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Social Media Analysis For Public Health
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- Important for the early detection of foodborne illness outbreaks in restaurants!



Detecting Foodborne lliness from Restaurant Reviews

- Collaboration between Yelp, Columbia, NYC/LA health departments

Restaurant

Flat Top @ Claimed
n n n n 444 reviews

$$ - American (New), Cafes, Breakfast & Brunch | Edit

* Write a Review | (@) Add Photo | | [ Share M save

Carmine's Italian Restaurant - Times

Square o cime
nn 3630 reviews

$$ - ltalian, Caterers, Venues & Event Spaces | Edit

W Write a Review 3 Add Photo [ Share A save

Tom's Restaurant o ceimed
743 reviews

$$ - Breakfast & Brunch, Greek, American (Traditional) | Edit

* Write aReview | () AddPhoto  [# Share | M Save

Reviews

B

QOO0 112019
&1 chocici

This is a great venue for food, drinks, Sunday Brunch and
impressing your out of town guests. I's right in Central
Park 50 gives you a good opportunity to walk around the
park either before or after. Outdoor seating on nice days is
your best option. Great service, great food and great
ambiance. If you go during brunch, give their Bloody Mary
atry. It's one of my favories!

Quiets | @ Fumy | S ool

Lisette C.
] Brookiyn, NY
0 63 reviows

B 40photos.

[ [ [ [+ [+ RUEZSE
B 2pnotos

After sesing a Broadway Show | decided to go grab a
quick bite at Carmine's. Since | was alone, | didn't have to
wait on the long fne. | sat at the bar and was waited on by
the awesome waitstaff

Let me hurry up and get to the food. The wings were
‘awesome as usual. | couldn't stop eating them and licking
my fingers. | was also able to try the zucchini fried thanks.
02 nice young lady next to me. I'm 50 ordering them the.
next time | go as they were so delicious.

T4 Chamese J.
n

amro7
Waited at the bar to be seated. Drink was very nice. Very.
strong delicious drink. People wer all rendly. Our server
Papa was amazing. Unfortunately | have been up haf the
Pight and suffering all day due to food poisoning. I'm
‘assuming it was the shrimp. Its boen a waterfall out of both
‘ends and for the price | would expect better quaity. Thus.
‘even making me lte for school drop off and pick up today.
My “medium rare steak was t00 tough, more ike medium
‘well and the shrimp also was slightly over cooked. Both to
the point | had to it them out. Manager did take 50% off
the stoak. Great atmosphere. Just wish my b and | weren't
suffering,
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ﬁ Charnese J.

Newark, NJ
¥ 67 friends
3 7 reviews

4/11/2017

Waited at the bar to be seated. Drink was very nice. Very
strong delicious drink. People were all friendly. Our server
Papa was amazing. Unfortunately | have been up half the
night and suffering all day due to food poisoning. I'm
assuming it was the shrimp. Its been a waterfall out of both
ends and for the price | would expect better quality. Thus
even making me late for school drop off and pick up today.
My "medium rare" steak was too tough, more like medium
well and the shrimp also was slightly over cooked. Both to
the point | had to spit them out. Manager did take 50% off
the steak. Great atmosphere. Just wish my bf and | weren't
suffering.

http://publichealth.cs.columbia.edu/
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Detecting Foodborne lliness from Restaurant Reviews
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This is a great venue for food, drinks, Sunday Brunch and
impressing your out of town guests. I's right in Central
Park 50 gives you a good opportunity to walk around the
park either before or after. Outdoor seating on nice days is
your best option. Great service, great food and great
ambiance. If you go during brunch, give their Bloody Mary
atry. It's one of my favories!
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[ [ [ [+ [+ RUEZSE
B 2pnotos

Afer seeing a Broadway Show | decided to go grab a
quick bite at Carmine's. Since | was alone, | didn't have to
wait on the long line. | sat at the bar and was waited on by
the awesome waitstaf.

Let me hurry up and get to the food. The wings were
‘awesome as usual. | couldn't stop eating them and licking
my fingers. | was also able to try the zucchini fried thanks.
02 nice young lady next to me. I'm 50 ordering them the.
next time | go as they were so delicious.

Chamese J
n

amno7
Waited at the bar to be seated. Drink was very nice. Very.
strong delicious drink. People wer all rendly. Our server
Papa was amazing. Unfortunately | have been up haf the
Pight and suffering all day due to food poisoning. I'm
‘assuming it was the shrimp. ts been a waterfall out of both
‘ends and for the price | would expect better quaity. Thus.
‘even making me lte for school drop off and pick up today.

the point | had to it them out. Manager did take 50% off
the stoak. Great atmosphere. Just wish my b and | weren't
suffering,
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Waited at the bar to be seated. Drink was very nice. Very
strong delicious drink. People were all friendly. Our server
Papa was amazing. Unfortunately | have been up half the
night and suffering all day due to food poisoning. I'm
assuming it was the shrimp. Its been a waterfall out of both
ends and for the price | would expect better quality. Thus
even making me late for school drop off and pick up today.
My "medium rare" steak was too tough, more like medium
well and the shrimp also was slightly over cooked. Both to
the point | had to spit them out. Manager did take 50% off
the steak. Great atmosphere. Just wish my bf and | weren't
suffering.
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Extending Our System Beyond English

» Current system: supervised English classifier (trained on 25K English reviews)

- Goal: consider additional languages to increase coverage and recall

Examples of non-English reviews discussing food poisoning

La Mojarra LocaGrill . ...

7/23/2017

Este lugar la verdad no se los recomiendo y mas si se trata para los

Spanish ninos. Fui con mi familia al lunch y mi nino pidié chicken nuggets y de
verdad se los digo esos pedazos de pollo estaban asquerosos parece
que los tenian de hace mucho tiempo y el de inmediato empezd a
vomitar es increible que un nino de 4 anos te diga que la comida no
sirve eso para el chef. ...

Basha - Sherbrooke . ...

4/4/2018
Chinese F! A B A KERAKIERE ST Mshawarma plate M,zz =5
ﬁ%tﬁ?ﬁﬂﬂf FIMNRLAE, ERREEIME 2L Mg

XREIEIE,
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Extending Our System Beyond English

» Current system: supervised English classifier (trained on 25K English reviews)
- Goal: consider additional languages to increase coverage and recall

- Challenge: it would be expensive to annotate documents for all languages

Examples of non-English reviews discussing food poisoning
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Cross-Lingual Text Classification Approach

- Train a classifier for a target language...
- ... using labeled documents from a source language

Sick / Not Sick
f
Labeled Documents (Sick / Not Sick) CC'aSSifier)
Source Language “ Target Language
(English) (e.g., Spanish)
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Cross-Lingual Text Classification Approach

- Train a classifier for a target language...

- ... using labeled documents from a source language

Labeled Documents (Sick / Not Sick)

Source Language
(English)

??

L g |

Sick / Not Sick

?
CCIassifier)

Target Language
(e.g., Spanish)
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Cross-Lingual Text Classification Approach

- Train a classifier for a target language...
- ... using labeled documents from a source language

* Recent approach: zero-shot classifiers using pre-trained multilingual models
> Multilingual BERT (mBERT): train in source language, test in target language

train()

“ W test(

%9 Sick / Not Sick
Labeled Documents (Sick / Not Sick) .’ - A i

-

Source Language mBERT Target Language
(English) (e.g., Spanish)
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Cross-Lingual Text Classification Approach

- Train a classifier for a target language...
- ... using labeled documents from a source language

* Recent approach: zero-shot classifiers using pre-trained multilingual models
> Multilingual BERT (mBERT): train in source language, test in target language

train()

“ W test(
gy == Ssick/Not Sick

Labeled Documents (Sick / Not Sick) ",
A0
Source Language mBERT Target Language
(English) (e.g., Spanish)

(-) not effective: pre-trained mBERT does not capture foodborne iliness

10
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This Work

1. We present a cross-lingual learning approach for foodborne iliness
detection in non-English social media documents.

(+) efficient: requires only English labeled data.

2. We improve the performance of mBERT for our rare classification task
(+) effective: generates artificial labeled data in multiple languages

3. We evaluate our approach in 7 languages and highlight its potential for
successful deployment in health departments

11
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Outline

1. Intro: Multilingual Foodborne lliness Detection
2. Our Approach
3. Experiments in 7 Languages

4. Conclusions and Future Work



Encouraging Stronger Cross-Lingual Alignment

* Pre-trained mBERT does not capture foodborne iliness

train() W

M O =P Sick / Not Sick

Labeled Reviews (Sick / Not Sick) mBERT

Source Language Target Language
(English) (e.g., Spanish)
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Encouraging Stronger Cross-Lingual Alignment

* Pre-trained mBERT does not capture foodborne iliness
- We create artificial non-English training data using Machine Translation

L
5%
j o

Labeled Reviews (Sick / Not Sick) mBERT
|

-+

train()

L |

translate()
text = “... he got so sick, vomiting + diarrhea ...” ﬁ text = “... se enferm¢o tanto, vomito + diarrea ...”
label = Sick label = Sick
Source Language Target Language
(English) (e.g., Spanish)

14
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Encouraging Stronger Cross-Lingual Alignment

* Pre-trained mBERT does not capture foodborne iliness
- We create artificial non-English training data using Machine Translation

- Then, we fine-tune MBERT in both source and target languages

train() W train()
Labeled Reviews (Sick / Not Sick)  mBERT Translated Reviews (Sick / Not Sick)
,%|
translate()
text = “... he got so sick, vomiting + diarrhea ...” ﬁ text = “... se enferm¢o tanto, vomito + diarrea ...”
label = Sick label = Sick
Source Language Target Language
(English) (e.g., Spanish)
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Training mMBERT on Multiple Source Languages

* We generate training datasets in multiple languages

Translated Spanish Reviews (Sick / Not Sick)
“ .. se enfermo tanto, vomito + diarrea ...”

ar T translate(En— Es)

Labeled English Reviews (Sick / Not Sick)

“... he got so sick, vomiting + diarrhea ...”

&Z i translate(En— Zh)

Translated Chinese Reviews (Sick / Not Sick)
“RSREE, IRITFESE"
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Training mMBERT on Multiple Source Languages

* We generate training datasets in multiple languages
* We fine-tune mBERT for all languages in parallel
(+) May prevent overfitting to a single source language
(+) Final model can be applied on any target language (supported by mBERT)

Translated Spanish Reviews (Sick / Not Sick) train(Es)

“ .. se enfermo tanto, vomito + diarrea ...” . )
\ Sick / Not Sick
aq T translate(En— Es) t

train(En)
Labeled English Reviews (Sick / Not Sick) '

“... he got so sick, vomiting + diarrhea ...”

&Z i translate(En— Zh)

Translated Chinese Reviews (Sick / Not Sick)
“WRERES, XILHNESE”
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Outline

1. Intro: Multilingual Foodborne lliness Detection
2. Our Approach
3. Experiments in 7 Languages

4. Conclusions and Future Work



Experiments: Foodborne lliness Detection in Multiple Languages

« Datasets:

1. Labeled restaurant reviews in English
- 25K reviews (20K train, 5K test) annotated by epidemiologists

2. Unlabeled restaurant reviews
- Sources: Yelp NYC, Yelp Los Angeles, Yelp Challenge Dataset
- Languages:
1. English (En)
. Spanish (Es)
. Chinese (Zh)
. French (Fr)
. German (De)
. Japanese (Ja)
. Italian (It)

~N O O bW
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Experiments: Foodborne lliness Detection in Multiple Languages

« Datasets:

1. Labeled restaurant reviews in English
- 25K reviews (20K train, 5K test) annotated by epidemiologists

2. Unlabeled restaurant reviews
- Sources: Yelp NYC, Yelp Los Angeles, Yelp Challenge Dataset
- Languages:
1. English (En)
. Spanish (Es)
. Chinese (Zh)
. French (Fr)
. German (De)
. Japanese (Ja)
. Italian (It)

~N O O bW

- Evaluation Procedure:
- Train mMBERT on source language(s)
- Test mBERT on each target language (~5K test reviews translated from English)

20



Results Show Promising Improvement over Zero-Shot mBERT

Average F1

Model Train Language (across 7 languages)

English (zero-shot) 74.6

Target 88.2 (+18.2%)
mBERT

English+Target 89.2 (+19.6%)

ALL (7 languages) 89.3 (+19.7%)

Target > English (zero-shot)

> In-language training documents are important to learn
language-specific features!

21



Results Show Promising Improvement over Zero-Shot mBERT

Average F1

Model Train Language (across 7 languages)

English (zero-shot) 74.6

Target 88.2 (+18.2%)
mBERT

English+Target 89.2 (+19.6%)

ALL (7 languages) 89.3 (+19.7%)

English + Target > Target

> Training MBERT jointly on English and target language is more
effective than training on each language separately

> Considering both languages encourages stronger cross-lingual
alignment for foodborne illness aspect
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Results Show Promising Improvement over Zero-Shot mBERT

Average F1

Model Train Language (across 7 languages)

English (zero-shot) 74.6

Target 88.2 (+18.2%)
mBERT

English+Target 89.2 (+19.6%)

ALL (7 languages) 89.3 (+19.7%)

Training mBERT for ALL languages > Target > zero-shot

> Training signals from multiple languages lead to better cross-lingual representations
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Results Show Promising Improvement over Zero-Shot mBERT

Average F1

Model Train Language (across 7 languages)

English (zero-shot) 74.6

Target 88.2 (+18.2%)
mBERT

English+Target 89.2 (+19.6%)

ALL (7 languages) 89.3 (+19.7%)

Training mBERT for ALL languages > Target > zero-shot

> Training signals from multiple languages lead to better cross-lingual representations
» Comparable performance to English+Target

ALL > English+Target for target € {English, French, German, ltalian}
ALL < English+Target for target € {Chinese, Japanese}
Considering ALL languages degrades performance on non-Romance languages
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Results Show Promising Improvement over Zero-Shot mBERT

Model

Average F1

Train Language (across 7 languages)

MmBERT

English (zero-shot) /4.6 1 model
Target 88.2 (+18.2%) 7 models
English+Target 89.2 (+19.6%) / models
ALL (7 languages) 89.3 (+19.7%) 1 model

Training mBERT for ALL languages > Target > zero-shot

> Training signals from multiple languages lead to better cross-lingual representations
» Comparable to English+Target

> Easier deployment: single model for all languages without language detectors

25



We Detect Foodborne lliness Complaints In
Real-World Yelp Reviews

Yelp Review (Spanish)
Definitivamente mi peor experiencia, me intoxique con un ostra mala, llevo 4 dias en muy

malas condiciones, por favor tengan cuidado, los ostiones y mariscos no se pueden comer en
cualquier lugar, yo aprendi por las malas, espero que mi experiencia le sirva a alguien

20



We Detect Foodborne lliness Complaints In
Real-World Yelp Reviews

Yelp Review (Spanish)
Definitivamente mi peor experiencia, me intoxique con un ostra mala, llevo 4 dias en muy

malas condiciones, por favor tengan cuidado, los ostiones y mariscos no se pueden comer en
cualquier lugar, yo aprendi por las malas, espero que mi experiencia le sirva a alguien

/

detect_language()
translate(Spanish—English)

English translation

MBERT &
l (ALL)
Previous Classifier l
(English)
Sick

'
Not Sick x

See our paper for more results and examples!

27



Outline

1. Intro: Multilingual Foodborne lliness Detection
2. Our Approach
3. Experiments in 7 Languages

4. Conclusions and Future Work



Foodborne lliness Detection in Multiple Languages

- We presented a cross-lingual learning approach for foodborne iliness
detection beyond English that only requires English labeled reviews

* We showed promising improvements over zero-shot mBERT by creating
training datasets in multiple languages through machine translation

* We evaluated our approach in 7 languages and demonstrated its
potential for successful deployment in health departments

29
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Current And Future Work

- Creating human-labeled evaluation datasets in multiple languages

- Previous test sets are translated from English and thus may express
foodborne iliness differently than native-language reviews

-We have been creating better evaluation datasets via crowdsourcing

» Detecting foodborne illness in languages with limited resources

- Our approach requires mBERT + Google Translate, which are available for
103 out of about 4,000 written languages

-We will apply our recent cross-lingual transfer approach [1] that
does not require machine translation or pre-trained multilingual models

* Applying for other (rare) text classification problems related to public health

[1] “Cross-lingual text classification with minimal resources by transferring a sparse teacher”

Giannis Karamanolakis, Daniel Hsu, Luis Gravano, Findings of EMNLP 20 -
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Thank you!

Our project: http://publichealth.cs.columbia.edu/

Contact
gkaraman@cs.columbia.edu
https://gkaramanolakis.github.io
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