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a b s t r a c t

Subjects performed a rapid feeling-of-knowing task developed by (Reder, L. M., & Ritter, F. (1992). What
determines initial feeling of knowing? Familiarity with question terms, not with the answer. Journal of
Experimental Psychology: Learning, Memory, and Cognition, 18, 435–451), while event-related potentials
(ERPs) were recorded to identify the time course of “feeling-of-knowing” signals. Subjects were shown a
seriesofmathproblems, someofwhichwere repeatedmultiple timesduring thecourseof theexperiment,
and subjects had to rapidly decide whether the answer to a given problem could be quickly retrieved
frommemory (retrieval trials) or had to be calculated on scrap paper (calculate trials). Behavioral results
replicated the 1992 study, showing that subjects can estimate whether the answer is knownmuch faster
than the answer canbe retrieved. ERPs time-locked to theonset of themathproblemshowed that accurate

retrieval trials were associated with greater positivity for an early frontal P2 component (epoched from
180 to 280ms) and a frontal-central P3 component (epoched from 300 to 550ms). Moreover, this feeling-
of-knowing signal was not found for subjects who never obtained a successful on-time retrieval. We
interpret these findings as suggesting that initial feeling-of-knowing relies on a rapid assessment of the
“perceptual fluency” with which the stimulus is processed. If a stimulus is deemed sufficiently familiar,
the activation level of an internal problem representation is used to arrive at a decision of whether to

to cal
search for the answer or

Task performance frequently involves selection among multi-
le strategies that could potentially lead to a correct response
Anderson & Lebiere, 1998; Reder, 1982, 1987; Siegler, 1996). Peo-
culate it.
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n a partial match to the representation of a previously seen
roblem.
The current study adopts the paradigm of Reder and Ritter

1992) while measuring ERPs to identify possible neural correlates
f the initial FOK heuristic. We are unaware of any ERP studies on
OK. This paper should thus provide novel insight into the tempo-
al dynamics of an important metacognitive process. Of particular
nterest is whether ERP components can be found that distinguish
etween the rapid strategy choice ofwhether to attempt to retrieve
r rely on calculation, and if so, how early these components are
bserved following the appearance of the problem. If ERP correlates
f FOKare found, they should signal aheuristic that is used todecide
hether to search for the answer. We do not expect these ERP cor-
elates to be a perfect predictor of whether the answer is known
ecause the judgments themselves are imperfect. However, since
e expect the FOK signal to be based on identification of familiar
roblems, the recognitionmemory literature shouldprove relevant.
There is already an extensive literature on the ERP correlates

f familiarity and recollection-based recognition, which can pro-
ide a useful guide as to how fast the FOK correlate could be
xpected to occur. The general consensus emerging from this liter-
ture is that familiarity-based processes are associatedwith frontal
ctivity in the 300–500ms time window, while recollection-based
rocesses are associated with parietal activity in the 400–800ms
ime window (Curran, 2000, 2004; see Rugg & Curran, 2007 for a
eview). Thus, if the FOK component emerges comparatively early
e.g. 300–500ms), the result will provide evidence that initial FOK
s indeed a familiarity-based effect. If, on the other hand, the FOK
omponent is associated with late activation (emerging only after
00ms), thiswould suggest relianceonadifferentmechanism, such
s recollection of having seen the problem or partial retrieval of the
nswer.
logia 47 (2009) 796–803 797



798 C.A. Paynter et al. / Neuropsycho

o
b

1

p
t
t
a
s
w
u
i
m
s
e

e
t
a
b
a
a
t
w
i
s
w
b
s
p
t
d
a
c

o
s
i
b
a

1

s
r
f
l
A
r
w
m

ing the full set of problems into quartiles. The percent accuracy of
retrievals did not show a consistent trend, changing from 27.3%,
to 20.0%, to 36.4%, to 45.2% in the first, second, third, and fourth
quartiles, respectively. Furthermore, the difference did not reach

5 ERPswere not analyzed past 650ms because subjects tended to begin preparing
or executing their behavioral responses by this point.

6

Fig. 1. Design of problem sets in experiment. (After Fig. 4 in Reder & Ritter, 1992).

perands, four to behigh-familiarity bottomoperands, and four to be low-familiarity
ottom operands.

.3. Procedure

Prior to the start of the experiment, participants were given a set of 16 practice
roblems, which they were asked to work out by hand while the impedances on
he cap were adjusted. Half of these problems used ordinary multiplication, while
he other half used the novel sharp operator that had been employed in the Reder
nd Ritter (1992) study. Participants were also given pieces of scrap paper on the
ide to calculate the answers to problems by hand during the experiment. They
ere instructed to put each piece of scrap paper face down in a box after they had
sed it for a problem to ensure that they could not refer to the scrap paper later
n the experiment. Subjects were instructed to minimize blinks and head move-
ents, especially at the time when a new problem first appeared. An additional
eries of fourteen practice problems were presented on the computer prior to the
xperiment.

A fixation cross appeared briefly (for approximately 1 s) prior to the onset of
ach new problem in the experiment. Upon seeing the problem, participants had
o make a rapid judgment (within 850ms) whether to solve it by calculating the
nswer on scrap paper or by retrieving the answer from having seen the problem
efore. Participants were instructed to base this judgment on their initial feeling
s to whether they knew the answer. If participants chose “retrieve,” they had an
dditional 2 s to type in the answer, while if they chose “calculate,” they had 25 s
o calculate the answer. After typing in the answer, the screen displayed (for 1 s)
hether the response was correct. This was followed by a feedback screen show-

ng again whether the response was correct, the time taken for the initial strategy
election, whether that time was fast enough, the time taken to provide the answer,
hether that timewas fast enough, and finally howmany points had been received,
ased on accuracy and deadline requirements. This remained on the screen until
ubjects pressed the space bar to move forward. Finally, a screen displayed the
roblem and the correct answer for a minimum of 2 s, giving participants time
o study the answer. Given that subjects were told to type in only the last two
igits of the answer, the ones and tens place digits were displayed in bold white
gainst the black screen, while the other digits were displayed in a lighter gray
olor.

The payoff system rewarded correct on-time retrievals with 50 points. Correct
n-time calculates were worth five points. Correct answers for which either the
trategy selection times or the answer times were late were worth one point, while
ncorrect answerswereworth zero points. Each point corresponded to half-a-cent in
onuscompensation.After theexperimentwasfinished,participantsweredebriefed
nd given payment.

.4. ERP recording

Participants were seated in an electrically shielded booth. Stimuli were pre-
ented on a standard CRT monitor situated approximately one inch behind
adio-frequency shielded glass. Participants were seated approximately two feet

rom the screen and gave their strategy selection responses as well as their prob-
em answer responses on a standard keyboard. ERP recordings were made using 32
g–AgCl sintered electrodes (10–20 system) and a bioamplification system (Neu-
oscan Inc., Sterling VA). Impedances were adjusted to be less than 20k�. Data
ere sampled at a rate of 1 kHz with a band pass filter of 0.1–200Hz. Vertical eye
ovements (i.e. VEOG) were recorded using electrodes placed immediately above
logia 47 (2009) 796–803

and below the orbit of the left eye. Horizontal eyemovements (i.e. HEOG)weremon-
itored with an additional pair of electrodes at the external canthi. Cortical channels
were referenced to the leftmastoid online andanactive rightmastoid reference elec-
trode was employed. The data were re-referenced to algebraically linked mastoids
and epoched offline.

The continuous data were segmented from −100 to 650ms relative to stimulus
(i.e. problem) onset for each of the trial types.5 Trials contaminated with muscular
artifact and/or voltages above 100�V or below −100�V were excluded from the
analysis. Data were corrected for ocular artifacts using a regression analysis in com-
binationwith artifact averaging (Semlitsch, Anderer, Schuster, & Presslich, 1986) and
were baseline corrected over the pre-stimulus interval. The segmented data were
then averaged across trials within participants for each condition and smoothed
using a 30Hz lowpass filter.

2. Results

Nine of the 35 participants failed to produce a single correct
on-time retrieval and were therefore analyzed separately from the
other subjects. Theyarediscussedat theendof this section.Anaddi-
tional seven subjects had to be excluded due to technical problems.
Therefore, 19 subjects (11 males and eight females) were included
in the analyses comparing retrieval and calculate trials. For these
subjects,wefirst report the behavioral analyses followedby the ERP
analyses.

2.1. Behavioral analysis

2.1.1. Effects of operator
We first analyzed the extent to which the multiplication and

sharp operators yielded different behavioral patterns for the fol-
lowing measures: percent of trials for which retrieve was selected,
percent of trials for which strategy selection was late, strat-
egy selection time, and correct answer time. The analyses were
remarkably consistent in showing little or no effect of operator.
The only significant effects were that subjects were somewhat
more likely to choose retrieve for sharp problems than for mul-
tiplication problems (23.4% compared with 16.4%), t(18) =2.39,
p<0.05,6 and subjects took less time to complete sharp problems
thanmultiplication problemswhen calculate was chosen (8207ms
compared with 9906ms), t(18) =4.16, p<0.001. Because very few
differences were found, all future analyses were collapsed across
operator.

2.1.2. Effects of problem familiarity on strategy selection and
calibration

Problems were divided into four quartiles of familiarity (1–5,
6–10, 11–15, and 16–20 times). The percentage of retrieval selec-
tions and the accuracy of those selections are displayed for each
quartile in Fig. 2. Tendency to select retrieve increased as a func-
tion of the number of times the problem had been presented, F(3,
54) =26.6,p<0.001,MSe = 0.0143. Accuracy of the retrieval attempts
also increased with greater problem familiarity, F(3, 39) =45.0,
p<0.001, MSe = 0.041.7 The percent accuracy of retrievals was then
determined as a function of how many total problems had already
been seenby the subject over the course of the experiment bydivid-
All analyses, including ERP analyses, excluded trials with late strategy selection
judgments, except, of course, the behavioral analyses of the percentage of times
subjectswere late to choose a strategy. The analysis of correct answer times excludes
trials with late answer times.

7 There were five subjects who did not attempt retrieval in any of the problems in
at least one of the quartiles and therefore could not be included.
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