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21 children in 2nd grade (7 – 8 years, mean = 7.7)
20 children in 5th grade (9 – 11 years, mean = 10.5)
19 undergraduate students (20 – 23 years, mean = 21.4)

In event-related potential (ERP) studies, recognition memory 
can be separated into two components: Recollection—
highly confident recognition judgments, often accompanied 
by additional contextual information— and familiarity—a 
recognition judgment that may be rendered with differing 
degrees of confidence. The temporal onset and spatial 
distribution of ERP effects for old versus new items allows 
to differentiate familiarity (frontal positivity 300–500 ms) 
from recollection (parietal positivity 500–700 ms) [1, 2].
Memory studies conducted with children of varying age 
groups often report a lack of (comparable) early frontal 
effects  (e.g., [3-5]), which suggests different developmental 
trends for familiarity and recollection.
The concept of familiarity, however, is not without 
controversy. Previously, familiarity has often been considered 
a (bottom-up driven) process, only elicited when there is a 
perceptual similarity between study and test phase. Thus, 
only a perceptual matching between study and test phase 
would elicit early, familiarity-associated, frontal effects.
By contrast, several studies report evidence that early frontal 
effects are modulated by the (perceived) importance of 
perceptual features within a memory paradigm [6,7].
These findings suggest the role of perceptual stimulus 
features for familiarity and why children lack these early 
frontal effects is not fully understood.
In our study, children and young adults decided whether 
objects shown as pictures were more commonly found 
indoors or outdoors (incidental encoding). They neither 
knew that these pictures were to be recalled later on, nor did 
they know some of them would be perceptually changed. In 
a second phase, participants were instructed to memorize 
these items as they knew they would be asked to differentiate 
(“same”, “different” or “new”) them afterwards.
For ERPs, we expected a late parietal positivity (induced by 
recollection, about 500 ms post-stimulus) for all age groups, 
whereas we only expected distinct frontal effects for young 
adults (elicited by familiarity, about 300 ms post-stimulus 
due to aforementioned reasons). Most research revealed no 
frontal effects for children so far, thus we expected no early 
frontal effects for young children.

27 active Ag/AgCl electrodes
Reference FCz, offline re-referenced to averaged mastoids
Sampling rate 500 Hz, band-pass filtered 0.1 – 30 Hz (24 dB)
3 time windows: 200-350 ms, 350-500 ms, 500-650 ms
Analyses based on 3x3 grid: F3,Fz,F4,C3,Cz,C4,P3,Pz,P4

We selected 200 pictures from Snodgrass and Vanderwart [8] (colored by 
Rossion & Pourtois [9]) and created changed counterparts (different angle, size, 
color or specimen or combinations of these) or selected appropriate cliparts for 
80 of them.

4 Phases: 
incidental study – incidental test – intentional study – intentional test

Pr = hit rate – false alarm rate [10]
Item Hits: Correct Identification as old (general measure)
Feature Hits: Correct Identification as identical or changed, respectively 

(specific measure)
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Overall, intentional encoding lead to better performance 
than incidental encoding. Likewise, performance was 
better when items were presented identically (versus 
perceptually changed). Also, these two findings interacted: 
When comparing incidental with intentional encoding, 
only different items benefit from the explicit encoding 
instructions. This interaction, however was not observed for 
older children—their performance did not differ between 
incidental and intentional encoding.
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These topographical maps illustrate the spatial distribution (identical and changed Item Hits minus Correct Rejections) and amplitudes 
during the incidental test phase. Transparent maps denote time windows in which no reliable main effect of condition (contrasts 
identical old and changed old vs. new, respectively) was observed. Black boxes indicate significant contrasts.
For young children, parietal effects were observed in all three time windows. By contrast, older children show a widespread positivity 
in the early time window and in the late time window parietal effects. Young adults show the expected pattern: Identical stimuli 
elicit a frontal positivity with an early onset that persists through all three time windows, overlapping with a parietal effect from the 
medium time window on. Changed stimuli show the same pattern with a centro-parietal distribution.
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Behaviorally, children and adults showed comparable performance with a single exception: Older children do not benefit from 
intentional compared to incidental encoding.
The expected ERP components for familiarity and recollection were observed in young adults, whereas in younger children only a 
parietal positivity was observed consistent with recollection-based retrieval in adults in later time windows. Parietal activity starting 
~500 ms has been connected with recollection-based retrieval in children in earlier studies, but so far the functional role of the earlier 
parietal effects remains unclear (see also [11]).
Older children, however, show a more complex pattern: During the medium time window, effect sizes are smaller for older than for 
younger children, while general EEG amplitudes are comparable (compare the two ERP curves). It is conceivable that some children 
in this age group show precursors of adult frontal retrieval processes, while others only use recollection-based retrieval like younger 
children. Interestingly and in contrast to second-graders, the earliest time window yields reliable global (i.e. larger) old/new effects. 
These are topographically wider spread than in young adults. 
Taken together, the difference of old/new effects in terms of spatial distribution and effect size suggests differential processing in the 
three age groups. Given the perceptual focus of our task, this might be the result of diverging perceptual and conceptual familiarity 
signals being evaluated by participants. 
In this study, changed items consisted of both, basic perceptual changes (e.g., size, perspective), and more abstract conceptual changes 
(for instance a different specimen of the depicted object or animal), so follow-up studies should directly compare the effect of two 
more selectively generated item pools that focus on one of these changes each.

In all three time windows, reliable 
old/new effects were observed at 
parietal electrodes.

Likewise, older children exhibited 
no frontal  old/new effects. By 
contrast, at ~250  ms we found 
an old/new effect for identical 
items at central electrodes. Both 
identical and changed items 
elicited parietal effects in the late 
time window.

For all items, familiarity-
associated frontal and 
recollection-associated parietal 
effects were found with an 
onset at ~250 ms and ~400 ms, 
respectively. By contrast to 
children, the old/new effect is 
topographically more widespread 
and shows larger effects for 
identical items—particularly at 
frontal electrodes.
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