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Overview
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Puzzle
‣

Compared to young adults, older adults exhibit:
- Impaired auditory temporal processing
- More difficulty comprehending speech, especially in challenging circumstances

‣

Yet, the speech envelope can be reconstructed more accurately from their cortical
responses, recorded with MEG (Presacco et al., 2016)

Different possible explanations, for example...
‣

Increased cortical gain of bottom-up responses

‣

Recruitment of additional top-down resources

‣

Physiological changes, e.g. excitation-inhibition imbalance

This talk
‣

Localize cortical responses to speech of younger and older adults
- Anatomy: localization in cortex
- Time: latency at which information is represented

Brodbeck, C., Presacco, A., Anderson, S., & Simon, J. Z. (2018). Over-Representation of Speech in Older Adults Originates
from Early Response in Higher Order Auditory Cortex. Acta Acustica United with Acustica, 104(5), 774–777.

MagnetoEncephaloGraphy (MEG)
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enesis of EEG and MEG signals. (a) Electric currents (red arrow) in active neurons drive volume currents (yellow lines) within the head, which gives rise
al distribution (V) on the scalp. The currents also generate a magnetic field (green lines; B) outside of the head; here the direction of the magnetic field
ording to the right-hand rule) the direction of the net intracellular currents. (b) The main contribution to EEG and MEG signals comes from post-synaptic
arrows) in the apical dendrites of pyramidal neurons. (c) A highly schematic illustration of electrophysiological (MEG/EEG) and haemodynamic (fMRI)
me courses to stimuli of three different durations. Evoked responses are phase-locked to the stimuli while induced responses reflect amplitude changes in
se-locked oscillatory brain activity.

bs) with fMRI and then use MEG or EEG to detere temporal relationships between these areas.
this approach would work only if the physiological
f both MEG/EEG and fMRI were identical. Discreetween the methods are to be expected to some
fMRI reflects neural activity only indirectly, via
(blood oxygenation-level dependent) signal arising
rovascular coupling, whereas MEG/EEG pick up
irectly related to the neuronal activity (for time
ee figure 1c). Another apparent difference between

(c) Future methods for non-invasive time-resolved brain
imaging
How could we improve non-invasive time-resolved imaging of
the human brain? First of all, the measurements should be performed as close to the neural generators as possible. However,
with an intact skull, the distance from the outside of the head to
the closest sources in the cortex is at least 1.5 cm, which sets an
upper bound for the spatial frequencies (how fast the signals
change in space) and thereby for the resolution any MEG or

(Hari & Parkkonen, 2015)

rent study evaluated the effects of aging on temporal synchronization of speech in the presence of a competing talker in both
cortex and midbrain. To de-emphasize the effects of audibility,
only clinically normal-hearing listeners were included in both
the younger and older age groups. We posit several hypotheses.
First, in responses arising from midbrain, we hypothesize that
younger adults encode speech with greater neural fidelity,
reflected by higher amplitude responses and higher stimulusto-response and quiet-to-noise correlations than older adults
when the signal is presented in quiet and in noise. This
hypothesis was driven by the results of the above-mentioned
studies, showing more robust and less jittered responses in
quiet in younger adults (Anderson et al. 2012; Clinard and
Tremblay 2013; Mamo et al. 2016; Presacco et al. 2015) and an
age-related effect of noise (Parthasarathy et al. 2010). In
contrast, for cortical responses, we hypothesize that older
adults will show an over-representation of the response both in
quiet and noise. This hypothesis is driven by evidence showing
age-related increases in amplitude (Alain et al. 2014; Soros et
al. 2009) and in latency (Tremblay et al. 2003) of the main
peaks of auditory cortical responses. Finally, we hypothesize
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Participants
‣
‣

17 young adults (aged 18-27 years)

Fig.
ears
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15 older adults (aged 61-73 years)
- Cognitive screening
- Clinically normal audiogram

MEG data
‣

KIT MEG Lab at University of Maryland, 157 axial gradiometers J Neurophysiol

‣

Band pass filter 1-8 Hz

•

doi:10.1152/jn.00372.2016 • ww

(Presacco, Simon, & Anderson, 2016)

Methods (Presacco et al.)
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"Decoder"

(Presacco, Simon, & Anderson, 2016)

Results (Presacco et al.)

cantly lower values than 350 ms but not than 150 ms [t(16) !
"3.722, P ! 0.002 and t(16) ! 0.973, P ! 0.345 for 500 vs.
350 ms and 500 vs. 150 ms, respectively]. Conversely, older
adults’ ability to track the speech envelope of the foreground is
significantly reduced at 350 and 150 ms in both quiet [t(14) !
"0.248, P ! 0.807 and t(14) ! 3.779, P ! 0.002 for 500 vs.
350 ms and 500 vs. 150 ms, respectively] and noise [t(14) !
2.064, P ! 0.058 and t(14) ! 2.512, P ! 0.0248 for 500 vs.
"Decoder"
350 ms and 500 vs. 150 ms, respectively].
Reconstruction of the unattended speech envelope. Repeatedmeasures ANOVA showed a significant correlation # age
interaction across the four noise conditions tested [F(3,90) ! 2.909,
P ! 0.039]. A one-way ANOVA showed significantly higher
reconstruction accuracy in older adults at all of the noise conditions tested except $3 dB [F(1,30) ! 3.487, P ! 0.072; F(1,30) !
4.99, P ! 0.033; F(1,30) ! 7.523, P ! 0.01; and F(1,30) ! 19.251,
P % 0.001 for $3; 0; "3; and "6 dB, respectively]. All of the
reconstruction values were significantly higher than the noise floor
(all, P % 0.01).
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Midbrain
‣

Older listeners have reduced frequency following response (FFR)

‣

Increased cortical responses not due to stronger input from
midbrain
Younger

Older

AGING EFFECTS OF NEURAL PROCESSING OF SPEECH IN NOISE

Fig. 2. Grand average (n # 17 for youn
older adults) of the response to the st
younger (left) and older [right; quiet # d
dB) # light lines] adults. Statistical ana
individual subjects show that in both
steady-state regions, noise resulted in a
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Statistical Analyses
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Amplitude analysis. Figure 2 shows the g
(Presacco,
Simon,envelope
& Anderson,
2016)an
FFRs
of the stimulus
of younger

Midbrain: younger
> older
All statistical
analyses were conducted in SPSS version 21.0 (IBM,

Possible explanations
Increased cortical gain for bottom-up responses
‣

Prediction: same origin, more current

Top-down/strategic processing
‣

Compensate for degraded input from the periphery

‣

Recruitment of additional frontal and temporal regions for complex sentences (Peelle et
al., 2010)

‣

Prediction:
- Response enhancement at longer latencies, e.g., 100-200 ms

Low level physiological change: excitation/inhibition imbalance
‣

Reduction in inhibitory neurons in A1 (de Villers-Sidani et al., 2010)

‣

Increased firing rates in A1 (Overton & Recanzone, 2016)

‣

Faster recruitment of higher order regions (Engle & Recanzone, 2013)

‣

Prediction:
- Enhanced low latency responses, e.g., 30 ms
- Potentially involving higher order regions
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Methods
Participants
‣

17 young adults (aged 18-27 years)

‣

23 older adults (aged 61-73 years)

MEG source localization
‣

Empty room noise covariance

‣

Minimum norm estimates with depth weighting

‣

Temporal response functions estimated with coordinate descent algorithm (David et al., 2007)
- Minimizing 𝓁1 error
- Stopping based on cross-validation

Evaluate model predictions:
‣

At each source element: Pearson correlation r(predicted response, measured response)

Bias-correction:
‣

Compute r of a temporally shuffled model

‣

Test for better r of the true model

Significance test:
‣

Mass-univariate t-test (Smith & Nichols, 2009)
- Threshold-free cluster enhancement
- Max statistic distribution with 10,000 permutations
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Resp. Stimulus

Response

Stimulus

Temporal response function

...
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Encoding model
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Clean speech: neural localization
Brain activity (MEG source
estimate) predicted from acoustic
envelope
‣

Heschl's gyrus (A1)
Superior temporal gyrus

Older > Younger

Older
0.12

Younger

z(r)
0.00
<.001
.01

O>Y

p
Left
Right
Hemisphere

Maps of correlation (r) between actual
and predicted neural time course

.05

‣

Ventral to core auditory cortex

‣

No significant difference between
hemispheres
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Temporal response function
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Temporal response function
Temporal response function (TRF)

160-200 ms

10-30 ms
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Older

‣

Brain response to an elementary
temporal feature in the stimulus

‣

Time axis: latency between acoustic
feature and brain response

~30 ms

Younger

‣

Bottom-up gain (involving non-core area)

‣

Top-down (early)

➡ Consistent

O>Y

with excitation/inhibition

imbalance

~180 ms

Response in ROI

Left hemisphere (LH)
Right Hemisphere (RH)
Older
Younger

Current (normalized)

‣

*

Bottom-up gain (no comparable
response in younger subjects

➡ Recruiting

additional neural resources?
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New results: influence of attention
*

Listening to two speakers
(Puvvada & Simon, 2017)

**
Two speakers

0

***

Early responses track the acoustic
signal (~50 ms)

‣

Later responses track the attended
speaker (~100 ms)

Response to mixed acoustic signal
Response to attended speaker

~30 ms
‣

*

Stimulus-driven

➡ Consistent

0

with excitation-inhibition

imbalance

~120 ms

**
Speech in quiet

‣

*

‣
Left hemisphere (LH)
Right Hemisphere (RH)
Older
Younger

***
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Time [ms]
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Increased attentional modulation

➡ Consistent

with increased taskrelated processing

~180 - 250 ms
‣

Continued tracking of mix and
attended speaker

‣

Responses practically absent in
younger listeners
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Summary
Cortical over-representation of speech in older adults:
‣

Multiple sources of over-representation

~ 30 ms
‣

Bottom-up cortical gain
- Main difference outside of core auditory cortex

‣

Strategic/top-down processing
- Latency too short

‣

Low level physiological change; excitation/inhibition imbalance
- Short latency
- Fast spread to areas outside core auditory cortex

~ 120 ms
‣

Bottom-up cortical gain
- Does not track bottom-up information

‣

Strategic/top-down processing
- Increase in task related activity (attention to speech)

‣

? Low level change
- Effect on task-related activity?

Later responses
‣

Bottom-up cortical gain

‣

Enhanced attentional tracking compatible with cognitive effort/compensation

‣

Persistent stimulus-driven as well as task-related activity
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