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Abstract In traditional feeling-of-knowing procedures, participants make judgments on
unrecalled items only (e.g. Hart 1965). However, many researchers elicit feeling-of-knowing
judgments (FOKs) on all items. When FOKs are made on all items, participants may use recall
as a basis for judgments, leading to higher magnitude judgments for recalled items, but causing
a relative floor effect for judgments for unrecalled items. We suspected that resolution (relative
accuracy) would be better when FOKs are made on all items than when they are made on
unrecalled items only. We examined the issue by comparing across studies, reanalyzing data
from another experiment, and by conducting an original experiment. In the literature review,
we included 83 conditions across 52 studies. We found that feeling-of-knowing judgments
made on all items showed higher resolution than feeling-of-knowing judgments made on
unrecalled items. This was replicated in the reanalysis of existing data of a single study that
used both methods. In the original experiment, we collected feeling-of-knowing judgments for
general-information questions. The experiment confirmed that resolution for predicting recognition was higher when feeling-of-knowing judgments were made on all items than when
they were made only on unrecalled items. We discuss both methodological and theoretical
implications of these data.
Keywords Feeling-of-knowing . Metamemory . Methodology
Metamemory concerns the monitoring and control of memory processes (Nelson and Narens
1980; Metcalfe 2000). A common way in which metamemory has been studied is by
examining feeling-of-knowing judgments (henceforth, FOKs). FOKs typically correspond to
judgments of the future ability to recognize currently-unrecalled items (Hart 1965; Souchay
2013). The typical procedure, known as RJR for recall-judgment-recognition, involves a recall
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stage, followed by a stage in which participants make FOKs on unrecalled items, followed by a
recognition test. Decades of research have demonstrated that FOKs accurately predict the
likelihood of subsequent recognition of unrecalled targets (Koriat 2000; Souchay 2013). Thus,
FOKs illustrate a paradoxical state in which a person reports confidence regarding retrieval of
a target item that cannot be immediately accessed, and this has captured researchers’
attention because it has the potential to reveal insights about the nature of conscious
recollection (Koriat 2000).
Some researchers have found the above methodology insufficient, particularly when
investigating the mechanisms that underlie FOK. For example, examining only unrecalled
items can create a different distribution and total number of items in different experimental
conditions, thus rendering comparisons across conditions difficult. To correct these problems,
researchers modified the traditional recall-judgment-recognition procedure to include FOKs on
all items, not just those that are unrecalled (e.g., Boduroglu et al. 2015, 2014; Eakin and
Hertzog 2012; Koriat 1993, 1995; Souchay & Isingrini 2012). We suspect that, in this
methodology, participants employ whether they have just recalled the target a basis for their
FOK. It is likely that participants implicitly assume that if they just recalled the target, there is a
strong chance that they will recognize it, and the FOK will assume the maximum value when
an item has been recalled (see Nelson et al. 2004). However, it is possible that participants may
anticipate forgetting or anticipate being confused by recognition choices, thus leading to lower
FOKs for recalled items (Kornell 2012). Thus, if participants employ recall as a basis for FOK
is an empirical question.
Requiring that participants make FOKs on all items has the following advantages over the
traditional method of collecting FOKs on unrecalled items. First, requiring FOK on all items
eliminates selection effects on FOK that occur in the traditional method because there are
usually systematic differences between items recalled and those not recalled (Bauml 2008;
Mickes et al. 2013; Schwartz and Metcalfe 1994). If the researcher is comparing the effects of
two or more levels of a variable on FOK, collecting FOK on all items will allow causal
inferences to be made if there is a difference among conditions. Second, participants may not
know if their answer is correct or incorrect (Koriat 1993). If participants output an answer but
think it is incorrect, this may be reflected in FOKs. If FOK is collected only on unrecalled
items, this cannot be addressed (Boduroglu et al. 2015). For these reasons, much of the recent
literature on FOKs collects judgments on all items (see Appendix).
The issue of whether FOKs are made on all items or only unrecalled items is relevant to the
discussion of the heuristics underlying FOKs. Most researchers agree that FOKs are partially
based on unconscious inferences that participants make to judge the likelihood of future
recognition (Koriat 1993; Metcalfe 1993). though conscious reasoning may also play a role.
Research addressing the mechanisms underlying FOKs has focused on the retrieved partial
target information, related information, and cue familiarity (Brewer et al. 2010; Hertzog et al.
2014; Thomas et al. 2012). We suspect that when people make FOKs on all items, an important
heuristic will be whether they can recall the target itself. This heuristic will likely overwhelm the
heuristics used when evaluating only unrecalled items, such as partial retrieval and cue
familiarity. Indeed, Boduroglu et al. (2015) reported much higher FOK magnitude in an
experiment using the all-items procedure than in an experiment using the traditional procedure.
This change in the heuristics used to generate FOKs may cause differences in resolution
(relative accuracy). Because successful recall is likely to be highly predictive of successful
recognition, resolution should be particularly high in the all-items condition. That is, successful
recall may be a better predictor of later recognition than is the retrieval of partial information or
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cue familiarity, which influence FOKs in the traditional method (see Schwartz et al. 2014). In
the current study, we do not experimentally address the issue of mechanism or how the
mechanisms changes from FOKs on all items to FOKs on unrecalled items, but we ask how
the differences in methodology affect resolution. It is our view that having FOKs made on all
items may shift participants to base their FOKs on whether they have recalled the item, whereas
making FOKs on only unrecalled items will more likely to be based on other heuristics. If true,
one might expect differences in the resolution or relative accuracy of each kind of FOK.
Typically in any memory test, some of the target items will be recalled, whereas others will
not be. When FOKs are made on all items, we expect FOK for unrecalled items to be made on
a restricted range because the high end of the FOK scale will mostly likely be devoted to
already retrieved targets. If any unrecalled items are recognized, as will likely be the case, this
will lower the resolution score. It also may be that the restricted range may compress the scale
used by participants without affecting relative order, in which case one might not see
differences in FOK between unrecalled items in the two paradigms. Our actual results show
evidence that for unrecalled items when binary FOK scales are used, the restricted range does
lower resolution, but not when Likert or percent confidence scales are used.
Although our paper focuses on FOKs, there is a related literature on the effects of recall on
judgments of learning. In research on judgments of learning, metacognitive resolution improves when participants have an opportunity to attempt retrieval before making judgments of
learning. In this procedure, known as the PRAM methodology, there is an initial recall stage,
followed by a judgment stage, rather than combining the two (Nelson et al. 2004; Narens et al.
2008). In this methodology, the resolution of judgments of learning is higher because the prejudgment recall increases the salience of retrieved information. Indeed, in the PRAM methodology, the JOLs made are very similar to the FOKs in the all-item condition. Similarly, we
suspect that when FOKs are made after recall, the salience of the recalled information will lead
to a boost in resolution.
Our goal in this paper is to examine how FOK methodology (FOKs on all items vs. only the
unrecalled items) affects the resolution of FOKs. We offer two hypotheses. Our first hypothesis
is based on the idea that when FOKs are made on all items, recall will be a reliable heuristic for
predicting future recognition (e.g., Koriat and Levy-Sadot 2001). That is, just-recalled likely
means to-be-recognized. Because subsequent correct recognition is likely to be highly correlated with recall, when participants rely on this heuristic, their resolution will be higher than
when they must rely only on less effective heuristics, such as partial information or cue
familiarity, as is the case when FOKs are only made on unrecalled items. Thus, if all else is
equal, FOK resolution will be higher when FOKs are obtained on all items than when they are
only obtained on unrecalled items. Although this hypothesis may appear obvious, no research
to date has addressed it.
Our second hypothesis concerns only the resolution of unrecalled items. Because making
FOKs on all items will cause high judgments to be reserved for recalled items (Boduroglu et al.
2015). there will be a restricted range for unrecalled items when all items are given FOKs. That
is, in the all-items condition, unrecalled items will tend to receive lower FOKs than those same
items would in the unrecalled-only condition. In other words, people will implicitly save high
judgments for recalled items in the all-items condition, but then use those same higher
judgments when only making FOKs on unrecalled items. Thus, FOK resolution for unrecalled
items will be lower when we compare unrecalled items from an experiment in which FOKs
were collected on all items to unrecalled items from an experiment in which FOKs were
collected on only unrecalled items.
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We tested the hypotheses in three ways. First, we conducted a survey of the existing FOK
literature. We divided the literature into those that compared FOK resolution on all items
(alternate approach; all-items condition), on unrecalled items within the all-items condition
(alternate approach; unrecalled-all condition) and studies in which FOK was measured only for
unrecalled items (traditional approach; unrecalled-only condition). We then measured the mean
gamma correlation across these three conditions across all of the studies we compiled. Second,
we did an original experiment, in which we compared the resolution of FOKs when participants made FOKs in an all-items condition and when participants made FOKs in an
unrecalled-only condition using a binary FOK scale. Third, we re-examined data from an
earlier experiment in which conditions included both FOKs on all items and FOKs on
unrecalled items using a continuous FOK scale (Boduroglu et al. 2015). We predicted that
FOK resolution, as measured by gamma correlations will be greater in the all-items condition
than the unrecalled-only condition. We also predicted that the gamma correlation will be
higher for unrecalled items in the unrecalled-only condition than the unrecalled-all condition
(see Barrett et al. 2014, Masson and Rotello 2009, and Nelson 1984 for discussions of the use
of gamma as a measure of resolution).

Cross-study analysis
The studies that met our criteria and were included in the analysis are provided in Appendix.
The following criteria were used to determine if a study qualified for the analysis. First, we
required the instructions to participants concern judgments or predictions of future recognition
performance, that is, FOK instructions. This excluded studies that asked for predictions of
recall or predictions of knowing without specifying the test. Second, we focused on younger
adults and excluded conditions that tested older adults because there may be more variance
among older populations; younger adults across studies tend to be college undergraduates, and
we considered them to be a uniform sample. Third, we excluded all studies looking at children
participants (< age 18) for similar reasons. Fourth, we excluded special populations, such as
psychiatric patients or neuropsychological patients as some of these groups may show
metacognitive deficits (e.g. Baran et al. 2009; Souchay 2013). We used the following inclusion
criteria. In order to have one common metric to compare across studies, we only included
studies in which FOK resolution was measured using gamma correlations. Some newer studies
use signal-detection analysis, as per recommendations of Masson and Rotello (2009). and
some older studies simply report the percent correct for FOK items at each level of FOK. In the
all-items condition, we included studies in which FOK was solicited before recall and when
FOK was solicited after recall (see Appendix for the studies used). Although there may be
differences between these procedures, we grouped them together because we anticipate
that generating an answer will serve as a major basis for FOK in either case. We
included studies that used either semantic-memory materials (such as general-information
questions) or episodic-memory materials (such as recently-learned paired associates), although
it may be that some differences exist between these materials with respect to accuracy (Bacon
and Izaute 2009).
The final sample consisted of 52 papers reporting 83 separate conditions, each reporting a
gamma correlation between FOK and recognition. Of these conditions, 39 were unrecalledonly condition, 25 were in the all-items condition, and 19 conditions measured FOK for
unrecalled items in studies that collected FOK on all items.
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The results showed effects in the expected directions, F (2, 80) = 17.12, p < 0.01,
MsE = 0.34, η2 = 0.30. (see Fig. 1). Tukey HSD post-hoc tests confirmed that the mean
gamma correlation for FOKs in the all-items condition (M = 0.57, SD = 0.10) was higher than
the unrecalled-only condition (M = 0.40, SD =. 16), and the unrecalled-all condition (M = 0.34,
SD = 0.16). There was not a significant difference between the FOKs in the unrecalled-only
condition and the unrecalled-all condition. Thus, the first hypothesis that resolution will be
higher in the all-items condition than in the unrecalled-only condition was supported (but our
second hypothesis was not). This supports the contention that participants are using recall as an
effective predictor of later recognition.

Experiment
Participants
The participants were 55 Florida International University students who received course credit
for participating. There were 27 participants in the all-items condition, and 28 participants in
the unrecalled-only condition. Each was tested individually on a Macintosh computer during a
session that lasted approximately ½ hour. The participants in the all-items condition were run
during the winter semester of 2012, whereas the participants in the only-unrecalled condition
were run during the fall semester of 2011. The Florida International University Internal Review
Board approved these studies.

Materials
Superlab4 software was used to run the experiments and collect the data. The stimuli were 79
general information questions (e.g., BFor which country is the rupee the monetary unit? India),
taken from the Nelson–Narens norms (Nelson and Narens 1980).

Procedure
Participants were first given detailed instructions about the procedure. They were told that they
would be answering a series of general-information questions. Participants were encouraged
not to guess and to indicate that they did not know, rather than to guess on any particular trial.
Fig. 1 Gamma correlations
between FOK and recognition as a
function of whether FOKs were
collected on all items or only the
unrecalled items. Gammas are
highest in the all-items condition.
Y-axis represents gamma correlations. Standard error bars included

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

All-items

Unrecalled-only
Unreccalled-all

Author's personal copy
B.L. Schwartz et al.

Participants were instructed that they could pace themselves as they answered questions. They
were given the following instructions concerning feeling-of-knowing judgments. A FOK state
was defined as follows: BA feeling of knowing means that you feel that you think that you will
correctly recognize the answer when you see it among a list of eight alternatives.^ They were
not given instructions on the differences between FOKs on all items and on unrecalled items,
as this was a between-subjects variable.
The order of presentation of general information questions was randomized for each
participant. Each question appeared in the middle of the screen, and a prompt appeared
beneath the question. The question remained on the screen until the participants spoke their
response, and the experimenter typed in the answer (to avoid spelling mistakes). In the allitems condition, participants made a FOK on the item, regardless of whether the response had
been a Bdo not know^ response or an answer – correct or incorrect. In the unrecalled-only
condition, if the participant typed in the correct response, they moved on to the next question.
Commission errors were not followed by FOKs in the unrecalled-only condition. As a
consequence, we also eliminated commission errors from consideration in the all-items
condition as well. In both conditions, the prompt was BBFOK?^ The participants typed in a
BY^ if they were experiencing a positive FOK and an BN^ if they were not. The FOKs were
dichotomous – yes or no – in this study because it was originally run as a control condition for
a study measuring tip-of-the-tongue states and feelings-of-forgetting, the former of which is
normally a dichotomous judgment (Schwartz 2006).
After the participants attempted recall for all 79 questions, they were given a recognition test
for all questions. They were again shown the question, followed by eight alternatives, one of
which was the correct answer (Wilkinson and Nelson 1984). A number accompanied each
alternative. The participants typed in the number associated with the answer that they thought
was correct. The recognition distractors were all close associates of the correct answer. For
example, for the question BWhat was the last name of the first person on the moon?^ all of the
distractors were other prominent astronauts from the same time period. At the end of the session,
the participants were debriefed and were given credit in their introductory psychology course.

Results
Recall in the all-items condition (36 %) and in the unrecalled condition (37 %) was not
different, F < 1. Correct recognition of unrecalled answers (55 %) also did not vary across
conditions, F < 1. FOKs were made on 66 % of all trials in the all-items condition and 63 % of
all unrecalled trials in the unrecalled-only condition, F < 1. We compared the number of
positive FOKs for unrecalled items (that is, though items for which people indicated that they
had a FOK) across the all-items and unrecalled conditions. There were more positive
FOKs for unrecalled trials in the unrecalled-only condition (63 %) than in the
unrecalled-all condition (53 %), F (1, 54) = 7.44, MsE = 0.35, p = 0.01, η2 = 0.14. In the
all-items condition, the gamma correlation between recall and FOKs (0.76) was significantly
above zero, F (1, 26) = 29.13, p < 0.01, η2 = 0.29. This correlation suggests that recall was used
as an index of likely recognition, in keeping with the hypotheses.
In order to determine gamma correlations between FOK and recognition, we needed to
ensure that participants used both levels of FOK and had recognition answers both correct and
incorrect. Two participants (one in each condition) had indeterminate gammas because in one
case, the participant never made a positive FOK, and in the other condition, the participant did
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not have any correct on the recognition test. Therefore the analyses are based on 26 participants in the all-items condition and 27 in the unrecalled-only condition. The mean gamma
correlation was higher (M = 0.69, SD = 0.24) in the all-items condition than it was in the
unrecalled-only condition (M = 0.56, SD = 0.16), F (1, 51) = 5.46, MsE = 0.23, p = 0.02,
η2 = 0.10. Thus, the experiment supports our hypothesis that gamma correlations will be
higher in the all-items condition.
We also compared the gamma correlation for unrecalled items in the all-items condition
with the gamma correlations for the unrecalled-only condition. The mean gamma for the
unrecalled-all items was (0.41, SD = 0.30), significantly lower than the gamma correlation in
the unrecalled-only condition (0.56, SD = 0.16), F (1,51) = 4.4, MsE = 0.26, p = 0.04,
η2 = 0.08.

Re-analysis of Boduroglu et al. (2015)
Boduroglu et al. (2015) were interested in the effects of self-referencing on the magnitude and
resolution of FOKs. They examined this by comparing memory and FOK performance across
self-reference and semantic-control conditions, using recently learned word pairs. FOKs were
made on a 0 to 100 scale, with 0 indicating that participants definitely would not recognize the
target whereas 100 represented strong confidence that the target would be recognized (see
Boduroglu et al. 2015 for more details on the methodology). Most relevant here is that
Boduroglu et al.’s main experiment used the all-items condition, but they included a secondary
experiment that looked at the effects of self-referencing on FOKs in an unrecalled-only
condition using exactly the same materials. In the following analysis, we examined the effect
on resolution across the all-items condition and the unrecalled-only condition.
The results showed a strong effect in the expected directions, F (2, 154) = 17.57,
MsE = 0.17.7, p < 0.01, η2 = 0.19, for the self-reference condition. Tukey HSD post-hoc tests
confirmed that the mean gamma correlation for FOKs in the all-items condition (M = 0.48,
SD = 0.22) was higher than the unrecalled-only condition (M = 0.25, SD =. 40), and the
unrecalled-all condition (M = 0.12, SD = 0.39). There was not a significant difference between
the FOKs in the unrecalled-only condition and the unrecalled-all condition. The pattern was
identical for the semantic-encoding condition, F (2, 154) = 11.08, p < 0.01, MsE = 19.9,
η2 = 0.13. Tukey HSD post-hoc tests confirmed that the mean gamma correlation for FOKs in
the all-items condition (M = 0.37, SD = 0.31) was higher than the unrecalled-only condition
(M = 0.06, SD = 0.37), and the unrecalled-all condition (M = 0.12, SD = 0.40). Figure 1 shows
the data averaged across both self and semantic conditions. There was not a significant
difference between the FOKs in the unrecalled-only condition and the unrecalled-all condition.
Thus, like the cross-study analysis, these data only support the hypothesis that resolution will
be higher in the all-items condition than the unrecalled-only condition. The data from
Boduroglu et al. also support the idea that recall is source of information for determining the
FOKs. FOKs for recalled items were 92.00 % across conditions, whereas FOKs for unrecalled
items in the all-recall condition were 44.74 % (see Fig. 1 in Boduroglu et al. 2015).

General discussion
We found that FOK resolution varies depending on the method used to collect FOKs. FOK
resolution is higher when FOKs are made on all items than when made only unrecalled items.
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We found this pattern in an analysis across existing studies, in the re-analysis of the Boduroglu
et al. (2015) data, and in our original experiment, thereby confirming our first hypothesis.
Higher resolution here only implies that the all-items methodology results in higher gamma
correlations. We conjecture that it is likely that this higher resolution results because participants can employ a recall-based strategy, that is, if recalled-then-likely to be recognized. If this
is so, then the improvement in resolution is a function of enhanced metacognition in the allitems condition and not simply a methodological artifact. However, we found little support for
our second hypothesis that gamma correlations would be higher in the unrecalled-only
condition than in the unrecalled-all condition.
This current finding that gamma correlations are higher in the all-items condition than the
unrecalled-only condition presents several challenges for researchers. First, the findings here
suggest that researchers should use caution when comparing FOK accuracy across studies. It is
possible that one lab finds higher accuracy not because of specific differences in their variables
or population but because they used a different methodology to obtain those FOKs. Thus,
researchers need to account for methodology when making comparisons about FOK
resolution.
Each methodology has advantages for asking different questions. For example, if the
interest is in examining differences across conditions, such as when examining mechanisms
of FOK, then using the all-items approach is preferable, as one can keep the different
conditions equivalent except for the experimental variables (Koriat 1995). In contrast, if the
interest is in examining the nature of interrupted or blocked retrieval, the unrecalled-only
approach is preferable, as this methodology allows one to focus on retrieval failure
(Brown 2012).
The current results suggest differences in the processes underlying all-items FOKs and
unrecalled-only FOKs. We suspect that successful recall is used as a cue for determining FOK
when the all-items condition is used. In the all-items condition, a successful heuristic is Bif I
recalled it, then I will recognize it later.^ Indeed, there was a strong correlation between
successful recall and the likelihood of indicating an FOK in the all-items condition, consistent
with this hypothesis. In the re-analysis of Boduroglu et al. (2015). we also found much higher
FOKs when items had been recalled then when they had not in the all items condition.
When this heuristic is available to participants, they may weight it more heavily than
such heuristics as cue familiarity and partial target information (e.g., Brewer et al.
2010; Thomas et al. 2012). Indeed, Thomas et al. (2011, 2012). found that recalling
attributes of the target stimulus – without recalling the stimulus name – led to higher FOKs.
Boduroglu et al. (2015) also found higher FOK magnitude in the all-item condition than the
unrecalled-only condition.
The recall heuristic is consistent with the research on FOKs that suggest that the
basis FOKs are unconscious inferences made at the time of judgment (Brewer et al.
2010; Hertzog et al. 2010; Koriat 1993, 1995; Metcalfe et al. 1993). With respect to
FOKs on unrecalled items, the research has focused on partial retrieval of target
information, the attempted retrieval of related information, and the familiarity of the
cue. However, when people are making FOKs on items they just recalled, they have
an even bigger potential source of information for their judgment – that is, whether or
not they just recalled the target.
An unanswered question is how the difference between all-items FOKs and unrecalled-only
FOKs affects the magnitude of FOKs. Our data are consistent with the view that when FOKs
are made on all items, the FOKs for already-recalled items will be high, but this procedure may
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also lower FOKs for unrecalled items. Indeed, this is the pattern recently observed acrossexperiments by Boduroglu et al. (2015). Further study will be required to determine how the
different methodologies affect FOK magnitude.
Our conclusion is that the way FOK judgments are elicited may lead to important
differences in FOK resolution measure. Thus, we urge caution when comparing FOKs made
with the all-items procedure to those made with the unrecalled-only procedure. We assert that
both yield valuable information and inform us about the nature of metacognition, but that the
change of procedure induces a number of differences that must be accounted for. In this paper,
we enumerate one of them – namely that FOK resolution is affected by whether FOKs are
made on all items or just unrecalled items. FOK resolution is higher in the all-items condition
than the unrecalled-only condition, suggesting that participants use recall as a heuristic for
determining FOK.

Appendix
Studies using FOK on unrecalled only
Boduroglu et al. (2015)
Hicks and Marsh (2002)
Hosey et al. (2009)
Korenman and Peynircioglu (2004)
Le Berre et al. (2010)
Metcalfe et al. (1993)
Maril et al. (2003)
Peynircioglu et al. (1998)
Peynircioglu and Tekcan (2000)
Pinon et al. (2005)
Rabinovitz and Peynircioğlu (2011)
Schwartz et al. (2014)
Tekcan et al. (2007)
Tekcan and Akturk (2001)
Thomas et al. (2011)
Tuna et al. (2005)
Watier and Collin (2011)
Widner et al. (1996)

Studies using all-items but analyzing unrecalled only
Eakin and Hertzog (2012)
Eakin et al. (2014)
Hertzog et al. (2010)
Hertzog et al. (2014)
MacLaverty and Hertzog (2009)
Sacher et al. (2009)
Sacher et al. (2013)
Souchay et al. (2007)
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Studies using all-items
Boduroglu et al. (2014)
Boduroglu et al. (2015)
Eakin and Hertzog (2012)
Koriat (1993)
Koriat (1995)
Koriat and Levy-Sadot (2001)
MacLaverty and Hertzog (2009)
Modirrousta and Fellows (2008)
Perrotin et al. (2006)
Perrotin et al. (2008). Reggev et al. (2011)
Sacher et al. (2014)
Souchay & Isingrini (2012)
Swerts and Krahmer (2005)
Watier and Collin (2011)
Watier and Collin (2012)
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