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Studies have demonstrated that perceptual fluency—the ease of perceiving stimuli—does
not contribute to higher predictions of future memory performance (judgments of learn-
ing; JOLs) for words presented in a larger font (48 pt) than for words presented in a smaller
font (18 pt). Here, we investigated whether stimulus size can affect JOLs through another
mode of perceptual fluency. We presented stimuli that were initially so small as to be
entirely unrecognizable but that gradually increased in size. Stimuli were pictures of com-
mon objects (Experiment 1), faces (Experiment 2), and words (Experiments 3 and 4).
People indicated when they could identify the stimulus and then made a JOL. The time
required for participants to identify each stimulus was our measure of perceptual fluency.
In Experiments 1 to 3, we manipulated the speed of the clarification process across trials.
Results showed that the less time it took to identify the clarifying stimuli, independent of
clarification speed, the higher one’s JOLs. Moreover, fast clarification increased JOLs indi-
rectly by decreasing identification time. In Experiment 4, one group of participants (learner
group) could base JOLs on both perceptual fluency and beliefs about how stimulus size
affects memory performance, while the other group (observer group) could base JOLs only
on beliefs. Inverse relations between identification time and JOLs occurred only in the lear-
ner group. These results demonstrate that perceptual fluency may produce size effects on
JOLs and support the idea that fluency is an important factor in JOLs.

� 2016 Elsevier Inc. All rights reserved.
Introduction

Imagine that a student is seated in the back of a large
lecture hall. Most probably, lecture slides are small and
hard to read from her perspective. Are viewing conditions
related to how the student thinks she will perform on a
test of this information? Psychological research has shown
that perceptual fluency—the ease of perceiving stimuli—in-
fluences many human judgments, including judgments of
truth, liking, confidence, and familiarity (e.g., Alter &
Oppenheimer, 2009; Kelley & Rhodes, 2002; Reber,
Winkielman, & Schwarz, 1998; Whittlesea, Jacoby, &
Girard, 1990). It has been proposed that perceptual fluency
also affects judgments of learning (JOLs)—the likelihood of
remembering recently studied information (e.g., Besken &
Mulligan, 2013, 2014; Busey, Tunnicliff, Loftus, & Loftus,
2000; Rhodes & Castel, 2008; Susser, Mulligan, & Besken,
2013; Yue, Castel, & Bjork, 2013).

Studies by Besken and Mulligan (2014) and Susser et al.
(2013, Experiment 2) support the idea that perceptual
fluency influences JOLs. In their studies, JOLs were
higher for words heard in an intact form than for words
heard in a fragmented form. In contrast, actual memory
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performance was better for fragmented words than for
intact words. A similar dissociation occurred with a
perceptual-interference manipulation: JOLs were higher
but memory performance was worse for words presented
intact than for words presented very briefly and immedi-
ately followed by a backward mask (Besken & Mulligan,
2013). However, Mueller, Dunlosky, Tauber, and Rhodes
(2014) found that an effect widely cited as evidence
for perceptual fluency effects on JOLs, that is, the font-
size effect, does not rely on perceptual fluency (e.g.,
Bjork, Dunlosky, & Kornell, 2013; Diemand-Yauman,
Oppenheimer, & Vaughan, 2011; Miele, Finn, & Molden,
2011; Undorf & Erdfelder, 2011).

The font-size effect was first demonstrated by Rhodes
and Castel (2008), who found higher JOLs for words pre-
sented in a larger Arial font (48 pt) than for words presented
in a smaller Arial font (18 pt), even though font size did not
influence memory performance. This effect was robust
across several experimental manipulations and has been
replicated repeatedly (Hu, Liu, Li, & Luo, 2016; Kornell,
Rhodes, Castel, & Tauber, 2011; McDonough & Gallo,
2012; Miele et al., 2011; Susser et al., 2013). A recent study
by Mueller et al. (2014) demonstrated that the font-size
effect relied on people’s beliefs about how font size influ-
ences memory performance rather than on perceptual flu-
ency. Specifically, Mueller et al. found (1) that measures of
fluency (i.e., response times in a lexical decision task and
self-paced study time) did not differ between 48-pt and
18-pt Arial words, (2) that most people had the belief that
larger words are easier to remember than smaller words,
and (3) that font-size effects were roughly equal with
immediate JOLs and with pre-study JOLs that could not rely
on perceptual fluency. Pre-study JOLs were prompted prior
to presenting each item with the query ‘‘You are about to
study a small [large] word, please rate how likely you are
to remember it.”

We suspect that perceptual fluency did not affect JOLs
in previous studies on the font-size effect, because smaller
words were about as easy to read as larger words (see also
Besken & Mulligan, 2013, 2014). This idea is supported by
research showing that people with normal vision can
achieve maximum reading speed in print sizes from
approximately 0.2–2.0� of visual angle (Legge & Bigelow,
2011). In this so-called fluent range of print size, reading
speed is fairly constant. Importantly, both 48-pt and 18-
pt Arial words lie in the fluent range of print size as long
as viewing distances range between approximately 25
and 95 cm.

In sum, contrary to previous conclusions, Mueller et al.
(2014) revealed that a font-size manipulation did not influ-
ence JOLs through perceptual fluency. Thus there is no evi-
dence that perceptual fluency underlies stimulus size
effects on JOLs. From this finding, one might conclude that
perceptual fluency’s influence on JOLs is the exception
rather than the rule. Such an approach would accord with
the idea that JOLs mainly rely on metacognitive beliefs
(e.g., Mueller, Tauber, & Dunlosky, 2013; Mueller et al.,
2014). Alternatively, one might conclude that perceptual
fluency’s effects on JOLs are pervasive, and the classic
font-size effect did not rely on perceptual fluency, because
18-pt words were about as easy to read as 48-pt words.
This idea is consistent with a dual-basis view that assumes
JOLs to rely on both deliberate applications of metacogni-
tive beliefs and nonanalytic, implicit inferences drawing
on fluency (e.g., Koriat, 1997; Koriat, Bjork, Sheffer, & Bar,
2004; Koriat & Ma’ayan, 2005).

To test between these alternatives, one needs a size
manipulation that has a large effect on perceptual fluency.
Therefore, we used a visual identification procedure (see
Bernstein, Loftus, & Meltzoff, 2005; Loftus & Harley,
2005). We presented people with stimuli that gradually
increased in size. All stimuli were initially so small as to
be entirely unrecognizable but clarified over time. Partici-
pants were asked to stop the clarification process as soon
as they could identify the stimulus. We manipulated per-
ceptual fluency by varying the speed with which stimuli
clarified. In slow trials, stimulus clarification consisted of
presenting all 30 images in increasing order of size. In fast
trials, stimulus clarification occurred by presenting only
every second image, so that maximum size was reached
after 15 images. Each image was displayed on screen for
an equal time in fast and slow trials.

Using this procedure, we operationally defined percep-
tual fluency as the time required for people to identify the
stimuli: The longer the identification time, the lower the
perceptual fluency. It is plausible that stimuli vary in per-
ceptual fluency, because they are entirely unrecognizable
in the beginning of the clarification procedure and are
clearly visible towards the end. At the same time, the per-
ceptual fluency manipulation is unobtrusive, because the
clarification process is perceptually similar in fast and slow
trials. There are several reasons for this. First, fast and slow
trials began with images of equal size and ended with
images of nearly equal size. Second, individual images
were onscreen for an equal time in fast and slow trials.
Finally, the stimuli’s perceptual features introduce vari-
ability in identification times within fast and slow trials.

The advantage of this design is that it allows us to eval-
uate whether perceptual fluency contributes to stimulus
size effects on JOLs. Specifically, two predictions follow
from the hypothesis that perceptual fluency underlies
stimulus size effects on JOLs. First, JOLs should be inversely
related to identification time, independent of clarification
speed: There should be a negative correlation between
identification time and JOLs in both fast and slow trials.
Notably, we predict higher JOLs for smaller stimuli than
for larger stimuli. The reason for this is that stimulus size
gradually increased in our paradigm, meaning that large
stimulus size indicates low fluency and hard to remember.
Second, identification time should mediate the effect of the
experimental manipulation of clarification speed on JOLs:
Fast clarification should increase JOLs indirectly through
reducing identification time. In contrast, if metacognitive
beliefs exclusively underlie stimulus size effects on JOLs,
identification time should not mediate the effect of the
clarification speed manipulation on JOLs.

Experiment 1

Participants in Experiment 1 identified common objects
that clarified either quickly or slowly. Following the
identification of each object, participants made a JOL



1 An inspection of identification times revealed that there were no very
short latencies and that latencies were approximately normally distributed.
We therefore report results from untransformed identification times.

2 None of our results changed when we analyzed only trials on which
participants correctly named the object. The same was true for the naming
group in Experiment 2, for Experiment 3, and for the learner group in
Experiment 4.

3 Br could not be calculated for one participant due to a false alarm rate of
zero.

M. Undorf et al. / Journal of Memory and Language 92 (2017) 293–304 295
regarding the probability that they would recognize the
object on a later test.

Method

Participants and materials
Participants were 29 University of Mannheim under-

graduates. Stimuli were 124 line drawings of common
objects (e.g., alligator, candle) from the Snodgrass picture
set (Snodgrass & Vanderwart, 1980) with a mean name
agreement score of .95 (SD = .09; Bates et al., 2003). After
removing borders, images were scaled to fit within a
306 � 306 pixel square on a screen with a 1280 � 1024
resolution. For each object, we created 30 images of differ-
ent sizes (see Fig. 1 and Appendix A). The smallest images
of each object were not identifiable and all participants
could easily identify the largest images. After resizing,
white space was added to each image to fill a 306 � 306
pixel square.

Procedure
The experiment consisted of three phases: an object

identification task in which participants also made JOLs, a
filler task, and a recognition test. Prior to the object identi-
fication phase, instructions informed participants that they
would identify several objects and would later be asked to
recognize them among new objects. Participants were also
told that objects were so small as to be entirely unrecog-
nizable in the beginning, but would become gradually
clearer.

For each participant, 64 objects were randomly selected
for presentation in the object identification phase. Each
object began small and progressively clarified. Objects
clarified slowly in 32 trials and clarified quickly in the
remaining 32 trials. In slow trials, object clarification
occurred by presenting all 30 images beginning with the
smallest image. In fast trials, only odd-numbered images
appeared beginning with the smallest image (i.e., Image
1, 3, . . ., 29). Thus, maximum clarity occurred after only
15 images in fast trials. In both fast and slow trials, each
image appeared for 1000 ms, immediately followed by
the next image (0 ms inter-stimulus interval). Assignment
of objects to fast and slow trials and presentation order
were randomly determined for each subject. The first four
trials (two fast and two slow trials) served as buffers and
were discarded from all analyses. Participants were
instructed to press the enter key as soon as they could
identify the object, and could press the enter key only once.
The clarification process stopped when the enter key was
pressed. To ensure that participants attended to each
object, they were then asked to type the object’s name.
After a 200-ms blank screen, the JOL prompt ‘‘The chance
to recognize (0–100%)? ____” appeared on screen and par-
ticipants estimated the probability of recognizing the
object in a final recognition test by typing any whole num-
ber from 0 to 100. A 400-ms blank screen preceded the
next trial.

Following the object identification phase, participants
performed an unrelated filler task for 5 min, which con-
sisted of solving easy but time-consuming mathematical
problems. Finally, the largest images of 120 objects, 60 of
which had and 60 of which had not been presented in
the object identification phase, appeared sequentially on
the computer screen in a random order. Participants made
a recognition judgment for each object by clicking on but-
tons labeled ‘‘old” or ‘‘new” that appeared on screen just
below the image.

Results

Table 1 presents means and standard deviations of
naming accuracy, identification time1, image number, JOLs,
corrected hit rates Pr (hits minus false alarms; Snodgrass &
Corwin, 1988), and bias index Br (false alarms/[1�
(hits � false alarms)]; Snodgrass & Corwin, 1988). It also
shows means and standard deviations of within-subjects
Goodman–Kruskal gamma correlations between identifica-
tion time and JOLs.

Naming accuracy did not differ by clarification speed,
t < 1.2 As predicted, objects that clarified quickly were iden-
tified faster than objects that clarified slowly, t(28) = 21.06,
p < .001, d = 3.98. Image number was higher for objects that
clarified quickly than for objects that clarified slowly, t(28)
= 9.83, p < .001, d = 1.86. Thus, objects that clarified quickly
were identified at a larger stage than objects that clarified
slowly. JOLs were reliably higher for objects that clarified
quickly than for objects that clarified slowly, t(28) = 2.62,
p = .014, d = 0.49. In contrast, corrected hit rates Pr did not
differ between objects that clarified quickly and slowly,
t < 1. The same was true for bias index Br, t(27)3 = 1.44,
p = .163, d = 0.28. Gamma correlations between identifica-
tion time and JOLs were significantly negative for objects
that clarified quickly and for objects that clarified slowly.
Thus, the less time it took to identify the clarifying objects,
independent of clarification speed, the higher one’s JOLs.
Correlations were virtually identical when image number
was used instead of identification time (see Appendix B).

Finally, we conducted mediational analyses to investi-
gate whether the effect of clarification speed on JOLs was
mediated by identification time. Therefore, we regressed
(a) identification time on dummy-coded clarification speed
and (b) JOLs on dummy-coded clarification speed and iden-
tification time in two separate multilevel regression mod-
els (level 1: items, level 2: participants; cf. Kenny,
Korchmaros, & Bolger, 2003; Krull & MacKinnon, 2001).
Participants were treated as random effects and clarifica-
tion speed and identification time were treated as fixed
effects in both models. Analyses were conducted using
the R packages lme4 and lmerTest (Bates, Maechler, &
Bolker, 2015; Kuznetsova, Brockhoff, & Christensen, 2015;
R Core Team, 2015). Panel A of Fig. 2 shows that, when
clarification speed predicted identification time, the
unstandardized regression coefficient of clarification speed
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Fig. 1. Examples of the stimuli used in Experiment 1 (common objects), Experiment 2 (celebrity faces), and Experiments 3 and 4 (words). Image number
refers to the image size (out of 30 possible image sizes).

Table 1
Descriptive statistics for Experiment 1.

Clarification

Fast Slow

M SD M SD

Naming accuracy 92.76 3.99 92.87 5.02
Identification time (s) 9.41 1.58 15.95 3.00
Image number 18.72 3.15 16.43 2.98
JOL 63.70 13.52 61.45 14.03
Pr .91 .06 .91 .05
Br .56 .36 .47 .30
G(IT, JOL) �.20*** .28 �.19** .30

Note. JOL = judgment of learning; Pr = corrected hit rate; Br = bias index; G
(IT, JOL) = within-subjects Goodman–Kruskal gamma correlation between
identification time and JOLs.
** p < .01.

*** p < .001.
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was �6.55. This means that on average fast clarification
reduced identification time by 6.55 s. When clarification
speed (Panel B) and identification time (Panel C) predicted
JOLs, both regression coefficients were significantly nega-
tive. The regression coefficient for clarification speed was
�3.54, which means that on average, when identification
time was controlled, fast clarification reduced JOLs by
3.54%. The regression coefficient for identification time
was �0.88, which means that on average, when clarifica-
tion speed was controlled, each second of identification
time reduced JOLs by 0.88%.

We then estimated the indirect effect of clarification
speed on JOLs mediated by identification time using the
R package mediation (Imai, Keele, & Tingley, 2010; see also
Tingley, Yamamoto, Hirose, Keele, & Imai, 2014) with 5000
simulations. The indirect effect was substantial and signif-
icant (5.80, 95% CI [4.52, 7.07], p < .001), which means that
fast clarification increased JOLs indirectly by decreasing
identification time. Clarification speed thus had a signifi-
cantly positive indirect effect on JOLs, whereas its direct
effect was significantly negative, as described above. This
suggests that indirect and direct effects of clarification
speed on JOLs suppressed each other (see MacKinnon,
Fairchild, & Fritz, 2007; MacKinnon, Krull, & Lockwood,
2000, for discussions of inconsistent mediation).
Discussion

In sum, objects that clarified quickly were identified
faster than objects that clarified slowly. Differences in
identification time subsequently influenced JOLs, resulting
in higher JOLs for objects that clarified quickly. Conversely,
the direct effect of clarification speed on JOLs was negative.
Fast clarification thus increased JOLs only through reducing
identification time. Finally, recognition performance was
unaffected by clarification speed. This pattern of results
demonstrates that perceptual fluency as measured by iden-
tification time can produce stimulus size effects on JOLs:
Higher JOLs for objects that clarified quickly were due to
perceptual fluency. Results thus support a dual-basis view
of JOLs that assumes JOLs to be based on both metacognitive
beliefs and fluency. It is possible, however, that naming
objects reduced the impact of perceptual fluency on JOLs.
We examined this possibility in Experiment 2.

First, though, an unexpected result from Experiment 1
deserves comment: Participants identified objects that clar-
ified quickly at a slightly but significantly larger stage than
objects that clarified slowly. At first glance, this result seems
to indicate that higher JOLs for objects that clarified quickly
may be due to a larger image size at identification rather
than to fast identification. However, inverse relations
between image number and JOLs rule out this possibility.
Nevertheless, we replicated this result in Experiments 2
and 3, and return to this point in the ‘General discussion’.

Experiment 2

In Experiment 1, all participants named stimuli before
making JOLs. However, it has been argued that people base
their JOLs, in part, on the fluency of naming items during
study (Sungkhasettee, Friedman, & Castel, 2011; Susser
et al., 2013; Tiede & Leboe, 2009; see also Koriat &
Ma’ayan, 2005). In Experiment 2, we tested whether nam-
ing stimuli attenuated the effect of perceptual fluency on
stimulus size effects on JOLs. To this end, one group of par-
ticipants (naming group) typed the name of each stimulus
before making JOLs, as in Experiment 1, while the other
group (no-naming group) made JOLs immediately after
stopping the clarification process. A second difference from
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Fig. 2. Unstandardized regression coefficients for direct effects of
dummy-coded clarification speed on identification time in seconds (Panel
A) and judgment of learning (JOL, Panel B) and of identification time in
seconds on JOL (Panel C), presented separately for each condition of
Experiments 1–3. Error bars denote 95% confidence intervals. None of the
confidence intervals included zero (all p values < .001).
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Experiment 1 was that we used a more homogeneous set of
pictures: celebrity faces (cf. Loftus & Harley, 2005). Com-
pared with common objects, faces differ less with respect
to shape so that identification always requires recognizing
perceptual details. Finally, participants completed a free
recall test to remove ceiling effects in memory performance.

Method

Participants and materials
Participants were 56 University of Mannheim under-

graduates. We omitted data from one participant who
did not stop the clarification process for any item. The
remaining participants were randomly assigned to either
the naming condition (n = 30) or to the no-naming condi-
tion (n = 25). Pictures of the faces of 44 well-known
celebrities were obtained from the Internet. They included
9 females and 35 males who were, for instance, actors,
musicians, politicians, and sports figures. Each celebrity
was recognized by at least 80% of the participants in a pilot
study (n = 12). All pictures were plain-background pho-
tographs that were rendered as gray scale images. As
before, we created 30 images of different sizes for each
celebrity (see Fig. 1 and Appendix A).

Procedure
The procedure was similar to that of Experiment 1 with

the following exceptions. Participants were asked to iden-
tify 44 celebrities. Half the celebrity identification trials
were fast and slow trials, respectively. In the celebrity
identification phase, all participants were instructed to
press the enter key as soon as they could identify the celeb-
rity, which stopped the clarification process. Participants in
the naming group were then asked to provide the celeb-
rity’s name or any other information that indicated them
having identified the celebrity (for further details, see
Loftus & Harley, 2005). In contrast, participants in the no-
naming group were asked to make JOLs immediately after
stopping the clarification process. Both groups of partici-
pants were asked to estimate the probability of later recall-
ing the celebrity when making JOLs. JOLs were prompted
with the query ‘‘The chance to recall (0–100%)? ____.” Fol-
lowing the same filler task as in Experiment 1, participants
were asked to write down as many of the celebrities from
the first phase of the experiment as they could remember.
They were given 5 min for this free-recall task.

Results

Table 2 presents means and standard deviations of
naming accuracy for the naming group and of identifica-
tion time, image number, JOLs, recall performance, and
correlations between identification time and JOLs for the
naming and no-naming groups.

In the naming group, naming accuracy did not differ by
clarification speed, t < 1. Identification time was submitted
to a mixed two-way ANOVA with naming group (naming,
no-naming) as a between-subjects factor and clarification
speed (fast, slow) as a within-subjects factor. A significant
main effect of clarification speed revealed that faces that
clarified quickly were identified faster than faces that clar-
ified slowly, F(1,53) = 1800.44, MSE = 1.86, p < .001,
gp2 = .97. Neither the main effect of naming group nor the
interaction was significant, both F < 1.04. A 2 (naming
group) � 2 (clarification speed) mixed ANOVA on image
number revealed that faces that clarified quickly were
identified at a larger stage than faces that clarified slowly,
F(1,53) = 6.48, MSE = 1.29, p = .014, gp2 = .11. Neither the
main effect of naming group nor the interaction was signif-
icant, both F< 1.03. A 2 (naming group) � 2 (clarification
speed) mixed ANOVA on JOLs revealed higher JOLs for faces
that clarified quickly than for faces that clarified slowly,
F(1,53) = 9.61, MSE = 48.05, p = .003, gp2 = .15. Neither the



Table 2
Descriptive statistics for the naming and no-naming groups of Experiment 2.

Naming No-naming

Fast clarification Slow clarification Fast clarification Slow clarification

M SD M SD M SD M SD

Naming accuracy 85.17 12.90 83.17 15.23 � � � �
Identification time (s) 13.11 1.08 24.47 2.52 13.01 1.02 23.84 2.86
Image number 24.42 2.85 24.08 2.60 24.16 2.18 23.38 2.93
JOL 72.52 16.27 68.97 17.81 74.06 14.40 69.38 14.37
% correct 53.33 12.89 54.83 13.55 45.40 14.43 45.20 15.10
G(IT, JOL) �.39*** .25 �.52*** .29 �.37*** .23 �.45*** .30

Note. JOL = judgment of learning; % correct = percentage of correctly recalled items; G(IT, JOL) = within-subjects Goodman–Kruskal gamma correlation
between identification time and JOLs.
*** p < .001.
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main effect of naming group nor the interaction was signif-
icant, both F < 1. Finally, a 2 (naming group) � 2 (clarifica-
tion speed) mixed ANOVA on recall performance revealed
that actual memory did not differ between faces that clar-
ified quickly and slowly, F < 1. Recall performance was,
however, significantly higher in the naming than in the
no-naming group, F(1,53) = 7.83, MSE = 268.78, p = .007,
gp2 = .13. The interaction was not significant, F < 1. Correla-
tions between identification time and JOLs were negative
for faces that clarified quickly and for faces that clarified
slowly in both conditions. Thus, the less time it took to
identify the clarifying faces, independent of clarification
speed, the higher one’s JOLs. Similar correlations appeared
when image number was used instead of identification time
(see Appendix B). To test whether naming affected correla-
tions between identification time and JOLs, we conducted a
2 (naming group)� 2 (clarification speed) mixed ANOVA. It
revealed lower correlations for faces that clarified quickly
than for faces that clarified slowly, F(1,53) = 9.54, MSE =
0.04, p = .003, gp2 = .15. Neither the main effect of naming
group nor the interaction was significant, both F < 1.

As can be seen in Fig. 2, the unstandardized regression
coefficients for the direct effects of clarification speed on
identification time (Panel A) and JOLs (Panel B) and for
the direct effect of identification time on JOLs (Panel C)
were all significantly negative. This means that fast clarifi-
cation significantly reduced both identification time and
JOLs and that reductions in identification time increased
JOLs. This pattern of results occurred in both the naming
and the no-naming group. Mediation analyses revealed a
substantial and significant indirect effect of clarification
speed on JOLs mediated through identification time both
in the naming group (34.55, 95% CI [29.84, 39.27],
p < .001) and in the no-naming group (26.17, 95% CI
[21.56, 30.79], p < .001). Clarification speed thus had a sig-
nificantly positive indirect effect on JOLs, whereas its direct
effect was significantly negative. As in Experiment 1, indi-
rect and direct effects of clarification speed on JOLs sup-
pressed each other.
Discussion

In sum, Experiment 2 replicated Experiment 1 in show-
ing that stimuli that clarified quickly were identified faster
than stimuli that clarified slowly. As in Experiment 1,
differences in identification time subsequently influenced
JOLs, resulting in higher JOLs for stimuli that clarified
quickly. Again, the direct effect of clarification speed on
JOLs was negative. Fast clarification thus increased JOLs
only through reducing identification time. As before, mem-
ory performance was equal for stimuli that clarified
quickly and slowly. However, the overall level of memory
performance was reduced in Experiment 2 relative to
Experiment 1, because people were asked to recall rather
than recognize studied stimuli. Better recall performance
in the naming group than in the no-naming group revealed
a production effect (e.g., Bodner & MacLeod, 2016;
MacLeod, Gopie, Hourihan, Neary, & Ozubko, 2010). How-
ever, JOLs did not predict this effect (but see Castel,
Rhodes, & Friedman, 2013).

Contrary to the idea that naming stimuli attenuates the
influence of perceptual fluency on stimulus size effects on
JOLs, the impact of clarification speed on JOLs did not differ
between the naming and no-naming groups. The same was
true for correlations between identification time and JOLs.
Also, mediation analyses revealed that the indirect effect of
clarification speed on JOLs was not reduced as a conse-
quence of naming; if anything, the opposite result
occurred. This suggests that naming faces did not attenu-
ate the impact of perceptual fluency on stimulus size
effects on JOLs.

Taken together, Experiments 1 and 2 demonstrate that
perceptual fluency as measured by identification time
can produce stimulus size effects on JOLs: Higher JOLs for
stimuli that clarified quickly were due to perceptual flu-
ency. They thus support a dual-basis view of JOLs that
assumes JOLs to be based on both metacognitive beliefs
and fluency. However, another interpretation is that our
results are specific to images. That is, perhaps perceptual
fluency mediates the effect of image size on JOLs but not
the effect of font size on JOLs. We addressed this possibility
in Experiment 3.
Experiment 3

For pictures, Experiments 1 and 2 showed that percep-
tual fluency can produce stimulus size effects on JOLs. It is
unclear, however, whether this finding generalizes to
words. In Experiment 3, participants viewed words that
clarified either quickly or slowly. All words appeared in a
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hard-to-read font to ensure that participants could see but
not read words from the beginning of the clarification pro-
cedure. A second aim of Experiment 3 was to explore
whether participants’ beliefs may account for stimulus size
effects in our studies. To this end, participants completed a
brief post-experimental questionnaire. Because naming
pictures did not reduce the impact of perceptual fluency
on stimulus size effects on JOLs in Experiment 2, all partic-
ipants were instructed to type the words after identifica-
tion, right before making JOLs.
Method

Participants and materials
Participants were 50 University of Mannheim under-

graduates. Stimuli were 48 German 5-letter nouns with
two syllables and a mean log frequency of 1.22
(SD = 0.54; Baayen, Piepenbrock, & Van Rijn, 1993). Words
were written in a gray-colored 58-point Chopin Script font
on a white background. All letters were capitals. We con-
verted each word to an image and then created 30 images
of different sizes (see Fig. 1 and Appendix A).
Procedure
The procedure was identical to that of Experiment 2

with the following exceptions. Participants were asked to
identify 48 words. Half the word-identification trials were
fast and slow trials, respectively. In the word identification
phase, participants were instructed to stop the clarification
process as soon as they could read the word. Participants
were asked to type the word and immediately make a
JOL. After a filler task, participants were asked to write
down as many words from the first phase of the experi-
ment as they could remember. Following the recall test,
participants completed a two-item questionnaire. Partici-
pants (1) typed what they thought the experiment was
about and (2) noted whether they had noticed systematic
differences between words.
Results

Table 3 presents means and standard deviations of
naming accuracy, identification time, image number, JOLs,
Table 3
Descriptive statistics for Experiment 3.

Clarification

Fast Slow

M SD M SD

Naming accuracy 83.09 12.99 83.73 10.15
Identification time (s) 11.45 1.17 18.73 2.35
Image number 21.17 2.49 18.28 2.37
JOL 43.60 18.98 44.60 18.98
% correct 29.64 18.83 29.27 19.42
G(IT, JOL) �.22*** .20 �.15*** .23

Note. JOL = judgment of learning; % correct = percentage of correctly
recalled items; G(IT, JOL) = within-subjects Goodman–Kruskal gamma
correlation between identification time and JOLs.
*** p < .001.
recall performance, and correlations between identifica-
tion time and JOLs.

Naming accuracy did not differ by clarification speed,
t < 1. Words that clarified quickly were identified faster
than words that clarified slowly, t(49) = 31.15, p < .001,
d = 4.45. Image number was higher for words that clarified
quickly than for words that clarified slowly, t(49) = 2.89,
p < .001, d = 0.41. Thus, words that clarified quickly were
identified at a larger stage than words that clarified slowly.
JOLs did not differ between words that clarified quickly
and slowly, t < 1. The same was true for recall performance,
t < 1. Correlations between identification time and JOLs
were significantly negative for words that clarified quickly
and for words that clarified slowly. Thus, the less time it
took to identify the clarifying words, independent of clari-
fication speed, the higher one’s JOLs. Correlations were vir-
tually identical when image number was used instead of
identification time (see Appendix B).

As can be seen in Fig. 2, the unstandardized regression
coefficients for the direct effects of clarification speed on
identification time (Panel A) and JOLs (Panel B) and for
the direct effect of identification time on JOLs (Panel C)
were all significantly negative. This means that fast clarifi-
cation significantly reduced both identification time and
JOLs and that reductions in identification time increased
JOLs. Mediation analyses revealed a significant indirect
effect of clarification speed on JOLs mediated by identifica-
tion time (8.71, 95% CI [7.12, 10.36], p < .001). Clarification
speed thus had a significantly positive indirect effect on
JOLs, whereas its direct effect on JOLs was significantly
negative. Thus, as in the previous experiments, indirect
and direct effects of clarification speed on JOLs suppressed
each other.

In the post-experimental questionnaire, four of 50 par-
ticipants reported that the experiment was about the link
between identification time and memory performance.
One of those participants voiced the belief that memory
performance increased with increasing identification
times, that is, that studying results in learning (cf. Bjork
et al., 2013; Kornell & Bjork, 2009). Two of the four partic-
ipants believed that fast identification is accompanied by
increased memory performance, which corresponds to
the belief that easily perceived denotes easily remembered
(cf. Besken & Mulligan, 2013, 2014). The remaining partic-
ipant did not specify the direction of the link between
identification time and memory performance. Importantly,
none of the results reported above changed when we
excluded these four participants from the analyses. No par-
ticipant reported noticing systematic differences between
words. The questionnaire data thus indicated two things.
First, most people did not report a belief about stimulus
size. Second, there is no reason to suspect that people
noticed the experimental manipulation of clarification speed.

Discussion

In sum, Experiment 3 replicated Experiments 1 and 2 in
showing that stimuli that clarified quickly were identified
faster than stimuli that clarified slowly. As in the previous
experiments, reductions in identification time increased
JOLs. Conversely, the direct effect of clarification speed on
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JOLs was negative. Fast clarification thus increased JOLs
only through reducing identification time. Again, memory
performance was roughly equal for stimuli that clarified
quickly and slowly. However, memory performance was
worse than in Experiment 2, probably because people were
presented with words rather than celebrity faces.
Responses to the post-experimental questionnaire in
Experiment 3 suggested that our findings are not due to
people’s beliefs. Together with the results of Experiments
1 and 2, Experiment 3 demonstrates that perceptual
fluency as measured by identification time can produce
stimulus size effects on JOLs: Higher JOLs for words that
clarified quickly were due to perceptual fluency. Experiment
3 thus supports a dual-basis view of JOLs that assumes JOLs
to be based on both metacognitive beliefs and fluency. In
Experiment 4, we sought to further test the contribution of
perceptual fluency to size effects on JOLs.

Experiment 4

Results from Experiment 3 are consistent with the idea
that perceptual fluency contributes to stimulus size effects
on JOLs. Specifically, the post-experimental questionnaire
suggested that people did not have a belief about identifi-
cation time or clarification speed. However, previous
research has revealed that people frequently fail to apply
beliefs they have when making JOLs (e.g., Bjork et al.,
2013; Koriat et al., 2004; Kornell & Bjork, 2009). The
reverse is also plausible; namely, people may not report
a belief they use when making JOLs. Thus, Experiment 4
used a learner-observer-judge method to address the con-
tribution of perceptual fluency to stimulus size effects on
JOLs (Vesonder & Voss, 1985; for applications to JOLs see,
e.g., Koriat & Ackerman, 2010; Matvey, Dunlosky, &
Guttentag, 2001; Serra & Ariel, 2014; Undorf & Erdfelder,
2011, 2013). In this experiment, we compared correlations
between identification time and JOLs in learner and obser-
ver groups. As in Experiment 3, participants in the learner
group viewed clarifying words, made JOLs, and completed
a recall test. Because the learner group viewed the clarifi-
cation process, correlations between identification time
and JOLs in this group may be based on both perceptual
fluency and beliefs. Participants in the observer group were
presented with the largest image of each word and the
alleged number of images another participant saw of it.
They saw at the outset of the experiment one word-
identification trial and were told that the other participant
was instructed to stop the clarification process as soon as
he or she could identify the word. Instructions also
explained that the fewer images the other participant
saw, the smaller the word was when identified. Because
the observer group did not view the clarification process
and thus could not experience perceptual fluency, any cor-
relation between identification time and JOLs in this group
can be based only on beliefs.

If, as suggested by the previous experiments, perceptual
fluency contributes to stimulus size effects on JOLs, correla-
tions between identification time and JOLs should be more
pronounced in the learner group than in the observer group.
In contrast, if stimulus size effects on JOLs were solely due to
people’s beliefs, correlations between identification time
and JOLs should not differ between the learner and observer
groups. An alternative explanation for more pronounced
correlations in the learner group could be that participants
in the learner group were more engaged in the experiment.
To examine this possibility, we asked all participants to indi-
cate their engagement in Experiment 4.

Method

Participants and materials
Participants were 63 University of Mannheim under-

graduates. We omitted data from one participant who
did not stop the clarification process for any item. The
remaining participants were randomly assigned to either
the learner condition (n = 31) or to the observer condition
(n = 31). The stimuli were 44 words from Experiment 3.

Procedure
For participants in the learner group, the procedure was

identical to that of Experiment 3 with the exception that all
44 word-identification trials were slow trials. This means
that maximum clarity always occurred after 30 images. In
the observer group, participants were told that they should
predict another participant’s recall probabilities and would
therefore observe how this participant had identified
words. To familiarize participants with the procedure, they
saw one word-identification trial and observed how the
word was named and how a JOL was made. Then, observers
were told that the other participant was instructed to stop
the clarification process as soon as he or she could identify
the word. They were also told that each word reachedmax-
imum size after 30 images. It was explained to them (1) that
if the other participant saw 30 images of a word, he or she
identified the word only at its maximum size and (2) that if
the other participant saw fewer images of a word, he or she
identified the word at a smaller size. We explicitly
instructed participants not to study the words. On each
trial, the largest image of a word and the alleged number
of images the other participant saw of it appeared on screen
for 4 s. After a 200-ms blank screen, the JOL prompt
appeared and participants estimated the probability of
the other participant recalling the word. A 400-ms blank
screen preceded the next trial. All 44 words were presented
in a random order for each subject. The very first four
trials served as buffers and were discarded from all analy-
ses. Each word was combined with a randomly selected
number of images the other participant allegedly saw of it
(range = 9–30, M = 18.43, SD = 5.94). There was no test in
the observer group.

At the end of the experiment, all participants typed what
they thought the experiment was about and indicated their
engagementwith the experiment. Specifically, they rated their
agreement with the statements ‘‘I worked hard in this exper-
iment”, ‘‘I was actively engaged in this experiment”, and ‘‘I
enjoyed participating in this experiment” on a 7-point scale
(where 1 = strongly disagree and 7 = strongly agree).

Results

For the learner group, Table 4 presents means and stan-
dard deviations of naming accuracy, identification time,



Table 4
Descriptive statistics for the learner and observer groups of Experiment 4.

Learner Observer

M SD M SD

Naming accuracy 86.85 12.33
Identification time (s) 19.30 3.16
Image number 18.85 3.21
JOL 47.58 13.54 56.41 12.75
% correct 31.25 20.23
G(IT, JOL) �.10** .20 .04a .44a

Note. All trials in the learner group were slow. JOL = judgment of learning;
% correct = percentage of correctly recalled items; G(IT, JOL) = within-
subjects Goodman–Kruskal gamma correlation between identification
time and JOLs.
** p < .01.
a Values were obtained by correlating the number of images the other

participant allegedly saw with the JOLs made by observers.
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image number, and recall performance. For the learner and
observer groups, the table shows means and standard
deviations of JOLs and correlations between identification
time and JOLs. In the observer group, correlations were
obtained by correlating the number of images the other
participant allegedly saw with the JOLs made by observers.

Correlations between identification time and JOLs were
significantly negative in the learner group and numerically
but not reliably positive in the observer group. Thus, in the
learner group, the less time it took to identify the clarifying
words, the higher one’s JOLs. Conversely, in the observer
group, JOLs were unrelated to the time it took the other
participant to identify the clarifying words. The difference
in correlations between groups was of medium size and
marginal significance, t(60) = 1.68, p = .098, d = 0.43. Corre-
lations were virtually identical when image number was
used instead of identification time (see Appendix B).

In the post-experimental questionnaire, 15 of 62 partic-
ipants (6 from the learner and 9 from the observer group)
reported that the experiment was about the link between
identification time and memory performance. Three of
those participants (2 from the learner group) voiced the
belief that studying results in learning. Another participant
from the observer group believed that easily perceived
denotes easily remembered. The remaining participants
(4 from the learner group and 7 from the observer group)
did not specify the direction of the link between identifica-
tion time and memory performance. Importantly, when we
excluded these 15 participants from the analyses, correla-
tions between identification time and JOLs were still nega-
tive in the learner group, M = �.12, SD = .21, t(24) = 2.92,
p = .008, d = 0.60, and numerically but not reliably positive
in the observer group, M = .09, SD = .43, t < 1. Also, correla-
tions now differed significantly between the learner and
observer groups, t(45) = 2.13, p = .039, d = 0.62.

Participants in both groups indicated that they had
worked hard in the experiment, learner group: M = 5.52
(SD = 1.56), observer group: M = 5.84 (SD = 1.49), t < 1,
were actively engaged in the experiment, learner group:
M = 4.83 (SD = 1.34), observer group: M = 5.39 (SD = 1.31),
t(59) = 1.63, p = 0.108, d = 0.42, and were neutral with
respect to how much they enjoyed participating in the
experiment, learner group: M = 4.03 (SD = 1.38), observer
group: M = 4.10 (SD = 1.66), t < 1. These results rule out
the possibility that lack of engagement is responsible for
insignificant correlations between identification time and
JOLs in the observer group. If anything, the observer group
was more engaged in the experiment than was the learner
group.
Discussion

In sum, Experiment 4 replicated the previous experi-
ments in showing that, in the learner group, reductions
in identification time increased JOLs. Conversely, identifi-
cation time and JOLs were unrelated in the observer group.
Because the learner group viewed the clarification process,
correlations between identification time and JOLs in this
group could be based on both perceptual fluency and
beliefs. Conversely, correlations between identification
time and JOLs could be based only on beliefs in the obser-
ver group. Experiment 4 therefore demonstrates that per-
ceptual fluency as measured by identification time can
indeed produce stimulus size effects on JOLs, meaning that
higher JOLs for stimuli that clarified quickly were due to
higher perceptual fluency. Thus, it supports a dual-basis
view of JOLs that assumes JOLs to be based on both
metacognitive beliefs and fluency.
General discussion

The present experiments examined whether perceptual
fluency mediates the effect of stimulus size on people’s
predictions of future memory performance. We presented
successive displays of visual stimuli that were initially so
small as to be entirely unrecognizable but that clarified
(i.e., increased in size) over time. Clarification proceeded
either quickly or slowly. In Experiments 1–3, the time
required in seconds for participants to identify the image
was inversely related to JOLs, independent of clarification
speed. Moreover, fast clarification increased JOLs indirectly
through identification time. Conversely, direct effects of
clarification speed on JOLs were significantly negative.
Across experiments, clarification speed did not affect
memory performance. Taken together, these results sug-
gest that stimulus size increases JOLs through perceptual
fluency, which we operationally defined as identification
time. This is true not only for pictures of common objects
(Experiment 1) and faces (Experiment 2) but also for words
(Experiment 3). Further evidence for the idea that percep-
tual fluency can produce effects of stimulus size on JOLs
comes from a fourth experiment. In Experiment 4, a compar-
ison of learner and observer groups revealed that inverse
relations between identification time and JOLs occurred only
when participants viewed the clarification process and could
therefore base their JOLs on perceptual fluency.

In Experiment 2, the contribution of perceptual fluency
to JOLs did not differ between participants who named
stimuli prior to making JOLs and participants who made
their JOLs immediately after stimulus identification. This
argues against the idea that JOLs are primarily based on
naming fluency when people are instructed to name items
during study (Sungkhasettee et al., 2011; Susser et al.,
2013; Tiede & Leboe, 2009).
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Each of our experiments revealed that stimuli that clar-
ified quickly were identified at a slightly larger stage than
stimuli that clarified slowly. Does this mean that JOLs for
stimuli that clarified quickly were higher because of a lar-
ger image size at identification? In fact, inverse relations
between image number and JOLs preclude this possibility.
Nevertheless, the finding that stimuli that clarified quickly
were identified at a larger stage was unexpected. Bernstein
et al. (2005) and Loftus and Harley (2005) found a percep-
tual interference effect, meaning that stimuli were identified
at a smaller stage when they beganmoderately, as opposed
to very, small and then clarified (e.g., Bruner & Potter,
1964; Schulkind, 2002; Snodgrass & Hirshman, 1991;
Wang & Reinitz, 2001).4 Presumably, the current experi-
ments did not reveal a perceptual interference effect
because we held the size of the first picture constant (cf.
Luo & Snodgrass, 1994; Wang & Reinitz, 2001).

Our research suggests that perceptual fluency can pro-
duce stimulus size effects on JOLs. Thus, it demonstrates
that perceptual fluency’s effects on JOLs are pervasive. This
is consistent with previous studies showing that percep-
tual fluency affects JOLs for aurally and visually presented
words (Besken & Mulligan, 2013, 2014; Susser et al., 2013;
see also Besken, 2016). Because perceptual and conceptual
fluency can have distinct effects on judgments (e.g.,
Whittlesea, 1993; but see also Alter & Oppenheimer,
2009), the current results extend previous research that
showed effects of conceptual fluency on JOLs (e.g.,
Benjamin, Bjork, & Schwartz, 1998; Koriat & Ma’ayan,
2005; Matvey et al., 2001; Undorf & Erdfelder, 2011,
2013, 2015). At a theoretical level, our research provides
evidence for a dual-basis view that assumes JOLs to be
based on both metacognitive beliefs and fluency (Koriat,
1997; Koriat & Ma’ayan, 2005; Koriat et al., 2004). Con-
versely, the current findings argue against the idea that
JOLs mainly rely on deliberate applications of people’s
metacognitive beliefs (e.g., Mueller et al., 2013, 2014).
Therefore, investigating howmetacognitive beliefs and flu-
ency combine to influence JOLs is an important direction
for future research. Regarding the classic font-size effect,
our work suggests that perceptual fluency did not con-
tribute to that effect because smaller words were about
as easy to read as larger words (see also Besken &
Mulligan, 2013, 2014).

There is one final issue we would like to discuss. The
procedures used in the current experiments resemble pro-
cedures used in experiments on the revelation effect. The
revelation effect occurs when items on a recognition test
are more likely to be judged as old if they are somehow
degraded or obscured and then revealed or if they are pre-
ceded by a word that is degraded (Watkins & Peynircioglu,
4 The perceptual interference effect (or Bruner-Potter effect) in object
identification is not the same as the perceptual interference effect in
episodic memory (see Introduction). The perceptual interference effect in
episodic memory refers to the finding that interfering with perception
during stimulus encoding can enhance later memory performance (e.g.,
Hirshman & Mulligan, 1991; Mulligan & Lozito, 2004; Nairne, 1988).
Typically, this finding is obtained when people are asked to encode words
that are both very briefly presented and then backward masked
(perceptual-interference condition) and words that are presented for a
longer duration with no backward mask (intact condition).
1990; Westerman & Greene, 1998). For instance, Watkins
and Peynircioglu (1990) presented words that unfolded
letter by letter in a recognition test (e.g., _ _ _ _ _, _ _ b _
_, _ _ b _ a, z _ b _ a, zeb _ a, zebra). Participants identified
the words and, when the complete version appeared,
judged whether they had studied the words. Results
revealed more old judgments for words that had to be
identified than for intact words. Similarly, Bornstein and
Wilson (2004) found a revelation effect for clarifying
images of faces (but see Aßfalg & Bernstein, 2012). How-
ever, unlike prior work on the revelation effect in which
identification of degraded stimuli occurred at test (for an
exception, see Mulligan & Lozito, 2006), identification
occurred at study in the current experiments. An intriguing
avenue for research will be to explore whether the appar-
ent similarities in procedures also result in similar cogni-
tive processes beyond identification of clarifying stimuli.

To conclude, the current findings support a dual-basis
view of JOLs that assumes JOLs to be based on both
metacognitive beliefs and fluency by showing that percep-
tual fluency’s effects on JOLs are pervasive. Returning to
the earlier example of a student viewing lecture slides from
the back of a large room, our findings suggest that poor
viewing conditions will reduce the student’s predictions of
learning but will not affect actual learning. Future work
should explore how differences in perceptual fluency influ-
ence regulation of study and eventual test performance.
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Appendix A

In Experiment 1, images of common objects were
resized according to the equation

pi ¼ 0:02þ scaleðei=150Þ � :20; ðA1Þ

with i ranging from 1 to 30 and scale as the function relat-
ing size to image numbers described by Loftus and Harley
(2005).

In Experiment 2, images of celebrity faces were resized
according to the equation

pi ¼ �0:01þ scaleðei=150Þ � :20; ðA2Þ

with i ranging from 1 to 30 and scale as the function
described by Loftus and Harley.

In Experiments 3 and 4, images of words were resized
according to the equation

pi ¼ �0:02þ scaleðei=150Þ � :18; ðA3Þ

with i ranging from 1 to 30 and scale as the function
described by Loftus and Harley.



Table B1
Within-subjects gamma correlations between image number and judg-
ments of learning.

Experiment and condition Clarification

Fast Slow

M SD M SD

Experiment 1 �.19** .30 �.19** .31
Experiment 2, naming group �.50*** .29 �.54*** .29
Experiment 2, no-naming group �.47*** .31 �.47*** .25
Experiment 3 �.23*** .22 �.15*** .24
Experiment 4, learner group �.11** .21
Experiment 4, observer group .04a .44a

Note. In Experiment 4, all trials were slow.
** p < .01.

*** p < .001.
a Values were obtained by correlating the number of images the other

participant allegedly saw with the JOLs made by observers.
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Appendix B

Table B1 shows means and standard deviations of
gamma correlations between image number and JOLs in
Experiments 1–4. The table reveals that correlations were
negative in all conditions but the observer group of Exper-
iment 4. As reported in the Results section of each experi-
ment, the same pattern of results was found with
correlations between identification time and JOLs.
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