ormo monas (9, amazon uniphore

WHITING SCHOOL Z‘ °
of ENGINEERING

ConEC:

Earnings Call Dataset with Real-world Contexts
for Benchmarking Contextual Speech Recognition

LREC-COLING 2024

Ruizhe Huangl, Mahsa Yarmohammadil, Jan Trmall, Jing LiuZ,
Desh Rajl, Leibny Paola Garcial, Alexei V. lvanov#’, Patrick Ehlen®’,
Mingzhi Yu2, Ariya Rastrow?, Daniel Povey3, Sanjeev Khudanpur?
1Johns Hopkins University, 2Amazon Alexa, 3Xiaomi Corp., SAMD, 3VoiceBrain

{ruizhe, mahsa, khudanpur}@jhu.edu

*. This work was done when the authors were at Uniphore.
;



In million €, A% yoy, Fx & portfolio adj.

4,217 @ 4,422

Pharmaceuticals Driven by, Xarelto, Eyleaand China

/

EBITDA

In million €, A% yoy, before special items

@ 1,500

@

® EBITDA Margin before special items

Bayer Q2 2019 Investor Conference Call

Xarelto up 12%, Eylea grew by 11%

Continued strong performance in China
overcompensates weaker US business

FDA granted priority review for darolutamide

New data for larotrectinib demonstrate benefit in
TRK fusion cancer patients with brain tumors

Investment in stem cell based cancer therapy
through Century Therapeutics

EBITDA before special items increase driven by
higher volume, reduced COGS and lower R&D
spend

Sources:
Bayer AG Q1 2021 Earnings Call
https://www.youtube.com/watch?v=8zBL PLiXK-w&t=21s

Ref: our 2 blockbuster drugs eylea and xarelto showed strong performance
Hyp: our 2 blockbuster drugs alea and zarelto showed strong performance

Motivation

 Recognizing contact names, proper nouns, rare words and other user-
specific vocabulary in ASR is still challenging

= » YouTube

Markownikoff's Rule for
Electrophilic Addition to Alkenes

Use Markownikoff's Rule to determine the
products when a hydrogen halide adds to an
asymmetric alkene.

should be able to use more kovnikov's .

rule to determine the products when a

A Level Chemistry Révision "Markownikoff's Rule for Ejectrophilic Addition to Alkenes”

Freesciencelessolts™s Subscribe Y Like CJ /~» Share

656K subscribers

11,107 views jl 4 Oct 2022

In this video, Wile look at Markownikoff's rule for electrophilidfaddition to alkenes. First we explore why we make two products when we add a hydrogen halide to an asymmetric alkene,
looking at the Sgaior nrod and minor nroduct We then exlore how the stability of the carbocation intermediate determines the major and minor product. We look at primary, secondary

and tertiary carbocations and what determines their stability.

This video is aimed at the UK A Level Chemistry specifications. Students studying International A Level Chemistry will need to check their specification.

4 Download


https://www.youtube.com/watch?v=8zBLPLiXK-w&t=21s

Motivation

 (Can speech recognition (ASR) benefit from the available contexts®?
« How to benchmark existing solutions??

Yes, and we will introduce a dataset with real-world application
and several baselines for the benchmark



ConEC

 Earnings calls (ECs) are publicly available teleconference calls

 Executives of public companies discuss their financial results and answer
questions from the participants

* Introduction —
e \Welcome and overview Quarterly results

2022

e Detalled overview

Annual reports, proxies and
shareholder letters

| Y “ ‘l = “ — - g
Py Q&A = Earnings Release ~ Earrings Release >l Earnings =lease

SEC filings 2 Farnings Release ("NFI & Farrings Release (POF) & Farnings 2=lease (PRF)

Press releases

* Narrated and spontaneous speech e e e

Officers and directors

e 10-0

+ Contains many named entities, e,
e-g-, names Of peOple, COmpanieS documents -
and products


https://public.com/learn/what-is-an-earnings-call

ConEC

* A public corpus with real-world context based on public domain ECs
* Audio: Earnings21/22* or Seeking Alpha
* Transcripts: Earnings21/22 with our correction

e Slides and earnings news release: downloaded from the companies’ websites
 Names and affiliations of meeting participants: Seeking Alpha

o« Segmentation: we provide segmentation for the data
 ASR baselines: our implementation in icefall toolkit
« Benchmark leaderboard: we will maintain a leaderboard on GitHub

* Miguel Rio, Natalie Delworth, Ryan Westerman, Michelle Huang, et al. Earnings-21: A practical benchmark for ASR in the wild. Interspeech 2021.
Miguel Rio, Peter Ha, Quinten McNamara, Corey Miller, and Shipra Chandra. Earnings-22: A practical benchmark for accents in the wild. Interspeech 2022.
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http://seekingalpha.com
http://seekingalpha.com
https://github.com/huangruizhe/ConEC

ConEC

e ConEC

 Earnings-21: 44 EC recordings, 54 minutes each on average, durations
range from less than 17 minutes to 1.5 hours

 Earnings-22: 125 EC recordings, 57 minutes each on average. They are
accented English calls from 7 regions over the world.

 The transcripts (364K and 1M tokens) are provided by human annotators and
are verbatim, but it requires some correction. More on this later.

 The ECs are rich in named entities, e.g., 1.7% and 1% tokens are tagged as
organization and person, which are the two most popular entity types

 Each EC has some supplemental materials (slides, earnings release, or both)
depending on the availability on the website; as well as other meta information.

e Various lengths, ranging from a few slide pages to a report of 30 pages

0



ConEC

 Example of supplemental materials

Packaging and Automotive Rolled Products

Q2 2020 Commentary Q2 Q2
2020 2018  Var.
» Adjusted EBITDA of €58 million
» Lower shipments of packaging, Shipments (kt) 221 284 (23)%,
automotive and specialty products

, , Revenues (€m) 565 821 (31)%!

» Weaker price and mix
> Strong cost control Adj. EBITDA (€m) 58 79 (27)%|
Adj. EBITDA (€ /1) 262 279 (6)%|

Adjusted EBITDA Bridge

a1
21 1
L

Qz 2019 Volume Price & Mix Costs FX [/ Other Q2 2020

% Constellium

Second Quarler 2020 — Eamings Call g9




onEC

Example of supplemental materials

#% u gorcs RWE sbose reghiom B toeo rvtrn of 17 % deapite offout (oenemic ervi-onrsenm

A el e A s od

St b a® 1 W et -

- e - — - —

on the first ha
of 2020 :

~— ‘
’ - 4 g ¢ -

et e 4 - v e = e ——

— Ty e T e 4 g Tl L e e L)

1 L - —— — y— ——

— e
= s - s St . S . s S i el e b 20 e Bt & s ot & s bt N
. —p— ettt &b P
A bt & 6 g oyt = ey -t b eniy

et O Pet e D Pt ey 5 P Pe e d P A L s o e

vt Fa - ¢ by v — ¢ b

P . . — —. b - — - . v | ) -

. ———— e ———— ) Py

o

- Bt bt ™ . ) a—

-




ConEC

 Example of supplemental materials

ORI X
SEEkmg Alphd Symbols, Analysts, Keywords Q
(& Home Tesla, Inc. (NASDAQ:TSLA) Q1 2024 Earnings Conference Call April 23,
3t Stock Analysis 2024 5:30 PM ET

Market News

|

Company Participants
Market Data

Dividends Martin Viecha — Vice President-Investor Relations
Elon Musk — Chief Executive Officer

Vaibhav Taneja — Chief Financial Officer

Lars Moravy — Vice President-Vehicle Engineering
Ashok Elluswamy - Director-Autopilot Software

@ F

ETFs
Education

'+ Podcasts

8 INVESTING GROUPS Conference Call Participants

Explore Investing Groups Tony Sacconaghi — Bernstein

Adam Jonas — Morgan Stanley
~¢ PORTFOLIOS Alex Potter — Piper Sandler
Create Portfolio Mark Delaney — Goldman Sachs
About Portfolio Colin Rusch — Oppenheimer
Ben Kallo — Baird

Shreyas Patil — Wolfe Research

en FIND & COMPARE




ConEC

« How much useful information can the supplemental materials provide?

e Counts of different named entity types”®, and their coverage percentage by
the collected context in ConEC (Earnings-21):

Entity Type | Cvrg/ Count || Entity Type | Cvrg/ Count
PERSON 82% /3340 || PRODUCT 39% / 671
ORG 66% / 6362 || EVENT 39% / 575
GPE 61% /1605 || NORP 39% / 201
LOC 48% / 532 || FAC 29% / 181

 The supplemental materials provides a good coverage for some entities,
but it does not provides 100% coverage.

*: Details of entity types can be found on https://github.com/revdotcom/speech-datasets/tree/main/earnings21
10



https://github.com/revdotcom/speech-datasets/tree/main/earnings21

ConEC

* [ranscripts issue:
 There are various sources of EC transcripts.

 Among them, the transcripts in Earnings21/22 are verbatim, publicly available
and free. However, there are occasional misspelling errors for named entities,
as well as some <unk> and <inaudible> tokens, indicating the transcription
task is hard even for humans.

 On the other hand, S&P Capital 1Q Transcripts, which is not free, provides
professionally transcribed non-verbatim text. Consistent with the real world.

 We corrected Earnings21/22 transcripts in a semi-automatic way, by aligning it
to S&P transcriptions. Heuristics and manual verification are performed.

 Without correction, it's challenging to relate them to real-world contexts
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Existing Datasets

* EXisting earnings calls datasets
« SPGISpeech (Interspeech 2021): 5000 hours

 Earnings-21 and Earnings 22 (Interspeech 2021/2022)

o S&P Capital IQ Transcripts (Licensed)

12



Existing Datasets

Existing public ASR+contexts datasets

AMI corpus (2005) contains 22 recorded meetings accompanied by
slides in dev/test sets

French multimodal educational dataset of oral courses (LREC 2020)
provided 10 hours of lectures where slides are available

LPM Dataset (ICCV 2023) has 180+ hours of video and 9000+ slides.

SlideSpeech (2023) provides 1,705 videos with a total duration of 1,000+
hours, and 473 hours of transcribed speech.

13



Baselines

* Conventionally, ASR is modeled as:

W* = argmaxy, P(W|X)

e With additional contexts C, ASR can be modeled as:

W* = argmaxy, P(W|X, C)

 We choose a simple yet robust baseline — shallow fusion:

W* = argmaxy, (log P(W1|X) + Alog Po(W))

14



Baselines

 Our model is implemented in the icefall* toolkit

o Zipformer transducer (Yao et al., 2023) of 71.5M parameters
 Trained on SPGISpeech (5000h)

 We treat the contexts simply as a bag-of-word model

* \We also take the (unbiased) Whisper® model as another baseline (SOTA)
 Encoder-decoder Transformer

 Trained on 680k hours of unpublic data
* Tiny/base/large models has 39M/74M/1550M parameters

*: https://github.com/k2-fsa/icefall/
https://qgithub.com/openai/whisper
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https://github.com/k2-fsa/icefall/
https://github.com/openai/whisper

ASR Performance

« ConEC contexts can provide reasonable WWER gain (row 4) over ASR without
biasing (row 1) and a very low “oracle” WER indicating the room to improve (row 5)

 \Whisper (large) is a strong baseline, even without contextual biasing (row 8)

WER (Comm /Rare) | None | PERSON | ORG | GPE | LOC | PROD. | EVENT | NORP FAC
No bias|| 1 | No biasing 10.41 (8.71 / 26.02) 9.40 45.9 29.5 18.8 5.85 24.2 43.1 9.55 28.7
sh| | 2 | Leetal (2021) 10.08 (8.62 / 23.43) 9.18 40.7* | 25.6* | 17.8* | 5.26 20.2" 42.3 8.04 25.4*
allo| | 3 | Foxand Delworth (2022) 10.22 (8.62 / 24.80) 9.35 38.9* | 25.3* | 19.2* | 5.65 23.5" 41.9 10.1 29.8"
ﬂ‘j‘éi 4 | ConEC 10.29 (8.70 / 24.84) 9.39 39.8* | 26.1* | 184 5.65 219" | 43.1 9.55 28.7
on| | 5 | ConEC (oracle) 9.69 (8.71/ 18.72)) 9.25 13.0° | 17.7" | 129" | 5.46 19.2" 356" | 5.53* | 16.6"
wh| | 8 | Whisper (tiny) 19.16 (16.79 / 40.62) 18.4 61.1 47.8 31.1 18.9 46.1 8.00" 25.1 54.1
isp| | 7 | Whisper (base) 14.67 (12.72 / 32.37) 13.9 51.5 40.1 25.9 14.8 35.5 7.30" 18.1 48.1
er 8 | Whisper (large) 7.98 (6.94/17.43) 7.50 28.9* | 19.6* | 17.0* | 585 18.7° 2.78" 8.54* | 21.6"

WERSs on Earnings-21. * means statistically significant improvements over no biasing.
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Challenge and Future Work

 We introduced ConEC, a corpus and a benchmark for contextualized ASR
grounded on real-world contexts (e.q., slides) and application

 The contexts are challenging yet still provide good coverage for named
entities and help improving ASR

 There are several unexplored perspectives and open research opportunities
of ConEC for the future:

 As LLMs becomes popular, can LLMs consume the slides directly instead
of using a bag-of-words model?

 We haven’t investigated the numeric values in slides and financial reports,
however, they are high-stake contents

 The Q&A part of ECs contains spoken interaction between people. Can
they be better (automatically) analyzed given the contexts®?
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Thank you!

Check out our dataset and benchmark at:

https://qgithub.com/huangruizhe/ConEC

If you are interested or have any questions about our work, please contact us at:
{ruizhe, mahsa, khudanpur}@jhu.edu

oo
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