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Ab t t Attention is the cognitive process underlying our ability to focus on specific components of the 1 : BehaVioraI Pe rfo rmance 3_ Effect of BOttom-u p Sal iency Bottom-up Saliency Effect
StracC environment while ignoring all others. By its very definition, attention plays a key role in defin on Behavioral and Neural Responses
ing what foreground is (i.e. object of attention), and differentiating it from irrelevant unattended
clutter or background. In order to tackle aspects of these questions, we engage listeners in two-complimentary tasks Target Task Masker Task
involving the perception of a repeating target tone amidst a background of non-regular notes. The novelty of this experi- i ] v Frequency of the target note affects its audibility (bottom-up salien- 16, ] 16,
mental paradigm is: (i)to use a more realistic yet controlled stimulus design that builds on previous work in stream seg- Target Task: Behavioral Performance Behavioral Performance cy effect) 9
regation using simpler stimuli; (ii) to combine behavioral measures of human perception with neural recordings using =S ihili i ~ _ c
Magnetoencephalography (MEG); (iii) most importantly, to maintain the physical parameters of the stimulus fixed while v' Detectability of regular tone becomes easier with increased fOI’ Target Task fOI' Masker Task audibility difference of ~ 5dB over [250-500] Hz S 5 S
manipulating one free parameter: the attentional state of the listeners. The experimental findings reveal that auditory protection zone o 12 12
attention strongly modulates the relative neural representation of the target-to-masker signals in the direction of boost- Target Task: n_: e [ | o
ing foreground perception, much alike known effects of visual attention. We also find that, together with the behavioral : - - : : _ _ S 3 bep.,, . £
demands of the task, the bottom-up saliency of a target shapes both the signal neural representation and the subject Y Influe?ce of protectlon.z.onefls ConSISt.ent with the notlor] MEG performance v Behavioral data confirms target task is more salient o g 3 I ’W* 13 s
performance. Furthermore, the perceptual detectability of the target improves over time following a pattern that is highly that the frequency selectivity of neurons in the central audito- => increased subject performance (d-prime) for high-frequency Z 5 >
correlated with the neural buildup of the signal representation. ry system is an important determinant of stream segregation 3t { 3t (>350Hz) relative to low-frequencies § < gt 8r .
Q Q t_; 2\
i g I g I v’ Correlated with this trend is an increased neural power of target £ 1 [ e 11
- - Attention I ~ o
MOthﬂthn & Meth Ods - Masker Task: ?— Psychophysical ?— frequency for high vs. lower frequencies Z 4 : : 4 . .
Cognitive process underlying our ability to focus on specific . go) performance go Low High - Low High
components of the environment while ignoring all others. v' Same manipulations of protection zone do not substantive- 2[ 20 Masker Task: Target Frequency Target Frequency
v’ Attention can be bottom-up (sound-based) or top-down (task-dependent). Both processes are ly affect masker task performance o _ . _
thought to operate in conjunction in order to selectively process sensory information, and pass the rele- _ _ _ - - / Neural power is increased for high-frequency target reflecting their
vant cues to higher auditory and cognitive areas. v The masker task, designed to divert attentional resources increased audibility Correlation of Psychometric & Neurometric Responses
away from the target, involves a more diffuse attention as a Function of Target Frequency
1 1t v' For more prominent targets, subjects’ performance of the back-
Settin g v’ Compared to target task, it reflects different top-down bias . : . . . . ground task deteriorates indicating a distraction/interference effect Target Task Masker Task
in the way the same stimulus is parsed. 4 8 12 4 8 12 A A
v In a cocktail party setting, the extraction of a foreground from the Protection Z.one Half-width Protection Zone Half-width Psychometric vs. Neurometric data: o ]
background (e.g. signal from noise) can be thought of as a multifaceted (semitones) (semitones) _ _ _ _ 3 5
process that draws on bottom-up gestalt primitives, as well top-down Note: v Neural vs. behavioral correspondence is confirmed using bootstrap T =
control including attention and memory. . [angle/slope between neural signal and d-prime per-subject] § 5
v Behavioral performance during MEG and psychophysical _ _ _ R P Y : ____________
v What is the contribution of attention to auditory scene analysis and testing (8 st) are the same ==) The experimental design contrasts selective attention in behavioral data
what is its neural manifestation? two tasks of comparable difficulty, involving attending to =) Together with the behavioral demands of the task, the
v’ At 8 st, performance is comparable between target and different components of the same, identical stimulus. bottom-up saliency of the target note shapes both neural
masker tasks (d-prime ~ 3). and behavioral responses.

=> comparable attentional load?

Paradigm

v' Stimulus design commonly used in Informational Masking experiments, with 4 variants:

4. Responses buildup over time Buildup of Target Detectability

2. Neural Responses
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Target Task:
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532332\__ _ T = - - - = v’ Masker task: response entrained at 4Hz noticeably suppressed F Frequency v Perceptual detectability of target increases over time 8
— — . - - - o Targetrate: 4Hz gl: \ _ Target 3
Time Time , Stimulis durafion: 5.5 v Neural activity (of target rhythm) originates in auditory cortex o 1 1 Frequency v" Trend suggests that mechanisms for target detection is S
- Masker Condition _ Target & Masker Condition * Target shift: +/- 2 semitones x - mediated by processes conj_ecturgd ’go play a rgle in object for- % 7t
sh | N * Masker elongation: 400 ms o \ mation (consistent with previous findings of build-up of auditory @
S| — — = — s* L e * Target roved [250-500] Hz Note: 3 : Y
I s - _ . — 3 ' streaming) -
[ T — T T Ee — v’ The physical stimulus in both cases is the same a : S5
— T\ => task-specific attentional influence. 4 4 s v Time-course of this behavioral buildup is strongly correlated 2 & 6
| 3 4 5 - - , : = +
— — — — == — - __ | | | | | | Frequency (Hz) Frequenhcy (Hz) with an increased neural representation of the target over time. e
- v’ This attentional effect on the neural signal is not just momentary but is @
o —— _ — - . = — sustained over the duration of stimulus v" Buildup of neural responses over time is seen only when N
I D Task-Dependent Neural Response integrated over several periods of the target rhythm g St = = Neural data
— > — — B - 60 - g Behavioral data -
Population data: 1 2 : 4 :
v’ Subjects perform two tasks in separate blocks: L, _ _ _ _ 50 - Psychometric vs. Neurometric data: 3 S
* Target task: detect frequency shift (AF) in repeating target signal; 1?\’[’[8{1“??? eﬁbe_Ct JI[S.COtnf’_IS:[t_en;[I aC{'OS?.SUb{edCE;(:?. bet (ask B Target Task v’ Correspondence between the neural and behavioral tempo- Time after sequence onset (s)
* Masker task: detect sudden temporal elongation (AT) of masker notes (11 out of 14 subjects: statistically significant difference between tasks) 40 [ Masker Task ral buildups is confirmed using bootstrap

A Correlation of Psychometric
& Neurometric functions

v No direct correlation between target task neural response and d-prime

m=) Contrast effects of attentional modulation to two identical stimuli under two different tasks

to target
w
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Normalized Neural Response

5 as a Function of Time
20 - ==p Even though the sensory target signal is unchanged, attention allows ;
Technique ==) Depending on listeners’ attentional focus, the percept of an its neural representation to grow over time, following dynamics strongly 3
| auditory target in a complex scene is differentially mirrored by 10¢ correlated with the time-course of its perceptual buildup. =
Psychoacoustics: the responses of neurons in auditory cortex. [ . ! behavioral data
v 9 subjects, performing both tasks 1 2 3 4 5 6 7 8 9 10 11 12 13 14

v soundproof room, sounds dichotically presented over headphones

v’ subjects interacted with a Graphical User Interface

v Each task: 180 stimuli (3 protection zones x 4 conditions x 15 exemplars)
v Subjects self-paced between trials, no feedback was provided

Subject

Magnetoencephalography (behavioral and neural data): Discussion v Auditory attention strongly modulates the sustained neural representation of the target (complementing well-known transient attentional effects). This neural representation is References cAhman N and simon, .2, (2090). Mz rﬁgfeprfic":g}oﬁguf;pggzmoef‘rig;ing
located at the level of sensory auditory cortex. * Bregmaﬁ AS (1990) Auditory scene analysis: The perceptual organizatioﬁ of

v 14 subjects, performing both tasks

v" Each task: 3 blocks of (1 protection zone sound. MIT Press.
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x 4 conditions x 15 exemplars) magnetic field v' The enhanced acoustic saliency, which causes an increase in perceptual detectability, also correlates with an increase in the sustained neural signal primary auditory cortex of the awake monkey. Hear. Res. 151, 167-187.
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‘A/\dvantgges of MEG: surtace . s v This study allows us to monitor the evolution in time of at‘tentlonal processes as they interact with the sensory input, and demonstrates that the neural representation of a target signal that also follows + Maunsell JHR. Treue S (3006) Feature-based attention in visual cortex. Trends in Neurosciences, 29, 317-322

Non-invasive procedure, excellent temporal éﬂy# P the same temporal profile of the buildup based on listeners’ detectability performance. This buildup effect suggests the implication of coherent or synchronous neural activity as a neural mechanism of * Micheyl C, Shamma SA, Oxenham AJ (2007) “Hearing out repeating elements in randomly varying multi-tone
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v' These findings support a view of a tightly coupled interaction between the lower level neural representation and the higher level cognitive representation of auditory objects, in a clear demonstration of Acknowledgments:
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