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a b s t r a c t

Objective: This study investigated the influence of the familiarity of an environmental sound on sound
processing outside the focus of attention.
Methods: By comparing ERPs elicited by a familiar, animal sound and an acoustically matched, but unfa-
miliar, complex sound, three issues were addressed: (a) general differences in the processing of the famil-
iar and the unfamiliar sound, (b) influences of sound familiarity on the processing of deviants unrelated
to familiarity and (c) familiarity-specific processing depending on the sound context. Participants
watched a silent, subtitled movie.
Results: The familiar sound elicited a centro-parietal enhancement of the N1, a frontocentrally enhanced
P2 and an additional P250. Auditory deviance processing elicited by deviants in sound location was not
influenced by the familiarity of the sounds. However, after an involuntary switch of attention to the devi-
ant, an N400-like deflection indicated enhanced semantic analysis of the familiar deviant. Familiarity-
specific ERP effects as a consequence of the sound context occurred between 300 and 500 ms after stim-
ulus onset.
Conclusion: Whereas familiarity of an environmental sound elicited enhanced stimulus processing before
300 ms, influences of the sound context were observed subsequent to 300 ms.
Significance: Familiarity of a complex environmental sound influences several stages of auditory process-
ing outside the focus of attention.
� 2009 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights

reserved.

1. Introduction

Environmental sounds, i.e. complex sounds invariably associ-
ated with a specific meaning, provide information about events
and objects in the personal environment (cf. Ballas and Howard,
1987). Familiar environmental sounds are represented in auditory
long-termmemory, have semantic significance and are consciously
identifiable. Their significance can be extracted without the need
for visual exploration and is based on acoustic familiarity with
the characteristic sound patterns typically elicited by specific
events in the environment.

To date, the processing of environmental sounds has mainly
been studied when sounds were processed attentively (e.g., van
Petten and Rheinfelder, 1995; Lewis et al., 2005; Cummings
et al., 2006; Lenz et al., 2007; Murray et al., 2008). However, as
familiar environmental sounds might convey behaviorally and bio-
logically relevant information, processing advantages for familiar

sounds might be expected even when sounds are processed out-
side the focus of attention.

The present study used event-related potentials (ERPs) to ad-
dress differences in the processing of a familiar environmental
sound and an acoustically matched, but unfamiliar complex sound.
Participantswatched a silentmovie as primary task and thus did not
attend to the sounds. Previous studies indicate three aspects of
sound processing outside the focus of attention to be susceptible
toeffects of sound familiarity: (1) soundprocessing in the timerange
of the auditoryN1andP2component, (2) auditorydevianceprocess-
ing and (3) processing of sounds in their ambient sound context.

Firstly, previous studies indicated effects of sound familiarity
already on relatively low-level stages of auditory processing. When
presenting musical instrument tones or speech sounds, i.e. audi-
tory stimuli that are less complex than environmental sounds,
enhanced processing of familiar stimuli was observed in the N1/
P2 time window. This time window is associated with the
establishment of an auditory percept and its sensory memory
representation (e.g., Näätänen and Winkler, 1999). Musicians,
who are highly familiar with instrument sounds, were found to
show enhanced N1m and P2 responses to instrument tones, and* Corresponding author. Tel.: +49 341 9735978; fax: +49 341 9735969.
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specifically to tones of their own instrument of practice, compared
to non-musician controls (e.g., Pantev et al., 1998, 2001; Shahin
et al., 2003, 2004)1. More recently, Ylinen and Huotilainen (2007)
reported an enhanced N1 in the ERP elicited by vowels from the
native language in contrast to language-unfamiliar vowels. Notably,
an increase in the N1(m) and/or P2 response for non-intentionally
processed sounds has also been observed intraindividually after
acoustic discrimination training (e.g., Menning et al., 2000; Atienza
et al., 2002; Tremblay and Kraus, 2002; Bosnyak et al., 2004). A sim-
ilar increase in the P2 response observed after passive stimulus
exposure (Sheehan et al., 2005) indicated that the observed effects
were related to increased acoustic familiarity with the presented
sounds.

Whereas the reviewed effects were observed when sounds were
ignored, familiarity effects for complex environmental sounds were
so far only addressed for attended sounds (e.g., Lenz et al., 2007; van
Petten and Rheinfelder, 1995) or attention-capturing, ‘‘novel”
sounds (e.g., Escera et al., 2003;Mecklinger et al., 1997). For the first
time, the present study compared the processing of a familiar and an
unfamiliar environmental sound when sounds were presented as
regular, non-deviant items outside the focus of attention.

Secondly, several studies reported sound familiarity effects on
automatic auditory deviance processing as reflected in the Mis-
match negativity (MMN; e.g., Näätänen et al., 2007; Schröger,
2007; Winkler, 2007) and the P3a (e.g., Escera et al., 1998). The
MMN is a negative deflection that occurs between 100 and
250 ms and is elicited by a violation of an auditory regularity even
if participants ignore the presented sounds. If the violation is sali-
ent, the MMN is followed by a P3a. Both ERP components are best
observed in the difference wave between the ERPs elicited by the
sounds violating the auditory sequence, labeled deviants, and the
sounds establishing the regularity, labeled standards. Whereas
the MMN indicates the detection of the deviance as a result of a
sensory memory comparison process between standard and devi-
ant sounds (cf. Näätänen, 1992), the P3a is commonly taken to re-
flect an involuntary attention switch to the deviant [cf. e.g., Escera
et al., 1998; however, see Horvath et al. (2008), who proposed a
broader role of the P3a as an higher-level event-detection mecha-
nism]. Regarding sound familiarity, several studies reported en-
hanced auditory deviance processing for familiar compared to
unfamiliar deviant sounds [e.g., for native vs. non-native speech
sounds (e.g., Näätänen et al., 1997); personally familiar vs. unfa-
miliar voices (e.g., Beauchemin et al., 2006); lexical items vs.
pseudowords (e.g., Pulvermüller et al., 2001) or meaningful vs.
non-meaningful environmental sounds (e.g., Frangos et al., 2005;
Jacobsen et al., 2005)]. Additionally, Jacobsen et al. (2004, 2005) re-
ported enhanced auditory deviance detection when deviants are
presented in a sequence of familiar standard sounds, i.e. in a famil-
iar context. Other studies observed effects related to the familiarity
of a deviant or novel sound only subsequently to the MMN, either
on the P3a (e.g., Escera et al., 2003; Neuloh and Curio, 2004;
Holeckova et al., 2006; Wetzel and Schröger, 2007; for sound
familiarity effects on novelty processing see also Cycowicz and
Friedman, 1998) or outside the MMN/P3a complex (e.g., Mecklin-
ger et al., 1997; Roye et al., 2007; Wetzel and Schröger, 2007).

Notably, all these studies observed familiarity-related effects on
auditory deviance processing when different auditory items were
presented as standard and deviant sounds, i.e. when the deviance
corresponded to a change of the auditory item itself (e.g., Beauche-
min et al., 2006; Frangos et al., 2005). However, if this is the case,
the familiarity of standard and deviant sounds might directly influ-

ence the standard-deviant sensory-memory comparison process.
The present study tested, whether sound familiarity likewise af-
fects auditory deviance processing, when the presented deviance
is unrelated to the familiarity of the sounds. To this end, deviants
in sound location were presented separately for the familiar and
the unfamiliar sound.

Thirdly, differences in the processing of a familiar and an unfa-
miliar environmental sound might occur depending on the famil-
iarity of the auditory context in which the familiar and the
unfamiliar sound are encountered. Existing data indicate that cer-
tain properties of the auditory context can be extracted even when
participants do not attend to the auditory input (e.g., Sussman and
Winkler, 2001; Winkler et al., 2003). Conversely, properties of the
auditory context have been shown to influence task-related pro-
cessing of individual sounds (e.g., Trainor and Trehub, 1993; see
also Ballas and Mullins, 1991). Moreover, data of Jacobsen et al.
(2004) indicate that a familiar sound context might influence the
passive processing of single sounds. To address possible context-
related effects, the present study contrasted the processing of the
familiar and the unfamiliar sound when sounds were either pre-
sented in separate blocks (i.e. occurred in an either consistently
familiar or consistently unfamiliar auditory context) or when both
sounds were presented intermixed.

To summarize, the present study compared the processing of a
familiar environmental sound and an acoustically matched, but
unfamiliar complex sound outside the focus of attention in three
conditions. Generally, we expect first effects of sound familiarity
in the time range of the auditory N1 and P2 (cf. e.g., Pantev et al.,
1998; Shahin et al., 2003). More specifically, overall effects of
sound familiarity should be reflected in processing differences con-
stant over the conditions. The comparison of location-deviant pro-
cessing for the familiar and the unfamiliar sound should reveal
possible effects of sound familiarity on the processing of a deviance
unrelated to sound familiarity (i.e. sound location). Processing dif-
ferences between separate and intermixed sound presentation
should be reflected in context-dependent ERP effects.

2. Methods

2.1. Participants

Data were collected from 24 healthy young adults aged be-
tween 18 and 33 years (mean age = 22;7 years; 7 males). One addi-
tional participant was excluded from the data analysis due to a
very high EEG artifact rejection rate (all conditions > 30%). All par-
ticipants gave their informed consent before the experiment and
received monetary compensation or course credits for their partic-
ipation. The experimental protocol conformed to the Declaration of
Helsinki and the ethics guidelines of the German Association of
Psychology (Ethics Board of the Deutsche Gesellschaft für
Psychologie).

2.2. Design

Non-intentional processing of a familiar, meaningful environ-
mental sound and an acoustically matched, but meaningless and
unfamiliar complex sound was compared in three experimental
conditions, which were presented to the participants outside the
focus of attention.

(1) In the 100%-consistent condition, the familiar stimulus and
the unfamiliar stimulus were presented in separate blocks.
Hence, sounds here were presented in a consistently familiar
or consistently unfamiliar sound context, respectively. For
each stimulus, 120 trials were presented.

1 Differences in the results between magnetic field and ERP responses, showing
effects on the N1m in the MEG and effects on the P2 in the EEG, seem to be due to the
differential sensitivity of both methods to the orientation of generator structures
(however, cf. Kuriki et al., 2006).
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(2) In the Location-oddball condition, the familiar and the unfa-
miliar stimulus were presented in separate blocks as well.
However, in this condition, randomly, 10% of the trials were
presented from a different sound location (cf. Fig. 1). Note
that the only feature in which deviants differed from stan-
dards was sound location and that hence the presented devi-
ance was entirely unrelated to the familiarity of the sounds.
As the familiar and the unfamiliar stimulus were presented
in different blocks, not only the familiarity of the deviants,
but also the familiarity of the standard sounds differed for
location deviants presented for the familiar and the unfamil-
iar stimulus. For each stimulus, a total number of 1080 stan-
dard and 120 deviant trials was presented. Apart from
differences in the amount of trials and the occurrence of
deviants in sound location, the Location-oddball condition
was very similar to the 100%-consistent condition. For stan-
dard sounds, ERPs thus should largely replicate familiarity
effects observed in the 100%-consistent condition. On the
other hand, deviant-minus-standard difference waves, cal-
culated separately for the familiar and the unfamiliar sound,
should reveal possible familiarity-related effects on the pro-
cessing of a deviance unrelated to sound familiarity.

(3) In the 50%-mixed condition, the familiar and the unfamiliar
stimulus were presented randomly intermixed with 50%
probability each. For each stimulus, 120 trials were pre-
sented. In contrast to the 100%-consistent and the Loca-
tion-oddball condition, the 50%-mixed condition did not
feature an either consistently familiar or consistently unfa-
miliar context. Processing of both stimuli here can be com-
pared when both stimuli occur in a common sound context.

2.3. Experimental procedure

Sounds were presented via loudspeakers (EventElectronis, TR6)
placed in a distance of 1.30 m from the participant. One loud-
speaker was positioned 30� to the left, the other 30� to the right
hemifield (see Fig. 1). Participants attended to a silent, subtitled
movie. The movie was presented on a computer monitor that
was located between the two loudspeakers. Participants were in-
structed to ignore the presented sounds and to keep their gaze di-
rected to the monitor.

Sounds were presented from one of the two loudspeakers
respectively. Two blocks were presented per condition. In the
100%-consistent and the 50%-mixed condition, all sounds within
one block were presented from one loudspeaker. Respectively

one block of each condition was presented from the left loud-
speaker, the other from the right one. In the Location-oddball con-
dition, standards were presented from one loudspeaker, location
deviants from the opposite loudspeaker. In one block, standards
were presented from the left and deviants from the right hemi-
field; in the other block the assignment was opposite (cf. Fig. 1).
Potential processing differences due to a lateralized sound or devi-
ance presentation should thus average out in the average for each
condition. Stimulus delivery was accomplished with the Cogent
2000 toolbox (running under Matlab 7.1; MathWorks GmbH,
2005). Sounds were presented with an intensity of 75 dB(A)
[dB(A) = a commonly used filter to adjust the Sound Pressure Level
to the frequency characteristics of human hearing]. Trials were
separated by a fixed inter-stimulus interval of 600 ms (sound-off-
set to sound-onset interval). Blocks were presented in a random-
ized order and breaks were offered according to the participants’
individual needs. The total duration of the experiment was approx-
imately 2 h including electrode application.

2.4. Stimuli

A familiar and meaningful environmental sound and an acousti-
cally matched, but unfamiliar and non-meaningful complex sound
were presented in the experiment (see Fig. 2). The familiar envi-
ronmental sound was an isolated animal vocalization, the sound
of a young sheep (”Bah-ah”). This stimulus (22.05 kHz sampling
rate) had a length of 637 ms and was clipped from a longer sound
file obtained from a freely-accessible, online, animal-sound data-
base [www.seaworld.org/animal-info/sound-library/index.htm].
The unfamiliar stimulus was synthesized from the familiar stimu-
lus using a multi-stage stimulus manipulation algorithm [data pro-
cessing via Matlab 7.1 (MathWorks GmbH, 2005); for similar
algorithms of stimulus manipulation cf. Lenz et al., 2007; Altmann
et al., 2007]. After extracting the frequency spectrum of the famil-
iar sound via a Fast-Fourier-Transformation (FFT), the obtained
phase information, characterizing the temporal relationships be-
tween the frequencies contained in the sound, was randomly jum-
bled between the frequencies. However, amplitude values were

Fig. 1. Experimental setup. Participants were instructed to focus their attention on
the silent video presented on the screen and to ignore the sounds presented via
loudspeakers.

Fig. 2. Oscillogram (a), spectrogram (b) and frequency spectrum (c) of the familiar
and the unfamiliar stimulus.

889



kept for each frequency, so that each frequency was contained in
the synthesized sound with the same intensity as in the original
sound. Subsequently, a Hilbert transformation was used to extract
the temporal envelope from the original sheep sound. The synthe-
sized sound was then fit to this envelope. Finally, the intensity of
both stimuli was normalized by adjusting the root mean square
(RMS). Moreover, both sounds were additionally checked for com-
parable energy characteristics at the sound onset, as the sound on-
set is crucial for the auditory ERP. Altogether, the synthesized
stimulus thus preserved the spectrotemporal characteristics of
the original sheep vocalization (cf. Fig. 2), but could no longer be
identified as a meaningful item. All parameters that in particular
influence ERP components prior to 300 ms were kept equal be-
tween the two stimuli. Physically, the largest remaining difference
was the harmonics-to-noise ratio (HNR), which is a measure of the
harmonic content present in an auditory signal2.

The difference in perceived familiarity between the two stimuli
was confirmed in a stimulus pre-test (n = 8) with participants that
did not participate in the later EEG experiment. In this pre-test,
both stimuli were evaluated together with a large range of further
environmental sounds, containing 16 household sounds, 15 animal
sounds and 15 complex, but unfamiliar sounds (synthesized with
the same algorithm as described above). The two stimuli used in
the present experiment had the highest dissociation in familiarity
and identification measures of all tested familiar-synthesized
sound pairs. The familiar stimulus was correctly named by all sub-
jects with a high confidence (mean: 6.88; n = 8; 1 = not confident at
all; 7 = very confident) and rated as very familiar (mean: 6.88;
1 = not familiar at all; 7 = very familiar). The unfamiliar stimulus
was perceived as a non-meaningful burst of noise. No associations
to a sheep and no repeated sound labels were given in the identi-
fication task for the unfamiliar stimulus and naming confidence for
the given labels (e.g., ‘‘rattling sound”) was very low (2.25; n = 4).
The unfamiliar stimulus was rated with a familiarity of 2.25.

2.5. EEG recording and analysis

Electroencephalographic (EEG) data were recorded with 32 ac-
tive Ag/AgCl electrodes and the BioSemiActive-Two acquisition sys-
tem. Electrodes were positioned according to the extended
International Ten-Twenty system and were mounted in a prefabri-
cated cap. Data were sampled at 512 Hz (DC-coupled, 103 Hz phys-
ical lowpass filter). Two electrodes inherent to the BioSemi
acquisition system [Common Mode Sense (CMS) and Driven Right
Leg (DRL)] served for reference and ground purposes during the
recording and were respectively located left and right posterior
to Cz. Further additional electrodes were placed at the tip of the
nose and the left and right mastoid. The horizontal and vertical
electrooculogram (HEOG/VEOG) were measured from the outer
canthi of both eyes (HEOG) and supra- and infraorbital to the right
eye (VEOG).

EEG data analysis was performed with EEP 3.3 (ANT Software
B.V.). With EEP 3.3, data were first converted from BioSemi for-
mat (.bdf) to the compressed EEP file format (.cnt). Data were
then offline re-referenced to the tip of the nose and were filtered
with a 1–15 Hz bandpass filter. Trials including voltage signals
exceeding +/�75 lV were excluded from the analysis (17.5 % of
trials on average). ERPs with an epoch length of 700 ms, including
a 100 ms pre-stimulus baseline, were calculated separately for

each participant, stimulus and the three conditions. For a better
comparison of stimulus familiarity effects between the condi-
tions, familiar-unfamiliar difference waves were calculated for
each condition by subtracting the ERP elicited by the unfamiliar
sound from the ERP elicited by the familiar sound (familiar�unfa-
miliar difference wave). For statistical purposes, mean amplitudes
of the observed effects were quantified in each condition as the
mean amplitude of the ERP elicited by the familiar and the unfa-
miliar stimulus over a grid of 3 � 3 electrodes (F3, Fz, F4, C3, Cz,
C4, P3, Pz, and P4Þ. These electrode locations adequately covered
the maximal distributions of all relevant ERP effects and allowed
assessment of each ERP effect’s scalp distribution in a 3 � 3 facto-
rial design (see below).

2.6. Statistical data analysis

ERP effects due to sound familiarity were observed and quanti-
fied in five different time windows: 100 ms ± 15 (N1), 165 ms ± 15
(P2), 231 ms ± 15 (P250), 343 ms ± 15 (Neg.300) and 417 ms ± 15
(Diff.400). For the N1 and P2, the respective time window was
determined according to the respective component’s mean peak
maximum in the group grand-average. For later effects, time-win-
dows were determined according to the maximum of the effect in
the familiar-unfamiliar difference wave. Four-way repeated-
measurement ANOVAs were calculated for each time window
including the within-subject factors Condition (100%-consistent;
Location-oddball standards; 50%-mixed); Stimulus familiarity
(familiar; unfamiliar); Laterality (left; middle; right) and Anterior-
ity (frontal; central; posterior). As only effects including the factor
Stimulus familiarity indicate familiarity-related effects, only
effects including this factor will be reported. While effects of
Stimulus familiarity will reflect effects of the familiarity of the
stimulus in general, interactions of Stimulus familiarity � Condi-
tion will indicate processing differences as an effect of the sound
context, in which the stimuli occurred. Processing differences for
a consistent versus intermixed sound context will be reflected in
subsequent reduced ANOVAs if (a) stimulus processing and/or
familiarity effects in the 50%-mixed condition differ from process-
ing in an consistently familiar or unfamiliar context (i.e., the
100%-consistent condition as well as Location-oddball standards),
while (b) processing does not differ between the 100%-consistent
condition and the Location-oddball standards. Deviants from the
Location oddball condition were not included into these analyses,
as deviance-related processing here superimposes familiarity-
related effects.

Location deviance processing (MMN/P3a) for the familiar and
the unfamiliar stimulus was analyzed by quantifying the mean
amplitudes of the ERP elicited by familiar and unfamiliar standard
and deviant sounds at 130 ms � 15 (mean MMN peak maximum)
and 233 ms � 15 (mean P3a peak maximum). Additionally, a sus-
tained negativity was observed in the difference wave for the
familiar but not the unfamiliar stimulus – and thus for the familiar,
but not the unfamiliar deviant – and was quantified between 300
and 400 ms. Mean amplitudes in these three time windows were
compared in separate four-way repeated-measurement ANOVAs
[within-subject factors: Oddball stimulus (deviant; stan-
dard) � Familiarity (familiar; unfamiliar) � Laterality (left; middle;
right) � Anteriority (frontal; central; posterior)]. Only significant
effects including the factor Oddball stimulus will be reported, as
only these effects indicate modulations of the standard-deviant
contrast. Sound familiarity effects on auditory deviance processing
will be reflected in an Oddball stimulus � Familiarity interaction.

The significance level was set to p 6 .05 and Greenhouse-Geis-
ser corrected degrees of freedom were applied and will be reported
where the assumption of sphericity was not met. Relevant signifi-
cant interactions were specified by calculating reduced ANOVAs

2 Animal sounds are typically characterized by a high HNR in contrast to other
types of environmental sounds, as e.g., household sounds (cf. Lewis et al., 2005). As a
consequence of the applied stimulus manipulation, the HNR was lower for the
unfamiliar than the familiar stimulus [1.22 vs. 6.05 dB (determined using default
parameters with Praat, freely available phonetics software, http://www.fon.hum.u-
va.nl/praat/)].
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separately for each level of the interacting factors. Bonferroni cor-
rected t-test were used as post-hoc tests.

3. Results

Results will be reported and discussed in relation to the three
addressed research questions and were observed in three partly
overlapping time-windows: (1) overall differences in the process-
ing of the familiar and the unfamiliar environmental sound were
observed before 300 ms after stimulus onset, (2) auditory deviance
processing of location deviants was observed between 100 and
400 ms and (3) ERP modulations as an effect of sound context
familiarity were observed starting from 300 ms.

3.1. Effects related to sound familiarity

ERPs elicited by the familiar and the unfamiliar stimulus respec-
tively in the three experimental conditions are displayed in Fig. 3.
Effects of Stimulus familiarity that were independent from the con-
dition in which the sounds were presented were observed in three
time windows.

The earliest effect of sound familiarity was observed in the time
window of the N1. A main effect of Stimulus familiarity
ðF1;23 ¼ 12:89; p < :01Þ here reflected an enhanced N1 amplitude
for the familiar stimulus (see Fig. 3, cf. Table 1). Furthermore, a
Stimulus familiarity x Anteriority interaction ðF2;46 ¼ 7:67;
p < :01Þ reflected a centroparietal scalp distribution of this effect
(see Fig. 4). Reduced ANOVAs revealed a significantly enhanced
N1 for the familiar stimulus at central and posterior electrode posi-
tions (central: F1;23 ¼ 15:83; p ¼ :001; posterior: F1;23 ¼ 14:99;
p = .001), but only a marginally significant effect at frontal elec-
trode positions ðF1;23 ¼ 3:35; p ¼ :08Þ.

Similarly, the familiar stimulus elicited an enhanced P2 as re-
flected in a Stimulus familiarity � Anteriority interaction
ðF2;46 ¼ 9:07; p < :01Þ. In contrast to the effect observed for the
N1, the P2 effect was constrained to frontocentral areas (see
Fig. 4). Significantly larger P2 amplitudes for the familiar stimulus

were found at frontal electrode positions ðF1;23 ¼ 5:93; p < :05Þ;
however, the effect was only marginally significant at central elec-
trode positions ðF1;23 ¼ 3:57; p ¼ :07Þ and no difference of the P2
elicited by the familiar and the unfamiliar stimulus was found at
posterior electrodes.

Thirdly, the familiar stimulus elicited a more positive ERP in a
time window subsequent to the P2 maximum, which affected the
terminating slope of the P2. This positive deflection was visible
as a distinct peak at a latency around 230 ms in the familiar-
minus-unfamiliar difference wave (see Fig. 3, gray line). This indi-
cated that the deflection was a distinct component rather than a
modulation of the original P2. Following Garcia-Larrea et al.
(1992), who found a similar positive deflection in the terminating
slope of the P2, this deflection was labeled as P250 (cf. Garcia-Lar-
rea et al., 1992). Although observed in a time window almost iden-
tical to that of the P3a observed in the Location-oddball condition,
the P250 effect can be differentiated from that P3a by, firstly, being
observed in the ERP to standard or non-deviant sounds instead of
deviants, and, secondly, by showing a more frontally oriented scalp
distribution (cf. Fig. 4). The ANOVA for the P250 time window

Fig. 3. ERPs elicited by the familiar and the unfamiliar stimulus in the three conditions (deviants from the Location-oddball condition were not included in the statistical
analysis).

Table 1
Mean ERP amplitudes (standard deviations) elicited by the familiar and the unfamiliar
stimulus in the three conditions in the analyzed time windows.

100%-consistent
condition

Location-oddball
standards

50%-mixed
condition

N1 familiar �0.31 (1.45) 0.32 (1.04) �0.49 (1.56)
unfamiliar �0.11 (1.66) 0.73 (0.90) 0.45 (1.20)

P2 familiar 2.20 (1.49) 2.71 (1.14) 1.96 (1.62)
unfamiliar 1.84 (1.68) 2.15 (1.06) 1.92 (1.25)

P250 familiar 1.38 (0.94) 1.35 (0.73) 1.83 (1.85)
unfamiliar 0.72 (1.43) 0.43 (0.71) 0.84 (1.21)

Neg. 300 familiar �0.78 (1.44) �0.30 (0.53) 0.07 (1.06)
unfamiliar 0.29 (1.27) 0.12 (0.56) �0.09 (1.11)

Diff. 400 familiar �0.06 (1.23) 0.18 (0.44) 0.90 (0.95)
unfamiliar 0.11 (1.14) 0.06 (0.54) �0.53 (0.88)
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yielded a main effect of Stimulus familiarity ðF1;23 ¼ 28:05;
p < :001Þ. Moreover, an interaction of Stimulus familiarity x
Anteriority ðF2;46 ¼ 23:33; p < :001Þ reflected a frontally oriented
maximum of the effect (cf. Fig. 4). Reduced ANOVAs yielded
significant effects of Stimulus familiarity at frontal and central
electrode positions (frontal: F1;23 ¼ 35:51; p < :001; central:
F1;23 ¼ 34:47; p < :001), but not over posterior regions.

The observed N1, P2 and P250 effects did not statistically
interact with the factor Condition and were thus not sensitive to
the sound context. Additionally, although temporal overlap with
the deviance-related components does not allow statistical analy-
sis of the respective time windows for the deviant stimuli, similar
effects of sound familiarity were visible for the familiar in contrast
to the unfamiliar deviant stimulus (cf. Fig. 5). Thus, the observed
effects can be taken to reflect overall effects of sound familiarity
in the present study. Taken together, the enhanced N1, P2 and
P250 components reflect enhanced processing of the familiar stim-
ulus before 300 ms after stimulus onset.

3.2. Location deviant processing

Deviant-related ERP effects are displayed in Fig. 5 (cf. Table 2).
Deviants in sound location elicited a significant MMN at a peak
latency of 130 ms (main effect Oddball stimulus; F1;23 ¼ 88:74;
p < :001), as well as a significant P3a at a peak latency of 233 ms
(main effect Oddball stimulus; F1;23 ¼ 32:13; p < :001; see
Fig. 5a). For the MMN, an Oddball stimulus � Anteriority interac-
tion ðF2;46 ¼ 17:91; p < :001Þ reflected a central maximum of the
response (cf. Fig. 5b). For the P3a, interactions of Oddball stimu-
lus � Laterality ðF2;22 ¼ 14:61; p < :001Þ, Oddball stimulus � Ante-
riority ðF2;46 ¼ 12:14; p ¼ :001Þ and Oddball stimulus � Laterality
� Anteriority ðF4;20 ¼ 3:25; p < :05Þ reflected a maximum of the
P3a over the vertex (cf. Fig. 5b). No interactions with the factor
Familiarity were observed. Solely, a four-way interaction of Odd-
ball stimulus � Familiarity � Laterality � Anteriority ðF4;20 ¼ 3:39;

p < :05Þ indicated a slightly broader extension of the P3a to
right-central and left-posterior areas for the unfamiliar stimulus
(cf. Fig. 5b). This, however, was due to a sustained, right-parietal
negativity observed for the familiar stimulus in the deviant-
minus-standard difference wave between 250 and 500 ms (cf.
Fig. 5). This negative deflection elicited for the familiar deviant
was reflected in a significant Oddball stimulus � Familiar-
ity � Anteriority interaction in the respective time window
ðF2;46 ¼ 9:02; p < :01Þ. The negativity showed an N400-like mor-
phology (for a review on the N400 see Kutas and Federmeier,
2000) and was not observed in the unfamiliar deviant-minus-stan-
dard difference wave.

3.3. ERP modulations depending on the sound context

Additionally, familiarity-specific ERP modulations as an effect of
the sound context were observed in two time windows subsequent
to 300 ms (see Figs. 3 and 4, cf. Table 1).

Firstly, when a consistently familiar sound context was present,
i.e. for the familiar stimulus in the 100%-consistent condition and
familiar Location-oddball standards, the familiar stimulus elicited
a widely distributed, negative ERP deflection between 300 and
400 ms (labeled as Neg.300, cf. Figs. 3 and 4). The ANOVA in the
respective time window yielded an interaction of Stimulus famil-
iarity � Condition ðF2;46 ¼ 4:18; p < :05Þ, that drove an additional
main effect of Stimulus familiarity ðF1;23 ¼ 6:92; p < :05Þ. On the
one hand, the interaction reflected a significant effect of Condition
for the familiar (familiar: F2;22 ¼ 3:69; p < :05), but not the unfa-
miliar stimulus. Post-hoc comparisons for the familiar stimulus
yielded a more negative ERP in the 100%-consistent compared to
the 50%-mixed condition ðp < :05Þ, whereas the familiar Loca-
tion-oddball standards did not differ from either condition. On
the other hand, reduced ANOVAs yielded a significant effect of
Stimulus familiarity in the 100%-consistent condition
ðF1;23 ¼ 6:89; p < :05Þ and for the Location-oddball standards

Fig. 4. Voltage distributions for the effects of sound familiarity observed in the familiar-minus-unfamiliar difference wave. Difference maps were averaged over the
conditions contributing to the respective effect as indicated by the statistical analysis [N1/P2/P250 – average over all conditions; Neg.300 – average over 100%-consistent
condition and Location-oddball standards; Diff.400 – 50%-mixed condition]. Maps for the Diff. 400 are displayed with separate time windows for the familiar and the
unfamiliar stimulus to optimally display both subcomponents of the effect. However, statistical testing of the Diff.400 with separate time windows did not yield different
results. Larger dots indicate the electrode position included the in statistical analysis.
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ðF1;23 ¼ 9:68; p < :01Þ, but not in the 50%-mixed condition.
Although not tested statistically, a similar negative deflection
was observed when comparing familiar and unfamiliar deviant
sounds (cf. Fig. 5a). Taken together, an additional negative deflec-
tion between 300 and 400 ms was observed for the familiar stim-
ulus in a consistently familiar sound context.

Conversely, differential processing of the familiar and the unfa-
miliar stimuli was observed in a time range between 400 and
500 ms (labeled as Diff. 400, cf. Fig. 3) when both stimuli occurred
intermixed (i.e. in the 50%-mixed condition). The respective
ANOVA yielded a main effect of Stimulus familiarity
ðF1;23 ¼ 8:67; p < :01Þ, which was driven by an interaction of Stim-
ulus familiarity � Condition ðF2;46 ¼ 9:31; p ¼ :001Þ. Reduced ANO-
VAs showed a two-fold effect: For the familiar stimulus, an effect of
Condition ðF2;46 ¼ 7:68; p < :01Þ reflected a widespread positive
deflection elicited in the 50%-mixed condition, but not in the con-
ditions with a consistently familiar context (comparison to 100%-
consistent condition: p < :05; comparison to Location-oddball
standards: p < :01). Contrariwise, an effect of Condition for the
unfamiliar stimulus ðF2;22 ¼ 6:33; p < :01Þ reflected a widespread
negative deflection in the ERP for the unfamiliar stimulus in the
50%-mixed condition, which was not observed when the context
was consistently unfamiliar (comparison to 100%-consistent condi-

tion: p < :05; comparison to Location-oddball standards: p < :01).
Accordingly, a significant dissociation of familiar and unfamiliar
stimulus processing between 400 and 500 ms was only observed
in the 50%-mixed condition ðF1;23 ¼ 29:48; p < :001Þ. This effect
thus exclusively occurred when both stimuli occurred together.

4. Discussion

The present study investigated three aspects of sound familiar-
ity effects on environmental sound processing outside the focus of
attention. The results will be discussed separately regarding: (1)
overall processing differences between the familiar and the unfa-
miliar sound, (2) location-deviant processing for the familiar and
the unfamiliar sound and (3) familiarity-specific processing
depending on the sound context.

4.1. Overall processing differences between the familiar and the
unfamiliar sound

In general, the familiar sound elicited additional stimulus pro-
cessing before 300 ms. This was manifest in a posteriorly enhanced
N1 component, a frontally enhanced P2 and an additional P250
component following the P2 in the ERP elicited by the familiar
stimulus. Thus, processing advantages for the familiar sound can
be concluded already on relatively low-level processing stages
and even when sounds were processed outside the focus of
attention.

An enhancement of the N1 and P2 by sound familiarity is in line
with previous results reporting enhanced N1(m) and/or P2 re-
sponses when listeners were familiar with speech sounds or musi-
cal instrument sounds (Pantev et al., 1998; see also Shahin et al.,

Fig. 5. Deviance-related effects. Voltage maps (b) show the respective distribution of the deviance-related effects separately for the familiar and the unfamiliar stimulus
(deviant-minus-standard difference maps). Larger dots indicate the electrode position included in the statistical analysis.

Table 2
Mean amplitudes (standard deviations) of the deviance-related effects for the familiar
and the unfamiliar stimulus.

MMN P3a N400

familiar �2.68 (1.69) 1.30 (1.95) �.17 (1.28)
unfamiliar �2.48 (1.46) 1.61 (1.20) .20 (1.38)
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2003; Ylinen and Huotilainen, 2007; see also e.g., Tremblay and
Kraus, 2002). For the first time, the present study, showed similar
results of acoustic familiarity for a complex environmental sound
associated with a semantic long-term memory representation.

Notably, the observed effects occur in a time window in which a
central sound representation is established (cf. Näätänen, 1992;
Näätänen and Winkler, 1999). Pantev et al. (1998) proposed that
enhanced responses of the auditory N1m for familiar musical
sounds, either reflecting increased recruitment of neural popula-
tions or better synchronization of their neural activity, might re-
flect enhanced cortical representations for familiar auditory
events. The observed N1-P2 effects in the present study thus might
reflect the establishment of a more elaborated sensory memory
representation for the familiar environmental sound. However,
the surface-recorded auditory N1 is no unitary phenomenon, but
receives contributions from at least three distinct generator struc-
tures (cf. Näätänen and Picton, 1987). Whereas the supratemporal
N1 generator is mainly sensitive to physical stimulus properties,
which were thoroughly controlled in the present study, additional
‘‘unspecific” N1 generators were proposed to be sensitive to more
elaborate stimulus features or even motivational states (cf. Näätä-
nen and Picton, 1987)3. Although the earliness of the effects might
indicate that first effects of sound familiarity were generated in audi-
tory cortex, the posterior maximum of the N1 effect does not point to
a source in the primary auditory cortex (i.e. the supratemporal N1
generator), which should cause frontocentrally maximal effects. This
is in line with Altmann et al. (2007) who proposed a processing of
animal vocalizations in putatively nonprimary auditory areas of
the superior temporal gyrus (cf. also Lewis et al., 2004). Whereas Alt-
mann et al. (2007) as well as Lewis et al. (2004) further reported a
left-hemispheric predominance in the processing of animal sounds
or familiar environmental sounds in fMRI data, no lateralization ef-
fects were observed in the present study. The posterior distribution
of the N1 familiarity effect could reflect the activation of additional
cortical generator structures for a familiar environmental sound
(for example, the anterior-temporal cortex that has been proposed
to be critical for the activation of semantic knowledge representa-
tions; cf. Damasio et al., 1996; Kotz et al., 2007; cf. also Murray
et al., 2008). On the other hand, it could indicate an autonomous ef-
fect of sound familiarity overlaying the N1 in time. Roye et al. (2007)
observed a posteriorly distributed negativity in response to person-
ally significant in contrast to personally non-significant deviant ring-
tones, i.e. when using a different approach to manipulate sound
familiarity. Whereas Roye et al. (2007) reported an effect around
200 ms, the present study used a more distinct manipulation of
sound familiarity, which might have contributed to earlier effects.

The observed P250 is similar to a component observed by Gar-
cia-Larrea et al. (1992). The authors proposed this component to
reflect a rejection of task-irrelevant, non-target stimuli from fur-
ther processing. A familiar environmental sound might involun-
tarily be processed more elaborately and might require increased
rejection from further processing to preserve processing resources.
It cannot be excluded that the positivity was related to the P3a or
other attention-related positivities in this time window; however
its morphology was clearly dissociated from the P3a. Generally,
the ERPs do not indicate differences in the allocation of attention
to the familiar and the unfamiliar stimulus.

Summarizing the effects before 300 ms, the present data speak
for enhanced processing of a complex sound represented in audi-
tory long-term memory. This enhanced processing was observed
already on low-level processing stages and even though sounds

were processed outside the focus of attention. Such enhanced pro-
cessing could constitute the foundation for a rapid semantic anal-
ysis of meaningful environmental sounds when sounds get
behaviorally relevant. Data from the visual modality propose that
familiar items rapidly activate associations in a specific Conceptual
Short-term Memory (CSTM, cf. Potter, 1993; see also e.g., O’Connor
and Potter, 2002). This might similarly apply for the auditory
modality. According to the present data, more processing resources
seem to be involuntarily recruited for the processing of a familiar
environmental sound.

4.2. Location-deviant processing for the familiar and the unfamiliar
sound

For the processing of deviants in sound location, very similar
deviance-related processing was observed for the familiar and
the unfamiliar stimulus. As expected, location deviants elicited
an MMN, indicating the detection of the location change (e.g.,
Schröger, 2007), and a P3a, indicating an involuntary switch of
attention to the location change (e.g., Escera, 1998). However,
whereas several previous studies observed familiarity effects on
the MMN and/or P3a (e.g., Näätänen et al., 1997; Beauchemin
et al., 2006; Pulvermüller et al., 2001; Jacobsen et al., 2004,
2005), no effects of sound familiarity on these deviant-related
components were observed in the present study. Note, that an
effective manipulation of sound familiarity was assured in a stim-
ulus pre-test and was reflected in overall processing differences
observed for the familiar and the unfamiliar stimulus. Moreover,
in the present design, not only deviant but also standard stimuli
differed in their familiarity, which should have maximized famil-
iarity-related effects on auditory deviance processing (cf. Jacobsen
et al., 2004, 2005).

The design of the present study differed crucially from previous
studies that addressed sound familiarity effects on auditory devi-
ance processing. In the present study, the deviant was the same
sound as the corresponding standard and the deviance was a
change in a very basic auditory feature, which was entirely unre-
lated to the familiarity of the sounds. Previous studies used devi-
ants and standards that were different auditory objects (e.g.,
Beauchemin et al., 2006; Frangos et al., 2005) – in this case, the
familiarity of the respective sounds might directly influence the
sensory memory comparison reflected in the MMN. The familiarity
effects observed before 300 ms in the present study indicate that
familiar sounds are already processed differently on low-level
auditory processing stages, which could result in an increased
dicriminability of familiar sounds. This would enhance deviance-
related components (e.g., Atienza et al., 2002). It seems that no
familiarity-related effects on auditory deviance processing are trig-
gered when the deviance is unrelated to the familiarity of the
sounds. Rather, a deviance might need to include a change of the
auditory item itself in order to trigger such effects. The absence
of familiarity effects in the present study might also be location-
specific, as several data proposed distinct processing pathways of
auditory ‘‘what” and ‘‘where” information similarly as in the visual
modality (e.g., Rauschecker, 1998; Alain et al., 2001).

Subsequently to the deviance-related components, deviants in
sound location notably triggered additional semantic analysis of
the familiar stimulus, as indicated by an N400 elicited by familiar
deviants but not standards (for N400 elicited by environmental
sounds see e.g., van Petten and Rheinfelder, 1995; Cummings
et al., 2006; Orgs et al., 2007; for a review on the N400 see Kutas
and Federmeier, 2000). Typically, the N400 is not elicited when
sounds are processed outside the focus of attention (cf. Mecklinger
et al., 1997; Escera et al., 2003). Correspondingly, the present data
only indicate a semantic analysis of the familiar stimulus after a
physical deviance attracted attention to the sounds. It thus can

3 When using a physically very similar stimulus manipulation as applied in the
present study, Lenz et al., 2007 did not observe differences in the N1. In their study,
sounds were processed attentively, which indicates crucial differences between
sound familiarity effects in passive vs. attentive processing.
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be assumed that familiarity effects observed for the unattended
standards do not reflect the semantic content, but rather the
acoustic familiarity of the familiar sound.

4.3. Familiarity-specific processing depending on the sound context

Two ERP modulations reflected familiarity-specific processing
depending on the sound context after 300 ms. In this time range,
ERP effects usually indicate higher-order cognitive processes
rather than processing related to specific physical features of a sen-
sory stimulus. As the identical stimuli were presented in all three
conditions, processing differences for the familiar and the unfamil-
iar sound over the conditions must reflect an influence of the over-
all sound context.

When the familiar sound was presented in a context of familiar
sounds only, it elicited an additional negative deflection between
300 and 400 ms compared to when presented intermixed with
the unfamiliar environmental sound (Neg.300). In contrast, pre-
senting the unfamiliar stimulus in a context of consistently unfa-
miliar stimuli did not yield a homologous effect. The Neg.300
effect thus cannot be merely explained by a repetitive stimulus
presentation, but occurs specifically for the familiar sound. The
Neg.300 might be related to the N2c, a component that has been
proposed to reflect processes related to stimulus classification
(cf. Pritchard et al., 1991). In the present study, the Neg.300 indi-
cated sustained stimulus processing for a familiar sound in a con-
sistently familiar sound sequence.

Conversely, an additional processing dissociation between the
familiar and the unfamiliar stimulus was observed between 400
and 500 ms when both stimuli were presented together in one
block. In this time window, the ERP for the familiar stimulus
showed an additional positive deflection, while the ERP for the
unfamiliar stimulus showed an additional negative deflection. No
difference was observed in this time window when both sounds
were presented in separate blocks. The observed bi-directional dis-
sociation thus indicates additional stimulus classification pro-
cesses when two distinct sounds are presented in a common
sequence. However, as only two stimuli were presented in the
present study, these classification processes might have equally re-
lated to the difference in sound familiarity or the general dissimi-
larity of both sounds (for related effects in this time window see
Muller-Gass et al., 2007). Even though the observed effect might
not necessarily be familiarity-specific, interestingly, in this time
window, different processes yet seem to be triggered for the famil-
iar and the unfamiliar stimulus.

The observed context-sensitive effects occur in a time window
associated with semantic integration processes (N400; cf. Kutas
and Federmeier, 2000) and with retrieval processes from auditory
long-term memory (gamma-band response, cf. Lenz et al., 2007).
Semantic integration processes are unlikely to explain the ob-
served effects, given the highly repetitive sound sequences, stimu-
lus processing outside the focus of attention (cf. Mecklinger et al.,
1997) and lacking similarity with the N400 (cf. Kutas and Federme-
ier, 2000). Moreover, semantic analysis of the presented sounds
was only indicated after an involuntary switch of attention to the
sounds. On the other hand, long-term memory retrieval processes
(cf. Lenz et al., 2007) might enable stimulus-context matching pro-
cesses. Taken together, ERP effects observed after 300 ms reflected
familiarity-specific sound processing depending on the sound
context.

4.4. Conclusion

The present study showed effects of sound familiarity on the
processing of a complex environmental sound outside the focus
of attention. Generally, effects were observed in two distinct time

ranges. On the one hand, preferential processing due to acoustic
long-term familiarity was elicited for the familiar environmental
sound before 300 ms. A foundation for rapid extraction of meaning
from a familiar environmental sound thus is indicated to be estab-
lished relatively early and even when sounds are not consciously
attended. On the other hand, the absence of familiarity-related ef-
fects on the processing of deviants in sound location suggests that
a deviance has to relate to the familiarity of the sounds in order to
yield familiarity-related effects on auditory deviance processing.
After 300 ms, ERPs reflected familiarity-specific processing
depending on the sound context.
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