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Future Influences on Perception

• Speech is an inherently noisy and ambiguous signal 

• To fluently derive meaning, listeners must integrate top-
down contextual information to guide their interpretation 

• Top-down input occurring after an acoustic signal can be 
integrated to affect the perception of earlier sounds 
(Bicknell et al., submitted; Connine et al., 1991; Samuel, 1981; Szostak & 
Pitt, 2013; Warren & Sherman, 1974)
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Today’s Questions
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How does the auditory 

cortex respond to 
phonological ambiguity?

What are the neural 
signatures of ambiguity 

resolution?
What is the time-limit on 

how late subsequent 
context can be received?
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Design & Materials
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• Point of Disambiguation (POD) ranged 3-8 phonemes / 150-750 ms 
• VOT (31 pairs) {p-b, t-d, k-g} and POA (22 pairs) {t-k, p-t}
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Design & Materials
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• Point of Disambiguation (POD) ranged 3-8 phonemes / 150-750 ms 
• VOT (31 pairs) {p-b, t-d, k-g} and POA (22 pairs) {t-k, p-t}

Contrast: Place of Articulation (POA)Contrast: Voice Onset Time (VOT)
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Design & Materials
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Procedure & Analysis

11

x 25

time (ms)20
8 

se
ns

or
s

(1)

(2) (3)

(4)

(see Gwilliams, Lewis & Marantz, 2016 for more 
information about the analysis technique)
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Today’s Questions

How does the auditory cortex 
respond to phonological ambiguity?
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Sensitivity to phonetic features ~100 ms after onset in superior temporal gyrus: 

Simos et al. 1998, Ackermann et al. 1999, Obleser et al. 2003, Papanicolaou et al. 2003, Obleser et 
al. 2004 Mesgarani et al. 2014, Di Liberto et al. 2015 
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Ambiguity at Onset
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• Time-window: 0-200 ms after word onset 
• Region: Heschl’s gyrus & superior temporal gyrus bilaterally
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Ambiguity at Onset
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Ambiguity at Onset
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Interim Conclusion
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Today’s Questions

What are the neural signatures of 
ambiguity resolution?
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• Time-window: 0-200 ms after POD onset 
• Region: Heschl’s gyrus & superior temporal gyrus bilaterally

Ambiguity at POD
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Interim Conclusion
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Reactivation in Intermediate Positions
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Reactivation in Intermediate Positions
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phoneme position
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Reactivation in Intermediate Positions
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phoneme position

* * **
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Reactivation in Intermediate Positions
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phoneme position

* * **

** *** * *** ** * *** ** ** *** * *** * * * * ***

phoneme position phoneme position
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phoneme position phoneme position

Reactivation in Intermediate Positions
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phoneme position

* * **

** *** * *** ** * *** ** ** *** * *** * * * * ***

phoneme position phoneme position

phoneme position

* * **

** *** * *** ** * *** ** ** *** * *** * * * * ***

• Information is re-evoked in auditory cortex
• Specifically time-locked to the onset of subsequent phonemes

• Not driven by residual information in the acoustic signal
• Not specific to the ambiguous tokens — general to language processing
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Interim Conclusion
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Today’s Questions

How long can the system delay 
phonological commitment?

29

Psycholinguistic investigations into this question: 

Connine et al. 1991; Samuel 1991; McMurray et al. 2009; Szostak and Pitt 2013 
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Two states of the world
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No commitment Commitment
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Two states of the world
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No commitment Commitment

= phonemea = acoustic input

• 1 cohort of words 
• binary acoustic term

• 1+ cohort of words 
• continuous acoustic term
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Critical Variables

35

• Surprisal: 
Probability of an outcome 

• Entropy: 
Uncertainty over future input
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Critical Variables
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• Surprisal: 
No commitment 
Commitment 

• Entropy: 
No commitment 
Commitment
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Procedure & Analysis
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Model Setup

38

• Critical variables: 
no commitment entropy 
no commitment surprisal 
commitment entropy 
commitment surprisal

• Control variables: 
phoneme latency (ms) 
phoneme latency (number of phonemes) 
trial number 
block number 
stimulus amplitude 
phoneme pair 
ambiguity
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Results
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Commitment Before POD
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acoustic-phonetic maintenance 

lexical access

phonological commitment

/p/

Interpretation
Processing hierarchy: Scott and 
Johnsrude, 2003; Hickock and Poeppel, 
2004; Liebenthal et al., 2005; 
Rauschecker and Scott, 2009
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Processing hierarchy: Scott and 
Johnsrude, 2003; Hickock and Poeppel, 
2004; Liebenthal et al., 2005; 
Rauschecker and Scott, 2009

Processing is not purely feedforward, 
or feed “up”: TRACE model: McClelland 
and Elman, 1986; McMurray et al. 2009. 
cf. MERGE: Norris et al. 2000

Analogies to other sources of 
ambiguity, such as homophone 
resolution: Twilley and Dixon, 2000; 
Rodd et al., 2010, Rodd, 2017
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3 Take Home Messages

• Sensitivity to phoneme ambiguity ~50 ms 
after onset in primary auditory cortex 

• Subphonemic detail is maintained over long 
time-scales (+700 ms) and re-evoked at 
subsequent phoneme positions 

• The brain is not scared of commitment; it 
occurs ~500 ms after phoneme onset in 
superior temporal gyrus
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