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Abstract

We explore the separation of decision confidence and familiar-
ity components in EEG data from recognition memory experi-
ments. We first develop and test a classifier designed to classify
decision confidence on new trials. We then use this classifier
to control for confidence in the selection of trials of familiar-
ity and correct rejection. This allows us to reveal a familiarity
component that is of similar magnitude for recollection and fa-
miliarity judgements. This familiarity component reveals more
of a frontal extent than obtained without confidence matching.
We believe that this preliminary result can serve as a guide
for designing future electrophysiological experiments to better
separate the different components of recognition memory and
that the technique of using classifiers to control for response-
related covariates can be used for early exploration of these
components in existing data.
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Introduction
Electroencephalography (EEG) has been widely used to iden-
tify neural substrates and cognitive processes in recognition
memory studies for its noninvasive temporal sensitivity. The
event-related potential (ERP) method that takes time-locked
averages of multiple trials in EEG data is most commonly
used. The frontal old/new effect (also called the FN400) is
a negative-going ERP observed in the frontal electrodes that
peaks around 400 ms post stimulus. The FN400 goes more
negative for less familiar items (Curran, 2000; Curran & Han-
cock, 2007) but disassociates from the amount of recollected
episodic information (Curran & Cleary, 2003; Rugg & Cur-
ran, 2007). Hence, the FN400 is considered as a familiarity-
related ERP. The parietal old/new effect, also called the late
positive component (LPC), is another ERP that is positive-
going and peaks over the parietal scalp between 500 and 800
ms. The LPC shows greater amplitude for correctly iden-
tified old items (hits) as opposed to new items (correct re-
jections) (Rugg et al., 1998; Curran, 2000; Wilding, 2000)
and positively correlates with the amount of information re-
trieved from the study episode (Wilding & Rugg, 1996; Vil-
berg, Moosavi, & Rugg, 2006). Therefore, the LPC is thought
to reflect recollection. Another memory-related ERP is the
late posterior negativity (LPN). The LPN emerges at approx-
imately 800 ms post stimulus and goes more negative for
correct old than new responses, irrespective of the accuracy

of the retrieved information (Johansson & Mecklinger, 2003;
Friedman et al., 2005; Herron, 2007).

In the remember-know (RK) paradigm, it is difficult to sep-
arate the effects of memory from those of any decision confi-
dence component because the difference between remember
and know judgements could be derived from both effects si-
multaneously (Tulving, 1985; Donaldson, 1996; Yonelinas
et al., 2002). Likewise the difference between responses to
Know and New items may reflect both differences in familiar-
ity and confidence. ERP studies have revealed differences be-
tween high and low confidence in both old and new memory
judgements around 600-800 ms over parietal scalp (Addante
et al., 2012; Wynn et al., 2019), but decision confidence
as a similar process for both old and new items has rarely
been studied in ERP studies. However, in a single-neuron
recording study of posterior parietal cortex (Rutishauser et
al., 2018), confidence-selective cells encoding retrieval con-
fidence for both old and new stimuli were identified.

Recently, multivariate pattern classification (MVPC) meth-
ods applied to EEG data recorded in episodic memory tasks
have helped elucidate brain activity during encoding (Noh et
al., 2014; Anderson et al., 2016) and decoding (Noh et al.,
2018; Liao et al., 2018). Our goal was to separate, as much
as possible, the familiarity/memory based component from
any confidence based component in familiarity judgements.

Experimental Paradigm

The Dataset
EEG data for the current study were recorded in three sep-
arate visual memory task experiments by Mollison and Cur-
ran (2012); this dataset was used in previous single-trial EEG
classification studies (Noh et al., 2018; Liao et al., 2018).
Each experiment consisted of study phases and recognition
phases. In each study phase, subjects had to memorize a
list of study items given sequentially and source or contex-
tual information associated with the items. In each recogni-
tion phase, subjects were instructed to distinguish the studied
items from the foil items in the first response and provide
source information in the second response.

The study items in the experiments were color images of
physical objects, animals, and people. For Experiment 1, the
source/contextual information associated with the study item
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Figure 1: The experimental paradigms for experiments with (a) location source information and (b) color source information
from Mollison and Curran (2012).

was the spatial location where the study item was presented,
either to the left or right of the fixation cross. For Experi-
ment 2, the source/contextual information was the color of
the frame surrounding the study item.

The experimental paradigms for location source and color
source conditions are shown in Figure 1 (a) and (b), respec-
tively. In the recognition phase, the subjects were asked two
consecutive questions with inter-stimulus intervals of varying
length (uniformly distributed within 625 � 125 ms). For the
location source condition, subjects had to choose from three
options: left (given as L), right (given as R), and new (given
as N) based on the source information they remembered or
the recognition of a new/foil item. If the source information
was chosen in the first question, the subject had to give their
subjective rating as remember side (given as RS), remember
other (given as RO), or familiar (given as F). If the new re-
sponse was made in the first question, then the subject had to
give the confidence of their judgement as sure new (given as
SN) or maybe new (given as MN). For the color source con-
dition, the two questions were identical to the questions for
the location source condition except that the two options for
source information in the first question were replaced with
two possible colors (given as solid squares), and remember
side in the second question was changed to remember color
(given as RC).

Based on subjects’ source/new judgements in the first re-
sponse, the trials were divided into five categories (SC: source
correct, SI: source incorrect, FA: false alarm, CR: correct re-
jection, M: miss). For SC, SI, and FA, each category were fur-
ther divided into three sub-categories depending on the sec-
ond response (RS: remember source, RO: remember other,
F: familiar). Each of CR and M could be divided into two
sub-categories (SN: sure new, MN: maybe new). As a re-
sult, each trial was categorized into one of thirteen behavioral

conditions as shown in Figure 2. Note that in Figure 2 and
for the rest of the paper, RS refers to remember source which
includes both remember side and remember color.
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Figure 2: Trials could be categorized into 13 different behav-
iors based on the source/new judgements (SC, SI, FA, CR,
and M) and the subjective ratings (RS, RO, F, MN, and SN).

EEG Acquisition and Preprocessing
EEG data were recorded with a 128-channel Geodesic Sen-
sor NetTM (HydroCel GSN 200, v.2.1; (Tucker, 1993)) at 250
Hz sampling rate for both Experiment 1 and 2, using an AC-
coupled 128-channel, high-input impedance amplifier (300
MW, Net AmpsTM; Electrical Geodesics Inc., Eugene, OR,
United States) with a 0.1-100 Hz bandpass filter. The vertex
channel (Cz) was selected as the initial common reference,
and the individual electrodes were adjusted until impedance
measurements were lower than 40 kW. Electrode locations
are shown in Figure 3. Each epoch was filtered between 0.1
and 50 Hz using a 40 tap FIR filter and baseline corrected
using data from -200-0 ms.

Methods
Classification Classification analysis was conducted sepa-
rately for Exp 1 and Exp 2 in order to reveal any possible
difference between the location source and color source ex-
periment responses that may correspond to the differences in
ERPs observed by Mollison and Curran (2012).


