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Abstract
Judgments of learning (JOL) are often used to assess memory monitoring at encoding. Par-
ticipants study a cue-target word pair (e.g., mouse-cheese) and are asked to rate the prob-
ability of correctly recalling the target in the presence of the cue at test (e.g., mouse -?). 
Prior research has shown that JOL accuracy is sensitive to perceptual cues. These cues 
can produce metamemory illusions in which JOLs overestimate memory, such as the font-
size effect (Rhodes & Castel, 2008), which occurs when participants inflate JOLs for pairs 
presented in large versus small fonts without a concomitant increase to recall. The present 
study further tests the font-size effect and examines whether other perceptual manipula-
tions can affect the correspondence between JOLs and recall. Experiments 1A and 1B were 
designed to replicate the font-size effect and test whether the effect extended to highlighted 
pairs that were related or unrelated in the same study list. Experiment 2A and 2B examined 
font size and highlighting effects on JOLs using only unrelated pairs. Finally, Experiment 
3 tested whether Sans Forgetica—a perceptually disfluent font designed to improve mem-
ory—would result in inflated JOLs and/or recall. Large fonts similarly increased both JOLs 
and recall relative to small fonts, highlights had no effect on JOLs or recall, and Sans For-
getica font yielded a memory cost (though no effect on JOLs). Collectively, perceptually 
fluent and disfluent study pairs do not appear to inflate JOLs relative to subsequent recall.

Keywords  Judgments of learning · Font-size effect · Perceptual fluency · Sans Forgetica · 
Cued-recall

The ability for individuals to accurately monitor their learning progress is important for 
successfully encoding new information. Successful monitoring allows individuals to 
maximize retention by adjusting their study strategies and can inform what strategies are 
used in future study tasks (Nelson & Narens, 1990). Metamemory judgments (i.e., having 
individuals judge aspects of their memorial abilities) are commonly used by researchers 
to obtain information about the learning process. While researchers use several types of 
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judgments to assess metacognitive processes, judgments of learning (JOLs) are commonly 
used. When making JOLs, participants typically study sets of cue-target word pairs (e.g., 
mouse-cheese) and are asked to estimate the likelihood of correctly retrieving a target word 
in the presence of a cue (e.g., mouse -?). While JOLs can be made using several measure-
ment scales (e.g., Likert or binary “yes-no” responses; Hanczakowski et al., 2013), they are 
commonly elicited using a continuous 0 to 100 scale representing the percent likelihood of 
the target item being successfully recalled at test (e.g., 100% = definitely would remember; 
0% = definitely would not remember). The use of a 100-point scale is beneficial because it 
allows for a direct comparison between predicted recall (via JOLs) and the proportion of 
items that are correctly recalled at test.

Although JOLs are often predictive of future recall (e.g., Nelson & Dunlosky, 1991), 
certain situations can produce metamemory illusions in which JOLs underpredict or over-
predict subsequent memory. For example, relatedness cues such as the associative direc-
tion between cue-target pairs have repeatedly been shown to induce an illusion of compe-
tence in which JOLs overpredict later recall for certain types of paired associates (Koriat & 
Bjork, 2005). Specifically, forward associates, in which the cue is highly predictive of the 
target (e.g., lamp-shade), tend to produce JOLs that are well-calibrated with later recall. 
However, backward associates, in which the cue does not readily converge upon the target 
(e.g., shade-lamp), display a marked overconfidence effect such that JOLs greatly overes-
timate subsequent memory. Castel et  al. (2007) have reported an illusion of competence 
pattern on identical pairs and, more recently, Maxwell and Huff (2021) have extended this 
pattern to symmetrical associates (e.g., king-queen), in which the forward and backward 
relations between pairs are matched. Like Koriat and Bjork, Maxwell and Huff found that 
JOL ratings were generally well-calibrated for forward pairs, but produced an illusion of 
competence pattern for backward, symmetrical, and unrelated word pairs. Additionally, the 
illusion of competence was robust and persisted across a variety of experimental manipula-
tions designed to improve the correspondence between JOLs and recall, such as JOL tim-
ing (e.g., concurrent, immediate, or delayed JOLs) and pacing (e.g., self-paced vs. experi-
menter paced). Thus, although JOLs can accurately predict later recall, predictions are best 
when cues are related to targets in the forward direction.

In addition to relatedness cues, other factors have been shown to influence judgments. 
For example, perceptual cues have been shown to affect a variety of judgment tasks, 
including affective judgments (e.g., judging a target item’s beauty, Reber et  al., 1998), 
veridicality judgments (e.g., truthfulness of statements; Reber & Schwarz, 1999), and JOLs 
(Rhodes & Castel, 2008). Typically, studies investigating the effects of perceptual cues on 
judgment making do so by varying the ease with which participants can encode stimuli 
(see Schwarz, 2004, for a review). These ease-of-processing manipulations typically occur 
by changing some aspect of the stimuli (e.g., size, clarity, etc.) such that certain items are 
made more difficult to encode relative to others. For example, Reber et  al. reported that 
participants judge perceptually fluent items as being more affectively pleasing versus dis-
fluent items. Additionally, Reber and Schwarz (1999) showed that participants are more 
likely to judge perceptually fluent statements (e.g., black ink against a white background) 
as being true compared to perceptually disfluent statements (e.g., yellow ink against a 
white background).

Importantly, ease-of-processing-type effects have been shown to extend to JOLs. For 
example, Rhodes and Castel (2008) tested participants on word pairs that were studied in 
either large (48-pt.) or small (18-pt.) font sizes. A font-size effect was found in which JOLs 
were greater when pairs were presented in large versus small font. However, this increase 
in JOLs did not translate to recall as both font types were recalled at equivalent rates. 
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Subsequent experiments indicated that the font-size effect was largely driven by the addi-
tional ease-of-processing afforded by large-font pairs. For example, the font-size effect was 
largely diminished when ease of reading was manipulated such that words were presented 
by alternating between uppercase and lowercase letters (e.g., HoUsE) and, furthermore, the 
effect was moderated by pair relatedness, as the effect was reduced when participants stud-
ied related versus unrelated pairs (Rhodes & Castel).

The font-size effect has been reported across several studies. Kornell et al. (2011) repli-
cated the font-size effect and showed that this pattern holds when pairs are studied repeat-
edly. More recently, Hu et  al. (2015) divided participants into groups that either studied 
or observed the participants who had been assigned to the study group. Participants in the 
study group made JOLs for pairs presented in either large or small fonts, while participants 
in the observer group were asked to guess the JOLs that participants in the study group 
would make and were only made aware of the font size of the pair that was being viewed, 
not the pair itself. Participants in both groups provided higher JOLs for large- than small-
font pairs. Finally, Price and Harrison (2017) examined whether the font-size effect influ-
enced the magnitude of pre-study JOLs. Overall, they showed that participants tended to 
assign higher JOLs for items presented in a large than small font, regardless of whether the 
JOL was provided pre- or post-study.

Although the font-size effect has been reported under several conditions, the underlying 
factors driving the effect remain unclear. Two accounts have been proposed for the font-
size effect—the fluency account and the beliefs account. The fluency account suggests that 
larger words are more perceptually fluent than smaller words. Due to enhanced fluency, 
participants process larger words more efficiently and/or effectively, leading to greater 
JOLs relative to smaller words. In a test of the fluency account, Undorf et al. (2017) pre-
sented participants with images of objects, faces, and words which were initially too small 
to perceive and incrementally increased the size of the stimuli. Participants were asked to 
make a JOL once they could recognize the stimulus, with the recognition latency recorded. 
Overall, JOLs were found to be inversely related to the recognition latency, indicating 
that items judged as more memorable were processed more quickly. Relatedly, Yang et al. 
(2018) tested the fluency account by comparing the results of a continuous identification 
(CID)  task to the results of lexical decision tasks. The CID task tested the relationship 
between perceptual fluency and JOLs by alternating between a word and a corresponding 
mask (e.g., switching between the word “ball” and “####”). The speed in which alterna-
tions occurred was gradually decreased over time such that the word was made visible on 
the screen for longer durations (e.g., 20 ms in the first cycle, 40 ms in the second cycle, 
etc.). The goal of the CID was to slowly increase fluency by gradually making the word 
less obscure. Like Undorf et al., JOLs were greater for words that could be identified faster 
(i.e., those with a higher perceptual fluency).

Whereas the fluency account is based on the ease  of processing items at study, the 
beliefs account posits that participants’ extra-experimental expectations regarding an 
item’s memorability contributes to JOLs. Regarding the font-size effect, participants may 
assign higher JOLs to large items because they hold the belief that large pairs are easier to 
learn than small pairs. To test the beliefs account, Mueller et al. (2014) had participants 
first complete a lexical decision task for a set of large versus small items. Unlike Yang 
et al. (2018), latencies on the lexical-decision task did not differ as a function of font size, 
suggesting that the perceptually fluent large font did not facilitate latencies as predicted by 
a fluency account. Importantly, however, reported beliefs about the memorability of large 
versus small fonts and pre-study JOLs indicated that participants did indeed hold the belief 
that large-font items will be better remembered.
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While the fluency and beliefs accounts are often framed as competing explanations 
of the font-size effect, these two accounts are not mutually exclusive. Jemstedt et  al. 
(2018) found that while perceptual fluency affected the magnitude of ease-of-learning 
judgments, the effect was largely moderated by beliefs. Specifically, participants studied 
words presented using either a constant or alternating case (e.g., BASKET vs. bAsKeT). 
While ease-of-learning judgments were higher when pairs were presented using the 
more fluent constant case, judgments were greatest for participants who self-reported 
that pairs presented in the constant condition were easier to learn than the alternating 
condition compared to participants who believed there was no difference. Thus, while 
fluency and beliefs have each been shown to separately influence the magnitude of 
metacognitive judgements, these judgments often reflect a combination of fluency and 
belief processes.

Finally, perceptual manipulations aside from font sizes have been shown to affect JOLs. 
Ball et al. (2014) tested how bolding word pairs affected JOLs and subsequent memory. 
Compared to non-bolded pairs, bolded pairs received higher JOLs; however, like the font-
size effect, no differences in recall performance were detected between the two pair types. 
Additionally, Besken (2016) had participants complete a memory task in which images 
were presented either intact or with sections removed (i.e., fluent vs. disfluent) and had par-
ticipants provide JOLs at encoding. Consistent with a fluency-based process, intact images 
received higher JOLs relative to incomplete images.

The present study provided a further test of the font-size effect while extending it to 
include other perceptual manipulations designed to affect JOLs. Specifically, Experi-
ments 1A and 2A sought to replicate the font-size effect using related and unrelated pairs. 
Next, Experiments 1B and 2B tested whether highlighting word pairs (vs. not highlight-
ing) would affect JOLs as font size. Finally, Experiment 3 tested whether JOLs and recall 
rates would be affected by Sans Forgetica font—a disfluent font that is more perceptually 
difficult to process relative to a standard font such as Arial. Sans Forgetica allowed for a 
potential evaluation of fluency effects on JOLs by testing whether a perceptually disfluent 
presentation can reduce JOLs—the opposite pattern to what is generally found for fluent 
presentations.

Finally, we expand upon previous work (e.g., Rhodes & Castel, 2008) by including a 
pure-control group comparison in which only the standard perceptual condition is used 
(i.e., all pairs presented in a standard font size), rather than a mix of perceptually fluent/
disfluent pairs. These control groups were included because encoding manipulations have 
been shown to spill over into other encoding tasks when encoding is manipulated within-
subjects (Bodner et al., 2014; Huff et al., 2021). Thus, our inclusion of these control groups 
allowed us to gauge perceptual effects on JOLs more accurately relative to a baseline 
condition.

Experiment 1A: Font‑size effects on related and unrelated pairs

The goal of Experiment 1A was to replicate the font-size effect using a set of related 
and unrelated word pairs. Overall, we expected that because large-font pairs are more 
perceptually fluent or because participants possess a belief that large pairs are more 
memorable, JOLs would be greater for large than for small pairs (cf. Rhodes & Castel, 
2008). We also included comparisons to a control group who viewed pairs presented 
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using a standard, 32-pt. Arial font to assess whether any effects of perceptually flu-
ent pairs hold when compared to a pure list of standard pairs. Font-size effects were 
tested using a mixed list of forward, backward, and symmetrical paired associates and 
unrelated word pairs.

Method

Participants

Eighty participants were recruited from Prolific (www.​proli​fic.​co), an online academic 
crowdsourcing platform, and completed the study at rate of $4.00 per half hour. Par-
ticipants were required to be native English speakers and have completed at least a high 
school education or equivalent. Participants were randomly assigned to the font-size group 
(n = 41) which studied large and small font pairs or the control group that studied pairs in 
a standard font size (n = 39). We modeled our sample size for each group after Rhodes and 
Castel (2008), who found evidence for the font-size effect using a sample of 20 partici-
pants and Maxwell and Huff (2021), who found reliable illusion of competence patterns for 
backward, symmetrical, and unrelated pairs using a sample of 30 participants. Due to an 
anticipated increase in performance variability from an online sample, we recruited more 
participants than these previous studies to improve reliability of the data set. Cued-recall 
performance was used as a compliance check (participants would be omitted for correct 
recall rates <5%, which suggested that instructions were not properly followed), however 
all exceeded this threshold and therefore no participants were omitted. Across groups, par-
ticipants reported a mean age of 29.43 (SD = 14.19), and all participants reported normal or 
corrected-to-normal vision. Full demographics for each encoding group are reported in the 
Appendix (Table 1).

Materials

One-hundred-eighty word pairs taken from Maxwell and Huff (2021) served as study 
materials. These pairs included 40 forward pairs (e.g., bounce-ball), 40 backward pairs 
(e.g., ball-bounce), 40 symmetrical pairs (e.g., off-on), 40 unrelated pairs (e.g., pencil-
fence), and 20 weakly related buffer pairs that were not tested to control for primacy and 
recency effects. The University of South Florida Free Association Norms (Nelson et al., 
2004) were used to equate the related pairs in associative strength and to ensure that 
symmetrical pairs were equivalent in associative strength in the forward and backward 
direction. Pair types were also equated on lexical and semantic properties including word 
length, SUBTLEX frequency (Brysbaert & New, 2009), and concreteness, as reported 
in the English Lexicon Project (Balota et  al., 2007). All pairs were evenly distributed 
into two study lists which contained 20 forward, backward, symmetrical, and unrelated 
pairs, and 10 buffer pairs. Both lists were matched on the above lexical and semantic 
properties. Study materials for all experiments have been made available at https://​osf.​io/​
3xwdr/. Associative strength, lexical, and semantic properties are listed in the Appendix 
(Tables 2 and 3).

All participants studied both lists which were evenly divided into two study/test blocks, 
the order of which was counterbalanced across participants. Each list was organized such 

http://www.prolific.co
https://osf.io/3xwdr/
https://osf.io/3xwdr/
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that five buffer pairs were presented at the beginning and end of each study list with the 
remaining pairs presented in a newly randomized order for each participant. Counterbal-
anced versions were produced from each study list that reversed the order of the pair lists 
(i.e., A-B pairs become B-A pairs), which allowed for greater control of item differences 
across pair types.

Participants in the font-size group saw lists in which half of the pairs were presented in a 
small 12-pt. font and the other half of pairs were presented in a large 54-pt. font, which was 
counterbalanced across pair types. All pairs were presented in Arial font style. In the control 
group, pairs were presented in 32-pt. Arial font.

For the cued-recall test, participants were presented with all 80 cue items from the 
initial study list (buffers were not tested). The cue was presented alongside a question 
mark (e.g., bounce-?), and participants were instructed to retrieve the target from mem-
ory. Test items were newly randomized for each participant. Test instructions did not 
mention font size. The cue word in all groups was presented in a standard 32-pt. Arial 
font.

Procedure

All participants were tested online via Collector, an open-source program for present-
ing web-based psychological experiments (Garcia & Kornell, 2015). Participants were 
informed that they would study a series of cue-target pairs in which the cue would 
be presented on the left, and the target on the right. They were further instructed that 
their memory for the target item would be tested following study, with only the cue 
word presented at test. In addition to studying the pairs, participants were instructed 
to provide a JOL by rating the likelihood they would be able to correctly recall the 
target if only presented with the cue. JOLs were provided using a scale ranging from 
0 to 100. A rating of 0 indicated that the participant had no confidence in their ability 
to recall the word at test; a rating of 100 indicated complete certainty that they would 
recall the target. Participants were encouraged to utilize the full range of the scale and 
to avoid anchoring on extremes and mid points when providing ratings (i.e., 0, 50, or 
100 ratings). Following instructions, participants then studied the first block of word 
pairs and provided JOLs concurrently with study such that ratings were provided while 
the word pair was displayed on the screen. Participants advanced to the next study pair 
after entering in their JOL into a dialog box and clicking a labeled “next” button on 
the screen. Upon completion of the first study list, participants completed a filler task 
where they had to list the 50  U.S. states in alphabetical order for 2  min, which was 
immediately followed by the cued-recall test. Participants were presented with the cue 
word paired with a question mark (e.g., credit -?) and were asked to retrieve the correct 
target word by typing it into a dialog box. This test was untimed, and participants were 
instructed to press the enter key to advance to the next test item. If participants were 
unable to retrieve the target, they were instructed to advance to the next item without 
providing a guess. Participants entered their memory responses and/or advanced to the 
next item by clicking a labeled “next” button. Following the first cued-recall test, par-
ticipants completed a second study list, filler task, and second cued-recall test which 
only tested pairs from the second study list. Following the second cued-recall test, par-
ticipants were debriefed and provided with compensation. The duration of the experi-
ment was less than 30 min across groups.
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Results

All JOL responses were initially screened for missing responses and outliers (i.e., JOLs 
outside the 0–100% range). This screening process removed fewer than 0.5% of total 
responses. All missing recall responses were coded as incorrect. A liberal scoring criterion 
was used such that misspellings or pluralizations were scored as correct.

A p < .05 significance level was used for all analyses. Effect size estimates using par-
tial-eta squared (ηp

2) and Cohen’s d were computed for all significant analyses of variance 
(ANOVAs) and t-tests, respectively. To supplement standard null-hypothesis significance 
testing, we include a Bayesian estimate of the strength of evidence supporting the null 
hypothesis (Masson, 2011; Wagenmakers, 2007). This analysis compares a model that 
assumes a significant effect to one that assumes a null effect. A probability estimate is com-
puted termed pBIC (Bayesian Information Criterion) which indicates the likelihood that the 
null hypothesis is retained. Thus, null effects are supplemented with a pBIC estimate. Fig-
ure 1 plots mean JOL and cue-recall percentages for the large-font, small-font, and con-
trol groups as a function of forward, backward, symmetrical, and unrelated pair types. For 
completeness, cell means are reported in Appendix Table 4. Finally, though our analyses 
focus on calibration, for completeness we report Goodman-Kruskal gammas correlations 
(Appendix Table 5) as a metric of resolution, and analyses of gammas across experiments 
are available in our Supplemental Materials (https://​osf.​io/​xymez/).

In our analyses, we first compare JOL and recall percentages across pair types in the 
font-size group and then compare between the within large- and small-font pairs and the 
control group. We then test for an illusion of competence pattern (i.e., JOLs overestimating 
recall, often as a function of pair direction; Koriat & Bjork, 2005; Maxwell & Huff, 2021), 
as previous research has only assessed the font-size effect using forward associates and 
unrelated pairs.

Starting with the font-size group, a 2(Measure: JOL vs. Recall) × 2(Font Size: Large vs. 
Small) × 4(Pair Type: Forward vs. Backward vs. Symmetrical vs. Unrelated) within-subject 
ANOVA yielded an effect of measure, F(1, 40) = 10.11, MSE = 1258.14, ηp

2 = .20, in which 
JOLs exceeded recall percentages (50.34 vs. 41.53, for JOLs and recall rates, respectively). 
An effect of pair type was also found, F(3, 120) = 414.56, MSE = 218.49, ηp

2 = .91, in which 
JOL/recall percentages were greatest for forward pairs (64.28), followed by symmetrical 
pairs (61.25), backward pairs (45.23), and unrelated pairs (12.99), with all pairs differing 
from each other, ts > 3.27, ds > 0.24. An effect of font size was also found, F(1, 40) = 12.20, 
MSE = 66.26, ηp

2 = .23, indicating that JOL/recall percentages overall were greater for large 
than small font pairs (47.05 vs. 44.83). Importantly, all interactions with font size, includ-
ing the three-way interaction, were not reliable, Fs < 1.63, ps > .18, pBICs > .99, indicating 
that the large font did not differentially inflate JOLs relative to recall across pair types (cf. 
Rhodes & Castel, 2008).

Regarding the illusion of competence, a measure × pair type interaction was found, 
F(3, 120) = 45.27, MSE = 146.88, ηp

2 = .53, which indicated that JOLs overestimated 
recall for some pair types. Consistent with previous research (e.g., Koriat & Bjork, 2005; 
Maxwell & Huff, 2021), JOLs were well-calibrated to recall on forward pairs (61.84 vs. 
66.72), t(40) = 1.41, SEM = 3.46, p = .17, pBIC = .70. However, for the more deceptive back-
ward pairs, JOLs greatly exceeded later recall (58.20 vs. 32.26), t(40) = 6.95, SEM = 3.73, 
d = 1.48, a pattern which extended to symmetrical pairs (64.75 vs. 57.75), t(40) = 2.28, 
SEM = 3.08, d = 0.40, and unrelated pairs (16.56 vs. 9.42), t(40) = 2.91, SEM = 2.46, 
d = 0.64.

https://osf.io/xymez/
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We then compared changes in the magnitude of JOLs/recall for large and small font 
pairs relative to the control group to evaluate font size effects compared to a pure group 
that encoded all pairs in a single font size. The control group similarly showed robust pair 
type differences on JOLs/recall percentages, F(3, 114) = 421.14, MSE = 100.03, ηp

2 = .92, 
and the same illusion of competence pattern found for both large- and small-font pairs, F(3, 
114) = 68.49, MSE = 49.12, ηp

2 = .64; however, no main effects or interactions were found 

Fig. 1   Mean JOL and recall rates as a function of pair direction for pairs presented in small font (top panel), 
large font (middle panel), and the control group (bottom panel) in Experiment 1A. Bars represent 95% con-
fidence intervals
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when comparing large and small font size pairs relative to the control group, all Fs < 1.47, 
ps > .22, pBICs > .99. Collectively, increasing font size increased both JOLs and recall per-
centages equally relative to small-font sizes. However, JOLs and recall for large-font sizes 
did not differ relative to the control group.

Experiment 1B: Highlighting effects on related and unrelated pairs

Experiment 1B was a replication of Experiment 1A but used a highlight perceptual manip-
ulation in which half of the pairs were presented using a yellow-highlight format and the 
other half were presented in a standard, non-highlight format. All pairs were presented 
using the same font size with the only perceptual difference being the difference in high-
light presentation. We selected this manipulation, as under some conditions, the use of 
highlighting can be beneficial to comprehension and learning, as highlighting makes text 
distinguishable from non-highlighted material (Fowler & Barker, 1974; Yue et al., 2015). 
By making text more perceptually distinguishable (and thus possibly perceptually fluent), 
we expected that highlighting would operate similarly to other manipulations that enhance 
both distinctiveness and fluency (e.g., bolded vs. unbolded pairs; Ball et  al., 2014, font-
color; Wehr & Wippich, 2004, etc.; but see Price, McElory, & Martin, 2016, who showed 
that bolded items received lower JOLs and were recalled at lower rates than unbolded 
pairs).

Like Experiment 1A, we expected that highlighting pairs would increase perceptual flu-
ency and thus increase the likelihood that participants would provide elevated JOL ratings 
relative to non-highlighted pairs, a pattern consistent with large font-size effects reported 
by Rhodes and Castel (2008). However, given that large-font pairs were only found to pro-
duce a small and equivalent increase to both JOLs and recall relative to small-font pairs 
in Experiment 1A, it is possible that highlighting pairs would also increase both JOL and 
recall percentages equally. We also included comparisons to the control group used in 
Experiment 1A (non-highlighted pairs of the same font size) to gauge whether any high-
lighting benefits would hold when compared to a pure list of non-highlighted pairs. Again, 
highlighting effects were compared across forward, backward, symmetrical, and unrelated 
pair types.

Method

Participants

An additional 41 participants were recruited from Prolific to complete the study using the 
same recruitment criteria as Experiment 1A and were compensated at rate of $4.00 per half 
hour. Participants reported a mean age of 32.24 (SD = 16.74), and all were native English 
speakers who reported normal or corrected-to-normal vision. Full demographic informa-
tion is available in Appendix Table 1.

Materials and procedure

The same materials and general procedure in Experiment 1A were again used in Experi-
ment 1B, with the only difference being the highlight versus no highlight presentation of 
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word pairs. All pairs were presented in a 32-pt. Arial font type, and half of the pairs were 
presented in a bright yellow highlighted format, whereas the other half were presented in a 
standard non-highlighted format. The cued recall test was identical to Experiment 1A, and 
all test pairs were presented in a randomized order using a non-highlighted format. The 
control group from Experiment 1A was also used.

Results

Experiment 1B followed the same data screening procedure as Experiment 1A; less than 
0.5% of the total JOL trials were removed. Figure 2 plots mean JOL and cued-recall per-
centages for highlight and no-highlight pairs across the four pair types. As in Experiment 
1A, we first compare JOL/recall percentages across highlight and no-highlight pair types 
and then compare the within-subject highlight pairs relative to the control group. First, 
a 2(Measure) × 2(Highlight) × 4(Pair Type) within-subject ANOVA yielded an effect of 
measure, F(1, 40) = 7.69, MSE = 1346.04, ηp

2 = .16, in which overall, JOLs exceeded recall 
rates (50.65 vs. 42.70). An effect of pair type, F(3, 120) = 410.75, MSE = 197.25, ηp

2 = .91, 
indicated that JOL/recall percentages were greatest for forward pairs (64.87), followed by 
symmetrical pairs (60.88), backward pairs (45.06), and unrelated pairs (15.90). All pair 
types differed from each other, ts > 3.10, ds > 0.34. Unlike Experiment 1A, however, the 
fluent highlighting factor did not result in a main effect, F < 1, pBIC = .83, nor were any 
interactions with this factor reliable including the three-way interaction, all Fs < 1, ps > .72, 
pBICs > .99.

The measure × pair type interaction was again significant, F(3, 120) = 56.96, 
MSE = 114.88, ηp

2 = .59, indicating an illusion of competence pattern across highlight pairs. 
For forward pairs, JOLs were lower than recall (61.64 vs. 68.10), t(40) = 2.17, SEM = 2.94, 
d = 0.46, however, illusion of competence patterns were found in which JOLs exceeded 
recall rates for symmetrical pairs (64.85 vs. 56.90), t(40) = 2.51, SEM = 3.16, d = 0.49, and 
backward pairs (57.21 vs. 32.91), t(40) = 6.89, SEM = 3.53, d = 1.55, but were only mar-
ginally greater than recall on unrelated pairs (18.91 vs. 12.90), t(40) = 1.90, SEM = 3.16, 
p = .06, pBIC = .52.

We then used a set of mixed ANOVAs to compare JOLs/recall percentages on the 
within-subject highlight and no-highlight pairs relative to control group pairs. Consistent 
with Experiment 1A, no effects or interactions were found when comparing the control-
group pairs to either of the highlight pairs, all Fs < 1.56, ps > .19, pBICs > .99. Collectively, 
highlighting pairs had no effect on JOLs or recall rates when compared to either no-high-
light pairs in a mixed list or when compared to the pure list control of non-highlighted 
pairs.

Discussion

First, Experiment 1A did not show evidence consistent with font-size effect as originally 
reported by Rhodes and Castel (2008) as the expected interaction was not observed. 
Instead, relative to the small font, the large font increased both JOLs and correct 
recall. Furthermore, while large font did increase JOLs, the magnitude of this effect 
was smaller than reported by Rhodes and Castel. Finally, no differences were detected 
between either large or small font pairs and the control group. Thus, although the large 
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font resulted in an increase to JOLs relative to the small font, it did not selectively 
increase JOLs without also affecting recall as previously reported. Second, to test the 
effects of other types of perceptual manipulations on JOLs and recall, we introduced a 
highlighting manipulation in Experiment 1B. However, the presence of highlighting did 
not affect JOLs or recall relative to non-highlighted pairs or the control group.

Fig. 2   Mean JOL and recall rates as a function of pair direction for non-highlighted pairs presented in 
mixed lists (top panel), highlighted pairs presented in mixed lists (middle panel), and non-highlighted pairs 
presented in the control group (bottom panel) in Experiment 1B. Bars represent 95% confidence intervals
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The discrepancies regarding the font-size effect in Experiment 1A may have resulted 
from our inclusion of both related and unrelated stimuli pairs within a mixed list. While 
Rhodes and Castel (2008) found a font-size effect on both related and unrelated pairs 
(Experiment 3), they noted that the effect was stronger when participants studied only 
unrelated pairs. Thus, our inclusion of related pairs may have negated potential fluency 
effects on JOLs. To test this possibility, Experiments 2A and 2B followed the same meth-
ods as Experiments 1A and 1B but included only unrelated pairs.

Experiment 2A: Font‑size effects on pure unrelated lists

Because Rhodes and Castel (2008) found that the font-size effect was dampened when 
participants studied related pairs, Experiment 2A sought to replicate the font-size effect 
using only unrelated pairs. Overall, our predictions followed Experiment 1A. Specifically, 
we anticipated that pairs presented using a large font would have inflated JOLs relative to 
small font pairs. We again expected that there would be no differences in recall as a func-
tion of font-size, with only unrelated pairs. Finally, as in Experiment 1, we included com-
parisons to a control group who studied a pure list of pairs presented in a standard 32-pt. 
Arial font.

Method

Participants

Sixty-five participants were recruited from Prolific and completed the study at a rate of 
$4.00 per half hour. Prolific recruitment followed the same guidelines used in Experiment 
1 such that participants were required to be native English speakers and have obtained at 
least a high school education or equivalent. An additional 12 undergraduates were recruited 
from The University of Southern Mississippi’s psychology research pool and completed 
the study in exchange for course credit. Participants were randomly assigned to either the 
font-size or control group. Our sample size was based on Experiment 1. Data from 9 par-
ticipants were excluded due to low recall rates (e.g., correct recall rates <5%), which sug-
gested that experiment instructions were not properly followed. This resulted in 36 par-
ticipants in the font-size group and 32 participants in the control group. Across groups, 
participants reported a mean age of 24.63 (SD = 10.19). All participants were native Eng-
lish speakers who reported normal or corrected-to-normal vision. Full demographics for 
Experiment 2 are reported in Appendix Table 1.

Materials and procedure

Experiment 2A followed the same procedure used in Experiment 1A with the exception 
that participants studied only unrelated pairs rather than a mixed list of related and unre-
lated pairs. To ensure a sizeable list of unrelated pairs, unrelated pairs from Experiment 1A 
were combined with a new set of unrelated pairs, leading to a total of 160 unrelated study 
pairs (80 pairs per block; see Appendix Table 6 for lexical characteristics). All other mate-
rials, including buffer pairs and the procedure, were identical to Experiment 1A.
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Results

Figure 3 plots mean JOL and cued-recall percentages for large- and small-font pairs in the 
mixed group and pairs in the control group. For completeness, cell means are reported in 
Appendix Table 7 (see Appendix Table 5 for gammas). We first compared font size dif-
ferences in the mixed group using a 2(Measure) × 2(Font Size) within-subject ANOVA. 
Across font sizes, JOLs were not greater than recall rates (27.99 vs. 23.30), F(1, 35) = 2.15, 
MSE = 369.08, p = .15, pBIC = .67, but collapsed across measure, mean JOLs/recall rates 
were greater for large than small fonts respectively (27.00 vs. 24.30), F(1, 35) = 19.10, 
MSE = 13.76, ηp

2 = .35. Importantly, however, font size did not affect JOLs and recall rates 
differently, F < 1, pBIC = .85.

Next, using a pair of mixed ANOVAs, we compared JOLs and recall of large font and 
small font to the control group. Overall, relative to control pairs, JOLs exceeded recall 
rates—an illusion of competence pattern—both when compared to large-font pairs (27.15 
vs. 22.04), F(1, 66) = 4.43, MSE = 202.28, ηp

2 = .06, and when compared to small-font 
pairs (25.80 vs. 20.53), F(1, 66) = 5.75, MSE = 164.00, ηp

2 = .08. JOLs/recall rates were 
marginally greater for large-font pairs than control pairs (27.00 vs. 21.89), F(1, 66) = 3.54, 
MSE = 249.20, p = .06, ηp

2 = .05, pBIC = .58, but no difference occurred between small-font 
pairs and control pairs (24.30 vs. 21.89), F < 1, pBIC = .85. Like the large- and small-font 
pair comparison above, font size did not differentially affect JOLs from recall rates relative 
to control pairs, Fs < 1, pBICs > .88.

Experiment 2B: Highlighting effects on pure unrelated lists

Experiment 2B provided a replication of Experiment 1B using only unrelated item pairs. 
Our predictions followed Experiment 1B and were in line with Rhodes and Castel’s (2008) 
font-size effect. We expected that highlighted pairs would be more perceptually fluent 
and would receive inflated JOLs relative to non-highlighted pairs. Recall was again not 
expected to differ as a function of highlighting. Consistent with the previous experiments, 
a control-group comparison was included. Thus, both JOLs and recall for highlighted and 
non-highlighted pairs were compared to the pure-control group from Experiment 2A.

Fig. 3   Mean JOL and recall 
rates as function of pair type in 
Experiment 2A. Bars represent 
95% confidence intervals. All 
study pairs were unrelated
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Method

Participants

An additional 40 participants from Prolific completed Experiment 2B. Data for three par-
ticipants were omitted using the same exclusion criteria as Experiment 2A (recall <5%). 
Participants completed the study at a rate of $4.00 per half hour. Participants reported a 
mean age of 24.35 years (SD = 10.15). All were native English speakers who reported nor-
mal or corrected-to-normal vision. Full demographic information is presented in Appendix 
Table 1.

Materials and procedure

The same unrelated pairs from Experiment 2A were again used in Experiment 2B. All pro-
cedures were identical with the exception that instead of large/small font sizes, half of the 
pairs were presented in a highlighted modality as in Experiment 1B, and the other half 
were presented in a non-highlighted modality. The font size for pairs in the highlight group 
was also identical to Experiment 1B, which matched the font size of the pairs in the control 
group.

Results

Figure  4 plots mean JOL and cued-recall percentages for highlight and no-highlight 
pairs and control-group pairs. Highlight differences were first compared using a 2(Meas-
ure) × 2(Highlight) within-subject ANOVA. Consistent with an illusion of competence pat-
tern, a main effect of Measure was detected, such that overall JOLs exceeded later recall 
rates (29.17 vs. 20.54), F(1, 36) = 6.26, MSE = 440.59, ηp

2 = .15; and like Experiment 1B, 
the highlight main effect was not reliable, F(1, 36) = 2.82, MSE = 18.23, p = .10, pBIC = .60, 
nor was the interaction, F < 1, pBIC = .86.

We then compared highlight and no-highlight pairs to the control group. A pair of mixed 
ANOVAs revealed that JOLs exceeded recall rates both in the highlight/control compari-
son (27.40 vs. 20.20), F(1, 67) = 8.58, MSE = 201.54, ηp

2 = .11, and in the no-highlight/

Fig. 4   Mean JOL and recall 
rates as function of pair type in 
Experiment 2B. Bars represent 
95% confidence intervals. All 
study pairs were unrelated
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control comparison (26.85 vs. 19.47), F(1, 67) = 8.73, MSE = 80.57, ηp
2 = .12. There were 

no differences when comparing either highlight or no-highlight pairs relative to the control 
group, Fs < 1, pBICs > .85. The interactions were also not reliable, Fs < 1, pBICs > .87.

Discussion

Findings from Experiments 2A and 2B are quite clear. First, in Experiment 2A, the font-
size effect was not in evidence, even after removing related pairs and presenting partici-
pants with only unrelated pairs at study. While large font was again found to increase JOLs, 
it also produced an equivalent increase in recall, replicating the pattern observed in Experi-
ment 1A. Finally, font-size did not affect JOLs or recall relative to the control group. Next, 
Experiment 2B replicated the pattern of results observed in Experiment 1B. Specifically, 
JOLs and recall did not differ between highlighted and non-highlighted pairs, and no dif-
ferences were detected for either pair type relative to the control group. Thus, while high-
lighted pairs are likely to be perceptually fluent relative to non-highlighted pairs, neither 
memory predictions nor recall are affected.

Because font-size only produced a small effect on JOLs in Experiments 1A and 2A 
compared to previous studies (e.g., Mueller et al., 2014; Rhodes & Castel, 2008, etc.) and 
no highlighting effect was observed in Experiments 1B or 2B, we tested whether perceptu-
ally disfluent information would affect JOL estimations. Specifically, Experiment 3 tested 
whether Sans Forgetica, a font designed to benefit retention, would affect JOLs and recall 
relative to Arial font.

Sans Forgetica is a specialized font that was developed by researchers at Royal Mel-
bourne Institute of Technology to aide with retention (Earp, 2018). This font was purposely 
designed to be disfluent and uses an italicized, back-slanted, and hashed style (see Fig. 5 
for examples), which has been suggested to facilitate encoding due to its perceptual dif-
ficulty (i.e., desirable difficulties; Bjork & Bjork, 2011; Bjork, 1994). This specific font 
was selected by the Sans Forgetica research team based on the results of an in-lab study in 
which undergraduates were presented with four fonts (slightly, moderately, and extremely 
disfluent, plus a fluent control font). Overall, recall was highest for pairs presented using 
the moderately disfluent font (69%) versus the slightly disfluent (61%) and the extremely 
disfluent (61%) pair types. Based on these results, the moderately disfluent font was 
selected as the one most likely to induce desirable difficulties and was eventually branded 
Sans Forgetica. We note, however, that this memory boost was small, as 68% of pairs in the 
fluent control group were correctly recalled (Earp). Additionally, as this study was unpub-
lished and its findings not made publicly available, it remains unclear whether recall differ-
ences between Sans Forgetica and the control font reached conventional significance.

Recently, several studies have sought to replicate findings from the Sans Forgetica 
team. Results from these studies, however, suggest that Sans Forgetica does not benefit 

Fig. 5   Examples of unrelated word pairs presented in Experiment 3 using Sans Forgetica font (left) and 
Arial font (right)
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memory as originally claimed. Geller et  al. (2020) showed that unlike generation (a 
task which consistently boosts memory via desirable difficulties; see Slamecka & Graf, 
1978), Sans Forgetica did not yield an improvement versus a standard Arial font 
(Experiment 1). Subsequent experiments found that Sans Forgetica was less effective 
at improving memory than highlighting (Experiment 2) and did not improve perfor-
mance on an old/new recognition task (Experiment 3). Additionally, research by Taylor 
et al. (2020) found that although subjects rated Sans Forgetica as more challenging to 
encode relative to Arial, Sans Forgetica consistently failed to yield a memory benefit 
and, occasionally, resulted in a memory cost. Taken together, Sans Forgetica does not 
appear to aid memory.

Despite that the lack of benefits for Sans Forgetica font, an important question is 
whether the disfluent nature of the font type might affect participants’ JOLs at the time 
of study. In particular, given the findings that perceptually fluent fonts increase JOLs 
(e.g., Experiments 1A and 2A; Hu et al., 2015; Mueller et al., 2014; Rhodes & Castel, 
2008; etc.), it is possible that Sans Forgetica may actually reduce JOLs relative to a 
standard font type. Consistent with this possibility, Sungkhassettee et  al. (2011) pre-
sented participants with words that were either presented inverted (i.e., disfluent) or 
presented in a standard upright position. They found that while recall was enhanced for 
the more perceptually difficult inverted words (consistent with desirable difficulties), 
participants reported lower JOLs for disfluent items over multiple study/test cycles. 
Thus, consistent with a fluency-based account, when compared to a standard presenta-
tion condition, disfluent study pairs via Sans Forgetica may produce lower JOLs which 
may be consistent with the recent evidence suggesting that Sans Forgetica fonts may 
induce a memory cost (Taylor et al., 2020).

Experiment 3: Unrelated word pairs in Sans Forgetica font

The goal of Experiment 3 was therefore to compare JOLs that are provided on pairs 
studied in Sans Forgetica font relative to a standard Arial font and evaluate font-type 
effects on subsequent recall. Though Sans Forgetica is purported to increase recall via 
desirable difficulties (Earp, 2018), perceptual disfluency might also induce a reduction 
in JOLs relative to control conditions (Sungkhassettee et al., 2011). Thus, a desirable 
difficulties account would predict that the disfluency of Sans Forgetica would reduce 
JOLs at encoding. Separately, however, because Sans Forgetica was developed with the 
purpose of enhancing memory, an alternative possibility is that participants may hold a 
belief that Sans Forgetica is beneficial to memory and therefore increase their JOLs at 
study. While Experiment 3 does not inform participants about the background of Sans 
Forgetica in advance, participants may hold the belief that Sans Forgetica is beneficial 
despite clear perceptions of disfluency. While not designed to test a fluency versus 
beliefs account of JOLs, an increase in JOLs for Sans Forgetica font may indicate that 
participants beliefs can affect JOLs even when study information is disfluent.

In addition to directly comparing JOLs and recall rates for word pairs presented 
in Sans Forgetica and Arial font types, we also compare these mixed pairs directly 
to a pure control group as in Experiments 1 and 2. Specifically, we compare a pure 
Arial control group to evaluate whether differences in JOLs/recall rates are due to the 
within-subject context.



Perceptually fluent features of study words do not inflate…

1 3

Method

Participants

A total of 88 participants completed Experiment 3. Of these participants, 33 were recruited 
via Prolific using the same recruitment criteria as the previous experiments and were com-
pensated at a rate of $4.00 per half hour. The remaining 55 participants were undergraduate 
students recruited from The University of Southern Mississippi’s psychology research pool 
who completed the study in exchange for partial course credit. Cued-recall performance 
was again used as a compliance check. Data from 8 participants were excluded (< 5% cor-
rect recall), resulting in 39 participants in the Sans Forgetica/Arial mixed group and 41 in 
the Arial-only control group, consistent with Experiments 1 and 2. Across both groups, 
participants reported a mean age of 21.78 (SD = 6.23). Full demographics are available in 
Appendix Table 1. All participants were native English speakers reporting normal or cor-
rected-to-normal vision.

Materials and procedure

Experiment 3 used the same set of unrelated pairs in Experiments 2A and 2B and followed 
the same general procedure with the following exception. Participants were randomly 
assigned to either the Sans Forgetica or control groups. Participants in the Sans Forgetica 
group studied mixed lists in which half of the word pairs were presented in 32-pt. Sans 
Forgetica font while the other half were presented in a standard, 32-pt. Arial font. For par-
ticipants assigned to the control group, all pairs were presented 32-pt. Arial font (as in pre-
vious experiments). In both groups, participants made JOL ratings concurrently with study. 
All other materials and procedures were identical to those used in Experiments 2A and 2B.

Results

Figure  6 plots mean JOL and cued-recall percentages for Sans Forgetica and Arial font 
types in the mixed group as well as JOL/recall rates for the control group. Appendix 
Table 8 reports all cell means for completeness; Appendix Table 5 reports mean gammas. 

Fig. 6   Mean JOL and recall 
rates as function of pair type in 
Experiment 3. Bars represent 
95% confidence intervals. All 
study pairs were unrelated
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We first evaluated Sans Forgetica font effects using a 2(Measure: JOL vs. Recall) × 2(Font: 
Sans Forgetica vs. Arial) within-subject ANOVA. Consistent with Experiment 1, an 
effect of measure was found, F(1, 38) = 7.69, MSE = 383.54, ηp

2 = .17, in which JOL rates 
exceeded correct recall (30.49 vs. 21.79). An effect of font was also found, F(1, 38) = 17.77, 
MSE = 28.66, ηp

2 = .32, in which Sans Forgetica produced lower JOL/recall rates relative to 
Arial font (24.24 vs. 27.95). The interaction was not reliable, F(1, 38) = 1.98, MSE = 25.19, 
p = .17, pBIC = .70.

We then separately compared Sans Forgetica and Arial pairs in the mixed group to the 
control group. Starting with the comparison between Sans Forgetica pairs and the con-
trol group, a 2(Pair Type: Sans Forgetica vs. Control) × 2 (Measure: JOL vs. Recall) mixed 
measures ANOVA yielded an effect of measure, F(1, 78) = 8.46, MSE = 166.33, ηp

2 = .10, 
in which JOLs exceeded recall rates (26.12 vs. 20.82). No difference was found on JOLs/
recall rates between Sans Forgetica and control pairs, F < 1, pBIC = .86, but a marginal 
interaction was found, F(1, 78) = 3.64, MSE = 166.33, p = .06, ηp

2 = .05, pBIC = .59. Follow-
up comparisons indicated that this interaction was due to an illusion of competence pattern 
for Sans Forgetica pairs, but not control pairs. Specifically, for Sans Forgetica pairs, JOLs 
exceeded recall rates (29.25 vs. 19.42), t(38) = 3.06, SEM = 3.21, d = 0.62, but for control 
pairs JOLs and recall rates were well-calibrated (23.14 vs. 21.10), t < 1, pBIC = .82.

Turning to Arial pairs, a 2(Pair Type: Arial vs. Control) × 2 (Measure: JOL vs. Recall) 
mixed ANOVA again found a significant effect of measure, F(1, 78) = 5.43, MSE = 169.94, 
ηp

2 = .07, in which JOLs exceeded recall (31.73 vs. 24.17). JOLs/recall rates were greater 
for Arial font pairs than the control pairs (27.95 vs. 22.12), F(1, 78) = 5.01, MSE = 271.12, 
ηp

2 = .06, indicating that although Arial and control pairs were perceptually identical (same 
font type and size), mixed Arial pairs presented in the same context as Sans Forgetica pairs 
were rated as more likely to be remembered than control pairs presented without a Sans 
Forgetica context. The interaction was not reliable, F(1, 78) = 1.73, MSE = 169.94, p = .18, 
pBIC = .78.

Discussion

Experiment 3 tested whether a Sans Forgetica font type would affect JOLs and recall rates 
relative to a standard Arial font. We expected that if JOLs are sensitive to fluency, then par-
ticipants should assign lower JOL ratings to the disfluent Sans Forgetica than Arial pairs, 
but recall of Sans Forgetica pairs should be higher than Arial pairs due to the benefits of 
desirable difficulties on learning (Bjork & Bjork, 2011). In contrast, if participants hold a 
belief that Sans Forgetica aids memory, then Sans Forgetica should produce an increase in 
JOLs relative to Arial pairs. Overall, JOLs were lower for pairs presented using the less flu-
ent Sans Forgetica font, an observation that was both in line with the fluency-based account 
and suggested that participants did not believe Sans Forgetica would aid retention. Addi-
tionally, Sans Forgetica produced a cost to recall when compared to Arial pairs that had 
been presented within the same study list, suggesting that Sans Forgetica does not operate 
as a desirable difficulty and is instead costly to memory. Furthermore, Arial pairs in the 
mixed list received higher JOLs and were recalled at a greater rate relative to the control 
group, which presented pairs using the same font and size. These findings suggest that par-
ticipants favor more fluent fonts when placed in the same context as disfluent fonts, and our 
inclusion of a control group allowed us to test this context effect.
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General discussion

The primary goal of our study was to evaluate the effects of perceptual fluency on JOLs 
and on the subsequent recall of word pairs. We based our study on Rhodes and Castel 
(2008), who reported a font-size effect in which JOLs were inflated for pairs presented in 
a perceptually large font relative to small font but had no effect on later recall. The pre-
sent study similarly evaluated the font-size effect in addition to testing highlighting (vs. not 
highlighting) and Sans Forgetica (vs. a standard Arial) font type on JOLs and recall rates.

Experiment 1A examined the font-size effect using a set of related (i.e., forward, back-
ward, and symmetrical paired associates) and unrelated word pairs presented in the same 
study list. We expected that pairs presented using a large font, which are more perceptu-
ally fluent and thus perceived as  easier to encode, would have inflated JOLs relative to 
small-font pairs without affecting recall. We also compared these mixed-list font sizes to a 
pure-control group in which all pairs were presented using a standard font size. The control 
comparison allowed us to evaluate large and small-font size effects relative to a baseline 
font size. While the large-font size increased both JOLs and recall rates similarly relative to 
small-font pairs, JOLs for large-font word pairs did not increase at a greater rate than recall 
as predicted by the font-size effect (e.g., Rhodes & Castel, 2008). Finally, neither JOLs nor 
recall differed as a function of font-size when compared to the control group.

Experiment 1B used the same set of related and unrelated stimuli pairs to test whether 
the font-size patterns extended to highlighted pairs. We similarly expected highlighted 
pairs would be more perceptually fluent, leading to an increase in JOLs relative to non-
highlighted pairs but have no effect on recall rates, a pattern consistent with font-size effect 
as originally reported by Rhodes and Castel (2008). Overall, highlighted pairs affected nei-
ther JOLs nor recall rates when compared to non-highlighted pairs in either the mixed or 
the pure control group.

Because perceptual manipulations did not differentially affect JOLs versus recall rates 
in Experiment 1 when using a mixed list of related and unrelated pairs, Experiments 2A 
and 2B provided an additional test of potential font-size and highlighting effects on JOLs 
using lists that only contained unrelated pairs. Experiment 2A again found that large-font 
sizes significantly increased both JOLs and recall rates relative to small-font pairs and mar-
ginally relative to control pairs, but again, the standard font-size effect was not found, as 
JOLs and recall both increased as a function of font-size. In Experiment 2B, the highlight 
manipulation again produced no effect on either JOLs or recall rates. Thus, font size and 
highlighting effects were not due to differences in the related versus unrelated pairs pre-
sented within the study list.

Finally, Experiment 3 evaluated the effects of Sans Forgetica font on JOLs. We selected 
this font because, although it is perceptually disfluent, it is suggested to enhance recall 
through desirable difficulties (Earp, 2018). While several recent studies have indicated 
that presenting study materials using Sans Forgetica does not benefit memory (e.g., Geller 
et al., 2020; Taylor et al., 2020), JOLs may be sensitive to the perceptually disfluent nature 
of Sans Forgetica. However, we also posited that given that Sans Forgetica was developed 
with the purpose of enhancing memory, participants may expect Sans Forgetica to ben-
efit memory which could increase JOLs. Consistent with a fluency-based account, Sans 
Forgetica was found to decrease JOLs relative to the Arial font, but only when Sans For-
getica was compared to the Arial pairs in the mixed list and not the pure Arial pairs in the 
control group. Recall was also impacted by font type, as recall of Sans Forgetica pairs was 
lower relative to mixed Arial pairs but not the pure Arial pairs—a Sans Forgetica cost. 
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Interestingly, mixed Arial pairs produced greater JOLs and recall rates than Arial pairs in 
the pure group, suggesting that the mixed list context increased both participants’ JOLs and 
the encoding of Arial pairs. Thus, the disfluent nature of Sans Forgetica results in lower 
JOLs relative to a standard Arial control pairs while producing no recall benefit.

In addition to our use of other perceptual manipulations beyond font-size, an important 
distinction between the current study and Rhodes and Castel (2008) is that each of our 
experiments included a pure-control group, a novel comparison that has not been included 
in previous font-size experiments. This control task involved participants studying only one 
type of word pair rather than both perceptually fluent and disfluent word pairs like in the 
experimental groups. The inclusion of this task allowed us to assess the effects of list pres-
entation (e.g., mixed vs pure lists) and control for potential carryover effects (e.g., Huff 
et  al., 2021). Relative to the control group, Experiments 1 and 2 showed no significant 
effect of font-size or highlighting on JOLs or recall. Experiment 3, however, showed an 
increase to both JOLs and recall for Arial pairs in the mixed list relative to the same pairs 
in the control group. Thus, our inclusion of pure list control groups allowed us to assess the 
effects of context on fluency effects, providing a more complete assessment of how these 
processes affect both JOLs and recall.

Finally, while not a primary focal point of the current study, illusion of competence 
patterns (Koriat & Bjork, 2005; Maxwell & Huff, 2021) consistently emerged across 
experiments. In Experiment 1, JOLs overpredicted recall for backward, symmetrical, and 
unrelated pairs, regardless of font-size, highlights, or control group pairs. For forward asso-
ciates, however, JOLs and recall were well calibrated. This replicated findings by Maxwell 
and Huff (2021), who showed that JOLs consistently overpredicted correct recall for study 
pairs in which the cue was not predictive of the target. Additionally, the illusion of com-
petence pattern extended to unrelated pairs in Experiment 2 and 3, such that JOLs again 
overpredicted recall, regardless of perceptual fluency or encoding group (e.g., mixed lists 
or control).

Taken together, our experiments showed that memory predictions were largely unaf-
fected by manipulations designed to affect perceptual fluency. This finding was surprising 
given that the font-size effect has been shown to be robust and has a replicable pattern (see 
Halamish et al., 2018). However, even though we used large sample sizes and tested across 
a variety of modalities, the expected increase in JOLs while having no effect on recall did 
not occur. Although the same font-size pattern as reported by Rhodes and Castel (2008) did 
not emerge, we note that Experiments 1A and 2A did show that large font-size increased 
JOLs. Our effect of large font on JOLs was smaller however than that reported by Rhodes 
and Castel, despite a greater size difference between pairs in our experiment (12-pt. vs. 
54-pt.) than those used previously (18-pt. vs. 48-pt.). Regardless, however, the increase in 
both JOLs and recall rates for larger pairs is consistent with other studies (e.g., Miele et al., 
2011; Susser et al., 2013; Undorf et al., 2017; Yang et al., 2018).

While font-size produced a small benefit to both JOLs and recall, neither highlight-
ing nor Sans Forgetica font type produced a similar increase to JOLs or recall. Indeed, 
Sans Forgetica produced a mixed-list cost to memory relative to Arial font. This find-
ing lends support to a growing body of literature suggesting that Sans Forgetica may 
not be an effective tool for improving retention (e.g., Geller et al., 2020; Taylor et al., 
2020). Although Sans Forgetica was designed to improve retention through desir-
able difficulties, which have been suggested to contribute to other memory benefits 
(e.g., spacing and retrieval-practice effects; see Maddox, 2016, and Rowland, 2014, 
for reviews), it is not always clear what constitutes a sufficient level of difficulty to 
promote memory (e.g., McDaniel & Butler, 2010). Regarding the desirable difficulty 



Perceptually fluent features of study words do not inflate…

1 3

of Sans Forgetica, recent work by Eskenazi and Nix (2021) has shown that within the 
context of learning, any benefits of this font may be moderated by individual differ-
ences, such as spelling and reading level. However, a trend is emerging in which Sans 
Forgetica may be more appropriately termed “Sans Remembrica” due to its potential 
memory costs.

Though the expected font-size effect patterns were not found and the increases to 
JOLs and recall observed for large font in Experiments 1A and 2A did not extend to 
the other perceptual manipulations, we note a few methodological departures within 
our study that merit further discussion. First, across experiments, participants studied 
cue-target pairs followed by a cue-recall test. Rhodes and Castel (2008) initially found 
the font-size effect by having participants study individual words (vs. word pairs) fol-
lowed by free-recall testing—a pattern that has been reported by others (e.g., Mueller 
et  al., 2014; Yang et  al., 2018). However, we also note that the font-size effect has 
been found on cued-recall of word pairs (Price et  al., 2016; Rhodes & Castel, 2008; 
Experiment 3), indicating that the presence versus absence of a font-size effect is likely 
not due to differences in study and test formats. A second possibility is that whereas 
Price et al. and Rhodes and Castel used experimenter-paced encoding, our participants 
self-paced their study. But again, the font-size effect has also been found using partic-
ipant-paced encoding (Su et  al., 2018), suggesting that the font-size effect cannot be 
chalked up to differences in encoding type. Finally, when generating related and unre-
lated study materials in our study, we were careful to match all pair types on various 
lexical and semantic characteristics which may affect cued-recall rates (see Appendix 
Table  3). Previous font-size effect studies that found the font size memory enhance-
ment for related but not unrelated materials only controlled for a subset of these char-
acteristics (e.g., word frequency), and it was unclear whether these characteristics were 
matched across counterbalances. It is possible that lexical and semantic differences 
may have covaried with the relatedness between the study materials contributing to the 
font-size effect. Of course, evaluating the interaction between item characteristics and 
the memory benefits of large fonts is outside the scope of our study, but we highlight 
this discrepancy to be focal for future research.

Conclusion

The present study investigated the effects of perceptual fluency on JOLs and recall 
by (1) evaluating the font-size effect and (2) testing whether highlighted pairs and 
perceptually disfluent Sans Forgetica font would affect JOLs and subsequent cued-
recall. While font-size increased both JOLs and recall rates similarly for lists with both 
related and unrelated pairs and in lists with only unrelated pairs, JOLs were not overly 
inflated relative to recall. The highlighting manipulation, however, produced no effect 
on JOLs or recall, regardless of list type. Furthermore, Experiment 3 showed that 
Sans Forgetica font, which was designed to improve retention, can induce a memory 
cost under certain circumstances. Finally, our inclusion of control groups within each 
experiment provided a baseline comparison group given possible mixed-list carryover 
effects that have previously been unaccounted for within this context. Collectively, this 
set of experiments provides a greater understanding of how perceptual features influ-
ence JOLs and recall, particularly within the context of cued-recall testing.
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Appendix

Table 1   Demographic information for participants in each encoding group in Experiments 1, 2, and 3

 Age rows report mean age in years. Parentheses denote SDs. % College rows denote percentage of respond-
ents indicating that they have completed partial college coursework or greater. Participants were required to 
be native English speakers who had achieved at least a high school education or equivalent

Variable/Group Control Font-Size Highlight Sans Forgetica

Experiment 1
   n 39 41 41 –
   Age (years) 26.49 (10.29) 32.24 (16.74) 25.55 (13.81) –
   % Female 64% 63% 61% –
   % White 87% 78% 68% –
   % College 69% 54% 54% –

Experiment 2
   n 32 36 37 –
   Age (years) 25.28 (9.72) 24.06 (10.68) 24.35 (10.15) –
   % Female 88% 69% 70% –
   % White 66% 69% 57% –
   % College 69% 34% 51% –

Experiment 3
   n 41 – – 39
   Age (years) 21.15 (4.82) – – 22.46 (7.44)
   % Female 71% – – 82%
   % White 68% – – 72%
   % College 76% – – 74%

Table 2   Mean associative 
strength summary statistics 
forward, backward, and 
symmetrical pairs in Experiment 
1A and 1B

  FAS (forward associative strength) and BAS (backward associative 
strength) values for unrelated pairs as these items share zero associa-
tive overlap

Condition Variable M SD Min. Max.

Forward FAS .37 .21 .05 .81
BAS .00 .00 .00 .00

Backward FAS .00 .00 .00 .00
BAS .37 .21 .05 .81

Symmetrical FAS .19 .13 .01 .46
BAS .19 .13 .02 .52
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Table 3   Summary statistics for cue and target concreteness, length, and frequency item properties as a 
function of pair type in Experiments 1A and 1B

 Frequency is measured using SUBTLEX word frequency measure (Brysbaert & New, 2009). Concreteness 
and length were taken from the English Lexicon Project (Balota et al., 2007)

Pair Type Position Variable M SD Min. Max.

Forward Cue Concreteness 4.97 1.22 2.61 6.53
Length 6.20 1.86 3 10
Frequency 3.74 0.67 2.44 5.29

Target Concreteness 4.96 1.14 2.40 6.67
Length 4.46 1.27 3 8
Frequency 2.49 0.63 1.59 4.86

Backward Cue Concreteness 4.96 1.14 2.40 6.67
Length 4.46 1.27 3 8
Frequency 2.49 0.63 1.59 4.86

Target Concreteness 4.97 1.22 2.61 6.53
Length 6.20 1.86 3 10
Frequency 3.74 0.67 2.44 5.29

Symmetrical Cue Concreteness 4.93 1.36 2.35 6.86
Length 5.05 1.62 3 10
Frequency 3.27 0.61 1.66 4.37

Target Concreteness 4.44 1.37 2.05 6.53
Length 5.38 2.23 3 13
Frequency 3.18 0.73 1.68 5.50

Unrelated Cue Concreteness 4.59 1.40 2.18 6.93
Length 5.13 1.56 3 11
Frequency 3.20 0.80 1.28 4.76

Target Concreteness 4.67 1.15 2.88 6.63
Length 5.30 1.49 3 8
Frequency 3.18 0.90 0.95 4.96



	 N. P. Maxwell et al.

1 3

Table 4   Mean (± 95% CI) JOL ratings and correct recall percentages as a function of associative direction (forward, 
backward, symmetrical, and unrelated) for the control, highlight, and font size groups in Experiments 1A and 1B

 Right-most column reports mean JOLs/Recall percentages collapsed across pair direction

Pair Type/Group Forward Backward Symmetrical Unrelated Overall

JOL Ratings
   Control Group 60.87 (3.85) 55.18 (4.07) 64.84 (3.74) 19.43 (4.76) 50.08 (3.50)

Font Size Group
   Large Items 62.76 (4.68) 59.59 (4.33) 66.74 (4.30) 16.81 (4.18) 51.47 (3.82)
   Small Items 60.93 (4.83) 56.81 (5.41) 62.76 (4.56) 16.31 (3.92) 49.21 (3.77)

Highlight Group
   Highlight Items 61.95 (5.02) 57.86 (4.33) 65.53 (4.43) 18.55 (4.76) 50.97 (3.70)
   No Highlight Items 61.32 (4.08) 56.55 (4.24) 64.17 (4.40) 19.26 (4.49) 50.33 (3.51)

Correct Recall %
   Control Group 69.29 (5.39) 31.67 (5.29) 57.76 (5.62) 8.85 (2.50) 41.89 (3.50)

Font Size Group
   Large Items 67.76 (6.33) 33.47 (6.47) 59.81 (5.64) 9.43 (3.00) 42.62 (4.47)

Small Items 65.67 (5.72) 31.06 (5.79) 55.67 (5.58) 9.40 (3.06) 40.65 (4.23)
Highlight Group

   Highlight Items 68.51 (5.20) 33.51 (5.93) 56.27 (6.39) 12.90 (3.94) 42.80 (4.24)
   No Highlight Items 67.69 (4.36) 32.32 (5.65) 57.53 (5.76) 12.91 (5.28) 42.61 (4.21)

Table 5   Mean (± 95% CI) Goodman-Kruskal Gamma correlations between JOLs and Recall for each pair 
type/encoding group as a function of associative direction in Experiments 1A and 1B and for unrelated 
pairs in Experiments 2A, 2B, and 3

 All study/test items were unrelated in Experiments 2 and 3. Right-most column denotes mean gamma col-
lapsed across associative direction in Experiment 1. Gamma analyses are available at https://​osf.​io/​xymez/

Pair Type/Group Forward Backward Symmetrical Unrelated Overall

Experiment 1
   Control Group .25 (.08) .19 (.08) .20 (.07) −.01 (.17) .17 (.06)

Font Size Group
   Large Items .21 (.11) .17 (.14) .29 (.11) .27 (.20) .23 (.07)
   Small Items .16 (.13) .23 (.12) .29 (.11) .12 (.22) .20 (.08)

Highlight Group
   Highlight Items .26 (.14) .25 (.13) .21 (.13) .26 (.16) .25 (.07)
   No Highlight Items .26 (.10) .32 (.12) .24 (.10) −.16 (.16) .20 (.07)

Experiment 2
   Control Group – – – .38 (.08) –

Font Size Group
   Large Items – – – .31 (.11) –
   Small Items – – – .37 (.09) –

Highlight Group
   Highlight Items – – – .12 (.15) –
   No Highlight Items – – – .28 (.13) –

Experiment 3
   Control Group – – – .34 (.07) –

Sans Forgetica Group
   Sans Forgetica Font – – – .33 (.12) –
   Standard Font – – – .28 (.11) –

https://osf.io/xymez/
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Table 6   Summary statistics for 
cue and target concreteness, 
length, and frequency item 
properties for unrelated pairs in 
Experiments 2A, 2B, and 3

  Frequency is measured using SUBTLEX word frequency measure 
(Brysbaert & New, 2009). Concreteness and length were taken from 
the English Lexicon Project (Balota et al., 2007)

Position Variable M SD Min. Max.

Cue Concreteness 4.55 1.24 2.18 6.93
Length 5.16 1.50 3 11
Frequency 3.04 0.84 0.95 4.96

Target Concreteness 4.20 1.42 1.56 6.78
Length 5.10 1.36 3 8
Frequency 3.13 0.76 1.18 5.47

Table 7   Mean (± 95% CI) 
JOL ratings and correct recall 
percentages for the control, 
highlight, and font size groups in 
Experiments 2A and 2B

 All study/test items were unrelated

Group JOL Rating Correct Recall %

Control 24.76 (5.05) 19.09 (4.95)
Font Size

   Large 29.27 (4.89) 24.72 (5.25)
   Small 26.72 (4.42) 21.86 (4.94)

Highlight
   Highlight 30.42 (5.40) 21.60 (5.05)
   No Highlight 29.39 (5.57) 20.35 (5.63)

Table 8   Mean (± 95% CI) 
JOL ratings and correct recall 
percentages for the control, 
and Sans Forgetica groups in 
Experiment 3

 All study/test items were unrelated

Group JOL Rating Correct Recall %

Control Group 23.14 (3.56) 21.10 (4.59)
Sans Forgetica Group

   Sans Forgetica Font 29.25 (4.59) 19.42 (5.31)
   Standard Font 31.73 (4.64) 24.17 (5.51)

https://doi.org/10.1007/s11409-021-09284-6
https://doi.org/10.1007/s11409-021-09284-6
https://osf.io/3xwdr/
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