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ARTICLE INFO ABSTRACT

Keywords: For children, new experiences occur very often, and learning to differentiate between old and new events is a
Orienting fundamental process necessary for appropriate reactions to stimuli. Thus the present study is concerned with
ERP maturation of brain responses to repeated novel events. We examined the effect of repetition of familiar
Development (meaningful) and unfamiliar (meaningless) symbols on the event-related-potentials (ERPs) recorded during
I?Igszlall novelty oddball and recognition memory tasks from children, adolescents and young adults. During the novelty
Memory oddball task, repetition of the familiar symbols elicited a reduction in the novelty P3 in the ERPs of all age

groups, while repetition of the unfamiliar symbols elicited a reduction in novelty P3 amplitude only in children.
As expected, recognition memory performance improved with age and was better for familiar than unfamiliar
symbols. For all age groups, ERPs to correctly recognized familiar old symbols elicited a larger positivity than
ERPs to correctly identified new symbols, indicating a reliable memory effect. However, ERPs to unfamiliar old
and new symbols did not differ in adults and adolescents but did differ in children. The data suggest that children
process familiar visual symbols in a similar fashion to that of adults, and that children process unfamiliar
symbols differently from adults.

1. Introduction

Orienting to a novel event is a rapid shift in attention to a change in
one’s surroundings that appears to be a fundamental biological me-
chanism for survival and essentially functions as a "what is it" detector.
Orienting appears to play a central role in human learning and devel-
opment, as it facilitates adaptation to an ever-changing environment
(Sokolov, 1963). Infants’ mental growth depends on their tendency to
orient to unfamiliar stimuli, such as a sudden onset of a female voice
(Kagan, 1994). While orienting responses measured in infants is sensi-
tive to different variables than those observed in children and adults, it
has been suggested that orienting, which is part of the attention system,
may promote cognitive functioning throughout life. In this respect,
orienting can be viewed as an allocational mechanism in which atten-
tion sifts through the complex multi-sensory world and selects relevant
stimuli for further processing. The selection of stimuli for further pro-
cessing has implications for what will be encoded into memories and
how strong those memory traces will be. The ability to differentiate
between relevant and irrelevant input, to inhibit the processing of ir-
relevant stimuli, and to sustain attention requires control, self-reg-
ulatory and inhibitory processes that improve with age (Kopp, 2002).

Therefore, studying orienting behavior in children has implications for
our understanding of the overall development of the attention me-
chanisms that are essential in all cognitive operations. Despite a large
body of knowledge regarding the orienting response in infants (e.g.,
Clarkson et al., 1989; Marshall et al., 2009; Moffitt, 1973), orienting
during childhood has not yet been extensively explored. Thus, the
current study was designed to investigate changes with age in the or-
ienting response and the formation of memories to unexpected events.

1.1. Orienting to novel events

Orienting elicits physiological and behavioral changes, but not all
sensory stimuli elicit orienting to the same extent (Sokolov, 1990). For
example, the orienting response diminishes with stimulus repetition,
indicating that some form of memory exists for events that shape the
response to repeated incidences. It has been proposed (Sokolov, 1969)
that novel stimuli elicit processes that enable the construction of re-
presentations for these novel events. As stimulus exposure continues
and a representation is formed, the constructed representation is then
continuously compared to incoming information. Habituation occurs as
the representation increasingly matches the external stimulus.
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The orienting response can be measured physiologically by mea-
suring scalp-recorded event related brain potentials (ERPs). Measuring
ERPs is well suited to investigate the processing of unexpected novel
events because the neurophysiological responses that correspond to
these events can be recorded in the absence of overt responses. Indeed,
ERPs have been used to examine orienting in infants (Kushnerenko
et al., 2007; Wiebe et al., 2006), children (Cycowicz and Friedman,
1997; Cycowicz et al., 1996; Maatta et al., 2005a, 2005b) and the el-
derly (Daffner et al., 2006; Kazmerski and Friedman, 1995; Richardson
et al., 2011).

The orienting response is often investigated using ERP recordings by
employing a novelty oddball paradigm. In this task, frequently occur-
ring stimuli are randomly presented with two infrequently occurring
stimulus types: target (oddball) and novel. Participants are informed
about the occurrences of the frequent stimuli, and are instructed only to
respond to the infrequently occurring targets. Participants are not in-
formed prior to the experiment of the occurrence of infrequent novel
events. Both target and novel stimuli elicit a positive deflection in the
ERP waveforms at around 300 ms post stimulus onset. These responses
are known as the P3, and in adults, differ in their scalp distribution,
with the target P3 usually being characterized by a parietally-focused
amplitude maximum (see for example, Johnson, 1993), whereas the
novelty P3 scalp topography is frontally oriented (Courchesne et al.,
1975). It has been suggested that the parietally-oriented P3 elicited by
targets is associated with stimulus evaluation processes (e.g.,
Courchesne et al., 1975; Grillon et al., 1990), while the frontally-or-
iented P3, elicited by the novel stimuli, reflects an involuntary shift of
attention, i.e., orienting (Friedman et al., 2001).

Habituation of orienting responses with repetition or recurrence of
both visual (Courchesne, 1978a, 1978b) and auditory (e.g., Friedman
et al.,, 1993a, 1993b; Friedman and Simpson, 1994) novel events has
been demonstrated in ERP studies by a reduction in novelty P3 am-
plitude and a change in its scalp topography to a more posterior focus.
The change in scalp topography of the novelty P3 with repetition in-
dicates that successive presentations of novel events alter the proces-
sing of those events. Initially uncategorized novel stimuli form a dis-
tinct class of rare events, thus eliciting brain activity with a parietal
topography resembling that of target events.

Previous investigation of the orienting response in children using
ERPs yielded inconsistent results. Courchesne (Courchesne, 1978a,
1978b) who used visual stimuli reported that the infrequent novel
events elicited waveforms with different morphology and scalp dis-
tribution in children compared to adults. Courchesne proposed that this
age-related difference in the ERPs implies that children and adults
process infrequent novel information differently, and suggested that the
neurocognitive system that is engaged in processing novel events is less
mature in children. However, in a similar paradigm with repeated en-
vironmental sounds as novel events, Cycowicz et al. (1996) found only
quantitative age differences (e.g., latency) and suggested that overall
children process novel information in a manner similar to adults. Age-
related difference was also reported by Gumenyuk et al. (2004) in a
more complex novelty paradigm, where novel sounds served as dis-
tracted stimuli during a visual task, and suggested that the changes in
the development of the orienting system relates to the development of
the attention switching functions in children. Another variable that
could explain the difference findings is the stimulus familiarity. For
example, the visual novels used by Courchesne (1978a, 1978b) were
meaningless and therefore difficult to name; in contrast the complex
environmental sounds used by Cycowicz et al varied in their degree of
familiarity. Thus, it seems that task demands, stimulus modality and
type of stimuli all may affect processing of novel information (Oja et al.,
2016).

The idea that stimulus familiarity affects the orienting response,
that can be measured in the ERPs, comes from an investigation of the
orienting response in adults (Cycowicz and Friedman, 1998). In that
study, following the novelty oddball task where each novel event was
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repeated, each participant was asked to listen carefully to each of the
sounds and to name them. Sounds that were named were labeled fa-
miliar, whereas those that were not named were labeled unfamiliar, and
the ERPs were averaged based on each subject naming responses. Cy-
cowicz and Friedman reported that the effect of sound familiarity
emerged only after repetition, as there was no difference in novelty P3
amplitude between familiar and unfamiliar sounds on first presenta-
tion. This result implies that on first presentation both familiar and
unfamiliar sounds elicited an orienting response with similar activation
of frontal lobe generators. However, repetition of the familiar novel
sounds elicited a significant reduction of novelty P3 amplitude over
fronto-central scalp sites, suggesting that stimuli with pre-existing re-
presentations required less processing on second presentation. By con-
trast, repetition of unfamiliar sounds induced an increase in amplitude,
primarily at posterior scalp locations, reflecting a greater processing
load due to the relative unfamiliarity of the eliciting sounds.

Therefore, one goal of the current study was to investigate the effect
of stimulus familiarity on the orienting response and its changes with
age. To this end we used two distinct types of visual symbols. One type
consisted of meaningful symbols that can be named, and the second
type consisted of meaningless symbols that cannot be named. The
meaningful symbols were known to most adult participants from pre-
vious exposure and therefore presumably familiar, whereas the mean-
ingless symbols were unknown to most adults and therefore labeled
unfamiliar. Both types of symbols were unexpected within the context
of the experiments, and thus both were considered to be novel. We
hypothesized that the visual novelty P3 in adults would show reduced
amplitude for the familiar but not for the unfamiliar symbols. However,
since children have less experience both with the familiar and the un-
familiar symbols, they would not show novelty P3 amplitude reduction
for either stimulus type.

1.2. Memory of novel events

The detection of novel events is strongly related to memory, as it
requires a comparison between incoming events and memory re-
presentations. If the incoming event matches a memory trace the sti-
mulus is considered recognizable, otherwise, it is identified as new.
Unfamiliar events are presumed to trigger learning and memory pro-
cesses via attentional resources (Malcuit et al., 1996). Thus, research
measuring learning and memory in infants often includes a comparison
of the orienting response to the novel/new stimuli to that of familiar/
old stimuli (Bahrick and Pickens, 1995; Rovee-Collier and Cuevas,
2009). In adults, unexpected events within the context of an experiment
tend to be encoded in memory more effectively than non-distinct events
(for review see (Ranganath and Rainer, 2003). For example, P3 am-
plitude elicited by highly distinctive items correlated with subsequent
memory performance for those items (Fabiani and Donchin, 1995), and
larger P3 amplitude for subsequently recalled words were reported for
11-year old children (Fabiani et al., 1990). The relationship between
unexpected events and memory for these events can also be inferred
from a lesion study suggesting that interactions between prefrontal and
medial temporal regions are crucial for the generation of enhanced
memory for contextually novel events (Parker et al., 1998). Additional
support for these findings are provided by hemodynamic data demon-
strating a relation between activation of prefrontal regions that are
critical for evaluation of novel events and medial temporal cortical
regions that are implicated in memory (Harper et al., 2017; Kirchhoff
et al., 2000).

Knowledge of maturational changes in brain areas that might un-
derlie developmental stages associated with orienting and memory
processes has expanded in recent years (e.g., Benes, 1989, 1994;
Walhovd et al., 2017), and include increase in myelination, synaptic
pruning, and increase subcortical gray matter and areas of the limbic
system volume (including the hippocampus and amygdala)
(Huttenlocher, 1990; Jernigan and Sowell, 1997). However, the longest



Y.M. Cycowicz

developmental trajectory is seen in the frontal cortex, which develops
gradually throughout childhood and adolescence (Caballero et al.,
2016; Case, 1992; Stuss, 1992). Because the relationship between de-
tection of contextual novelty and memory for novel events depends on
brain structures that mature throughout childhood, the current in-
vestigation included measures of children’s memory for these events.
While all novel events are distinct within the context of the task, the
current study assessed whether familiar and unfamiliar novel events are
incidentally remembered to the same extent, and how their memor-
ability compares across age groups. For this, ERPs were recorded while
participants performed an unexpected recognition memory task for the
novel events they viewed during the novelty oddball task.

In a variety of recognition memory tasks in which participants are
explicitly asked to differentiate old stimuli from new stimuli, more
positive-going amplitudes for old compared to new items have been
demonstrated beginning at about 300 ms and often continuing to the
end of the recording epoch. Collectively, these old/new effects have
been labeled the “episodic memory” or EM effect (Curran et al., 2003;
Friedman and Johnson, 2000). The exact number and functional sig-
nificance of these EM effects is still under debate, but some EM effects
do appear consistently with distinct temporal and topographic patterns
in many memory studies. Relevant to the current study is the parietal
EM effect that is assumed to reflect recollection processes. There is
evidence that recollection from long term memory elicits parietal EM
effects in children similar to those recorded in adults (Cycowicz, 2000;
Cycowicz et al., 2003; Czernochowski et al., 2005).

The majority of studies demonstrating a parietal EM effect have
used familiar and meaningful stimuli such as words and pictures, and
only a handful of studies have demonstrated it for unfamiliar stimuli
(e.g., Van Petten and Senkfor, 1996). Cycowicz and Friedman (1999)
recorded ERPs in adults during their performance on a recognition
memory task for auditory novel events initially presented during the
novelty oddball task. Although memory for all novel sounds was poor,
previously experienced sounds elicited faster reaction times than new
sounds, and a robust parietal EM effect. The poor memory for the novel
sounds was probably due to their brief nature and the fact that they
were difficult to name. Nevertheless, these data demonstrated the for-
mation of long-term memories of initially novel sounds. Based on these
findings familiar novel symbols which are meaningful to subjects
should be more likely to be remembered and should elicit the parietal
EM effect, whereas unfamiliar symbols should be less likely to be re-
membered and should not be associated with the parietal EM effect.

The fact that children may not be as well acquainted with the fa-
miliar symbols as adults brings into question to what extent children’s
memory of the familiar symbols will resemble that of adults. Based on
the assumption that children need to learn many new facts about their
environment in a relatively short time, they may be expected to have a
system in place that differentiates between the new and the experienced
even for stimuli for which they lack semantic knowledge. It is possible
that while adults’ memory is based on meaning, children will remember
the familiar symbols perceptually. In this scenario, children’ ERPs
during the recognition memory task should be similar to that of the
adults. Alternatively, if children perceived the familiar symbols as
meaningless because they cannot attach meaning to them, then similar
to the difficulty with the unfamiliar symbols, they will not be able to
distinguish between old and new familiar symbols. Hence, their ERPs
for both familiar and unfamiliar symbols will fail to show the parietal
EM effect.

1.3. Aims of current study

To summarize, the goals of the current investigation were twofold.
First, we examined the orienting response, as reflected by the novelty
P3, to repeated familiar and unfamiliar novel visual symbols in adults,
adolescents, and children. To understand the brain mechanisms in-
volved in the encoding and subsequent remembering of those
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unexpected events, brain responses to the first and second presentations
of visual symbols were contrasted for familiar and unfamiliar stimuli as
a function of age. Second, an unexpected symbol recognition memory
test was administrated following the novelty oddball task in order to
examine any evidence for a parietal EM effect in all age groups, which
would provide evidence of recollection of familiar and unfamiliar
symbols.

2. Method
2.1. Subjects

Thirty-two young adults (age range: 20-28; mean age = 23.15; 22
women), 27 adolescents (age range: 12-14; mean age 12.95; 8 girls)
and 28 children (age range: 9-11; mean age 10.09; 8 girls) participated
in the current study. Half of the subjects within each age group were
assigned to view either familiar or unfamiliar symbols as described
below. There were no demographic differences between subjects as-
signed to the two experimental conditions in the three age groups. Four
adolescents (1 female) and one child (female) did not complete the
experiment, resulting in an uneven number of subjects who were as-
signed to each experimental condition. Volunteers were native English
speakers, with no history of head trauma, neurological disorders,
learning disabilities or hyperactivity. The study was reviewed and ap-
proved by the New York State Psychiatric Institute Institutional Review
Board. Informed consent was obtained from adult participants and
parents of all children. Additionally, children and adolescents signed
assent forms.

2.2. Stimuli

The letters A and B each served as a frequent and/or target stimuli
equally often as they were counterbalanced across subjects. The novel
stimuli included 72 familiar and 72 unfamiliar (total of 144) symbols
collected from a Dictionary of Symbols (Liungman, 1994); for examples
see Fig. 1. For the complete list of the familiar and the unfamiliar sti-
muli, as well as the list selection criteria, see Supplemental Material and
Cycowicz and Friedman, 2007.

2.3. Procedure
The experimental design, which includes several tasks performed by
participants in all age groups, is presented in Table 1. The experiment

included two stimulus conditions, familiar and unfamiliar novel sym-
bols, that were a between subject factor. Because the familiar symbols

A B

B Cc

&S 2|V

Fig. 1. Examples of: A. frequent and target stimuli (letters assignment rotated
across subjects); B. example of familiar and meaningful symbols; C. example of
unfamiliar and meaningless symbols employed in the tasks.

A
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Table 1
Summary of the Experimental Design.
Age Groups (N) Stimulus Conditions Tasks Stimulus Type
Adult Teen Child
16 10 13 Familiar Visual Oddball Frequent, Target Letters A, B
Novelty Visual Oddball Frequent, Target Letters A, B
Novel 1, Novel 2 Familiar symbols
Recognition Memory Old and New Novels Familiar symbols
Symbol Naming Novels Familiar symbols
16 13 14 Unfamiliar Visual Oddball Frequent, Target Letters A, B
Novelty Visual Oddball Frequent, Target Letters A, B

Recognition Memory

Novel 1, Novel 2
Old and New Novels

Unfamiliar symbols
Unfamiliar symbols

are assumed to exist in the subject’s long-term semantic memory, their
novelty is limited to the experimental context. In contrast, the un-
familiar symbols are assumed not to exist in long-term, semantic
memory, and therefore their novelty is within the context of the ex-
periment as well as the subject’s general experience. Participants per-
formed all tasks in a quiet room (see Supplemental material for more
detail), and were instructed to respond as quickly as possible. Stimulus
and hand of response were counterbalanced across participants within
each age group.

2.3.1. Visual oddball task

Subjects were presented with two blocks with 100 trials each and
were asked to press a button when they detected a rare letter (targets;
P =0.12) embedded in a series of frequent letters (frequents;
P = 0.88). Stimulus duration was 300 ms with inter-stimulus-intervals
(ISI) of 1200 ms.

2.3.2. Novelty visual oddball task

Following the visual oddball test subjects were presented with seven
blocks of 100 trials each. As in the visual oddball task, subjects were
instructed to press a button when they detect the targets (the same rare
letter as in the visual oddball task) among the frequent events (the same
frequent letter as in the visual oddball task). They were not informed
nor instructed about the occurrence of the novel events. The novel
stimuli (P = 0.12), which were 42 visual symbols, were randomly in-
termixed with frequent (P = 0.76) and target (P = 0.12) letters (see
more details in the supplemental material). Repetition of the novel
stimuli occurred two blocks after their initial presentation, such that the
novel stimuli initially presented in the first block, for example, were
repeated in the third block. Stimuli were randomized separately for
each subject, with the restrictions that a target or a novel could not
occur as the first or last stimulus and that two targets or novels could
not be presented sequentially. Stimulus duration was 300 ms with inter-
stimulus-intervals (ISI) of 1200 ms.

2.3.3. Symbol recognition memory task

At the end of the visual novelty oddball task subjects were asked to
perform an old/new recognition memory task. A total of 60 symbols
were presented, of which 30 had been seen twice during the visual
novelty oddball test, and 30 were "new." Each subject saw one symbol
at a time and had to press one button if s/he thought the symbol was
"old," and the another button if s/he thought the symbol was "new."
Each subject received a different random ordering of the stimuli.
Instructions emphasized speed and accuracy equally. The hands as-
signed to "old" and "new" responses were counterbalanced across sub-
jects. Each stimulus was presented for 300 ms, and the ISI was 1800 ms.

2.3.4. Familiar symbol naming task

The familiar symbols were defined as familiar based on previous
adults’ ratings (Cycowicz and Friedman, 2007). To assess children’s and
adolescents’ familiarity with these familiar symbols, subjects in all age

groups who viewed the familiar symbols received an additional symbol
naming task. After subjects completed the symbol recognition memory
task they were presented with a different random ordering of the fa-
miliar symbols one at a time. Subjects were instructed to name each
symbol as accurately as possible, and to state ‘I do not know’ if they
were unable to identify a symbol. The experimenter transcribed ver-
batim each response before initiating the presentation of the next
symbol. Several of the adolescents (3) and the children (2) did not
complete this task.

2.4. EEG recordings

EEG (5s time constant; 50 Hz upper cutoff; 200 Hz digitization rate)
was recorded continuously (Sensorium amplifiers; from extended
10-20 system placements; e.g., (Nuwer et al., 1994) using an Electrocap
(Electrocap International) from 62 scalp sites, including left and right
mastoids, all referred to nosetip, with electrode impedance < 10 kQ.
Vertical EOG was recorded bipolarly from electrodes placed on the
supraorbital and infraorbital ridges of the right eye, and horizontal EOG
was recorded bipolarly from electrodes placed on the outer canthi of the
two eyes. Trials were epoched off-line with 100 ms pre and 1100 ms
post-stimulus periods for the oddball tasks and 100ms pre- and
1700 ms post-stimulus periods for the recognition task. Trials con-
taining eye movement artifact were corrected off-line using the proce-
dure developed by Gratton (Gratton et al., 1983). In addition, single
trials were visually inspected, and trials containing muscular or other
artifacts were marked and excluded from further analysis.

2.5. Data analyses

ERP data were averaged for frequent, target and novel stimuli in
both oddball tasks, and to correctly recognized old and correctly re-
jected new symbols during the recognition test. Averaged voltages were
computed separately for the first (novel 1) and second (i.e., repeated,
novel 2) presentation of the novel symbols. Averaged voltages for the
ERP components (novelty P3 and Old/New EM effect) were calculated
within time intervals defined on the basis of visual inspection of each
group’s data. In all ERP analyses the Electrode factor included the
midline electrodes (FPz, Fz, FCz, Cz, CPz, Pz, POz, Oz) which represent
well the differences in activation over the anterior-posterior plane.

ANOVA were performed using the SPSS Program (V.11). The
Greenhouse-Geisser epsilon correction (Jennings & Wood, 1976) was
used where appropriate. Uncorrected degrees of freedom are reported
below along with the epsilon value (¢); the P values reflect the epsilon
correction. Where appropriate, significant main effects and interactions
were followed-up with simple effects procedures and/or post-hoc ana-
lyses using the Tukey Honestly Significant Difference (HSD) test.
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Table 2

Performance in the Visual Oddball and the Novelty Visual Oddball tasks: Mean
( £ SE) Reaction Time (RT) for Targets, Percent Correct Target Detection (Hit),
Percent False Alarms for Frequents (FA-F), and for Novels (FA-N), for each age
group.

Performance
Group Task Stimulus RT (ms) Hit (%) FA-F (%) FA-N
Condition (%)

Adults Visual Familiar 421 (17) 100 0.11
Oddball Unfamiliar 395 (12) 100 0.08
Novelty Familiar 442 (17) 100 0.08 0.30
Visual Unfamiliar 413 (12) 100 0.06 0.60
Oddball

Adolescents  Visual Familiar 438 (12) 100 0.29
Oddball Unfamiliar 426 (16) 100 0.41
Novelty Familiar 474 (17) 100 0.16 0.96
Visual Unfamiliar 455 (18) 100 0.21 1.03
Oddball

Children Visual Familiar 468 (20) 100 0.61
Oddball Unfamiliar 484 (16) 100 0.86
Novelty Familiar 516 (23) 100 0.32 1.29
Visual Unfamiliar 512 (21) 100 0.19 1.03
Oddball

3. Results

3.1. Visual oddball and novelty visual oddball tasks

3.1.1. Behavioral performance

Table 2 shows that subjects in both familiar and unfamiliar stimulus
conditions and age groups were very accurate in detecting the targets
(% Hit) for both the visual oddball and novelty visual oddball tasks, and
very occasionally made false alarms to frequents (% FA-F) and novels
(% FA-N). Mean reaction times (RTs) for targets were submitted to a
mixed design ANOVA with Age Group (Children, Adolescents, Adults)
and Stimulus Condition (Familiar, Unfamiliar) as between-subject fac-
tors and Task (Visual, Novelty) as a within-subject factor. The main
effect of Age Group (F5 75 = 11.68,p < 0.01) indicated, as assessed by
post-hoc tests, that children were slower than adults and adolescents
(ps < 0.05), whereas the RTs of adolescents and adults did not differ.
The main effect of Task (F175 = 69.19, p < 0.01) showed that RTs to
targets were significantly longer in the novelty than in the visual odd-
ball task. ANOVAs with Age group and Stimulus Condition as between-
subject factors were computed separately for false alarms (FA) to: a)
frequents during the visual oddball task, and to b) frequents during the
novelty oddball task, and to c) novels during the novelty oddball task.
Significant Age Group effects were found for FA to frequents during the
visual oddball task (F5,g = 5.46,p < 0.01) and to frequents during the
novelty oddball task (Fs7s = 5.06, p < 0.01). Tukey HSD tests re-
vealed that children made more FAs than adults during both tasks,
whereas adolescents and adults did not differ. None of the ANOVAs
indicated any performance difference between subjects assigned to the
familiar and unfamiliar stimulus conditions.

3.1.2. ERP responses

Since the visual oddball task does not include novels and in that
respect does not contribute to the aims of this paper, the data which
demonstrated typical oddball ERP findings during the visual oddball
task will not be presented.

Grand mean waveforms elicited by targets and frequents during the
novelty oddball task for subjects assigned to the familiar and the un-
familiar stimulus conditions in the three age groups are presented in
Fig. 2. Parietally-maximal target P3s are clearly seen for all age groups
in both the familiar and unfamiliar stimulus conditions. These target
P3s appear highly similar for subjects assigned to the two experimental
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conditions. This indicates that target detection processing was similar
for subjects assigned to familiar and unfamiliar conditions. Aside from
the typical amplitude differences among age groups (Cycowicz, 2000),
the target P3s appear similar to those already reported in previous
developmental studies and, therefore, no further analysis will be per-
formed on these data.

The ERPs elicited by first and second presentations of familiar and
unfamiliar novel symbols are depicted in Fig. 3 for each age group. It is
notable that compared with auditory novel stimuli which elicit fronto-
parietal P3s scalp distribution (e.g., Cycowicz et al., 1996; Fabiani and
Friedman, 1995) the novel visual stimuli elicited a more posterior scalp
distribution in all age groups, with the children showing the most
posterior scalp distribution. For the adults, an amplitude reduction of
the novelty P3 at fronto-central sites is seen for second presentations of
novel items only in the familiar stimulus condition. The waveforms
elicited by first and second unfamiliar novel presentations overlap
completely. The adolescents show results similar to those of the adults;
there is an amplitude reduction of the novelty P3 for subjects in the
familiar stimulus condition, although at somewhat more posterior lo-
cations than that of the young adults, with no difference between first
and second presentations for subjects in the unfamiliar stimulus con-
dition. By contrast, the children’s waveforms show a large amplitude
reduction with novel repetition for the unfamiliar stimulus condition,
and a small amount of amplitude reduction (with repetition) for the
familiar stimulus condition.

To capture the novelty P3, whose peak latency differed in the three
age groups, averaged voltage data were measured between 320 and
500 ms for the adults, 370 and 630 ms for the adolescents, and 380 and
680 ms for the children. To determine if repetition influenced the ERP
indices, averaged voltages were submitted to a mixed design ANOVA
with Age Group (Children, Adolescents, Adults) and Stimulus Condition
(Familiar, Unfamiliar) as between-subject factors, and Presentation
(novel 1, novel 2) and Electrode as within-subject factors. A main effect
of Presentation (F;6 = 8.04, p < 0.01) indicated that novelty P3
amplitude was reduced with repetition. However, this effect was
modulated by the interaction of Age Group, Stimulus Condition and
Presentation (Fz76 = 3.92, p < 0.02). Table 3 presents the averaged
voltage data for this triple interaction. To further explore this interac-
tion, separate ANOVAs were performed for subjects assigned to each
stimulus condition, with Age Group as a between-subjects factor and
Presentation and Electrode as within-subject factors. For the familiar
stimulus condition, a main effect of Presentation (F; 36 = 4.25,
p < 0.05) again indicated that novelty P3 amplitude was reduced with
repetition. There was no interaction with age group, which indicates
that the reduction in novelty P3 amplitude was similar across all age
groups. For the unfamiliar stimulus condition, the main effect of Pre-
sentation (F; 40 = 4.04, p < 0.05) was moderated by Age Group as
seen in the significant interaction (Fp40 = 4.66, p < 0.05). Post-hoc
testing revealed that reduction in novelty P3 amplitude with repetition
in the unfamiliar stimulus condition was reliable for the children but
not the adolescents and adults.

3.2. Symbol recognition memory task

3.2.1. Behavioral performance

Table 4 presents the mean correct RTs and accuracy data during the
recognition memory tasks for the three age groups in both stimulus
conditions. In a mixed design ANOVA with Age Group (Children,
Adolescents, and Adults) and Stimulus Condition (Familiar, Unfamiliar)
as between-subject factors and Item (New, Old) as a within-subjects
factor, mean RTs did not differ among the age groups or stimulus
conditions. However, the main effect of Item (F; 75 = 17.07,p < 0.01)
indicated faster RTs to old compared to new symbols.

ANOVAs with Age Group and Stimulus Condition as between-sub-
ject factors were computed separately for percentage Hits, FA, dis-
crimination (dp), and response bias (c;) measures. These latter two
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Fig. 2. A. Grand mean waveforms at four midline scalp locations for targets and frequents in the novelty oddball tasks for subjects assigned to the familiar and
unfamiliar stimulus conditions. Solid lines represent targets, dashed lines represent frequents. Vertical arrows on the time-line represent stimulus onset.

indices, d;, and c;, were obtained according to the procedures described
by Snodgrass & Corwin (Snodgrass and Corwin, 1988). A Stimulus
Condition main effect for percentage Hits (F, 73 = 35.75, p < 0.01)
indicated that in all age groups familiar symbols were recognized at a
higher rate than unfamiliar symbols. For the discrimination measure
(dy), a main effect of Age Group was found (F3 75 = 3.22, p < 0.05).
Tukey HSD testing revealed that children performed more poorly than
adults, with no difference between adolescents and adults. The Stimulus
Condition main effect (F; 75 = 32.46, p < 0.01) for the discrimination
measure indicated that all age groups performed more poorly with
unfamiliar compared to familiar stimuli. Similarly, the main effect of
Stimulus Condition (F1 75 = 9.21, p < 0.01) indicated that there were
more FA responses to unfamiliar than familiar stimuli. The bias measure
c;, did not differ among groups or stimulus conditions. The main effect
of Age Group (F 73 = 4.8, p < 0.01), followed by Tukey HSD testing,
showed that children had more FA than adults, but adolescents did not
differ from adults.

3.2.2. ERP responses

The grand mean waveforms elicited by correctly recognized old and
correctly rejected new items for the three age groups are presented in
Fig. 4 for the familiar symbols. It is clear that larger positive amplitudes
are elicited by old compared to new items for all age groups; i.e., that
the data are indicative of robust episodic memory (EM) or old/new
effects. Based on the scalp topography presented in Fig. 4, it seems
likely that this EM effect is synonymous with the parietal EM presumed
to reflect recollection.

To determine if there were developmental differences in the parietal
EM effect, averaged voltages were submitted to a mixed design ANOVA
with Age Group (Children, Adolescents, Adults) as between-subjects
factor, and Item (New, Old) and Electrode as within-subject factors. To
capture the parietal EM effect, which differed in latency among age
groups, averaged voltages were measured in three-100 ms intervals
between 300 and 600 ms for adults, between 400 and 700 ms for ado-
lescents, and 450 and 750 ms for children. Main effects of Item for the
three-100 ms intervals (F; 36 = 10.24, p < 0.01, for the first bin;
F1,36 = 14.19,p < 0.01, for the second bin; F; 36 = 4.99,p < 0.05, for
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Fig. 3. Grand mean waveforms for first and second presentations of the novel symbols at four midline scalp locations during the visual novelty oddball task. The
waveforms are depicted for subjects assigned to familiar and unfamiliar stimulus conditions for each age group. Vertical arrows on the time-line represent stimulus

onset.

Table 3
Averaged Voltages in pV ( = SE) of the Novelty P3 for First (Novel 1) and
Second (Novel 2) Presentations for the Two Conditions and the Three Age
Groups.

Age Groups
Stimulus Condition Novel Adults Adolescents Children
Familiar 1 8.78 (1.46) 7.27 (1.85) 7.62 (1.62)
2 7.19 (1.45) 5.24 (1.83) 6.94 (1.61)
Unfamiliar 1 11.45 (1.46) 7.80 (1.62) 8.28 (1.60)
2 11.27 (1.45) 8.23 (1.61) 3.20 (1.55)
Table 4

Performance in the Symbol Recognition Memory task: Mean ( + SE) Reaction
Time (mRT), Percent Correct Old (Hit), Percent False Alarms for New (FA), and
Discrimination (d;) and Bias (c;) measures, for each stimulus condition and
group.

Mean RT (ms) Performance Accuracy

Group Stimulus New old Hit FA dy, Cp
Condition

Adults Familiar 708 (31) 681 (33) 0.78 0.16 3.32 0.32
Unfamiliar 739 (20) 710(22) 0.67 0.25 1.93 0.22

Adolescents  Familiar 696 (37) 682 (35 0.79 0.21 3.01 -0.05
Unfamiliar 675 (34) 633 (40) 0.62 0.35 1.21 0.04

Children Familiar 810 (26) 717(38) 0.79 0.29 256 -0.16
Unfamiliar 678 (57) 656 (53) 0.54 0.34 1.08 0.33

the third bin) indicated that correctly recognized old familiar symbols
elicited larger amplitudes than correctly rejected new familiar symbols.
These analyses further suggest that the parietal EM effect was similar
across age group since there was no interaction between Item and Age
Group.

Fig. 5 presents grand mean waveforms elicited by correctly re-
cognized old and correctly rejected new items for the unfamiliar sym-
bols for the three age groups. Unlike the ERPs elicited by the familiar
symbols, there is no amplitude difference between the old and new
unfamiliar symbols for the adult and adolescent groups, whereas the
children maintain a great amplitude difference between old and new.
Because subjects in all age groups performed more poorly in the un-
familiar than the familiar stimulus condition, there were fewer correct
trials in this condition. To reduce variability in the data due to low
number of trials, only averages with a minimum of 8 trials were in-
cluded in this analysis. This resulted in eliminating one participant in
the 9-10 year olds group. The same ANOVA described for the familiar
stimulus condition was applied for the unfamiliar stimulus condition.
Main effects and interactions for the first two 100 ms bins were not
significant. However, for the third 100 ms bin the three-way interaction
of Age Group, Item and Electrode was significant. (Fy4 2,5 = 37.47,
e = 0.285, p < 0.05). A simple effects procedure followed to allow
interpretation of this interaction. These tests revealed that for both
adults and adolescents there were no amplitude differences between
correctly recognized old or correctly rejected new unfamiliar symbols.
For children, the interaction of Item and Electrode was significant
(F7,84 = 5.04, ¢ = 0.265, p < 0.05). In post hoc tests it was found that
correctly identified old unfamiliar symbols elicited significantly larger
amplitudes than correctly rejected new symbols at Cz, CPz, Pz, POz, Oz,
with the largest amplitude at the parietal electrode sites.

Children’s performance was just above chance, so it is of interest to
look at the ERP elicited by old symbols that were incorrectly judged as
new. If children’s responses were based on guessing alone, the ERPs
elicited by either the correctly or incorrectly identified old items should
not differ. Fig. 6 presents average waveforms for new, old correct and
old incorrect for the children. The Figure demonstrates that ERP elicited
by new and old incorrect symbols are identical and different from ERP
elicited by correctly detected old symbols.
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Fig. 4. Grand mean waveforms for correctly recognized old and correctly rejected new familiar symbols at four midline scalp locations during the symbol recognition
memory task. The waveforms are depicted for each age group. Vertical arrows on the time-line represent stimulus onset. Scalp topographies are based on the old

minus new difference waveforms and are depicted for the parietal EM effects.

3.3. Familiar symbol naming task

More than half of the familiar symbols viewed during the novelty
oddball task were appropriately named by all the subjects. Of the 60
familiar symbols, the average number of symbols named by adults was
53 (range: 44-58), by adolescents 49 (41-54), and by children 42
(33-55). Children were more likely to say “I do not know” than the
older groups. The average number of “do not know” responses for
adults was 2.4 (range: 0-6), for adolescents 4.8 (0-9), and for children
8.8 (0-22).

3.4. Summary

Familiar and unfamiliar visual symbols elicited similar novelty P3s
in all age groups. While repetition of familiar symbols elicited reduced
novelty P3 amplitude in all the groups, novelty P3 amplitude for re-
peated unfamiliar symbols did not change in adults and adolescents. In
all age groups familiar symbols were better remembered than un-
familiar symbols. A parietal EM effect that is presumed to reflect re-
collection was recorded during the recognition task of the familiar but
not during the recognition task of the unfamiliar visual symbols for the
adults and adolescents. In contrast, a parietal EM effect was recorded
during both familiar and unfamiliar conditions for children.

4. Discussion

The present data demonstrate age-related differences in processing

visual novel symbols in an unexpected way. Our working hypotheses
were that children who are less acquainted with the familiar symbols
will show different processing of these symbols when compared to
adults. It was expected that participants in all age groups who were
never exposed to the unfamiliar symbols would demonstrate similar
brain processing to these unfamiliar events. The fact that no age related
differences in brain activation was found during the orienting and
memory tasks for the familiar symbols is not so difficult to interpret.
However, it is less obvious as to why only children showed a reduction
in novelty P3 amplitude to repeated unfamiliar symbols. Moreover, it is
surprising that only the children who performed at about chance during
the recognition task demonstrated a parietal EM effect. To address these
issues, we first discuss the findings of the novelty oddball task, followed
by a discussion of the findings of the symbol recognition task.

4.1. Orienting to novel events

In our study, the repetition of familiar novel events led to a re-
duction in novelty P3 amplitude for adults, adolescents and children.
These findings are consistent with previous studies using auditory novel
events, demonstrating that as subjects become more experienced with
the novel environmental sounds either by repetition (Cycowicz et al.,
1996; Kazmerski and Friedman, 1995) or recurrence (Cycowicz and
Friedman, 1997), there is a reduction in the magnitude of the novelty
P3. In those studies, the reduced amplitude was interpreted as reflecting
attenuated activation of the orienting system for novel events as they
became less “novel” with repetition. This explanation is viable here for
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Fig. 6. Grand mean waveforms for correctly recognized old, for old items that
were missed, and for correctly rejected new unfamiliar symbols at four midline
scalp locations during the symbol recognition memory task. Vertical arrows on
the timeline represent stimulus onset.

repetition of visually presented familiar novel symbols. While, these
findings are inconsistent with Courchesne (1978a, 1978b) who reported
that ERPs to novel visual patterns differed in morphology between

children and adults indicating that children processed novel stimuli
differently than adults, others reported similar ERPs morphology be-
tween children and adults. For example, using photographs as novel
events Thomas & Nelson (1996) also did not find a morphological dif-
ference in ERPs recorded from eight-year-old children compared to
those of adults. Similarly, a recent study by Maatta et al. (Maatta et al.,
2005a, 2005b), who investigated selective attention in children, em-
ployed infrequent complex tone bursts that elicited orienting responses
similar in ERP morphology and basic topographic features to those
reported by us in our previous and current investigations.

Children showed a reduction in novelty P3 to repeated familiar
symbols even though the events were defined as familiar based on a
normative study of young adults. It is possible that many of the visual
symbols presented were not as familiar to the children. Indeed, at the
end of ERP data collection each participant was presented with the
familiar symbols one at a time and was asked to name them. While the
adults could correctly name the majority of the symbols the children
were less accurate and more often stated “do not know.” Given that the
children’s data included trials of novel events that were not named, the
question remains why in the familiar condition children showed the
same habituation (reduced amplitude with repetition) as the adults.
One possibility is that while fewer symbols were named, there were
enough trials with strong signals to show the habituation in novelty P3
amplitude with repetition. Alternatively, it is possible that symbols
which children could not name were still familiar by other measures.
For example, the children may have had some perceptual familiarity
with the symbols that they may have encountered in their daily life
even if they did not know what the symbols represented. Based on this
suggestion, habituation of novel events can occur for stimuli in which
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familiarity is not based on semantic knowledge. It is possible that pre-
exposure to visual stimuli induced perceptual memory sufficient to
permit habituation of the orienting response.

In contrast to the familiar symbols, we found that repetition of
unfamiliar symbols did not elicit an amplitude reduction of the novelty
P3 for the young adults or the adolescents, whereas a reliable reduction
was seen for the children. The adult and adolescent data are consistent
with a previous study using unfamiliar environmental sounds
(Cycowicz and Friedman, 1998) in which adults did not show a re-
duction in novelty P3 amplitude. Given that the orienting response has
been shown to direct attention to new and unfamiliar events, the results
for the children are surprising because one would expect that as long as
the event is unfamiliar it will elicit orienting in order for the individual
to fully assess and further process the unfamiliar events. While this
seems to be the case for the adults and adolescents, children appeared
to process the unexpected unfamiliar novel symbols completely differ-
ently from the adults.

There are two contrasting ways in which reduction in novelty P3
amplitude could occur. According to one possibility children did not
process the unfamiliar symbols as much as adults, while the second
explanation suggests that children had greater perceptual processing for
the unfamiliar symbols than adults. According to the first possibility,
children may have evaluated the symbols within the context of the task
in which they were instructed to attend to target events. Regardless of
stimulus familiarity, they may have quickly dismissed the symbols as
irrelevant, making no attempt to further process them. Based on this
view the reduction of novelty P3 amplitude showed reduced activation
of the orienting system, signifying lack of further processing. The pos-
sibility that ignoring novel events could result in reduced novelty P3
amplitude is supported by findings in young adults who were presented
with an auditory novelty oddball task under ignore and attend condi-
tions (Friedman et al., 1998). In that study subjects were told to read a
book during the ignore condition. For both ignore and attend conditions
novel events elicited a novelty P3 amplitude that was reduced with
repetition. The current study, however, is different in that the children
overall did not ignore the stimuli because they were very accurate in
detecting the targets. Nevertheless, they may have concentrated on
detecting targets while selectively reducing their attention to the novel
symbols.

The second explanation suggests that children processed the un-
familiar symbols more than adults and relies on theories of repetition
priming. Repetition priming has been demonstrated as facilitation in
processing of repeated stimuli as measured in faster RTs and greater
accuracy for repeated events (Tulving and Schacter, 1990). A priming
effect in the form of a larger amplitude ERP is often reported for a
repeated stimulus relative to its first presentation (e.g., Bentin et al.,
1985; Friedman et al., 1993a, 1993b; Paller and Gross, 1998). However,
a priming effect can also be seen as a reduction in ERP amplitude
(Ferrari et al., 2017) or in fMRI activity (Soldan et al., 2010) to the
repeated stimuli. These findings suggest that a neuronal model (tem-
plate) is formed during the first presentation of the stimuli, and those
stimuli no longer evoke the same magnitude of brain activation upon
repetition.

The majority of the ERP repetition priming studies have employed
stimuli such as words or pictures that have preexisting representations
in semantic memory. However, it has been shown that other types of
stimulus material also elicit the ERP priming effect. For example, Rugg
and Nagy (1987) demonstrated robust priming for orthographically il-
legal nonwords that contain no semantic information. Similarly, several
studies report an ERP priming effect for two-dimensional representa-
tions of unfamiliar and unnameable objects (e.g., Nessler et al., 2001;
Rugg et al., 1995). Based on these studies, perceptual fluency between
first and second presentations may result in a different magnitude of
activity of the neuronal system that is involved in processing these
stimuli. This explanation brings into question why in the current in-
vestigation this effect was seen only in children for the unfamiliar
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symbols. Previous studies employing stimuli with no preexisting re-
presentations have reported repetition priming in adults (Nessler et al.,
2001; Rugg, 1987; Rugg and Nagy, 1987; Rugg et al., 1995). Several
differences in experimental paradigm such as differences in task in-
structions and lag between repetitions may have resulted in a disparity
between the current and previous priming studies. However, if task
parameters reduced priming in adults how is it that priming was seen in
the children?

There is a possibility that children have the ability to perceptually
process new and unfamiliar visual stimuli to a greater extent than
adolescents and adults. Evidence that children spontaneously attend to
perceptual details comes from a study in which children and adults
were instructed to perform an induction task (a type of task in which
participants are expected to generalize and categorize items based on
given constrains) followed by an incidental recognition memory test
(Sloutsky and Fisher, 2004). Contrary to other recognition memory
tests in children, in this task children’s memory performance surpassed
that of adults. Sloutsky and Fisher (2004) suggested that the superior
performance by children was due to differences in cognitive operations
during the study phase. During the study phase the adults employed
category-based induction using their conceptual knowledge. This re-
sulted in reduced discrimination among members of the same category
during the recognition test. In contrast, the authors suggested that
children used similarity-based induction and therefore perceptually
encoded the stimuli so their ability to discriminate between exemplars
was better than that of adults. It seems that lack of semantic knowledge
left children with greater ability to perceptually process the stimuli.
Based on this hypothesis, we suggest that unfamiliar symbols without
semantic representations are more difficult for adults to process, and
therefore formation of representations for them is less likely to occur
with repetition, leading to no change in novelty P3 amplitude. How-
ever, reduction in novelty P3 amplitude for the unfamiliar symbols in
children could be due to children’s spontaneous tendency to percep-
tually process the symbols, thus creating perceptual representations
that can be compared to incoming stimuli. For children this capability is
particularly beneficial because they need to learn large amounts of new
information and to distinguish between the truly novel and the ex-
perienced. Moreover, for children meaningless symbols may seem to be
figures that they have yet to learn. Therefore, children may be more
attentive to the unfamiliar symbols because, being novel, those symbols
are potentially new learning materials. Although more research is
needed to investigate this possibility, such a processing stance may
explain the reduction in amplitude of the orienting response for the
unfamiliar symbols in the children only.

4.2. Memory of novel events

Subsequent to the orienting response, it has been suggested that
attentional resources are involved in further processing of the events to
create memory traces for the novel events, so further discrimination of
truly novel events from those that have already been experienced can
occur (Cycowicz et al., 1996). To determine the existence of such
memory traces, all subjects were asked to perform an unexpected re-
cognition memory task following the novelty oddball task. In spite of
the fact that all participants were neither warned about the occurrence
of the symbols nor instructed to memorize them, their memory per-
formance was above chance in all age groups for the familiar symbols.
For the unfamiliar symbols, accuracy was above chance for the adults
and adolescents only. For both familiar and unfamiliar symbols RTs
were faster to old than to new, and memory performance improved
with age.

Children demonstrated that they further processed and memorized
the familiar symbols in a similar fashion to that of adolescents and
adults. This was not the case in a previous report of an unexpected
sound recognition task following an auditory novelty oddball task
(Cycowicz, 2000). In that study subjects of all age groups heard a list of
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new and old novel sounds (from the previous novelty oddball task) and
were asked to make old/new judgments. Subjects in all age groups
performed poorly on this task, but differences in ERPs to old and new
stimuli were observed for the adults and adolescents but not for the
children. However, in that study the sounds included both familiar and
unfamiliar stimuli. It is thus possible that for children who performed
more poorly, a larger proportion of unfamiliar sounds reduced the
memory effect in the ERP data. Once there were enough meaningful
stimuli, as in the familiar condition, the parietal EM effect was observed
in children.

Dual-process theories of recognition memory (Jacoby & Dallas,
1981; Mandler, 1980) posit both a familiarity process that is relatively
fast and automatic and might not be under conscious control and a
recollection process that requires effort and conscious deliberation.
Accumulating evidence suggests that an EM effect peaking between 500
and 800ms with a parietal scalp distribution reflects recollection
(Curran et al., 2003; Mark & Rugg, 1998; Trott et al., 1999). The re-
cognition results reported here for the familiar symbols support the
notion that during the unexpected recognition memory task, conscious
recollection of the familiar symbols occurred in all age groups.

In spite of the fact that for both familiar and unfamiliar symbols
adults’ and adolescents’ memory performance was above chance, fa-
miliar symbols were remembered better than, and elicited brain activity
distinct from, that of the unfamiliar symbols. The ERP waveforms re-
corded from adults and adolescents did not show any significant am-
plitude difference between correctly recognized old and correctly re-
jected new unfamiliar symbols. Thus, the parietal EM effect was
observed for the familiar but not the unfamiliar symbols. In contrast,
memory performance of children was at chance for the unfamiliar
symbols, but the parietal EM effect was evident in the children’s ERP
waveforms of both familiar and unfamiliar symbols. Thus, the ERP data
of the adults and adolescents cannot provide a neuronal correlate for
memory (above chance recognition) of the unfamiliar symbols in these
groups. It is possible to argue that the memory traces for the unfamiliar
symbols are too weak to be detected in the ERPs. Due to a larger pro-
portion of guesses and overall low recognition rates, increases in the
noise level and variability of the waveforms might have masked the EM
effect. Alternatively, it is possible that the EM effect may depend on
contacting a preexisting representation in lexical memory. This ex-
planation was offered by Berman and Friedman (Berman and Friedman,
1993), who observed EM effects for words that children could read
correctly but not for words that children could not read correctly. A
similar explanation is viable in the present study, in which the un-
familiar and thus unnamable visual symbols would not have had pre-
existing representations in a “symbolic” semantic memory store.

Although children performed at chance, the ERP recordings suggest
that old symbols that were correctly remembered have different
memory traces than old symbols that were not correctly remembered
(see Fig. 6). The data suggest that children’s chance performance does
not reflect guessing because if children simply guessed correctly for
some of the old symbols then there should have been no difference in
the ERP activity between old correct and old incorrect (misses) sym-
bols. In the current design, when the recognition test was unexpected
and resulted in overall low performance by all age groups, it seems that
a small number of stimuli were truly remembered by children and that
the majority of those stimuli had strong memory traces. ERP memory
effects in relatively poorly performing children have been reported by
Hepworth et al., (Hepworth et al., 2001), who recorded ERPs during a
continuous memory task to repeated verbal and facial stimuli. In their
study, children’s performance was just above chance but old faces eli-
cited larger ERP amplitudes when compared to new faces.

This interpretation fits well with our earlier suggestion regarding
the reduction in novelty P3 amplitude with repetition of the unfamiliar
symbols in the children’s group only. If it is correct that children form a
stronger perceptual template for the unfamiliar symbols than adults,
then these templates can be used when children retrieve item
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information during the recognition task. Only those symbols that were
correctly recognized had a memory trace that was still available,
therefore eliciting larger ERP amplitudes. However, old symbols were
incorrectly rejected as new because for them memory templates were
not easily available.

4.3. Conclusion

The current study demonstrates developmental differences in pro-
cessing stimuli for which there is no preexisting representation. Our
data show that orienting and evaluations of unexpected familiar visual
events reflected in the novelty P3 are similar across age groups. In
contrast, there is an age difference in evaluations and orienting of un-
familiar symbols. Adults and adolescents do not show habituation with
repetition of unfamiliar symbols’ presentations, which suggests that
they engage in further processing of stimuli for which they lack se-
mantic representations. With repetition, children show a reduction in
novelty P3 amplitude which suggests a reduction in processing of un-
expected stimuli, probably due to the availability of recently created
memory traces.

There is a quantitative difference in the encoding of familiar sym-
bols as recognition performance improves with age, partially due to
children’s lack of familiarity with some symbols. However, a similar
parietal EM effect recorded in all age groups suggests the involvement
of similar brain circuitry in retrieval processes. Unfamiliar symbols
appear to be less memorable than familiar symbols by all age groups
with children performing at chance. While RTs to old symbols are faster
than RTs to new symbols, low memory performance is associated with a
lack of a parietal EM effect in adults and adolescents. In contrast,
children who appear to form a stronger memory trace during the no-
velty oddball task also show a parietal EM effect for unfamiliar symbols.

The overall data suggest that selecting stimuli from a complex en-
vironment to be further evaluated and processed is determined not only
by the physical characteristics of the stimuli themselves, but also by the
individual’s interests, motivation, and cognitive strategies through
which the individual perceives the events. During the developmental
years, when much information is acquired, those aspects are important
in enabling the children to quickly learn to select those events in their
environment that are worthy of further exploration.
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