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Marching bands and butter bombs: Semantic association modulates the
auditory N100 response to speech sounds
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We addressed this debate by using the event-related
potential (ERP) technique to measure cross-modal
semantic priming effects on the auditory N100.
• ERP measures may serve as a useful tool for measuring
speech sound encoding as it unfolds over time
•

The N100 is an index of both acoustic cue encoding and
attention [6,7]

Final list included 28 word pairs

• Log word frequency balanced between voiced (1.59) and
voiceless (1.24) targets (p = 0.113)
• Association and neutral primes matched for number of
minimal pairs (n=14), proper nouns (n=10), phoneme
repetitions (n=10), and alliterations (n=6)

Experiment 1 Behavioral Task Design

Natural auditory stimuli recordings (no manipulation of VOT)
• 28 words (14 voiced; 14 voiceless)
• 3 prime types (association, neutral, mask)
• 3 SOAs (300ms, 600ms, 900ms)
• 30 practice trials + 3 blocks of 252 trials
• 6AFC phonological judgment task with reaction time recorded
300 ms
600 ms
900 ms

Toscano et al. (2010) found that
the mean N100 amplitude
decreases linearly with voice
onset time (VOT), with no
influence of phonological
categories [6].

Experiment 2 Behavioral Task Design

Hypothesis: If top-down information influences initial
speech sound encoding, then activation of a visual
prime should affect the N100 amplitude to an auditory
target only if the prime is semantically associated with
the target word.
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• Behavioral evidence that our
visual prime manipulation
was successful

SOA

700

300
600
900

950

• Data referenced online to the left mastoid (A1), and
re-referenced offline to average mastoid
• EEG digitized at a sampling rate of 500 Hz; offline bandpass
filter from 0.01 to 125 Hz was applied in ERPLAB (Butterworth
filter with 12 dB/octave roll-off)
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• Larger N100s for voiced than voiceless targets across all visual prime
conditions, replicating previous findings
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• Significant main effect
of prime type, with the
Association prime
condition producing
smaller N100s overall
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• 3-way interaction between prime type, stimulus VOT, and expected voicing:
• N100 amplitude for the ambiguous target VOT was similar to 0ms
targets when a voiced target was expected and similar to 50ms targets
when a when voiceless target was expected
• This was true only in the Association prime condition, showing a a topdown effect of lexical information

Mask

• Smaller N100s in the Association condition suggest less attention was
paid to upcoming targets than in the Neutral and Mask conditions

DISCUSSION

O1, Oz, O2, P4, P8, A2, CP6, CP2, Cz, C4, T8, FT10, FC6, FC2, F4, F8, FP2)

• Significant interaction
between prime type and
target type, showing the
ambiguous stimuli are
encoded as more similar to
the target in the Association
prime condition
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Ø In Experiment 2, in the Association prime condition, ambiguous VOTs were
encoded similarly to the voicing endpoint elicited by the prime, suggesting
that top-down information affects encoding of ambiguous targets.
Ø This work adds to the debate on how and when top-down linguistic
information influences perceptual responses by showing a cross-modal
semantic priming effect on initial cue encoding.
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• In Experiment 2, we added unexpected and ambiguous VOT targets so
Auditory stimuli created using the cut-back procedure
-2
listeners had to equally attend to all prime conditions. It may be that
(i.e., target, ambiguous, and opposite VOT with same coda)
-1
ambiguous
targets
will
show
more
top-down
influence
than
stimuli
that
• 3 stimulus VOTs (approx. 0ms, 25ms, 50ms)
are clearly voiced or voiceless.
• 22 words (no /g,k/ pairs: 11 voiced; 11 voiceless)
Standard error
• 3 prime types (association, neutral, mask)
• 600ms SOA chosen for all trials
• 30 practice trials + 4 blocks of 198 trials
• 4AFC phonological judgment task with reaction time recorded
Ø In Experiment 1, smaller N100s in the Association prime condition suggest
that semantic context modulates attention to upcoming targets.
EEG Analysis
• EEG recorded with a Brain Vision actiCHamp system with 32
electrode sites (FP1, Fz, F3, F7, FT9, FC5, FC1, C3, T7, A1, CP5, CP1, Pz, P3, P7,

• Significant main effect of
target type
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Picton & Hillyard (1974) found greater N100 activation when
participants were actively attending to the auditory stimuli to detect
“oddball” clicks than when they were instructed to read a book and
ignore the ongoing auditory stimuli [7].

• No main effect of SOA and
no interaction
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• Significant main effect of
prime type
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• Alternative models such as MERGE argue all activation
follows in a feedforward manner [5]

Visual Primes
Ø Association: led to an expectation of a specific word
with >85% agreement
(“MARCHING band”, “AMUSEMENT park”)
Ø Neutral: led to no specific expectation with <15%
agreement (“BUTTER bomb”, “TURKEY tower”)
Ø Mask: consisted of a non-word mask (“XXXXX”)

• Significant main effect of
prime type
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• Models such as TRACE simulate the influence of lexical
information on the identification of phonemes [4]

• N=54 participants fill in word to follow prime
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Experiment 2 (N=22)
1050

Reaction Time (ms)

• Pilot test with 470 words that may or may not prime a
compound associate target word
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Experiment 1 (N=21)
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• Behavioral evidence that top-down lexical information can
affect initial cue encoding:
• Phoneme restoration effect [1,2]
• Ganong effect [3]
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Semantic Associates List Creation
Ø Target words: Voiced (/b,d,g/) or voiceless (/p,t,k/)
stop consonants
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METHOD

An unresolved issue in speech perception concerns how
and when top-down linguistic information influences
perceptual responses.
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