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My Research
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Your experience in
• AI (ML)
• data visualization
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AI (ML)

https://hai.stanford.edu/sites/default/files/2020-09/AI-Definitions-HAI.pdf

The term is coined by Prof.
John McCarthy in 1950s

”The science and
engineering of making
intelligent machines”
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AI (ML)

https://hai.stanford.edu/sites/default/files/2020-09/AI-Definitions-HAI.pdf

The term is coined by Prof.
John McCarthy in 1950s

”The science and
engineering of making
intelligent machines”
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Data visualization

§ “Data Visualization is the creation and 
study of the visual representation of 
data” - wiki
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MTA FARE @ NY City
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Same stats, different graphs
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X Mean: 54.26

Matejka, and Fitzmaurice. Same stats, different graphs: generating datasets with varied appearance and identical statistics 
through simulated annealing. CHI 2017..

Y Mean: 47.83

X SD: 16.76

Y SD: 26.93 Corr. : -0.06
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Intended Learning Outcomes (ILOs)

By the end of this class, you will be able to

9

Describe what is the data science life cycle1

Recognize the importance of visualization-empowered human AI
teaming in such a life cycle

2

Explain three key scenarios how human AI teaming can help with
healthcare data analytics

3



10https://karriere.fresenius.de/en-US/digital-
careers/focus-on-data-science
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What is a data science
life cycle?

Think-Pair-Share (2 min)
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Data science life cycle
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https://community.alteryx.com/t5/Data-Science/The-Data-Science-Lifecycle/ba-p/408625

1 The answers from ChatGPT:
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Data science life cycle

13

https://community.alteryx.com/t5/Data-Science/The-Data-Science-Lifecycle/ba-p/408625

2 The answers from ChatGPT:
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Data science life cycle
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https://community.alteryx.com/t5/Data-Science/The-Data-Science-Lifecycle/ba-p/408625

3 The answers from ChatGPT:



Dongyu LiuDongyu Liu @ UCDavis

Data science life cycle
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https://community.alteryx.com/t5/Data-Science/The-Data-Science-Lifecycle/ba-p/408625

4 The answers from ChatGPT:
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Data science life cycle
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https://community.alteryx.com/t5/Data-Science/The-Data-Science-Lifecycle/ba-p/408625

5 The answers from ChatGPT:
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Data science life cycle
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https://community.alteryx.com/t5/Data-Science/The-Data-Science-Lifecycle/ba-p/408625

6 The answers from ChatGPT:



Dongyu LiuDongyu Liu @ UCDavis

Data science life cycle
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https://community.alteryx.com/t5/Data-Science/The-Data-Science-Lifecycle/ba-p/408625
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Douglas C. Engelbart
October 1962

J.C.R. Licklider
March 1960
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Augmenting human intelligence with AI
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§ Perception

§ Attention

§ Memory

§ Language

§ Reasoning

§ Problem-solving

§ Decision-making

§ Creativity
Lung cancer detection

Schultheiss, Manuel, et al. "A robust convolutional neural network for lung nodule 
detection in the presence of foreign bodies." Scientific Reports 10.1 (2020): 12987.
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Augmenting human intelligence with AI
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§ Perception

§ Attention

§ Memory

§ Language

§ Reasoning

§ Problem-solving

§ Decision-making

§ Creativity Large language model for medical 
question answering

Med-PaLM from Google Research. https://sites.research.google/med-palm/



Dongyu LiuDongyu Liu @ UCDavis

Augmenting human intelligence with AI
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§ Perception

§ Attention

§ Memory

§ Language

§ Reasoning

§ Problem-solving

§ Decision-making

§ Creativity Clinical decision support
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https://www.fiercehealthcare.com/practices/nearly-half-u-s-doctors-say-they-
are-anxious-about-using-ai-powered-software-survey

AI is promising, but …
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A general blueprint of Human-AI teaming
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HumanAI System

Intermediate feedback
“What do you think about
the current solution?”

Interaction & Curation
“Can do better by trying … ”

General blueprint for a human-in-the-loop interactive AI system. Image modified from:
https://hai.stanford.edu/news/humans-loop-design-interactive-ai-systems

What is missing?
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Visualization-powered teaming workflow
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Human

Intermediate feedback
“What do you think about
the current solution”

Interaction & Curation
“Can do better by trying … ”

Visual
Interface

“If we want it to play a positive role in tomorrow’s
world, it must be guided by human concerns”

Feifei Li (Stanford’s Human-Centered AI Institute)

AI System
(Human-Centered)
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Human-AI teaming is important in healthcare
domain, because
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1. Complicated data and the requirement of extensive domain knowledge to process
2. Limited labeled datasets, leading to limited model performance
3. High-stakes decision-making
4. Complex contextual information and multiple factors
5. Ethical concerns

….
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Human-AI Teaming in
Healthcare Data Analytics

§ Data collection

§ Model development

§ Decision-making

AutoML + Visualization

A case of virtual cognitive testing

A case of pediatric cardiac surgery
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Data challenges:

§ Lack of data
§ Absence of labels
§ Dirty data



Dongyu Liu @ UCDavis

The problem
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The World Health Organization estimated that the total worldwide cost of dementia in 2018 was

$1 Trillion USD.
This figure is expected to rise to 2 trillion USD by 2030.
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How is the testing done?
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Testing a variety of cognitive functions
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IBOCA - A digital tool for the early detection of
cognitive impairments
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§ Easily accessible, noninvasive, quick and comprehensive assessments.

§ Accurate and fine-grained data collection.

13 tests are currently included
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https://dai.lids.mit.edu/iboca/
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The stats of data collected (very preliminary)
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12 Patients tested remotely
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What has the data enabled?
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Conduct data analysis:

§ Is the time taken for these tests correlated?
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What has the data enabled?
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Build AI/ML models to:

§ improve test accuracy

§ create data-driven adaptive tests

§ assist in clinical validation and decision-making

§ and more…
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Human-AI Teaming in
Healthcare Data Analytics

§ Data collection

§ Model development

§ Decision-making

AutoML + Visualization

A case of virtual cognitive testing

A case of pediatric cardiac surgery
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Electronic health record (EHR) dataset
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Electronic health record (EHR) dataset
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Approx # of open-access
papers mentioning MIMIC-III
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How AI/ML models are being built?
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Demographics Diagnoses Lab Tests

Prescriptions Other Treatments

EHR 
Database

End User ML Researcher/Engineer
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Cardea Framework
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Alnegheimish, Alrashed, Aleissa, Althobaiti, Liu, et al., Cardea: An Open Automated
Machine Learning Framework for Electronic Health Records. DSAA 2020.
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Cardea Framework
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Alnegheimish, Alrashed, Aleissa, Althobaiti, Liu, et al., Cardea: An Open Automated
Machine Learning Framework for Electronic Health Records. DSAA 2020.
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Cardea Framework
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F1

Alnegheimish, Alrashed, Aleissa, Althobaiti, Liu, et al., Cardea: An Open Automated
Machine Learning Framework for Electronic Health Records. DSAA 2020.
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The need to involve humans in the loop
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Can the model be better?
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Increase transparency and controllability in AutoML
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https://dai.lids.mit.edu/projects/atmseer/Wang, Ming, Jin, Shen, Liu, et al., ATMSeer: Increasing Transparency and
Controllability in AutoMated Machine Learning. CHI 2019.
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https://dai.lids.mit.edu/projects/atmseer/Wang, Ming, Jin, Shen, Liu, et al., ATMSeer: Increasing Transparency and
Controllability in AutoMated Machine Learning. CHI 2019.
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https://dai.lids.mit.edu/projects/atmseer/Wang, Ming, Jin, Shen, Liu, et al., ATMSeer: Increasing Transparency and
Controllability in AutoMated Machine Learning. CHI 2019.
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The need to involve humans in the loop
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Can the model be better?
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Human-AI Teaming in
Healthcare Data Analytics

§ Data collection

§ Model development

§ Decision-making

AutoML + Visualization

A case of virtual cognitive testing

A case of pediatric cardiac surgery
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Demographics Diagnoses Lab Tests

Prescriptions Other Treatments

Make
treatment

plan

ML predicts five types of post-operative
complications

Post-surgical complication prediction

EHR 
Database
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Research goal

§ 6 experienced clinicians

§ Goal: understand how clinicians expect to use ML models with feature explanations to
support them make decisions.
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EHR Data – PIC
A pediatric-specific intensive care database

Follows the MIMIC-III format
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Inform the design #1

Unfamiliarity with ML-engineered features

“We don’t often use statistical values like Trend or 
Standard Deviation (SD) in our work.”
(Clinician-P5)

click to
expand

“Users preferred to see related features together 
or how features may interact.” 
(Wang et al., 2019)

Cheng, Liu, et al., VBridge: Connecting the Dots Between Features and Data to Explain Healthcare Models, TVCG (VIS’21). Best Paper Honorable Mention.
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Inform the design #2

56Cheng, Liu, et al., VBridge: Connecting the Dots Between Features and Data to Explain Healthcare Models, TVCG (VIS’21). Best Paper Honorable Mention.
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Inform the design #3

57Cheng, Liu, et al., VBridge: Connecting the Dots Between Features and Data to Explain Healthcare Models, TVCG (VIS’21). Best Paper Honorable Mention.
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Inform the design #3

58Cheng, Liu, et al., VBridge: Connecting the Dots Between Features and Data to Explain Healthcare Models, TVCG (VIS’21). Best Paper Honorable Mention.
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§ Connect the dots between features and data

Inform the design #3

(Engineered features)

Cheng, Liu, et al., VBridge: Connecting the Dots Between Features and Data to Explain Healthcare Models, TVCG (VIS’21). Best Paper Honorable Mention.
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Inform the design #3

§ Connect the dots between features and data

Cheng, Liu, et al., VBridge: Connecting the Dots Between Features and Data to Explain Healthcare Models, TVCG (VIS’21). Best Paper Honorable Mention.
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Inform the design #3

§ Connect the dots between features and data

Influential time periods to feature values

Cheng, Liu, et al., VBridge: Connecting the Dots Between Features and Data to Explain Healthcare Models, TVCG (VIS’21). Best Paper Honorable Mention.
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Two analysis workflows

Prediction

Explanations
(Features)

Data

Prediction

Explanations
(Features)

Data

Forward Backward

Cheng, Liu, et al., VBridge: Connecting the Dots Between Features and Data to Explain Healthcare Models, TVCG (VIS’21). Best Paper Honorable Mention.
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Recap ILOs

By the end of this class, you should be able to
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Describe what is the data science life cycle1

Recognize the importance of visualization-empowered human AI
teaming in such a life cycle

2

Explain three key scenarios how human AI teaming can help with
healthcare data analytics

3
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Dongyu Liu
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dyuliu@ucdavis.edu

dongyu.tech


