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A trivial example:

In June 2014, | participated in a workshop discussion of !""#" $%#%&'&
(A historical change in Chinese, Viethamese, Thai etc.
where consonant manner distinctions turn into tone differences)

The anatomy, physiology, and physics of voicing distinctions in speech
naturally produce differences in fO.

This has been observed in isolated examples,
but there seemed to be no systematic study in the literature.

So over breakfast the next morning,
| checked out syllable-initial consonants in the TIMIT corpus.



Method — write a script to

Pitch track all 6300 TIMIT sentences, creating fO estimates every 5 msec

Select all syllables beginning with p,t,k b,d,g or m,n

Pull out the first 10 fO estimates (first 50 msec of voiced speech per syllable)

Reject all sequences containing discontinuities

Normalize the fO vectors as the ratio relative to each vector’s mean value
1" $#9%&" (($)

6. Plot the mean of all normalized vectors for each initial consonant

e wh e

(“Consonant Effects on FO of Following Vowels!"



http://languagelog.ldc.upenn.edu/nll/?p=12799
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Challenges:

Important types of speech and language data are missing,
and filling some of the gaps requires careful coordinated effort

Unsupervised automatic language learning hardly works at all,
and (partly) supervised automatic language learning
doesn’t work well enough (yet):

Commercial success may risk research failure.

And real-world language is not an orthogonally controlled experiment !I"!l"!



What about the opportunities?

They turn out to be pretty much the same as the challenges....



Challenge 1:
Hard-to-get data
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For example:

Recordings of clinical interviews,
neuropsychological tests,
and similar things*.

There are policies, laws, and ethical concerns
that require such recordings to be treated in a special way,
and are widely believed to make cross-site sharing impossible.

* e.g. job interviews, educational testing sessions, . . .



Why do we want such recordings for research,
and why do we want to share them?

Because speech and language are often a key behavioral marker,
cheaper and less invasive
than brain imaging, blood tests, or genomic tests,
but also often diagnostically more useful.

And more important, many (most?) relevant problems
are “phenotypically diverse”, in ways that matter —
meaning that we really don’t understand them very well.
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Example: “Autism Spectrum Disorder”

It’s clear that Autism is not a “spectrum”, i.e. a single dimension,
but rather a space, with many dimensions —

It’s a space that we all live in,
with some corners that have been medicalized
because they cause serious life problems.
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20 most “ASD-like” words:

{nsv}, know, he, a, now ,no, uh, well, is, actually, mhm, w-, years, eh, right, first,
year, once, saw, was

{nsv} stands for “non-speech vocalization”,
“uh” appears in this list, as does “w-", a stuttering-like disfluency.

20 least “ASD-like” words:

like, um, and, hundred, so, basketball, something, dishes, go, york, or, if, them,
{laugh}, wrong, be, pay, when, friends.

“um” appears, as does laughter and the word “friends”



Rates of UM production in ASD and TD groups:
=] Bl Y B

ASD group: UM was 61% of their filled pauses
(Cl: 54%-68%)

TD group: UM was 82% of their filled pauses
(Cl: 75%-88%)

Minimum value for the TD group was 58.1%,
and 23 of 65 participants in the ASD group fell
below that value.
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Participant Response Latencies
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F0O Madian Absolute Deviation from Median

Median absolute deviation
from the median (MAD)
Calculated in semitones
relative to speaker’s 5t percentile

MAD values are both higher
and more variable

Saomitones

in the ASD
and non-ASD mixed clinical group
compared to the TD group:

ASD: median 1.99 IQR: 0.95
Non-ASD: median 1.95 IQR 0.80
TD: median 1.47 IQR 0.26
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Goals and applications:

PSR O +(,)'- . G/ $+H0L, 24+ 3, +-" 1 #%%4 ", ((.//
Low-cost, remote screening
Direct behavioral observation: record in clinics, integrate into EHR
Inform identification efforts and assist in differential diagnosis

h— . +6%67'8.9,4*8%,)' 1 ,%2.%/ 86"+ %) 7*+3":8%. ,&,8).;'#,69$8*$)$37
Profiles of individual strengths and weaknesses, link to biology

Personalized treatment planning and improved outcomes
<<=$+HESU+3, +-"L ., /03U [HSH/ L8P+ L HrBH/<<

> WECH, S, -0, 9/ AN S, 4B+, 88849, 1/ )4./
Online feedback
Monitor growth trajectories



There are many other kinds of datasets
relevant for ASD research —

And many other possible targets for similar research,

for example, the many diverse varieties
of neurodegenerative disorders,
such as Frontotemporal Degeneration,
Parkinsonism, and Alzheimers.
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[ Figure 1 Fundamental frequency percentiles per group ]
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Fundamental frequency (fO) estimates in 10th percentile bins for healthy controls (HC) (n =
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A) Single vs. combined acoustic B) Combined acoustic classifier
classifiers for naPPA for PPA phenotypes

1
1
1

- — naPPA vs HC
A =< naPPA va. sWPPA
== naPPA va. NPPA

| S [ N R S T rx
0 02 04 06 08 1 0 02 04 06 08 1

1 - Specificity 1 - Specificity

Sensitivity
0 02 04 06 08

Sensitivity
0 02 04 08 08

7/25/2018 Baidu Labs



We’re working with the Framingham Heart Study
on ~9,000 1-2 hour recordings of neuropsychological testing
from 5,267 subjects, with about 100 new sessions/month.

There are currently 122 participants diagnosed with MCI
and 212 with dementia
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Unsupervised (computational) language learning doesn’t work at all.
As a result, most of the worlds languages and and language varieties are resource-poor.

We can build decent acoustic models with easily-collected speech data
(...though multiplied by the number of languages and local varieties it’s still a big job,
and unsupervised methods don’t work yet here either).

But getting adequate transcribed data for a language model
(much less enough annotated data for syntactic, semantic, and discourse analysis)
remains a massively labor-intensive process.



Even supervised automatic methods don’t work well enough:

ASR transcripts are not yet good enough
for many kinds of linguistic research.

General phonetic annotation given a orthographic transcript
is not good enough.

And automatic diarization (who spoke when)
is shockingly bad.



Some examples from the first DIHARD Diarization Challenge
(to be presented at Interspeech 2018) --

In DIHARD Track 1, systems are given “gold” speech segment boundaries.
But the best system’s frame-wise speaker assignments in ADOS were

1. No better than chance for short segments
2. Not terrific for longer segments

[Discussion here]


http://languagelog.ldc.upenn.edu/nll/?p=37724
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12*0-method was originally developed
for Human Language Technology,
where it’s been strikingly successful —

And it’s spread widely to other areas of engineering.

But it’s still rare in science,
especially in clinical areas
where the situation is in some ways similar
to HLT research.
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http://www.adni-info.org/
http://www.berlin9.org/program/slides
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GOALS ofF THe ADNI:
LONGITUDINAL MULTI-SITE OBSERVATIONAL

STUDY

* Major goal is collection of data and samples to establish
a brain imaging, biomarker, and clinical database in
order to identify the best markers for following disease
progression and monitoring treatment response

* Determine the optimum methods for acquiring,
processing, and distributing images and biomarkers in
conjunction with clinical and neuropsychological data in
a multi-site context

« “Validate” imaging and biomarker data by correlating with
neuropsychological and clinical data.

« Rapid public access of all data and access to samples
@

Baidu Labs
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Predicting the time course of Alzheimer’s Disease
is exactly the kind of problem
(“algorithmic analysis of the natural world”)
for which the Common Task method has worked in the past.

We should apply such methods
to the large class of similar biomedical problems
(including those where speech and language are centrally involved)

Many scientists will be horrified
(just as speech and NLP engineers were in 1987-1992).
But in the face of the reproducibility crisis,
public funders need to force it to happen.



Challenge 4:

Real-world speech and language
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A simple example:

Some of the prosodic differences
between reading and spontaneous speech



The LibriSpeech dataset consists of 5,832 English-language audiobook chapters
read by 2,484 speakers, with a total duration of of nearly 1,600 hours.
[The LibriVox collection as a whole now has more than 60k hours of English]

The overall distributions of silence-segment and speech-segment durations look like this:

Density

1.5 20 25 30 35

1.0

0.0 05

Silence Segment Durations
Data from LibriSpeech (re-aligned)

0.5 1.0 1.5

Segment duration (seconds)

Density
02 03 04 05 06

0.0 01

Baidu Labs

Speech Segment Durations
Data from LibriSpeech (re-aligned)

Segment duration (seconds)
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How to model variation among readers?

One simple way to map individual differences

is to plot the proportion of silence segments greater
than X1, and the proportion of speech segments
greater than X2.

With X1 = 200 msec. & X2 = 600 msec.,
the resulting 2D density plot looks like this:

The x-axis is
the proportion of silence segments > 200 ms.

The y-axis is
the proportion of speech segments > 600 ms.

7/25/2018 Baidu Labs
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