2020). JOLs are based on
three different types of cues: intrinsic cues, extrinsic cues, and mnemonic cues.
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Processing fluency is one of the most critical mnemonic
cues (Begg et al., 1989; Koriat, 1997; Bjork, 1999; Koriat and
Levy-Sadot, 1999). Koriat et al. (2004, p. 653) even argued
that “JOLs are based predominantly—perhaps exclusively—on
the subjective experience associated with processing fluency”
The mnemonic cues affect JOLs in an implicit, non-analytical
way (Koriat, 1997; Koriat and Levy-Sadot, 1999; Koriat et al.,
2004). Rhodes and Castel (2008) manipulated perceptual fluency
(a kind of processing fluency) with font size to investigate the
effect of perceptual fluency on JOLs. The results showed that
participants gave higher JOLs to large words than to small
words, but at the same time, font size did not affect memory
performance. Even when participants were explicitly told that
font size did not affect memory performance, they still offered
large words higher JOLs. However, when the fluency difference
was eliminated by presenting words in an alternating format
(e.g., PiAnO), the font size effect disappeared. The results of
the above series of experiments support the opinion that
perceptual fluency as a mnemonic cue affects JOLs in a
non-analytical way.

However, some research results suggested that perceptual
fluency may also affect JOLs in an analytical way. Miele et al.
(2011) found that the effect of font size on JOLs was moderated
by beliefs about intelligence. Participants who viewed intelligence
as fixed offered higher JOLs to large words than to small
words, while participants who viewed intelligence as malleable
gave the same JOLs to large and small words. The results
suggested that perceptual fluency may affect JOLs through
belief-based analysis.

Yang et al. (2018) aimed to explore whether beliefs about
fluency mediate the effect of perceptual fluency on JOLs. In
their Experiment 3, participants first performed a continuous
identification-JOLs task, in which they identified words in
either large or small font sizes, and made item-by-item JOLs
(sJOLs; JOLs made in the study task). In addition, they were
asked to perform an observation task, in which they were
instructed to watch the learning process of another participant
(actually from himself/herself) and make JOLs (oJOLs; JOLs
made in the observation task) to predict the likelihood that
another participant would recall correctly. In the observation
task, instead of watching the real words, the participants only
saw meaningless letter strings (i.e., abcde) presented in the
same font size and for the same duration as the item in the
continuous identification-JOLs task. Because in the observation
task the participants could not experience the learning process,
they could only make JOLs through beliefs about the relationship
between fluency and memory. Yang et al. conducted a multilevel
mediation analysis to explore whether beliefs about fluency
and memory mediate the effect of fluency on JOLs. However,
the results showed that the indirect effect of perceptual fluency
(RTs) on JOLs through beliefs (0oJOLs) was not significant.
The results did not support the claim that fluency affects JOLs
through beliefs about fluency and memory.

However, there are two possible reasons for this null
result. First, beliefs about fluency are not a mediating
variable but a moderating variable. However, they analyzed
the data in a mediating framework. Second, using oJOLs

as an indicator of belief about fluency may be inappropriate.
In the Experiment 3 of Yang et al. (2018), the font size of
items in the observation task was the same as that in the
study task. Under such a condition, the 0JOLs not only reflected
the beliefs about the relationship between perceptual fluency
and memory performance but also the beliefs about the
relationship between font size and memory performance. The
results of their analysis showed that oJOLs were affected by
the font size but not by the RTs. So, beliefs reflected by oJOLs
were more likely to be “the large items will get better memory
performance” than “the item with higher perceptual fluency
will get better memory performance” If so, it is no surprise
that the indirect effect of perceptual fluency (RTs) on JOLs
through beliefs (0JOLs) was not significant. Similarly, Experiment
2 of Chen et al. (2019) tried to examine whether the effect
of font size on JOL was moderated by beliefs about perceptual
fluency and memory. They manipulated participants’ beliefs
about the relationship between perceptual fluency and memory
and found that participants who believe high perceptual fluency
words are easy to remember offered higher JOLs to large words
than to small words, while participants who believe perceptual
fluency does not affect memory did not offer higher JOLs to
large words than to small words. But they manipulate beliefs
using the instruction: “Large words are easy to process than
small words. The Ease of processing will reduce the cognitive
load and help memory, so large words are easy to remember
than small words (P158).” In this case, the participants’ beliefs
still contain beliefs about fluency and memory and beliefs
about font size and memory. So, it cannot be concluded that
the perceptual fluency can affect the JOLs in an analytical
way based on beliefs about fluency and memory.

If perceptual fluency can affect JOLs through beliefs about
fluency and memory analytically, then another problem arose:
whether perceptual fluency affects JOLs non-analytically. The
previous researchers generally hold the affirmative opinion
(Koriat, 1997; Koriat et al., 2004; Koriat and Bjork, 2006; Yang
et al., 2018). However, some researchers take a different view.
Susser et al. (2016) explored this question by employing an
identity-priming paradigm. They asked participants to name
and then make item-by-item JOLs for each word, which was
preceded by a matched or mismatched prime. They found
that regardless of whether the primes were obvious or not,
naming latencies were shorter for matched items than mismatched
items, while JOLs were higher for matched items than mismatched
items only when primes are obvious. Susser et al. came to
the conclusion that perceptual fluency influenced JOLs only
when belief-based information was available. However, here is
another possibility that the difference of perceptual fluency in
inconspicuous conditions may be not big enough to make a
significant impact on JOLs. Therefore, so far, it has not been
concluded that perceptual fluency, per se, cannot influence JOLs
in a non-analytical way. So, the present study aimed to investigate
how perceptual fluency affects JOLs: in an analytical way, in
a non-analytical way, or in both ways.

However, to our knowledge, whether perceptual fluency
affects JOLs remains controversial. Studies of Mueller et al.
(2014), Susser et al. (2016), and Su et al. (2018) did not support
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the claim that perceptual fluency affects JOLs. However, studies
of Besken and Mulligan (2014), Besken (2016), Undorf et al.
(2017), and Yang et al. (2018) support this claim. Moreover,
in study of Yang et al. (2018), the continuous identification
task was followed immediately by the JOLs task. The continuous
identification task may make perceptual fluency more pronounced
than in the absence of continuous identification tasks. This
may make the participants more dependent on perceptual
fluency when making JOLs. So, in Experiment 1, we repeated
Experiment 1 of Yang et al. (2018), but the continuous
identification task and JOLs task were separated, to reduce
the impact of the continuous identification task on JOLs. In
Experiment 2, we manipulated the participants’ beliefs about
the relationship between perceptual fluency and memory
performance to explore whether perceptual fluency affects JOLs
through beliefs about fluency and memory. In Experiment 3,
we explored whether participants who believed that memory
performance had nothing to do with perceptual fluency and
font size gave higher JOLs to large words than to small words,
to confirm whether perceptual fluency, per se, affects JOLs in
a non-analytical way. In our Experiment 2 and Experiment 3,
we did not measure perceptual fluency. So, in Experiment 4,
we asked the participants to complete a continuous identification-
JOLs task to measure perceptual fluency, and then we asked
them to perform an observation task to measure their beliefs
about fluency and memory. In the observation task, all words
were shown in 32-pt to make sure that the oJOLs reflect only
beliefs about the relationship between perceptual fluency and
memory, and not beliefs about the relationship between font
size and memory.

EXPERIMENT 1

Participants

We conducted a power analysis using G*power 3.1 to determine
the required sample size. The effect sizes (Cohen’s ds) from
previous studies using Chinese words as experimental materials
and presenting the words with 9-pt and 70-pt fonts ranged
from 0.58 to 1.13 (Hu et al, 2015; Su et al., 2018). By using
the effect size 0.58-1.13, we found that 9-27 participants are
required to observe a significant (« = 0.05) font size effect
on JOLs at 0.90 power. We recruited 28 undergraduates (20
females) with a mean age of 20.11 (SD = 2.30) years from
Northeast Normal University. All participants had a normal
or corrected-to-normal vision, and their first language was
Chinese. Each participant was tested individually and received
20 RMB as a reward after the experiment. Written informed
consent was obtained from participants in all experiments of
this study. All the experiments in this study were approved
by The Ethics Committee of Northeast Normal University.

Materials and Apparatus

The materials consisted of 64 Chinese words (eight of them
are for practice). The logarithm (base 10) of the numbers of
occurrences of these words in CCL corpus was between 2.34
and 4.71 (M = 3.53, SD = 0.56; Zhan et al, 2019). As in

previous studies using Chinese words as materials, one set of
words was presented in 9-pt font, and the other set was
presented in 70-pt font (Hu et al., 2015, 2016; Su et al., 2018).
Which set of words were presented in 9-pt (70-pt) was
counterbalanced between participants. The two sets of words
did not differ in the word frequency or the number of strokes
(ps > 0.05). The experiment was conducted with E-prime2.0.
Stimuli were displayed on 24-inch monitors with a refresh
rate of 85 Hz and a resolution of 1,024 x 768.

Procedure
The procedure was similar to Experiment 1 of Yang et al. (2018),
except that the continuous identification task and JOLs task
were separated. The procedure consisted of four phases: the
continuous identification task phase, the JOLs task phase, the
distractor task phase, and the memory test phase. In the
continuous identification task phase, each trial started with the
presentation of a black cross in medium font size (30-pt) at
the center of the screen for 500 ms. Then a word (9-pt/70-pt)
and a mask (10-pt/74-pt) were alternately presented in Courier
New. The extremely rare (the number of occurrences in CCL
corpus was 0) Chinese character “H#£##” was used as the mask.
Before the experiment, participants were asked if they know
the word. No one reported knowing the word. The masks were
presented a little larger than the target words to ensure that
the target words were completely masked. There were 14 cycles
in each trial. In the first cycle, a word was first presented for
17 ms and replaced by the masking stimulus presented for
238 ms. Then the second cycle began. The presentation duration
of the word in the N cycle was equal to the presentation
duration of the N-1 cycle plus 17 ms, while the presentation
duration of the masking stimulus in the N cycle was equal to
the presentation duration of the N-1 cycle minus 17 ms.
Participants were asked to focus on the stimulus on the screen
and press the ENTER key as soon as they recognized the
word. When the participants made a response or the total of
14 cycles were over, the next trial began. If they responded,
the word and mask disappeared, and participants were asked
to say the words aloud, and the experimenter recorded them
with another computer. Words were presented in random order.
In the JOLs phase, the same 56 words were presented one
by one for 2 s in a renewed random order. Immediately following
the presentation of each word, a slider ranging from 0 to 100
appeared in the center of the monitor. Zero denoted “I am pretty
sure I will not be able to recall this word” and 100 denoted
“I am pretty sure I will be able to recall this word.” Participants
were instructed to predict the likelihood that the word would
be correctly recalled in a subsequent memory test by clicking
on the corresponding position on the slider. After the JOLs
phase, learners engaged in a distractor task (e.g., 67 +23=___?)
for 90 s. Then they took a memory test, in which they were
instructed to write as many words as they could on a blank
sheet of paper, not needed to be in order. There was no time
limit for the recall test. When the recall time was longer than
5 min, the participants were reminded to finish if she/he fell
it was too difficult to recall more. If they thought they could
recall more, they could continue to recall.
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Results and Discussion

All data in this study were analyzed using RStudio. If not
explicitly stated, Rstudio’s own package is used. The identification
accuracy, identification RTs, JOLs, and Recall accuracy are
shown in Table 1. Since the identification accuracy of the
participants did not follow a normal distribution, the Wilcoxon
signed rank test was used to compare the identification accuracy
of 9-pt and 70-pt words. The result showed that there was
no difference in identification accuracy between large
(M = 97.06%, SD = 4.13%) and small words (M = 96.17%,
SD = 5.23%), p = 0.67, 95% CI (Cumming, 2012) = [-3.58%,
5.36%]. In the following analysis, all data from incorrectly
identified trials were excluded.

Predicted and actual recall performance (recall accuracy =
number of words correctly recalled/number of words correctly
identified) are presented in Figure 1. There was no difference
in recall accuracy between large (M = 27.89%, SD = 8.09%)
and small words (M = 28.50%, SD = 7.56%), t(27) = 0.39,
p = 0.70 (see the right pair of bars in Figure 1). In contrast,
the font size effect appeared. The JOLs of large words (M = 64.40,
SD = 14.11) were significantly higher than small words
(M = 51.24, SD = 14.35), #(27) = 5.82, p < 0.001, Cohen’s
d = 1.10 (see the left pair of bars in Figure 1).

Participants median identification RTs were significantly
shorter for large (M = 1.43, SD = 0.32) than for small words
(M = 175, SD = 0.35), #(27) = 6.64, p < 0.001, Cohens
d = 1.25. This result indicated that the font size of the words
affected perceptual fluency.

To explore whether the font size effect on JOLs was mediated
by fluency (RTs), a multilevel mediation analysis was conducted

TABLE 1 | M (SD) of participants’ identification accuracy, identification RTs,
judgments of learning (JOLs), and recall accuracy in Experiments 1-4.

Identification Identification JOLs Recall
accuracy RTs accuracy
Experiment 1
9-pt 96.17 (6.23)  1.75(0.35) 51.24 (14.35) 28.50 (7.56)
70-pt 97.06 (4.13)  1.43(0.32) 64.40 (14.11)  27.89 (8.09)
Experiment 2
Group 1
9-pt 46.55 (18.77)  30.00 (10.90)
70-pt 57.24 (18.12) 31.88 (14.55)
Group 2
9-pt 56.18 (15.42) 33.13(14.52)
70-pt 55.56 (16.93) 32.00 (13.66)
Experiment 3
9-pt 43.60 (16.20) 27.51(10.42)
70-pt 47.83(17.80) 28.78 (7.36)
Experiment 4
Study task
9-pt 94.55 (6.76) 1.61(0.31) 47.09 (17.26) 28.32(17.89)
70-pt 95.23 (4.87)  1.37(0.35) 52.00 (16.95) 26.33 (17.74)
Observation task
9-pt 50.49 (15.70)
70-pt 50.81 (15.12)

with the R bmlm package, which provides a Bayesian estimation
of multilevel mediation models (Vuorre, 2017). In this analysis,
we took font size (small = 0; large = 1) as the independent
variable, RTs as the mediator, and JOLs as the dependent variable.
The mediation effect was estimated with four Markov Chain
Monte Carlo (MCMC) chains and 10,000 iterations for each
chain. The results are shown in Table 2. The total effect of font
size on JOLs was significant, b = 13.20, 95% CI = [8.31, 17.96].
The indirect effect of font size on JOLs through RTs was significant,
b = 082, 95% CI = [0.05, 1.62], indicating that large fonts
increase JOLs indirectly by increasing perceptual fluency. Fluency
(RTs) explained 6%, 95% CI = [0%, 14%], of the font size effect
on JOLs. The direct effect of font size on JOLs was still significant
when RTs were controlled, b = 12.38, 95% CI = [7.54, 17.12].

In Experiment 1, we tried to repeat Experiment 1 of
Yang et al. (2018) using Chinese words as experimental
materials, when the continuous identification task and JOLs
task were separated. In Yang et al’s study, the continuous
identification task was followed immediately by the JOLs task.
The continuous identification task may make perceptual fluency
more pronounced than in the absence of continuous identification

801 sk
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FIGURE 1 | JOLs and recall for large and small words in Experiment 1. Error
bar represents +1 standard error. **p < 0.001.

TABLE 2 | Multilevel mediation analysis results in Experiment 1.

b SE 95% ClI

Effect of font size on RTs -0.37 0.04 [-0.46, —0.29]
Effect of RTs on JOLs -2.30 0.95 [-4.18, —0.37]
Total effect of font size on JOLs 13.20 2.45 [8.31, 17.96]
Direct effect of font size on

12. 2.4 7.54,17.12
JOLs %8 ° [7:54, ]
Indirect effect of font size on
JOLs through RTs 082 0.40 [0.05, 1.62]
Proportion of the total effect of
font size on JOLs mediated by 6% 3% [0%, 14%)]

RTs
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tasks and may lead to an overestimation of the effect of perceptual
fluency on JOLs. In Yang et al’s study, perceptual fluency explained
21% in Experiment 1 and 15% in Experiment 3 of the font
size effect on JOLs. However, in our Experiment 1, perceptual
fluency (RTs) explained only 6% of the font size effect on JOLs.
In Experiment 1, the continuous identification task and JOLs
task were separated, so the experienced fluency in the continuous
identification task and JOLs task may not exactly correspond,
which may lead to an underestimation of the effect of perceptual
fluency on JOLs. Anyway, although the proportion of perceptual
fluency explaining the font size effect was numerically smaller
than that in the study of Yang et al. (2018), the most important
thing was that the result of Experiment 1 supported the claim
that perceptual fluency manipulated by font size affects JOLs
(Besken and Mulligan, 2014; Besken, 2016; Undorf et al., 2017;
Yang et al., 2018). This provided the basis for the follow-up
experiments of how perceptual fluency affects JOLs.

EXPERIMENT 2

The result of Experiment 1 showed that perceptual fluency
affect JOLs. In Experiment 2, we manipulated participants’
beliefs about the relationship between perceptual fluency and
memory performance. If perceptual fluency can affect JOLs
through belief-based analysis, the font size effect on JOLs will
be moderated by beliefs about perceptual fluency and memory.
If perceptual fluency cannot affect JOLs through belief-based
analysis, the font size effect on JOLs will not be moderated
by beliefs about perceptual fluency and memory.

Participants

As in Experiment 1, by using the effect size 0.58-1.13, we found
that a total of 24-42 participants are required to observe a
significant (¢ = 0.05) effect at 0.90 power. In order to get
enough qualified participants, we recruited 69 undergraduates
(51 females) with a mean age of 20.36 (SD = 2.57) years from
Northeast Normal University and Jilin Medical University, of
which 34 were in the belief 1 group and 35 were in the belief
2 group. All participants had a normal or corrected-to-normal
vision, and their first language was Chinese. Each participant
was tested individually and received 15 RMB as a reward after
the experiment.

Materials and Apparatus

A set of new words was chosen for Experiment 2. The materials
consisted of 72 Chinese words (eight of them are for practice).
The logarithm (base 10) of the number of occurrences of these
words in CCL corpus was between 2.24 and 4.47 (M = 3.39,
SD = 0.52; Zhan et al, 2019). The number of strokes of the
words was between 8 and 22 (M = 16.20, SD = 3.28). The 72
words were randomly divided into two sets (each contained 36
words). One set of words was presented in 9-pt font, and the
other set was presented in 70-pt font. Which set of words were
presented in 9-pt (70-pt) was counterbalanced between
participants. The two sets of words did not differ in the word

frequency or the number of strokes (ps > 0.05). The experiment
was conducted with E-prime2.0. Stimuli were displayed on
24-inch monitors with a refresh rate of 60 Hz and a resolution
of 1,024 x 768.

Procedure

After providing informed consent, participants were given the
information that perceptual fluency is the subjective experience
of the easy of stimulus processing caused by the perceptual
characteristics of the stimulus. Then participants in the belief
1 group (instruct participants to believe that words with high
perceptual fluency will be remembered better) were given the
following information:

Psychological research has shown that words with high
perceptual fluency will be remembered better because
processing fluent information needs less effort than
disfluent information.

Participants in the belief 2 group (instruct participants to
believe that words with low perceptual fluency will
be remembered better) were given the following information:

Psychological research has shown that words with low
perceptual fluency will be remembered better because
disfluent information leads to stronger physiological
arousal and make people put in more effort.

After receiving the instructions, participants need to report
whether they fully understood the instructions. If they fully
understood the instructions, they completed a study-JOLs task.
In this task, learners were required to study 64 words with a
5s presentation time for each word. Immediately following the
presentation of each word, learners were instructed to type a
number from 0 to 100 that represented the probability of
recalling that word in a memory test about 10 min later.
Words were presented in random order. After completing the
study-JOLs task, participants were asked: “Which words are
better remembered, perceptual fluent words or perceptual
disfluent words, or is it just as good?” Then they completed
a 90s distractor task and memory test as in Experiment 1.

Results and Discussion

Among the 69 participants, two participants gave each word
the same JOLs, so the data of these two participants were
excluded. We first analyzed the results of the investigation
after the study-JOLs phase. In the belief 1 group, 25 participants
believed that items with higher perceptual fluency would get
better memory performance. Similarly, in the belief 2 group,
25 participants believed that items with higher perceptual
fluency would get lower memory performance. So we analyzed
the data only including the participants who still believed the
experiment instructions after the study-JOLs phase.

For recall performance, a mixed-design ANOVA was
conducted with font size (9-pt vs. 70-pt) as the within-subject
factor and belief (belief 1 vs. belief 2) as the between-subject
factor. The main effect of font size, F(1,48) = 0.03, p = 0.858,
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the main effect of belief, F(1,48) = 0.26, p = 0.613, and the
interaction between font size and belief, F(1,48) = 0.52, p = 0.476,
were all insignificant.

For JOLs, a mixed-design ANOVA was conducted with font
size (9-pt vs. 70-pt) as the within-subject factor and belief
(belief 1 vs. belief 2) as the between-subject factor. The interaction
between font size and belief was significant, F(1,48) = 12.97,
p < 0.001, partial #* = 0.21. A further simple effect analysis
showed that the JOLs of large words (M = 57.24%, SD = 18.12%)
were significantly higher than small words (M = 46.55%,
SD = 18.77%) in the belief 1 group, F(1,24) = 23.17, p < 0.001
(see the left pair of bars in Figure 2), while there was no
difference in JOLs between large (M = 55.56%, SD = 16.93%)
and small words (M = 56.18%, SD = 15.42%) in the belief 2
group, F(1,24) = 0.08, p = 0.782 (see the right pair of bars
in Figure 2).

Does Perceptual Fluency Affect Judgments of
Learning Analytically?

We further calculated the effect size (Cohens d) of the font
size on JOLs of each participant. Next, we compared the effect
size of the belief 1 group and the belief 2 group. The result
showed that the effect size was larger in the belief 1 group
(M = 0.58, SD = 0.44) than that in the belief 2 group (M = 0.05,
SD = 0.44), #(48) = 4.25, p < 0.001, Cohen’s d = 1.04. The
results showed that the effect of font size on JOLs was moderated
by beliefs about the relationship between perceptual fluency
and memory.

For participants who believed that the memory performance
of fluent words would be better than disfluent words, the
effect of font size on JOLs appeared. In contrast, for participants
who believed that memory performance of disfluent words
will be better than fluent words, there was no difference in
JOLs between words in different font sizes. The result that
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FIGURE 2 | JOLs for large and small words of participants in different belief
groups in Experiment 2. Error bar represents +1 standard error. **p < 0.001.

changing the beliefs about the relationship between perceptual
fluency and memory performance, in turn, changed the font
size effect suggested that fluency affect JOLs in an analytical
way based on beliefs about how perceptual fluency
affects memory.

However, perceptual fluency may only partially affect JOLs
through beliefs. If perceptual fluency affects JOLs completely
through beliefs, participants who believed that the memory
performance of disfluent words was better than fluent words
should show a reversed font size effect. However, there was
neither a font size effect nor a reversed font size effect. The
null result suggested that perceptual fluency may also affect
JOLs in a non-analytical way and counteract with the fluency
belief that items with higher perceptual fluency will get lower
memory performance.

However, another possibility for the null result in the belief
2 group was that participants may hold other beliefs about
the relationship between font size and memory performance,
such as “the large items are more distinctive, and more
distinctive items will get better memory performance” and
“the large items are more important, and more important
items will get better memory performance” (Kornell et al.,
2011; Mueller et al., 2014; Kornell and Hausman, 2017). These
beliefs about font size and memory performance may counteract
with the fluency belief that items with higher perceptual fluency
will get worse memory performance. So in Experiment 3,
we explored whether perceptual fluency affects JOLs in a
non-analytical way by checking whether participants who
believed memory performance had nothing to do with perceptual
fluency and font size still offer higher JOLs to large words
than to small words.

EXPERIMENT 3

Participants

In Experiment 3, we induced participants to believe that memory
performance has nothing to do with perceptual fluency and
font size. The effect of font size on JOLs may be diminished
in such condition, so we recruited more participants than those
in Experiment 1. We recruited 71 undergraduates (55 females)
with a mean age of 20.60 (SD = 2.23) years from Northeast
Normal University and Jilin Medical University. All participants
had a normal or corrected-to-normal vision, and their first
language was Chinese. Each participant was tested individually
and received 15 RMB as a reward after the experiment.

Materials and Apparatus
The materials and apparatus are the same as those used in
Experiment 2.

Procedure

After providing informed consent, participants were given the
information that perceptual fluency is the subjective experience
of the easy processing caused by the perceptual characteristics
of the stimulus. Then they were told that neither perceptual
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fluency nor font size of the words affects memory performance.
The guidance materials are as follows:

Memory is affected by the difficulty of semantic processing,
but not affected by the difficulty of perceptual processing.
The researchers manipulated the difficulty of semantic
processing of word pairs by the semantic association of the
two words and manipulated the difficulty of perceptual
processing by font size. Results showed that the word pairs
with higher semantic association had better memory
performance, which was consistent with the participants'
expectations. However, although participants believed that
the large words, whose perceptual fluency was higher, would
be remembered better, in actual, there was no difference in
the memory performance between large and small words.

After receiving the instructions, participants need to report
whether they fully understood the instructions. If they fully
understood the instructions, they completed the study-JOLs task
as in Experiment 2. After completing the study-JOLs task,
we administered a questionnaire to each participant. They were
asked two questions: “Which words are better remembered,
perceptual fluent words or perceptual disfluent words, or is it
just as good?” and “Which words are better remembered, the
large words or the small words, or is it just as good?” Then they
completed a 90s distractor task and memory test as in Experiment 2.

Results and Discussion
Among the 71 participants, four participants gave each word
the same JOLs, so the data of these four participants were excluded.
We first analyzed the questionnaire after the study-JOLs phase.
Only 37 participants reported they believed neither perceptual
fluency nor font size of the words affect memory performance.
So the data we analyzed included only the above 37 participants.
Consistent with previous experiment, there was no difference
in recall accuracy between large (M = 28.78%, SD = 7.36%)
and small words (M = 27.51%, SD = 10.42%), t(36) = 0.78,
p = 0.44 (see the right pair of bars in Figure 3). In contrast,
the font size effect still existed. The JOLs of large words
(M = 47.83, SD = 17.80) were significantly higher than small
words (M = 43.60, SD = 16.20), #(36) = 3.11, p = 0.004,
Cohen’s d = 0.51 (see the left pair of bars in Figure 3).
Experiment 3 showed that even if participants believed memory
performance had nothing to do with perceptual fluency and
font size, they still gave higher JOLs to large words than to
small words. In this case, the effect of font size on JOLs cannot
be attributed to beliefs about the relationship between perceptual
fluency and memory performance or beliefs about the relationship
between font size and memory performance. Then we can confirm
that perceptual fluency can affect JOLs in a non-analytical way.

EXPERIMENT 4

The results of Experiment 2 suggested that perceptual fluency
affected JOLs through beliefs about perceptual fluency and
memory in an analytical way, and the results of Experiment 3

suggested that perceptual fluency also affected JOLs in a
non-analytical way. However, in Experiment 2 and Experiment
3, we did not measure perceptual fluency directly. So, in
Experiment 4, we measured both the perceptual fluency and
participants’ beliefs about the relationship between perceptual
fluency and memory performance. Besides, manipulating the
participants’ beliefs before the JOLs task may make participants
more prone to use the belief-based analytical approach in
making JOLs. So in Experiment 4, we measured the participants’
beliefs about fluency and memory after the JOLs task.

Participants

Referring to the number of participants in Experiment 2,
we recruited 60 undergraduates (45 females) with a mean age
of 19.03 (SD = 1.64) years from Northeast Normal University.
All participants had a normal or corrected-to-normal vision,
and their first language was Chinese. Each participant was
tested individually and received 25 RMB as a reward after
the experiment.

Materials and Apparatus
The materials and apparatus are the same as those used in
Experiment 2.

Procedure

Because the design of Experiment 1 caused the effect of perceptual
fluency to be underestimated, and we want to compare the
result of Experiment 4 with Experiment 3 of Yang et al. (2018),
we followed the design of Yang et al. instead of our Experiment 1.
The procedure was similar to Experiment 3 of Yang et al,
except for the following points: (1) in the study task, words
were presented in 9-pt and 70-pt and (2) in the observation
task, all words were shown in 32-pt, to make sure that the
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FIGURE 3 | JOLs and recall for large and small words of qualified
participants in Experiment 3. Error bar represents +1 standard error.
“p < 0.01.
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JOLs in observation task only reflect the beliefs about the
relationship between perceptual fluency and memory performance.
The specific procedure was as follows: participants first completed
a continuous identification-JOLs task (sJOLs; JOLs made in
the study task). This task was the similar to Experiment 1,
with the main difference that JOLs were made immediately
after the stimulus was correctly recognized and typed. Then,
they completed an observation task. In the observation task,
participants were asked to view another participant’s identification
trials and make item-by-item JOLs (0oJOLs; JOLs made in the
observation task) predicting the other participant’s remembering
likelihood. In reality, all participants were shown their own
identification trials, but all words were replaced by the same
Chinese word “H f(target)” presented in 32-pt for the same
duration as the words in the continuous identification task.
After the observation task, they completed the same distractor
task and memory test as in Experiment 1.

Results and Discussion

Since the identification accuracy of the participants did not
follow a normal distribution, the Wilcoxon signed rank test
was used to compare the identification accuracy of 9-pt and
70-pt words. The result showed that there was no difference
in identification accuracy between large (M = 95.23%,
SD = 4.87%) and small words (M = 94.55%, SD = 6.76%),
p = 0.63, 95% CI = [-3.00%, 1.50%]. In the following analysis,
all data from incorrectly identified trials were excluded.

The predicted and actual recall performance are presented
in Figure 4. Neither recall performance nor the JOLs of the
participants fitted a normal distribution, so the Wilcoxon signed
rank test was used to compare the differences of memory
performance and JOLs between words of different font sizes.
Consistent with previous experiments, the result of Wilcoxon
signed rank test showed that there was no difference in recall
performance between large (M = 26.33%, SD = 17.74%) and
small words (M = 28.32%, SD = 17.89%), p = 0.33, 95%
CI = [-2.00%, 5.50%] (see the right pair of bars in Figure 4).
In contrast, the result of Wilcoxon signed rank test showed that
the JOLs of large words (M = 52.00, SD = 16.95) were significantly
higher than small words (M = 47.09, SD = 17.26), p < 0.001,
95% CI = [—6.19, —2.62] (see the left pair of bars in Figure 4).

Participants’ median identification RTs were significantly
shorter for large (M = 1.37, SD = 0.35) than for small words
(M = 161, SD = 0.31), #(58) = 7.27, p < 0.001, Cohens
d = 0.94. This result indicated that the font size of the words
affects the perceptual fluency. The large words were more fluent
than small words.

To explore whether the font size effect on JOLs was mediated
by fluency (RTs), a multilevel mediation analysis was conducted
with the R bmlm package as Experiment 1. The results are
shown in Table 3. The total effect of font size on JOLs was
significant, b = 4.93, 95% CI = [3.43, 6.46]. The indirect effect
of font size on JOLs through RTs was significant, b = 0.86,
95% CI = [0.31, 1.53], indicating that large fonts increase
JOLs indirectly by increasing perceptual fluency.
Fluency (RTs) explained 18%, 95% CI = [6%, 31%], of the
font size effect on JOLs. The direct effect of font size on JOLs
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FIGURE 4 | JOLs and recall for large and small words in Experiment 4. Error
bar represents +1 standard error. **p < 0.001.

TABLE 3 | Multilevel mediation analysis results in Experiment 4.

b SE 95% CI
Effect of font size on RTs -0.25 0.03 [-0.31, —0.18]
Effect of RTs on JOLs -1.94 0.80 [-3.52, —0.39]
Total effect of font size on

4, 77 43, 6.4
JOLs 93 0 [3.43, 6.46]
Direct effect of font size on
JOLs 4.07 0.75 [2.63, 5.57]
Indirect effect of font size 0.86 0.31 (031,153

on JOLs through RTs
Proportion of the total
effect of font size on JOLs 18% 6% [6%, 31%)]
mediated by RTs

was still significant when RTs were controlled, b = 4.07, 95%
CI = [2.63, 5.57].

Does Perceptual Fluency Affect Judgments of
Learning Analytically?

First, we run a regression of sJOLs on RTs for each participant to
obtain a slope coefficient 8;; (an indicator of the effect of fluency
on JOLs) and regression of oJOLs on RTs for each participant
to obtain a slope coefficient f3,. If participants held the belief
that words with high perceptual fluency would be better
remembered, they would give words with short processing time
(words with high perceptual fluency) higher oJOLs, then f3, was
negative, and conversely, 3, was positive. So we used the slope
coefficient f3, of oJOL regression on RT as an index of beliefs
about fluency and memory. Then, we run a regression of S
on f3,, which yield a significant positive slope coeflicient, 5 = 0.19,
95% CI = [0.04, 0.33], p = 0.011. The result that the effect of
perceptual fluency on JOLs was moderated by beliefs of fluency
suggested that perceptual fluency affected JOLs in an analytical way.
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Does Perceptual Fluency Affect Judgments of
Learning Non-analytically?

We further analyzed the data from the participants, whose f3,
were greater than 0 (those participants believed that slowly
processed items were more likely to be remembered). Twenty-
eight participants’ 3, were greater than 0. For these participants,
we first conducted a multilevel regression of 0JOLs on RTs with
the R Ime4 package (Bates et al.,, 2015) to explore their beliefs
about fluency. The fixed effect was 8.26, p < 0.001, 95% CI = [5.27,
11.29], indicating that these participants believed that slowly
processed items were more likely to be remembered. Next,
we conducted a new multilevel regression of sJOLs on RTs to
explore the effect of fluency on JOLs among those participants,
which yielded a negative slope coefficient, but not reliably, fixed
effect was —1.37, p = 0.18, 95% CI = [-3.42, 0.59].

The previous analysis showed that perceptual fluency can
influence JOLs analytically based on beliefs about the relationship
between perceptual fluency and memory performance. However,
if perceptual fluency could only influence JOLs through belief-
based analysis, those participants who believed that slowly
processed items were more likely to be remembered should offer
higher JOLs to the disfluent items, but this was not the case.
The results suggested that perceptual fluency affected JOLs not
only through belief-based analysis but also in a non-analytical way.

GENERAL DISCUSSION

Processing fluency as a mnemonic cue was considered to be an
important role in making JOLs (Hertzog et al., 2003; Undorf
and Erdfelder, 2011; Besken, 2016; Undorf et al., 2017; Yang
et al., 2018). However, so far, it is not clear how perceptual
fluency affects JOLs: in an analytical way, in a non-analytical
way, or in both ways.

To testify these three hypotheses, we executed four experiments.
In Experiment 1, we successfully repeated the Experiment 1 of
Yang et al. (2018), when the continuous identification task and JOLs
task were separated. The result confirmed that the perceptual fluency
influence JOLs. The results of Experiment 1 were consistent with
those of Experiment 1 of Yang et al., confirming that the perceptual
fluency affect JOLs, which provided the basis for the follow-up
experiments of how perceptual fluency affects JOLs.

In Experiment 2, we manipulated participants’ beliefs about the
relationship between perceptual fluency and memory performance
and found that the font size effect was moderated by the beliefs
about fluency and memory. The results of Experiment 2 showed
that when participants believed words with high perceptual fluency
will be remembered better, they offered higher JOLs to large
words than to small words. However, when participants believed
words with low perceptual fluency will be remembered better,
they did not offer higher JOLs to large words than to small words.

The results are partially consistent with studies about fluency
affecting judgments in other domains. Winkielman and Schwarz
(2001) asked participants to retrieve 4 (experienced as an easy
task) or 12 (experienced as a difficult task) events from their
childhood. Part of the participants were told that pleasant memories
were difficult to remember, while others were told that unpleasant

memories were difficult to remember. The result showed that
when the task was difficult (12 events), participants who believed
pleasant memories were difficult to remember rated their childhood
as happier than participants who believed unpleasant memories
were difficult to remember. However, when the task was easy
(four events), the pattern was reversed, although not significant.
Besides, Brifol et al. (2006) reported similar effects. When ease
was described as positive, the attitude of the participants in the
easy task was more positive than that of the participants in the
difficult task. While when ease was described as negative, the
reversed pattern was shown.

Our Experiment 2 found that the effect of fluency was moderated
by belief. This is in line with the above studies. However, in
their studies, beliefs reversed the direction of the fluency effect.
However, in our study, participants who believed words with
low perceptual fluency will be remembered better did not show
a reserved font size effect. The difference may result from different
experimental tasks. The connection between the difficulty of
processing materials and memory we have experienced countless
times in our daily life. An automatic connection has been
established between the two, just like a conditioned reflex. In
our Experiment 2, fluency can affect JOLs not only analytically
but also automatically. However, the direction of the influence
of the two ways was opposite, so there was no reserved effect.
However, in the abovementioned studies, participants did not
experience the relationship between the fluency of retrieving
events from their childhood and whether childhood was happy,
and the relationship between the ease of proposing arguments
for new examination methods and attitudes toward the new
examination method in their daily life. Automatic connection
had not been established. Fluency could only work analytically
in the above experimental tasks, so there were reversed effects.

Similarly, the results of our Experiment 3 are not consistent
with studies about fluency affecting judgments in other domains.
In Experiment 3, we explored whether participants who believed
memory performance had nothing to do with perceptual fluency
and font size still offered higher JOLs to large words than
to small words. The result showed that even if participants
believed that memory performance had nothing to do with
perceptual fluency and font size, they still gave higher JOLs
to large words than to small words. However, previous studies
showed that when participants became aware that their fluency
feelings were not relevant information for evaluating the object,
the effects of fluency disappeared or even reversed (for a review,
see Unkelbach and Greifeneder, 2013). Oppenheimer (2004)
found that when participants were told that fame leads to
fluent processing, they did not judge the famous names as
frequent names and even judged the famous names as less
frequent names. Jacoby and Whitehouse (1989) found that when
participants realized that the fluency feelings resulted from
whether the context word was matched with the target word
or not, they no longer judged more matched target words as
old, but instead, they judged fewer matched target words as old.

They interpreted the experiment results with the discounting
theory. Discounting is a causal-reasoning phenomenon. If a
phenomenon is caused by multiple causes, increasing the
confidence in the likelihood of one cause will decrease the
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confidence in the likelihood of other causes. In the study of
Oppenheimer (2004), the role of frequency was underestimated
when participants attributed feelings of fluency to fame. Similarly,
in the study of Jacoby and Whitehouse (1989), the role of
familiarity was underestimated when participants attributed the
feelings of fluency to whether the context word was matched
with the target word or not.

However, the cognitive processes of predicting memory
performance in the present study were not identical to those
of the aforementioned studies. In the present study, participants
first needed to attribute the fluency experience, that is, to
confirm that the perception of fluency was derived from the
process of processing the target word. There was no discounting
during this process. In the second step, they explain the reason
for this fluency experience, that is, the fluency experience results
from the characteristics (font size) of the target word itself.
There was also no discounting during this process. Then, they
need to use the fluency information to predict their future
recall performance. This process can be an analytical process
or a non-analytical process. When participants believed memory
performance had nothing to do with perceptual fluency, perceptual
fluency couldn't influence JOLs analytically. However, perceptual
fluency could still affect JOLs in an automatic, non-analytical
way. So participants who believed that memory performance
had nothing to do with perceptual fluency and font size still
offered higher JOLs to large words than to small words.

In Experiment 4, we repeated Experiment 3 of
Yang et al. (2018). However, in the observation task, all words
were shown in 32-pt to make sure that the JOLs in the
observation task only reflect the beliefs about the relationship
between fluency and memory. The results confirmed that fluency
affects JOLs not only in an analytical way through belief-based
analysis but also in a non-analytical way. The results of
Experiments 4 and 2 were consistent with Miele et al. (2011).
They found that the font size effect was moderated by beliefs
about intelligence. However, Miele et al. tested the beliefs about
intelligence, but not beliefs about fluency. Based on their
research, we examined the effect of beliefs about the relationship
between perceptual fluency and memory performance on JOLs.
The results confirmed that perceptual fluency affects JOLs
through beliefs about fluency and memory in an analytical way.

In Experiments 4 and 3, we found that perceptual fluency
can affect JOLs non-analytically, which contradicts the findings
of Susser et al. (2016). In their experiments, a matched or
mismatched prime word was presented before the target word
under subliminal (for 32 ms) or suprathreshold (for 200 ms)
condition. They found that perceptual fluency influenced JOLs
only when the manipulation of perceptual fluency can be clearly
perceived. This may be because under the subthreshold condition,
the difference in perceptual fluency caused by whether the
prime words matched or not was relatively small, which was
not large enough to cause the significant differences in JOLs.
In Susser et al’s Experiment 1, the difference of identification
RTs induced by the primes was 35 ms, while in our experiment,
the difference of identification RTs induced by the font size
was 320 and 310, respectively, in Experiment 1 and Experiment
4, which was almost 10 times that of the former.

Mechanism of Font Size Effect

Previous studies suggested that there are two main mechanisms
for the font size effect (as shown in Figure 5A). The first one
is the belief theory, which believes that people hold a priori
belief that large words will be remembered better than small
words. When people are asked to make JOLs, they will search
for cues and beliefs related to this task and reason based on
them. In belief theory, font size affects JOLs in an analytical
way (Mueller et al.,, 2014, 2016; Mueller and Dunlosky, 2017).
The second one is the fluency theory, which believes that people
experience greater fluency when processing large words than
processing small words, and the subjective feeling about fluency
unconsciously makes people think that large words have been
remembered better. In the fluency theory, however, perceptual
fluency affects JOLs in a non-analytical way (Koriat and Ma’ayan,
2005; Koriat and Bjork, 2006; Undorf et al., 2017). However,
according to the results of this study, perceptual fluency affect
JOLs not only in an analytical way through belief-based analysis,
but also in a non-analytical way (as shown in Figure 5B).

How to Manipulate and Measure
Perceptual Fluency

In recent years, the influence of perceptual fluency on JOLs
has received much attention (Rhodes and Castel, 2008, 2009;

Perceptual
fluency

- Non-analytically

Through beliefs about
i fontsize and memory

Perceptual
fluency

Font size l-

[ Font size ]-

a non-analytical way, but also an analytical way (as shown in B).

FIGURE 5 | The mechanism of font size effect. Previous studies suggested that there are two main mechanisms for the font size effect (as shown in A). One is
belief theory, which believes that people make JOLs analytically through beliefs about font size and memory, and the other one is fluency theory, which believes that
people make JOLs non-analytically through subjective feeling about fluency. But according to the results of this study, perceptual fluency can affect JOLs not only in
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Miele et al., 2011; Susser et al., 2013; Besken and Mulligan, 2014;
Mueller et al.,, 2014; Frank and Kuhlmann, 2017; Yang et al,,
2018). How to manipulate and measure perceptual fluency has
been a key concern. Since perceptual fluency cannot be directly
manipulated, it is usually manipulated by the physical properties
of the stimulus. For example, perceptual fluency was manipulated
by font size (Rhodes and Castel, 2008), blurring (Yue et al,
2013), the contrast of target and background and different
fonts (Magreehan et al., 2016), showing the text upright or
inverted (Sungkhasettee et al., 2011), backward-mask (Besken
and Mulligan, 2013), superimposing a checkerboard pattern
mask on intact images (Besken, 2016), volume (Frank and
Kuhlmann, 2017), replacing some portions of the speech signal
with silence (Besken and Mulligan, 2014), etc. Usually, these
manipulations are defaulted to be effective. However, few studies
have measured the fluency of participants’ perceptual processing
under different conditions to verify their manipulations of
perceptual fluency are effective.

Previous researchers used self-paced study time and lexical
decision time to measure perceptual fluency and found that
some of the abovementioned manipulations of perceptual fluency
were unsuccessful. For example, Mueller et al. (2014) found
that font size did not affect self-paced study time and lexical
decision time (also see Su et al., 2018). However, Yang et al.
(2018) argued that it was inappropriate to measure perceptual
fluency by self-paced study time and lexical decision time
because self-paced study time and lexical decision time were
too complex or affected by many other factors
(Yap et al, 2015). Too much noise from other sources may
overwhelm the difference in response time caused by perceptual
characteristics. Yang et al. (2018) adopted a new paradigm -
the continuous identification task to measure perceptual fluency.
In our study, we also demonstrated that it was feasible to
manipulate perceptual fluency by font size. Moreover, the
continuous identification task was able to measure differences
in perceptual fluency caused by font size successfully. Some
other ways of manipulating perceptual fluency have not been
measured. So, when using those ways to manipulate perceptual
fluency, we need to measure the perceptual fluency to verify
that the manipulation of perceptual fluency is effective.

Limitations
Although font size affected JOLs (at least partially) through
perceptual fluency, fluency explained only 6% in Experiment

REFERENCES

Bates, D., Michler, M., Bolker, B. M., and Walker, S. C. (2015). Fitting linear
mixed-effects models using Ime 4. J. Stat. Softw. 67, 1-48. doi: 10.18637/
jss.v067.i01

Begg, I, Duft, S., Lalonde, P, Melnick, R., and Sanvito, J. (1989). Memory
predictions are based on ease of processing. . Mem. Lang. 28, 610-632.
doi: 10.1016/0749-596X(89)90016-8

Besken, M. (2016). Picture-perfect is not perfect for metamemory: testing the
perceptual fluency hypothesis with degraded images. J. Exp. Psychol. Learn.
Mem. Cogn. 42, 1417-1433. doi: 10.1037/xlm0000246

Besken, M., and Mulligan, N. W. (2013). Easily perceived, easily remembered?
Perceptual interference produces a double dissociation between metamemory

1 and 18% in Experiment 4 of the font size effect on JOLs.
This is inconsistent with the view of Koriat et al. (2004) that
people making JOLs are based predominantly on fluency. This
may be because the fluency commonly refers to the participant’s
subjective feelings of the difficulty of information processing
(Koriat, 1997; Oppenheimer, 2008). However, what we measured
in this study was the objective fluency - response time. The
objective response time and subjective feelings may not
correspond exactly. Subsequent studies can try to measure
perceptual fluency with subjective feelings.

CONCLUSION

Perceptual fluency can affect JOLs in two ways: (1) in an
analytical way through belief-based analysis and (2) in a
non-analytical way.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Ethics Committee of Northeast Normal
University. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

ZW, CY, and Y] designed the experiment. ZW and WZ performed
study. ZW and CY analyzed the data. ZW wrote the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by the National Social Science
Foundation of China (19BSH113).

and memory performance. Mem. Cogn. 41, 897-903. doi: 10.3758/
s13421-013-0307-8

Besken, M., and Mulligan, N. W. (2014). Perceptual fluency, auditory generation,
and metamemory: analyzing the perceptual fluency hypothesis in the auditory
modality. J. Exp. Psychol. Learn. Mem. Cogn. 40, 429-440. doi: 10.1037/
a0034407

Bjork, R. A. (1999). Assessing our own competence: heuristics and illusions.
Atten. Perf. 17, 433-459.

Brinol, P, Petty, R. E., and Tormala, Z. L. (2006). The malleable meaning of
subjective ease. Psychol. Sci. 17, 200-206. doi: 10.1111/§.1467-9280.2006.01686.x

Chen, Y, Li, E, and Li, W. (2019). The influence of learner’s beliefs about
processing fluency on font-size effect. Acta Psychol. Sin. 51, 154-162.
doi: 10.3724/SPJ.1041.2019.00154

Frontiers in Psychology | www.frontiersin.org

11

October 2020 | Volume 11 | Article 552824


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1016/0749-596X(89)90016-8
https://doi.org/10.1037/xlm0000246
https://doi.org/10.3758/s13421-013-0307-8
https://doi.org/10.3758/s13421-013-0307-8
https://doi.org/10.1037/a0034407
https://doi.org/10.1037/a0034407
https://doi.org/10.1111/j.1467-9280.2006.01686.x
https://doi.org/10.3724/SP.J.1041.2019.00154

Wang et al.

How Fluency Affects JOLs

Cumming, G. (2012). Understanding the new statistics: Effect sizes, confidence
intervals, and meta-analysis. New York: Routledge.

Frank, D. J., and Kuhlmann, B. G. (2017). More than just beliefs: experience
and beliefs jointly contribute to volume effects on metacognitive judgments.
J. Exp. Psychol. Learn. Mem. Cogn. 43, 680-693. doi: 10.1037/xlm0000332

Hertzog, C., Dunlosky, J., Robinson, A. E., and Kidder, D. P. (2003). Encoding
fluency is a cue used for judgments about learning. J. Exp. Psychol. Learn.
Mem. Cogn. 29, 22-34. doi: 10.1037/0278-7393.29.1.22

Hu, X,, Li, T, Zheng, J., Su, N., Liu, Z., and Luo, L. (2015). How much do
metamemory beliefs contribute to the font-size effect in judgments of learning?
PLoS One 10:¢0142351. doi: 10.1371/journal.pone.0142351

Hu, X,, Liu, Z,, Li, T, and Luo, L. (2016). Influence of cue word perceptual
information on metamemory accuracy in judgement of learning. Memory
24, 383-398. doi: 10.1080/09658211.2015.1009470

Jacoby, L. L., and Whitehouse, K. (1989). An illusion of memory: false recognition
influenced by unconscious perception. J. Exp. Psychol. Gen. 2, 126-135.
doi: 10.1037/0096-3445.118.2.126

Koriat, A. (1997). Monitoring one’s own knowledge during study: a cue-utilization
approach to judgments of learning. J. Exp. Psychol. Gen. 126, 349-370.
doi: 10.1037/0096-3445.126.4.349

Koriat, A., and Bjork, R. A. (2006). Mending metacognitive illusions: a comparison
of mnemonic-based and theory-based procedures. J. Exp. Psychol. Learn.
Mem. Cogn. 32, 1133-1145. doi: 10.1037/0278-7393.32.5.1133

Koriat, A., Bjork, R. A., Sheffer, L., and Bar, S. K. (2004). Predicting one’s
own forgetting: the role of experience-based and theory-based processes.
J. Exp. Psychol. Gen. 133, 643-656. doi: 10.1037/0096-3445.133.4.643

Koriat, A., and Levy-Sadot, R. (1999). “Processes underlying metacognitive
judgments: information-based and experience-based monitoring of one’ own
knowleage” in Dual process theories in social psychology. eds. S. Chaiken
and Y. Trope (New York: Guilford Press), 483-502.

Koriat, A., and Maayan, H. (2005). The effects of encoding fluency and retrieval
fluency on judgments of learning. J. Mem. Lang. 52, 478-492. doi: 10.1016/j.
jm1.2005.01.001

Kornell, N., and Hausman, H. (2017). Performance bias: why judgments of
learning are not affected by learning. Mem. Cogn. 45, 1270-1280. doi:
10.3758/513421-017-0740-1

Kornell, N., Rhodes, M. G., Castel, A. D., and Tauber, S. K. (2011). The ease-
of-processing heuristic and the stability bias: dissociating memory, memory
beliefs, and memory judgments. Psychol. Sci. 22, 787-794. doi: 10.1177/
0956797611407929

Magreehan, D. A,, Serra, M. J., Schwartz, N. H., and Narciss, S. (2016). Further
boundary conditions for the effects of perceptual disfluency on judgments
of learning. Metacogn. Learn. 11, 35-56. doi: 10.1007/s11409-015-9147-1

Metcalfe, J. (2002). Is study time allocated selectively to a region of proximal
learning? J. Exp. Psychol. Gen. 131, 349-363. doi: 10.1037/0096-3445.131.3.349

Metcalfe, J. (2009). Metacognitive judgments and control of study. Curr. Dir.
Psychol. Sci. 18, 159-163. doi: 10.1111/j.1467-8721.2009.01628.x

Miele, D. B., Finn, B., and Molden, D. C. (2011). Does easily learned mean
easily remembered? It depends on your beliefs about intelligence. Psychol. Sci.
22, 320-324. doi: 10.1177/0956797610397954

Mueller, M. L., and Dunlosky, J. (2017). How beliefs can impact judgments
of learning: evaluating analytic processing theory with beliefs about fluency.
J. Mem. Lang. 93, 245-258. doi: 10.1016/j.jm1.2016.10.008

Mueller, M. L., Dunlosky, and J., Tauber, S. K. (2016). The effect of identical
word pairs on people’s metamemory judgments: what are the contributions
of processing fluency and beliefs about memory? Q. J. Exp. Psychol. 69,
781-799. doi: 10.1080/17470218.2015.1058404

Mueller, M. L., Dunlosky, J., Tauber, S. K., and Rhodes, M. G. (2014). The
font-size effect on judgments of learning: does it exemplify fluency effects
or reflect people’s beliefs about memory? J. Mem. Lang. 70, 1-12. doi:
10.1016/§.jm1.2013.09.007

Oppenheimer, D. M. (2004). Spontaneous discounting of availability in frequency
judgment tasks. Psychol. Sci. 15, 100-105. doi: 10.1111/j.0963-7214.
2004.01502005.x

Oppenheimer, D. M. (2008). The secret life of fluency. Trends Cogn. Sci. 12,
237-241. doi: 10.1016/j.tics.2008.02.014

Rhodes, M. G., and Castel, A. D. (2008). Memory predictions are influenced
by perceptual information: evidence for metacognitive illusions. J. Exp. Psychol.
Gen. 137, 615-625. doi: 10.1037/a0013684

Rhodes, M. G., and Castel, A. D. (2009). Metacognitive illusions for auditory
information: effects on monitoring and control. Psychon. Bull. Rev. 16,
550-554. doi: 10.3758/PBR.16.3.550

Su, N., Li, T, Zheng, J., Hu, X,, Fan, T, and Luo, L. (2018). How font size
affects judgments of learning: simultaneous mediating effect of item-specific
beliefs about fluency and moderating effect of beliefs about font size and
memory. PLoS One 13:¢0200888. doi: 10.1371/journal.pone.0200888

Sungkhasettee, V. W., Friedman, M. C., and Castel, A. D. (2011). Memory and
metamemory for inverted words: illusions of competency and desirable
difficulties. Psychon. Bull. Rev. 18, 973-978. doi: 10.3758/s13423-011-0114-9

Susser, J. A, Jin, A., and Mulligan, N. W. (2016). Identity priming consistently
affects perceptual fluency but only affects metamemory when primes are
obvious. J. Exp. Psychol. Learn. Mem. Cogn. 42, 657-662. doi: 10.1037/xlm0000189

Susser, J. A., and Mulligan, N. W. (2015). The effect of motoric fluency on
metamemory. Psychon. Bull. Rev. 22, 1014-1019. doi: 10.3758/s13423-014-0768-1

Susser, J. A., Mulligan, N. W., and Besken, M. (2013). The effects of list
composition and perceptual fluency on judgments of learning (JOLs).
Mem. Cogn. 41, 1000-1011. doi: 10.3758/s13421-013-0323-8

Susser, J. A., Panitz, J., Buchin, Z., and Mulligan, N. W. (2017). The motoric fluency
effect on metamemory. J. Mem. Lang. 95, 116-123. doi: 10.1016/j.jm1.2017.03.002

Undorf, M., Amaefule, C. O., and Kamp, S. M. (2020). The neurocognitive basis of
metamemory: using the N400 to study the contribution of fluency to judgments
of learning. Neurobiol. Learn. Mem. 169, 1-10. doi: 10.1016/j.nlm.2020.107176

Undorf, M., and Bréder, A. (2020). Cue integration in metamemory judgements
is strategic. Q. J. Exp. Psychol. 73, 629-642. doi: 10.1177/1747021819882308

Undorf, M., and Erdfelder, E. (2011). Judgments of learning reflect encoding
fluency: conclusive evidence for the ease-of-processing hypothesis. J. Exp.
Psychol. Learn. Mem. Cogn. 37, 1264-1269. doi: 10.1037/a0023719

Undorf, M., Sollner, A., and Broder, A. (2018). Simultaneous utilization of
multiple cues in judgments of learning. Mem. Cogn. 46, 507-519.
doi: 10.3758/s13421-017-0780-6

Undorf, M., Zimdahl, M. E, and Bernstein, D. M. (2017). Perceptual fluency
contributes to effects of stimulus size on judgments of learning. J. Mem.
Lang. 92, 293-304. doi: 10.1016/j.jm1.2016.07.003

Unkelbach, C., and Greifeneder, R. (2013). “A general model of fluency effects
in judgment and decision making” in The experience of thinking: How the
Sfluency of mental processes influences cognition and behavior. eds. C. Unkelbach
and R. Greifeneder (New York: Psychology Press), 11-32.

Vuorre, M. (2017). Bmlm: Bayesian multilevel mediation. R package version
1.3.0. Available at: https://cran.R-project.Org/package=bmlm (Accessed
October 11, 2019).

Winkielman, P, and Schwarz, N. (2001). How pleasant was your childhood?
Beliefs about memory shape inferences from experienced difficulty of recall.
Psychol. Sci. 12, 176-179. doi: 10.1111/1467-9280.00330

Yang, C., Huang, T. S. T., and Shanks, D. R. (2018). Perceptual fluency affects
judgments of learning: the font size effect. . Mem. Lang. 99, 99-110. doi:
10.1016/j.jm1.2017.11.005

Yap, M. J., Sibley, D. E., Balota, D. A., Ratcliff, R., and Rueckl, J. (2015).
Responding to nonwords in the lexical decision task: insights from the
english lexicon project. J. Exp. Psychol. Learn. Mem. Cogn. 41, 597-613.
doi: 10.1037/xIm0000064

Yue, C. L., Castel, A. D., and Bjork, R. A. (2013). When disfluency is-and is
not-a desirable difficulty: the influence of typeface clarity on metacognitive
judgments and memory. Mem. Cogn. 41, 229-241. doi: 10.3758/
$13421-012-0255-8

Zhan, W,, Guo, R., Chang, B., Chen, Y., and Chen, L. (2019). The building
of the ccl corpus: its design and implementation. Corp. Ling. 6, 77-86.

Conflict of Interest: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Copyright © 2020 Wang, Yang, Zhao and Jiang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Psychology | www.frontiersin.org

12

October 2020 | Volume 11 | Article 552824


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1037/xlm0000332
https://doi.org/10.1037/0278-7393.29.1.22
https://doi.org/10.1371/journal.pone.0142351
https://doi.org/10.1080/09658211.2015.1009470
https://doi.org/10.1037/0096-3445.118.2.126
https://doi.org/10.1037/0096-3445.126.4.349
https://doi.org/10.1037/0278-7393.32.5.1133
https://doi.org/10.1037/0096-3445.133.4.643
https://doi.org/10.1016/j.jml.2005.01.001
https://doi.org/10.1016/j.jml.2005.01.001
https://doi.org/10.3758/s13421-017-0740-1
https://doi.org/10.1177/0956797611407929
https://doi.org/10.1177/0956797611407929
https://doi.org/10.1007/s11409-015-9147-1
https://doi.org/10.1037/0096-3445.131.3.349
https://doi.org/10.1111/j.1467-8721.2009.01628.x
https://doi.org/10.1177/0956797610397954
https://doi.org/10.1016/j.jml.2016.10.008
https://doi.org/10.1080/17470218.2015.1058404
https://doi.org/10.1016/j.jml.2013.09.007
https://doi.org/10.1111/j.0963-7214.2004.01502005.x
https://doi.org/10.1111/j.0963-7214.2004.01502005.x
https://doi.org/10.1016/j.tics.2008.02.014
https://doi.org/10.1037/a0013684
https://doi.org/10.3758/PBR.16.3.550
https://doi.org/10.1371/journal.pone.0200888
https://doi.org/10.3758/s13423-011-0114-9
https://doi.org/10.1037/xlm0000189
https://doi.org/10.3758/s13423-014-0768-1
https://doi.org/10.3758/s13421-013-0323-8
https://doi.org/10.1016/j.jml.2017.03.002
https://doi.org/10.1016/j.nlm.2020.107176
https://doi.org/10.1177/1747021819882308
https://doi.org/10.1037/a0023719
https://doi.org/10.3758/s13421-017-0780-6
https://doi.org/10.1016/j.jml.2016.07.003
https://cran.R-project.Org/package=bmlm
https://doi.org/10.1111/1467-9280.00330
https://doi.org/10.1016/j.jml.2017.11.005
https://doi.org/10.1037/xlm0000064
https://doi.org/10.3758/s13421-012-0255-8
https://doi.org/10.3758/s13421-012-0255-8
http://creativecommons.org/licenses/by/4.0/

	Perceptual Fluency Affects Judgments of Learning Non-analytically and Analytically Through Beliefs About How Perceptual Fluency Affects Memory
	Introduction
	Experiment 1
	Participants
	Materials and Apparatus
	Procedure
	Results and Discussion

	Experiment 2
	Participants
	Materials and Apparatus
	Procedure
	Results and Discussion
	Does Perceptual Fluency Affect Judgments of Learning Analytically?

	Experiment 3
	Participants
	Materials and Apparatus
	Procedure
	Results and Discussion

	Experiment 4
	Participants
	Materials and Apparatus
	Procedure
	Results and Discussion
	Does Perceptual Fluency Affect Judgments of Learning Analytically?
	Does Perceptual Fluency Affect Judgments of Learning Non-analytically?

	General Discussion
	Mechanism of Font Size Effect
	How to Manipulate and Measure Perceptual Fluency
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions

	References



