Human speech cortex long-term recordings [5]: Formant frequency analyses
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Introduction Results
The neural correlates of speech production have been studied in humans using fMRI and other brain imaging techniques. Spike Train Analysis Panels A and B
However, extracellular electrical recordings are not often used and offer improved characterizations of single neurons in regions 1. Optimal linear decoding was applied to the spike train data using two regression techniques: least - Each data point represents the predicted formant frequencies from the firing rate in a single time bin
involved with the production and perception of speech. In addition, investigations of single neurons in the motor and premotor squares and regression trees [5] - Decoding prediction colors indicate ground truth vowel membership
cortices provide a means by which effective movement restoration neural prostheses can be designed and implemented. - Significantly active neurons determined via stepwise least squares regression - Background grid colors illustrate LDA decision boundaries for vowel classification
* Regression coefficients represent neurons; coefficients were iteratively added and removed based on a statistical - Confident predictions are predictions from the optimal linear decoder retrained using data points with above

A patient with locked-in syndrome, resulting from a brain stem stroke, was implanted with the neurotrophic electrode [1] in the e :g“jzh‘l’:'? tﬁ"‘; (P<O-O5)(-j L RCERTION: Ne(16.12) F1 Fa Curine PRODUCTION threshold classification confidence
speech-motor related left premotor cortex. Single units were isolated from the raw spike waveform according to standard manual . N;E5 ’5) F)1 Fo n enuig:;n: Cti‘:/';”gurin 3 Il PER(’;E;(TIO’N ;n q ’PROnSSg)?ISONur_m“%IRROR NEURONS? - Confidence threshold chosen based on sorted confidences for a given time bin ("knee” of exponential fit to data)

- These confident predictions identify times when subject made a response and/or times when neuron was active

- Bin-wise classification strength indicates average probability of choosing a particular vowel at every trial time point
- Computed for both the full ensemble firing rate data and for the subset of confident predictions

cluster cutting techniques. Details concerning the electrode, implantation procedure, and cluster cutting are described elsewhere . 3 neurons active for similar directions of F1 in the two conditions, 3 neurons for similar directions of F2

[see poster 728.14/0013]. 2. Vowel classification decision regions were determined via LDA classification of vowels from predicted
formant frequencies.

The patient participated in a vowel repetition task in which he listened to acoustic vowel stimuli and attempted to reproduce the o o
sounds. Action potential occurrence times of 41 premotor cortex neurons were analyzed with respect to salient acoustic A. PERCEPTION condition B. PRODUCTION condition

characteristics of the vowel stimuli, specifically formant frequencies, during both passive listening and active production.
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The task was divided into two conditions: speech perception and production l l | |
Each stimulus was presented acoustically to the subject (PERCEPTION) ’ R (Sec;'s o ° 1000 1000} 1000 1000}
followed by a silence period. The patient was asked to repeat the
stimulus as he heard it after the presentation of a GO signal 800 8001 aa 8001 . s00.
(PRODUCTION). On some trials no acoustic stimulus was presented. In b) g 4000 v 400 600 800 400 600 800 400 600 800 400 600 800
this case the patient was asked to make no productions until the next trial < 3000 2 F, (Mel) F, (Mel) F, (Mel) F, (Mel)
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Threshold crossings were used to identify putative action potentials. This O o %
analysis uses the spike clusters discussed in poster 728.14/0013. ) % *GC-J' 1t 1] /\ % % 1t 1
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1. Single unit spike trains were analyzed in two time regions: 0-750 ms from E 5 ¥ M 00 "4 W 00 \ /
the stimulus onset (PERCEPTION) and 0-2 sec from the GO signal g 3 0 l l l A 0 l l l AN 0 l l l l
(PRODUCTION). Vowel responses were predicted using optimal linear Y e S S — 0 02 - 04 06 0 02 - 04 06 0 05 T 1 15 2 0 05 T 1 15 2
decoding [3] of the ensemble firing rate. ime (sec) ime (sec) ime (sec) ime (sec)
- Firing rates: peri-event time histograms computed with 25 ms bins rates log- Frequency (Hz) o e i ‘e
. o . d) 2 1
2. Vowel formant frequencies are used as optimal linear decoding response B B -
variables. Formants are peaks in the acoustic spectrum, representing the 1600+ ® = B2 -~ Bl
most important acoustic information for vowel perception (see panel on 3. 5 1 s 05
right). Vowels can be characterized by their first two formant frequencies, Q 8 _ 8 T i
F, and F,, which are related to vocal tract articulator positions. ~ 14007 L ‘© _ T — n ] I | ‘D _E_!i_II = | )
 Formant frequencies for each vowel were chosen to match the average formant é § 8 : =il - o | =L + 8 0 1 ! = |
frequencies utilized by the patient’s father (referred to as subject ER herein). 1™ 1200! s cC> cC>
» Formant frequencies are analyzed in Mel units rather than Hz; they provide a better % ‘» 1 ‘0 05|
description of human acoustic perceptual space. O g g ' 1
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3. Evaluation of predicted formant frequencies was accomplished using 1000 ¥ 2 ¥ 1
linear discriminant analysis (LDA):
a. Predicted formant frequencies were classified as specific vowels 300
b. Single time bin predicted vowel classification confidence (based on formant 400 600 800 -3 -1.5
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probability Pr(group j| obs i) to the next highest probability [4]. : -
c. Bin-wise strength was computed for trials of a particular vowel as follows. For each Valid Neurons C I . Valid Neurons
time bin, the percentage of trials that were classified as a particular vowel were _ . . . . onciuasions
et sl i) sl ters) e e et i el st e et seneel [0 _ _ . Abov.e.. Reg_ressm_n cqefﬂments for.decodlng .durlng PERQEPTION (C) and PRODUCTION (D)
Formant frequencies plotted in red in spectrogram conditions (including intercept, for interpretation of coefficient magnitudes) - ————; - _ o " P —" — r - -
(b) and spectrum (c) plots. Subject ER’s vowel - Direction of bars indicates preference for high (positive values) or low (negative values) formant . In both production and perception conditions, populations ot cells show signiticant main effects of first and secon
space plotted over the standard vowel quadrilateral frequencies with F1 in blue and F2 in red IERE freqyency _ _ . , _ _
(d). - Boxes indicate neurons active in both production and perception conditions, possible mirror neurons 2. An overlapping population of cells show module_ltlon Qf activity during both prodgctlon and pe.r.ceptlon
Yell haded : ith similar F1 f 1. Some of these cells appear to code for the same regions (high vs. low) of formant frequencies across conditions
- vellonssnelols reglons 2l NiSlrol W_' S_lm_l Elf PSS 2. Suggests the possibility of mirror neuron activity
Ref - Green shadeci regions are neurons with similar F2 preference 3. Future analysis will include stimuli designed to examine neural activity with respect to directions, rather than
ererences - Error bars are 95% confidence intervals of coefficient estimates positions, in the formant plane as motor cortex neurons have been found to be sensitive to movement direction [6]
. Kennedy, P. R, Bakay, R. A., Moore, M. M., Adams, K. and Goldwaithe, J. (2000). Direct control of a computer from the human central nervous system. IEEE Transactions PERCEPTION: PRODUCTION: _ _ _ _ _ _
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