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Introduction

Electrophysiological Methods

• Only one study to date has examined ERP responses at encoding in developmental populations
(Riggins & Rollins, in press). We found age-related differences in the timing, duration, and topography
of the subsequent memory effect (i.e., ERP differences between later recognized and missed items).

Children (F3)

Event-Related Potentials (ERPs)

• In adults, ERPs show not only subsequent memory effects but also subsequent recollection effects
(i.e., ERP differences between items that are later given given “remember” responses versus “know”
responses) using subjective recollection paradigms (Duarte et al., 2004; Friedman & Trott, 2000;
Mangels, et al., 2001; Yovel & Paller, 2004). However, subsequent recollection effects are not typically
observed when objective recollection paradigms (i.e., when recollection is indexed by accuracy for a
contextual detail, e.g., color) are used (Friedman & Trott, 2000; Guo, et al., 2006; Smith, 1993).

• EEG was recorded with a sampling rate of 512 Hz (BioSemi Active 2) from 64 active Ag-AgCl scalp
electrodes and two vertical and two horizontal electrooculogram (EOG) channels (see Figure 1)
• EEG data were re-referenced offline to an average mastoid reference using Brain Electrical Source
Analysis (BESA) software (MEGIS Software GmbH, Gräfelfing, Germany). Ocular artifacts were corrected
applying the Ille, Berg, & Scherg (2002) algorithm. Trials were hand-edited to remove movement related
artifacts. Data were high and low pass filtered at 0.1 Hz and 80 Hz, respectively. Trials were epoched with
a 100ms baseline and continued during stimulus presentation for 1500ms. Average ampltiude between
700-900 ms served as the dependent measure.

•Behavioral studies show that age-related changes are present in subjective and objective recollection
(Ghetti, et al., 2011).

Results

•The goals of the current study are to determine if ERP correlates of recollection can be detected in
children during encoding and if effects differ from adults using subjective and objective measures.

Behavioral Methods
Participants
• ERP data were compared between 31 6-8-year-old children (M = 7.73, 12 males) and 30 adults (M
= 20.45, 12 males). An additional 13 participants (6 adults) were excluded due to developmental
disabilities, an inability to collect EEG data, noncompliance, and software malfunction. An
additional 30 participants (6 adults) were excluded because of too few ERP trials due to movement
artifact or performance on the behavioral paradigm (n = 14), poor mastoid quality (n = 15), or
overall poor EEG quality (n = 1).

Behavioral Assessment
• The study required one 1.5-hour visit to the Neurocognitive Development Lab.
• Stimuli included 180 animals and common objects from colored Snodgrass and Vanderwart line
drawings (Rossion & Pourtois, 2004) and external sources with comparable image coloration and
visual complexity. Stimuli were colored red, green, and grayscale using Microsoft Powerpoint.
• Encoding (see Figure 2)
• Four blocks (30 items/block)
Figure 1
• Color Judgment (random within block)
• Size/animacy judgment (alternating each block)
• Retrieval (see Figure 2)
• Old/new
• Subjective recollection: Remember/familiar
• Objective recollection: Color of item
• Objective recollection: Task performed at encoding

Behavioral Data
• Adults had higher recognition rates (M = .70 .11) than children (M = .60 .14), t(59) = -3.38, p < .01.
However, they also had higher false alarm rates (M = .09 .08) compared to children (M = .02 .02) ,
t(59) = -4.64, p < .01. D-prime scores were marginally higher in children (2.34 .44) than adults (2.308
.59), t(59) = 1.97, p = .05.
•Objective Recollection was assessed using a 2 Group x 2 Objective Detail (Color, Task) mixed model
ANOVA. Accuracy for these contextual details was only considered for items correctly identified as old.
There was a main effect of Objective Detail, F(1,59) = 39.41, p <.01. Participants were more accurate at
identifying the task performed at encoding (M = .70 .01) than the original color of the item (M = .61
.01).
• Relations between Subjective and Objective Memory (Table 2)
• Accuracy for objective judgments was calculated separately for remember and familiar
judgments and used to examine relations between objective and subjective recollection. We
conducted a 2 Group (Children, Adults) x 2 Subjective Judgment (“Remember”, “Familiar”) x 2
Objective Detail (Color, Task) mixed model ANOVA. There were main effects of Objective Detail,
F(1, 56) = 11.4, p <.01, and Subjective Judgment, F(1, 56) = 11.4, p =< .01, qualified by an
Objective Detail x Subjective Judgment interaction, F(1, 56) = 4.75, p = .03. Accuracy differences
between “Remember” and “Familiar” judgments were larger for task compared to color accuracy.
No interaction with group was present suggesting that both children and adults were
accurately using “Remember” and “Familiar” judgments.

Table 2

Color Judgment

Task Judgment

n

Remember

Familiar

Children

29

.61(.17)

.59(.2)

Adults

29

.65(.12)

.56(.13)

Children

29

.73(.12)

.58(.26)

Adults
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Old/New

Remember/Familiar

Red/Green

Animacy/Size

If participant says the item is “new”

29

.76(.12)

.63(.18)

ERP data (Figure 3)
• Mean ERP amplitudes were assessed using mixed model ANOVAs at midline and lateral electrode sites
(F3, Fz, F4, C3, Cz, C4, P3, Pz, P4).

Fit/Not fit?

Encoding

Figure 3

+

Subjective Recollection ERP Data
• Children vs. Adults: Remembered vs. Familiar vs. Missed
• There was a main effect of condition, F(2, 80) = 8.821, p < .001, and a condition x sagittal x
coronal plane interaction F(8, 320) = 2.38, p < .05. At frontal, central, and parietal leads a
subsequent recollection effect was present. Mean amplitudes to items subsequently
“Remembered” (8.0 .74 µV ) were more positive than amplitudes to “Familiar” (5.7 .81 µV )
and missed items (5.22 .7 µV ).
• Children using “R” & “F” (N=17) vs. Children primarily using “R”(N=10): “Remembered” vs. Missed
• There was a marginal condition x group interaction, F(1, 25) = 3.37, p = .08. There no were
differences between groups in amplitude elicited to subsequently missed items, F(1, 25) = .09, p
= .77, there was a difference between groups in amplitude elicited to subsequently
“Remembered” items, F(1, 25) = 4.55, p < .05. The amplitude to “Remembered” items was larger
in children who reliably used the R/F distinction (11.82 1.24 µV ) than in children who
predominantly provided “Remember” responses (7.47 1.62 µV ) .

Children who
infrequently used “F”
option

Adults (Fz)

n=10

n=25

n=17
Remember
Familiar
Missed

Color-Correct
Color-Incorrect
Missed

n=22

n=22

n = 24

n=27

Task-Correct
Task-Incorrect
Missed

Objective Recollection ERP Data
• Objective Recollection: Color (Color-Correct vs. Color-Incorrect vs. Missed)
• There was no main effect of or interaction with condition.
• Objective Recollection : Task (Task-Correct vs. Task-Incorrect vs. Missed)
• There was a marginal condition x coronal x group interaction, (4, 196) = 2.44, p = .06. No main
effect of or interaction with condition was present in children. In adults, there was a main
effect of condition, F(2, 52) = 4.47, p < .05, characterized by more positive amplitudes to TaskCorrect (3.49 .81 µV ) and Missed (3.56 .78 µV ) than Task-Incorrect Items (2.2 .85 µV ).

Discussion
• Consistent with previous ERP studies using the remember/know paradigm or similar methods
(Friedman and Trott. 2000; Mangels et al., 2001; Yovel & Paller, 2004, c.f. Smith, 1993) we found
recollection effects using the subjective measure of recollection. No differences were present between
children and adults. In contrast, recollection effects were not present when recollection was indexed by
accuracy for color or task performed at encoding, similar to other studies of objective recollection (Guo
et al., 2006; Friedman & Trott, 2000; Rollins & Riggins, in press).
• Future research should investigate factors related to individual differences in “Remember”/“Familiar”
judgments in children and the development of neural regions involved in subjective recollection.
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