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About Me: ML Tlachac

• BS in Applied Mathematics 
from U Wisconsin- Eau Claire

• 4th year in the combined MS 
and PhD Data Science 
program at WPI

• Member of the WPI Data 
Science Student Council

• First author of 7 accepted 
health informatics papers

• Favorite hobby is hiking with 
my border collie Bumper
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About You

In the chat, tell me something about you

1. Major(s)

2. Career goals

3. Pets

4. Favorite hobbies

5. Etc
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About This Talk

• On my paper accepted to 
IEEE journal of Biomedical 
and Health Informatics

• This is my first virtual 
presentation

• I want this talk to be 
interactive

─ Ask questions at any time

─ I will be asking for reactions
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Depression is Prevalent and Costly

• Depression is prevalent, 
especially among students

• It takes 11 years on 
average to get treatment

• Depression is costly

─ $1 trillion/year globally

─ Leading cause of disability

─ 2nd leading cause of death 
for US adults under 30

2 in 5
graduate students 

suffer from depression

Evans, Bira, Gastelum, Weiss, Vanderford. “Evidence for a Mental Health Crisis in Graduate Education,” Nature Biotechnology, 2018.
National Alliance on Mental Health. “Mental Health By Numbers,” 2019.
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Evolution of Depression Detection

Interview Survey Smartphone
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Patient-Health Questionaire-9 (PHQ-9)

http://www.cqaimh.org/pdf/tool_phq9.pdf

PHQ-9 
Score

Interim 
Diagnosis

Treatment

0-4

5-9 Symptomatic Monitor

10-14 Mild Depression Support or 
Treatment

15-19 Moderate 
Depression

Treatment

20-27 Severe 
Depression

Treatment

http://www.cqaimh.org/pdf/tool_phq9.pdf
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Detecting Depression with Smartphone Data

Machine learning can detect 
depression from Smartphone 
sensor data

• Collected Smartphone 
modalities under WPI IRB 

• Used to predict surveys

• Inexpensive and unobtrusive

• Can be unbiased and passive

Voice
Samples

Text
Messages

Pictures

GPS

Answers

Tweets
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Data Collection with Mobile App
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My Focus is on the Text-based Modalities

• Private

• More popular

• Less willing to share

• Public

• Less popular

• More willing to share

Text
Messages

Tweets
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Participant Overview
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Datasets

Participants P Average Number of Messages M

Texts

Tweets
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Psychotherapy Prefers Machine Learning

Towards Data Science
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Experimental Pipeline

Feature 
Engineering

Feature 
Selection

Down 
Sampling

Training  
the Models

Evaluating 
the Models

Repeat 100 times
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1. Feature Engineering

Feature I Am Angry You Make Me So Mad %

Anger 0 0 1 0 0 0 0 1 0.25

Noun 1 0 0 1 0 1 0 0 0.375

Sentiment 0 0 -1 0 0 0 0 -1 0.25

Polarity 0 0.5 1 0 0.5 0 1 1 0.5

“I am angry.  You make me so mad”

245 features involving

• Word category frequency

• Part of speech frequency

• Sentiment related

• Volume related
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1. Feature Example
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2. Feature Selection

chrisalbon.com

We don’t know the 
ideal number of 
features, so we look 
at the f features 
with the highest 
chi-squared values 
for f in 1 to 245 
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3. Down Sampling

Kaggle.com
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4. Training the Models

medium.com

1

0
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5. Evaluating the Models

10-Fold Cross Validation
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5. Evaluation Metrics

researchgate.net

𝐅𝟏 = 𝟐
𝐏𝐫𝐞𝐜𝐢𝐬𝐢𝐨𝐧(𝐑𝐞𝐜𝐚𝐥𝐥)

𝐏𝐫𝐞𝐜𝐢𝐬𝐢𝐨𝐧 + 𝐑𝐞𝐜𝐚𝐥𝐥

Want to make sure
people with depression

are diagnosed

Want to make sure
healthy people

are not diagnosed
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Texts are More Predictive Than Tweets

Logistic regression 
models built with 
the last 14 days 
of text messages 
are the best at 
screening for 
depression
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The Top 10 Chi-Squared Features

High usage of words 
in the categories

• Air travel

• Leader

• Real estate

• Competing

• Exercise

are indicative of not 
being depressed
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Feature Correlation

There is a high 
Pearson’s correlation 
between categories 

list item marker (LS) 
and pet
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Principal Component Analysis (PCA)

sportscidata.com

Each successive 
principal component 
covers less variance

Can also be used to 
combat feature 

collinearity
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Principal Component Analysis Results
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Final Results

Best model is built with just 
three principal components
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Conclusion

Takeaways

• Private messages are more 
predictive than public messages

• Two weeks of data was more 
predictive than greater temporal 
quantities of messages

• Machine learning is better for 
smaller datasets in domains 
where interpretability is important

Limitations

• Data quantity

─ Few participants submitted both 
texts and tweets, limiting any 
multi-modal analysis

─ Some participants shared very few 
text messages, making them 
challenging to classify

• Screening Tool as Ground Truth

─ Requires honest self-reflection

─ Limited in accuracy, especially 
around similar scores
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Prior and Future Research

Other Modalities

• “You're Making Me Depressed: 
Leveraging Texts from Contact 
Subsets to Predict Depression” in 
Proceedings of IEEE biomedical 
and Health Informatics, 2019

• “Depression Screening from Text 
Message Reply Latency” in 
Proceedings of the IEEE 
Engineering in Medicine and 
Biology Society, 2020

Future Directions

• Collect more data

─ From college students

─ With clinician diagnosis

─ Multiple text modalities

─ More messaging apps

• Feature engineering targeted 
towards each text modality

• Only use conversational data

• Predict score or category rather 
than a binary depression cutoff 
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Any Questions?

• mltlachac@wpi.edu

• www.linkedin.com/in/mltlachac

• www.github/mltlachac
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