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ABSTRACT
Metamemory is the process of inspecting and judging our own memory. One type of
judgment is feeling of knowing (FOK) judgments that are similar to making self-evaluations
during learning for later performance. These judgments are influenced by various kinds of
fluency cues. Perceptual fluency is the ease of processing perceptual information and does not
predict later memory performance while conceptual fluency is the ease of processing conceptual
information and accurately predict later memory performance. In academic settings, if students
learn to distinguish between accurate and inaccurate cues, they can use the knowledge to use
accurate cues effectively for future performance. Past studies investigated the effect of single
fluency cue on JOLs. In reality, however, making self-evaluation takes time like FOK judgments
paradigm and unlike JOL judgments paradigm that may not be generalizable. Students are also
influenced by multiple fluency cues. The present study investigated how multiple fluency cues,
font size (large versus small) and level of processing information (deep versus shallow),
influence FOK judgments. Seventy eight younger adults studied word pairs in large or small font
size and were either directed for deep or shallow level of processing information. Results
revealed a significant interaction such that font size was only accounted for when information
was processed at a shallow level. Furthermore, participants were overall underconfident in their
predictions for their memory performance. Results are discussed in terms of applications in
everyday learning, making decisions and in academic settings.
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CHAPTER 1
INTRODUCTION
Metamemory is the process of monitoring one’s beliefs, knowledge, and mental processes
to understand how one’s memory operates (Nelson & Narens, 1990). One application of
metamemory is in academia where students need to evaluate their knowledge to know how much
they have learned (Finn & Tauber, 2015; Koriat, 1997). In schools and colleges, students are
given suggestions on how to study effectively for proper retention of knowledge and improve
their performance. These suggestions are based on research from both memory, such as spacing
out study sessions, and metamemory, such as asking self-questions for comprehension of the
concepts when reading (Koriat, 1997). However, students often miscalibrate their predictions of
how much they learned with their actual performance and often study methods/strategies fail to
inform students on why these discrepancies occur and ways to avoid them. Students should
recognize the cues that cause discrepancies between their metamemory and memory so that they
can avoid them during studying. One of the factors that commonly result in the metamemory and
memory discrepancy is fluency, the ease with which we process information (Craik & Lockhart
1972; Lanska, Olds & Westerman, 2014). Sometimes fluency cues that result in deeper
processing of conceptual knowledge allow students to learn the information thoroughly and
efficiently (Lanska et al., 2014, Metcalfe et al., 1993; Rhodes & Castle, 2008; Schwartz &
Metcalfe, 1992). However, often students’ subjective experiences with fluency cues do not
coincide with what they have actually learned (Kornell & Bjork, 2009; Koriat, 1997). This
discrepancy leads to overconfidence in students. Overconfidence results in poor performance
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such as thinking they have learned the information well when they did not (Bjork, Dunlosky &
Kornell, 2013; Schommer, 1990). Students could also be under confident, such as thinking they
have not learned the material well when they actually have, resulting in greater time cost and
inefficiency during studying (Finn & Tauber, 2015). Additionally, during studying, students are
influenced not only by a single fluency cue but multiple fluency cues that affect their
metamemory and their actual knowledge. To understand how metamemory and memory
miscalibration occur, two broad aspects need to be investigated—how fluency cues affect
metamemory judgments and how it affects memory performance. In this current study, my
primary analysis will be taking the initial step in understanding how multiple fluency cues affect
metamemory. As one of the key factors in the current experiment, it is essential to understand,
first, the fundamental process of metamemory.
In laboratory settings, metamemory is often studied by asking participants to make
subjective judgments on their memory for word pairs at either encoding or retrieval stages of the
memory process. One type of encoding-based judgments is judgments of learning (JOLs). JOLs
assess how well participants believe that they will learn the items later on. They are made
immediately following a presentation of a stimulus, such as a cue-target pair (cat-apple, where
cat is the cue and apple is the target). Retrieval-based judgments include feeling of knowing
(FOK) judgments, which assess how well participants believe that they will recognize the items
later, immediately after a retrieval attempt. FOK judgments require participants to rate their
beliefs based on the items they saw during encoding and how well they can retrieve at least
partial information. It also predicts future recall. Hence, it is a unique judgment in the sense that
it consists of both encoding and retrieval components and will be the class of metamemory
judgments studied in the current experiment.
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Although metamemory judgments usually align with memory performance, research has
shown that certain cues lead to inaccurate metamemory judgments due to the influence of
different factors (Castel, McCabe & Roediger, 2007; Dunlosky & Matvey, 2001; McDonough &
Gallo 2012; Rhodes & Castel, 2008; Schwartz & Metcalfe, 1992). As mentioned earlier, one of
the cues that mediate the underlying metamemory process is fluency—the speed and ease of
processing information (Lanska et al., 2014). The influence of fluency on metamemory and
memory differs based on the type of metamemory judgment—encoding-based judgment that
depends on encoding phase of the memory or retrieval-based judgments that depends both on
encoding and retrieval phase of the memory (Lanska et al., 2014; Lupker, Harbluk & Patrick,
1991; Metcalfe, Schwartz & Joaquim, 1993; Rhodes & Castel, 2008; 2009; Schwartz &
Metcalfe, 1992).
Subjective experiences of fluency affect metamemory judgments
Fluency can act both as a diagnostic cue (metamemory judgment accurately predicts
memory performance) and as a non-diagnostic cue (metamemory judgment inaccurately predicts
memory performance) in learning situations (Koriat 2008; Kelley & Bjork, 2007). At encoding,
for instance, Koriat (2008) asked participants to study a number of cue-target pairs, rate the
richness of the information and how much thoughts they can bring to mind based on the pairs.
Next, participants rated their confidence with encoding-based judgments (JOLs) in successive
trials. At test trials, they were asked to identify the correct target in a forced-choice
twoalternative question. The experiment consisted of several study-test trials. Cue-target pairs
that were correctly identified in the first test trial were removed from the future study and test
trials.
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Result showed that items that were more accessible in mind (more fluent) in the previous
study trials were correctly identified at both first and final test trials. Here, more accessible items
that were rich in description could bring more information to mind and hence these items were
more fluent (Koriat 2006; Koriat 2008). In addition, JOLs were higher for items that were more
easily learned showing that it accurately predicted the advantage of easily learned items. Overall,
the findings implicated that fluency can predict accurate performance in some situations.
However, fluency may not always be diagnostic of whether items have been learned
properly at encoding. When used inaccurately to assess one’s learning, it can result in poor
performance. Sometimes, items that are easy to recall can be learned in a short period of time.
Participants’ evaluations of learning these items are also effective (Metcalfe & Kornell, 2005,
2007; Thiede & Dunlosky, 1999). In contrast, items that are harder to recall need more time to
learn so that they can be properly retained in memory. However, in some cases students do not
give enough time in studying these items because they believe they have already learned the
material (Kornell & Bjork 2007). For example, students prematurely stop studying for items
when they “feel” like they know the to-be studied materials at the present time, which often
makes them overconfident in their assessment of learned information (Kornell & Bjork, 2007).
Instead of studying those items, they move on to focus on other items, implying, they stop their
learning too soon. Learning strategies that result in rapid fluency at encoding occur due to less
elaborate and more shallow processing of information, which may lead to a discrepancy between
metamemory and actual memory. For instance, students usually disregard spaced study sessions
(studying at spaced intervals) that enhance long-term memory performance, and prefer single
study sessions (cramming) that results in rapid forgetting (Hintzman, 1974; Kornell, Castel, Eich
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& Bjork, 2010; Kornell & Bjork, 2007). At encoding, single study sessions may increase fluency
and gives a false perception that the items have been learned, causing the participants to be
overconfident in their learning assessment, such as during exams. On the other hand, spaced
session has greater time cost for increasing fluency of information, but it consists of elaborate
processing that enhances learning, resulting in a good outcome during exams (Dempster, 1988;
Kornell & Bjork, 2007; Kornell et al., 2010).
Similarly, at retrieval, fluency may act as a non-diagnostic cue. Even though fluency
increases when we bring more information to mind, the relative difficulty in retrieving these
items may reduce one’s confidence in one’s memory (Schwartz et al., 1991; Winkielman,
Schwarz & Belli, 1998). Winkielman et al. (1998) asked some participants to recall 12 childhood
events and others 4 events. Those recalling 12 events were underconfident in their memory
ability compared to those who recalled 4 events. In another study, Kelley and Lindsay (1993)
gave participants a list of words to study that consisted of names and places. Following the study
phase, participants were given a general information test. Some words on the study list were
correct answers for the questions on the test, while some were related, but not the actual answers
for the test. The latter enhanced fluency (due to a relatedness effect) for retrieving the answers
but not the accuracy. Results showed that for incorrect answers, the speed, frequency and
confidence in producing those answers increased noticeably. It was also evident even when
participants were informed that the list consisted of incorrect answers, implying that when
fluency for retrieving incorrect answers increased, participants thought of them as correct
answers. In a similar study, Kelly and Jacoby (1996) gave participants a list of anagrams to solve
(e.g. deriving cinema from iceman). Some participants were given the answers while others were
only given the words without the answers. Thus, participants who saw the solution completed the
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anagram faster than those who did not. When they were asked to rate their confidence level in
solving the puzzle, participants who solved it faster gave a high confidence rating compared to
those who did not. In this study, participants’ speed of solving the anagrams was misattributed
to the fact that it was “easy” to solve, not to the fact that they were shown the solution earlier. In
all these cases, participants did not allow a deeper level of processing the information and relied
on incorrect cues that enhanced their fluency but not their accuracy. Hence, their metamemory
and memory were miscalibrated.
Discrepancies between metamemory and memory cause limitations in learning within
academic settings. For example, students may be misinformed by fluency cues such as
highlighted texts, larger font size, or a familiar heading of a chapter during studying. These
perceptual cues might lead them to think that they will remember the information when in reality
they will not remember in later performance (Finn & Tauber, 2015). One of the common types of
fluency that causes the discrepancy between metamemory and memory performance is
perceptual fluency, ease of processing perceptual information (Jacoby 1983; Whittlesea 1993;
Lanska et al., 2014; Lupker et al., 1991; Rhodes & Castel, 2008; 2009). In contrast, conceptual
fluency, the ease of processing conceptual information, has been shown to be an accurate
predictor for memory performance, making it a relevant cue when making metamemory
judgments (Metcalfe et al., 1993; Rhodes & Castle, 2008; Schwartz & Metcalfe, 1992).
Perceptual fluency cues, such as font size, have practical applications in learning, such as fluency
for reading textbooks. Hence, font size (large versus small font size) was used as one of the main
manipulation in the study. Usually for conceptual fluency, one of the common cues used in
previous studies was repetitive priming of the words (Metcalfe et al., 1993; Schwartz &
Metcalfe, 1992). However, this kind of manipulation consists of both conceptual and perceptual
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fluency aspects. For instance, seeing the items repeatedly can be both a perceptual cue (we
perceive it repeatedly) and a conceptual cue (with repetitive perception, the meaning of the item
is conceptualized). An example of conceptual fluency that may not have the influence of
perceptual fluency is deep level of processing (LOP) versus shallow level of processing (LOP).
This cue has been well-established conceptual cue in the literature (., et al 1991; Lanska et al.,
2014) and was used as the manipulation for conceptual fluency in the current study.
Discrepancies resulting from perceptual fluency have been studied in metamemory
judgments, with most studies focusing on the effect of a single fluency manipulation on JOLs or
confidence judgments (Kelley & Lindsay, 1993; Kelley & Jacoby 1996; Koriat 2008; Mueller,
Tauber & Dunlosky, 2012; Rhodes & Castel, 2008; 2009; Schwartz et al., 1991; Winkielman et
al., 1998). Studies on how a single fluency manipulation affects FOK judgments also exist. For
example, cue priming usually considered as a conceptual measure in earlier studies, increase
FOK ratings without any significant effect on recall or recognition (Metcalfe et al., 1993;
Schwartz & Metcalfe, 1992). Since FOK judgments consist of both encoding and retrieval
components, it is an ideal metamemory judgment to examine how both perceptual and
conceptual fluency cues at encoding can influence later recall. The effect of fluency on FOK
judgments can be extended in academia when students measure their beliefs of how much they
learned after studying and self-testing themselves.
Effect of multiple fluency cues on metamemory judgments
As mentioned previously, most studies have looked at a single fluency manipulation and
its effect on memory and metamemory judgments. In everyday learning situations, however,
students may be subjected to more than one type of fluency cue. For example, when taking a test,
students’ abilities to bring information to mind might be influenced by how easy it was to read
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the texts in the book and whether they understood the concepts. Here, the fluency cues are font
size and level of processing. However, studies of how multiple fluency cues affect metamemory
judgments are few and are mainly focused on JOLs. Among those studies, Rhodes and Castel
(2008) investigated how multiple fluency (relatedness and font size of word pairs) affect memory
and metamemory judgments (JOLs). Participants were asked to study a list of paired associates
(e.g., cat-apple). Results revealed that participants took both the diagnostic cue, in this case
relatedness of the word pairs, and the non-diagnostic cue, in this case font size of the word pairs,
into account. However, they gave different amounts of importance to the two cues when making
their metamemory judgments. Specifically, mean JOL ratings were higher for related pairs (M =
74.90, SE = 3.12) than unrelated pairs (M = 25.66, SE = 3.21), F(1, 27) = 163.99, η2ρ = .86.
Recall was also higher for related than unrelated pairs. Most importantly, the effect of font size
remained for JOL ratings. The effect of font size for JOLs was smaller than the effect of
relatedness (ηp2 = .17 vs. ηp2 = .86), and did not interact with the type of pair (related vs.
unrelated). Additionally, large font size had higher JOL ratings (M = 52.02, SE = 2.74) than
small font size (M = 48.55, SE = 2.49), F (1, 27) = 5.58, ηp2 = .17. Font size had no significant
effect on recall. First, the results demonstrated that conceptual cues (relatedness) predicted
accurate memory. Additionally, these cues were weighed more heavily in terms of importance
when metamemory judgments were made. Second, the results showed that multiple types of
fluency cues were weighed differently even though they did not influence each other. Overall, in
presence of a more diagnostic cue for memory, people still take irrelevant cues into account
during encoding when making metamemory judgments, even when these cues do not predict
actual recall.
These findings prompt further research inquiries of how multiple fluency cues affect
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FOK judgments. The present study investigated this question with two fluency manipulations—
font size and level of processing. It is also acknowledged that answers to this question will be
fairly preliminary, since there are different ways of manipulating fluency. This initial step is vital
since it will provide further framework on understanding the whole picture of how discrepancies
between metamemory and memory occurs in presence of multiple fluency cues.
How do multiple fluency cues influence our judgment?
Although research on fluency cues have shown that multiple cues can be weighed
differently in terms of importance without an interaction between the cues, it should be noted
that measures used for conceptual cues may have also consisted aspects of perceptual cue (Park
et al., 2012; Rhodes & Castel, 2008). Level of processing used in the current study focus mainly
on conceptual processing of information and hence, can provide to be a better memory predictor.
Participants’ beliefs on certain relevant conceptual cues to memory performance may make them
to completely disregard irrelevant perceptual cues. This may mean that there could be an
interaction between the cue types on FOK judgments. Participants may intuitively judge deeper
level of processing information as a more relevant cue for accurately predicting memory
performance and disregard other irrelevant cues such as font size. The latter might only have an
effect in shallow level of processing information.
Hence, my hypothesis was that there would be an interaction between conceptual cue,
level of processing, and perceptual cue, font size, on FOK judgments. Specifically, in the
presence of deep level of processing information, font size was predicted to have no effect on
FOK ratings. In other words, conceptual cue would suppress irrelevant perceptual cue. I defined
this hypothesis as the suppression effect hypothesis. Font size was predicted only to have an
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effect when participants were processing the information at a shallower level and hence, taking
other irrelevant cues into account as well.
Alternatively, keeping in line with previous studies, an alternative hypothesis was made
that there would only be a main effect of perceptual and conceptual cue on FOK judgment
without any significant interaction. This weighted additive effect predicted that font size and
level of processing would both increase FOK ratings with different effect sizes since fluency
generally has been shown to increase metamemory judgments. Specifically, conceptual cues
were predicted to have a larger effect size than perceptual cues since conceptual cues were
shown to be weighed more in terms of importance when making metamemory judgments
(Rhodes & Castel, 2008; Schwartz and Metcalfe, 1992). I defined this alternative hypothesis as
the additive effect hypothesis.
Looking at memory performance was not the primary concern of the present study since
the primary interest was what kinds of cues people take into account for making predictions.
Regardless, some preliminary hypothesis was made in the direction that font size would have
little to no effect on recognition memory while level of processing would increase memory
performance. In addition, a further question that was asked as an exploratory analysis was to look
at the extent to which multiple fluency types influence the discrepancy between memory and
FOK judgments.
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CHAPTER 2
METHOD
Study Design
This was an experimental study within-group design. There were two independent
variables with two levels in each variable: Font size (large 48 pts versus small 18 pts) and level
of processing (deep processing versus shallow processing). Font size was the manipulation for
perceptual fluency and level of processing was the manipulation for conceptual fluency. The
dependent variable was FOK judgment ratings.
Statistical Design
A 2 (font size: large, 48 pts vs. small, 18 pts in Arial font) x 2 (LOP: deep vs. shallow)
repeated measures ANOVA was conducted to see the effect of competing cues on FOK
judgments.
An exploratory analysis (not a part of the main analysis) was also conducted to study how
multiple fluency cues influence participants’ calibration of FOK judgments with their actual
memory performance. Memory calibration was calculated by subtracting mean recognition
memory scores from FOK ratings (mean FOK-mean recognition memory scores). Greater
negative values would mean greater underconfidence and less negative values (more positive)
would mean smaller underconfidence or well-calibrated
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Participants
Seventy-eight participants (M = 18-25 years; 14 males, 64 females; 93% Caucasian, 5%
African American, 1% more than one race) were recruited from University of Alabama, PY 101

Subject pool. All participants were freshmen and were compensated with course credit. Study
was designed and implemented online though open source Collector program software
(https://github.com/gikeymarcia/Collector).
Materials
Materials consisted of 480 unrelated cue-target word pairs. All individual words were
nouns and were acquired from the database of word association norm program, ListChecker Pro
1.2 (Nelson, McEvoy & Schhreiber, 1998, 2004; Eakin, 2010;
www.eakinmememorylab.pschology.msstae.edu). All word-pairs were equated on normative
factors such as set size (strength of (in) direct connections between and among associates of
words/number of words), concreteness (the degree that the concept denoted by a word refers to a
perceptible entity), connectivity (connections among associations of words) and resonance
probability (connections from the associations of the words back to the word itself). Pairs were
randomly divided into 4 lists each with 120 word pairs. Each list was divided into 5 blocks with
24 pairs such that there were 6 equal pairs of study conditions: large deep condition, large
shallow condition, small deep condition and small shallow condition.
Cue Manipulations
Font Size: Fonts were presented in Arial font in black color with large font size presented
in 48 pts and small font presented in 18 pts. The manipulation was based on previous study on
multiple fluency effect on metamemory judgment (Rhodes & Castel, 2008).
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Level of Processing: Level of processing was categorized as deep versus shallow
conditions. In the deep condition, participants were asked, “Does the word on the right fit in the
word on the left?” In the shallow condition, participants were asked, “Does the word pairs have
the letter “e” it?”
Procedure
All items in all trials were presented in black capital letters in the center of a white
background. Before the actual experiment, participants were presented with one round of
practice condition so that they were familiarized with the experiment. All participants signed and
received consent from at the beginning and debrief form at the end respectively.
Study Phase: Initially, participants viewed a word pair in either large or small font size
for 2 seconds each. Next, if it was a deep condition trial they were asked, “Does the word on the
right fit in the word on the left?” If it was a shallow condition trial, they were asked, “Does the
word pair have the letter “e” in it?” Participants were asked to choose either Yes/No as answer
options. This phase was self-paced. On average participants took 4 seconds to answer the
questions. Participants viewed a total of 120 word pairs in 5 blocks, each block consisting of 24
word pairs. All the conditions were randomized. There were a total of four counterbalances, each
with a new list of word pairs. All blocks were randomized across trials. All counterbalances
were randomized for participants.
Recall Phase: Participants were presented with the cue and were asked to retrieve the
correct target by typing in the answer. The cues were presented in default font size of 32 pts.
They were given 10 seconds to type the target name in a blank box. This phase lasted for 240
seconds.
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FOK Judgments Phase: The cues were presented again to participants in a medium font
size, and participants were asked to rate their FOK judgments (How likely will you recognize this
item on a later test?) on a scale of 1-100 with 1 indicating “Not recognize at all” and 100
indicating “Definitely recognize”. This phase was self-paced. On average participants took 2
seconds to respond.
Recognition Phase: Finally, they moved onto the recognition phase where each cue was
presented with the target and four additional lures. Participants were asked to select the correct
target. This phase was self-paced. On average participants took 3 seconds to respond.
Inter stimulus interval between study phase, recall phase, FOK judgment phase and
recognition phase was 4 milliseconds.
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CHAPTER 3
RESULTS
Main Analysis
A 2 (font size: large, 48 pts vs. small, 18 pts) x 2 (LOP: deep vs. shallow) repeated
measures ANOVA was conducted to see the effect of competing cues, conceptual versus
perceptual cues, on FOK judgments. As shown in Figure 1, The results revealed a main effect of
LOP, F(1,77)=95.62, p < 0.001, η2ρ = 0.55 such that deep LOP had a higher FOK rating (M =
0.28, SD = 0.024) than shallow LOP (M = 0.19, SD = 0.020). There was no main effect of font
size, F(1, 77) = 2.53, p = 0.12. The results also revealed a significant interaction between level
of processing and font size on FOK judgments, F(1, 77) = 9.376, p = 0.003, η2ρ = 0.11
supporting the suppression hypothesis. A paired sample t-test was conducted to understand the
interaction. The results revealed that there was a significantly higher FOK rating for large font
size (M = 0.21, SD=0.18) compared to small font size (M = 0.18, SD = 0.18), t(77) = 4.07, p <
.001 only in shallow level of processing. Font size had no effect in deep condition, t(77) = 0.82, p
= 0.42. In other words, irrelevant perceptual cues, such as font size, only had an effect when
participants did not take relevant conceptual cues, such as deeper level of processing
information, into account. This finding was consistent with the suppression effect hypothesis
made earlier.
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Secondary Analysis
There was a main effect of LOP on recognition memory, F(1,77) = 103.58, p < 0.01, η2ρ
= 0.57. In addition, there was a marginal significant interaction between level of processing and
font size on recognition memory, F(1,77) = 3.84, p > 0.05, η2ρ = 0.01. Additional paired sample
t-tests revealed the interaction may have been driven by font size in the shallow condition where
effect of large font size was bigger than small font size on recognition memory t(77) = 1.81, p <
0.07.The marginal significance of the result were caused by multiple outliers in our study for
recognition memory performance. When these outliers were taken out (total of nine participants),
the results for font size in shallow condition was marginally significant t(68) = 1.93, p = 0.058.
Font size had no effect in deep condition, with outliers, t(77) = 1.03, p = 0.31, and without
outliers, t(68) = 1.29, p = 0.20.
Exploratory Analysis
As a part of the exploratory analysis, mean accuracy percentage of actual recall was
calibrated against FOK ratings (Figure 3, Table 3). Mean calibration scores were calculated by
subtracting FOK judgment ratings from scores of recognition memory. A 2 (LOP: deep vs.
shallow) x 2 (large vs. small) repeated measures ANOVA revealed a significant main effect of
LOP, F(1, 77) = 12.89, p < 0.01 such that participants were more underconfident in deep
condition (M = -0.34, SD = 0.20) compared to shallow condition (M = -0.30, SD = 0.18). There
was no significant interaction of font size or interaction between LOP and font size.
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CHAPTER 4
DISCUSSION
The main idea of the present study was to investigate how multiple fluency cues affect
FOK judgments. The goal was to understand what kinds of cues people take into account when
making a decision for their future memory performance. Several new findings relay the
importance of the current study.
First, previous studies have only studied effects of fluency cues on encoding based
metamemory judgments such as JOLs. However, these results cannot be generalized to all
metamemory judgments, such as retrieval based, FOK judgments since the judgments are
different. While JOLs are influenced by encoding phase of the memory, FOKs are based on both
encoding and retrieval stages of the memory (Nelson & Narrens, 1990). Second, findings from
JOLs cannot also be generalized in real life learning situations. For example, when students in
academic setting start reading their text books, they do not immediately start monitoring their
memory and start making predictions on whether they will remember the items later on (JOL
paradigm). Rather, after reading, there is an interval period between studying the items and
selftesting and finally making predictions for their future memory (FOK paradigm). The
difference in judgment types and their interaction with fluency cues are apparent in the current
findings.
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Specifically, contrary to previous studies which showed conceptual and perceptual
fluency do not interact with metamemory judgments like JOLs, the current study revealed a
significant interaction between fluency cues on FOK judgment ratings. It was found that large
font size had a greater FOK rating than small font size only in shallow condition. Since the
results found an interaction of fluency cues for FOK ratings, it was possible to rule out the
weighted additive hypothesis which predicted only main effects of fluency cues without any
interaction. Instead, results supported the suppression hypothesis which predicted that in
presence of strong conceptual cues, irrelevant perceptual cues would have no influence on FOK
rating. The interaction was driven by font size in shallow condition. From the interaction results,
it can be implied that when participants were faced with conceptual cues such as deep level of
processing information to make their predictions, they did not take font size into account, hence
font size had no significant effect in deep condition. Furthermore, font size only had an effect
when they were processing the word pairs at a shallow level implying that irrelevant cues seemed
to be taken into account when information was not processed properly. The present findings of
the interaction for FOK ratings provide valuable information in the metamemory literature such
that conceptual cues suppress the influence of perceptual cues for making retrieval based
judgments if materials is well understood by the participants. Otherwise, if information is
processed at a shallow level, perceptual cues may heavily influence participants’ decisions for
future memory performance. This is a different for encoding based JOLs where effect perceptual
cues does not depend on how information is processed at a conceptual level.
Our secondary and exploratory analysis revealed that even though predictions for deep
was greater than shallow level of processing, overall participants were underconfident in their
memory performance. This underconfidence was driven mainly by level of processing
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(conceptual fluency) and not font size (perceptual fluency). On average, participants were more
underconfident in deep level processing compared to shallow level processing regardless of font
size. This finding was also contrary to previous studies where the main idea was that first,
participants should be less underconfident in deep versus shallow processing. This novel finding
implies that even though participants took conceptual cues into account when making their FOK
judgments, they did not have the knowledge to make judgements that these cues would help their
accuracy for final memory performance. The other contrary finding from previous study was the
interaction of font size on recognition memory in shallow condition, such that large font size had
higher memory performance scores compared to small font size. This result may have stemmed
from the fact that both font size and shallow condition were perceptual cues and it could have
been the case that participants’ attention were more directed towards this dual perceptual cues
and hence, resulting in an interaction in recognition memory.
The overall results of the present study can be applied in academic setting for students’
learning. First, it can be implied that when students make predictions of how much information
was learned, they take relevant conceptual cues into account to make those predictions and
disregard irrelevant perceptual cues. Specifically, if students understand the material at a deeper
conceptual level, they will disregard irrelevant cues like font size for their predictions.
Additionally, if they already have a shallow level of understanding of the material, then they will
use irrelevant cues like font size to make quicker predictions, such as if they are studying the
material in the last minute before exams. The average underconfidence found may indicate that
students may take conceptual cues into account but they are not perfect at calibrating their final
accuracy. Perhaps, they are not aware of the fact that conceptual cues actually enhance their
memory accuracy. Hence, they will spend more time on materials instead allocating their time to
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learning other items that have not yet been learned well. Their misassumption that greater study
time would have greater recall is termed as the ‘labor in vain effect” (Nelson & Leonesio, 1988)
where participants inaccurately spend longer time for self-paced studying even when they do not
need to. Their misassumptions make them underconfident in their memory performance. In fact
studying items more or less does not have any significant effect on recall unless they have
learned the material at a conceptual level. However, most participants stop their learning before
they master the items well enough (Nelson & Leonesio, 1988). Applying to academics settings, it
can be implied that sometimes students terminate their study sessions before they have learned it
well. In addition, even when they learn it well, they do not know when to stop. Hence,
suggestions given to students should include not only strategies on how to study effectively but
also knowledge on what kind of cues actually improves their memory performance and
indicators that can help them to know when to stop self-paced learning so they can use their time
more efficiently.
The main question in the current study was how multiple fluency cues are taken into
account when making a prediction, in this case making FOK judgments. Overall, our results
showed people are more prone to take irrelevant cues into account when they are already
processing the information at a shallower level compared to a deeper level of processing.
Additional suggestions for improving learning can also emphasize the process of how irrelevant
cues can misled students if they study in the last minute, so that students will be well informed
and learn to avoid those cues.
Some of the limitations of the study include lack of diverse population since the sample
size mainly include college-aged and Caucasian student population. Results might differ if
diverse sample was used as it has been shown that people are more fluent and are overconfident

20

in their metamemory predictions for materials that are related to their own race (Hourihan et al.,
2012). In addition, college aged participants may generally have more available resources on
how to monitor their learning, what cues affect memory and hence better metamemory compared
to participants with less educational background. Future studies should include diverse sample to
generalize the findings. One confounding effect that was found in the current experiment was
that perceptual fluency had an effect on recognition memory in shallow condition. As mentioned
earlier this could be because both shallow and font size were perceptual cues. In shallow
condition, there was a dual effect of perceptual cues and participants may have focused their
attention on these dual cues, specifically larger font size as it may have been more salient than
looking for letter “e” in word-pairs. This may have resulted in the interaction of cues types in
recognition memory contrary to previous findings. Currently to address this issue, I am designing
a study where the goal is to investigate whether this effect resulted from attentional focus of the
participants on perceptual cues by presenting participants with shallow vs. neutral processing of
information.
Information about how individuals process multiple fluency cues may be applied to a
variety of situations such as how people make everyday decisions with multiple pieces of
information. As shown from the results, people are generally underconfident in their calibration
for memory performance with their metamemory judgments so the results extend ideas into
designing interventions to help public be aware of cues which actually improve or have no effect
on actual memory so they can be well calibrated with their predictions and their memory
performance.
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FIGURE 2 : Mean FOK ratings and recognition memory scores
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Figure2: Bar chart displaying the comparison between mean FOK judgment
ratings and mean recognition scores. Overall, participants are underconfident in
their predictions for memory performance.
FOK= Feeling of Knowing; RCG=Recognition
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FIGURE 3: Mean calibration between predicted and actual memory
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Figure 3: Bar graph displaying the mean calibration scores (mean FOK- mean recognition
memory) between FOK judgment ratings and actual recognition memory. Greater negative
values mean greater underconfidence and less negative values (more positive) mean smaller
underconfidence or well-calibrated. Overall, participants were more underconfident in deep LOP
compared to shallow LOP regardless of font size.
FOK= Feeling of Knowing; LOP= Level of Processing
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Table 1.
Mean Scores for FOK and recognition memory
Deep

FOK
Mean Recognition

Shallow

48pts

18pts

48pts

18pts

28.01
62.14

28.72
63.38

20.87
51.41

18.53
48.68
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Table 2.
Mean Calibration Scores between FOK and Recognition Memory for LOP and Font Size
LOP
Font Size

Deep

Shallow

48 pts

-34.17

-30.55

18pts

-34.73

-30.10
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