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Introduction

Webinar Series: Reasoning Under Uncertainty

• Part 1: Differential Diagnosis of Diseases

• Part 2: Temporal Modeling of an Epidemic

• Part 3: “Test and Treat” vs. Presumptive Treatment

Motivation

Probabilistic Reasoning with Bayesian Networks

• Diagnostic Reasoning

• Differential Diagnosis of Lung Diseases

Today’s Agenda
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Slides and Screen Recording: forum.bayesia.us

BayesiaLab.com
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We encode our knowledge regarding the problem domain

Diagnostic Reasoning

forum.bayesia.us
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The BayesiaLab Community

forum.bayesia.us

Post Your 
Questions Here

All Materials
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• The medical, healthcare, and health policy 
topics presented in this webinar are strictly 
for methodological illustration purposes.

• No medical advice is provided.

• No part of this seminar should be 
interpreted as a research finding or policy 
recommendation.

• All numerical values shown throughout the 
presentation should be considered fictional.

Warning
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Collage

Challenge
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Testing to the Rescue



Diagnostic Reasoning Fictional Example
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Human Reasoning Experiment*

• A new and serious infectious disease appears in a 
population.

• At this time, the prevalence of infection is believed to be 
0.1%.

• A test is available to detect the infection long before any 
symptoms appear. This test has a 

• sensitivity of 99.9% and a 

• specificity of 99.9%.

• As a disease control measure, you are tested for the 
disease.

Diagnostic Reasoning

*adapted from Kahneman 
& Tversky, 1980

Fictional ScenarioFictional ScenarioFictional Scenario
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Testing

Diagnostic Reasoning



16BayesiaLab.com

Are you infected?

• Prevalence of infection in population: 0.1%

• Test Performance:

• Sensitivity: 99.9%

• Specificity: 99.9%

• The test results come back, and you are positive.

Diagnostic Reasoning Fictional ValuesFictional ValuesFictional Values
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Are you infected?

• More specifically, what is your probability of being 
infected?

• P(Infection=true | Test=positive)=99.9%

• P(Infection=false | Test=negative)=99.9%

• P(Infection=true | Test=negative)=0.1%

• P(Infection=false | Test=positive)=0.1%

Diagnostic Reasoning

So, Why do you even ask?



18

Your probability of being infected is…

BayesiaLab.com

Diagnostic Reasoning



19

The Prosecutor’s Fallacy
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Diagnostic Reasoning

HUmAN rEasoniNg
IS fLawEd
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Human Cognitive Limitations and Biases Under Uncertainty

Diagnostic Reasoning

Human Reasoning ≈ Normative ReasoningHuman Reasoning ≈ Normative Reasoning

Human Reasoning ≠ Normative ReasoningHuman Reasoning ≠ Normative Reasoning

Fallacies

Crime Evidence

Disease Symptom
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Bayes’ Theorem for Conditional Probabilities

Rev. Thomas Bayes

BayesiaLab.com

“Probability of the 
Hypothesis given 

the Evidence”

1763
PHILOSOPHICAL

TRANSACTIONS

H: Hypothesis
E: Evidence

( | ) ( )( | )
( )

P E H P HP H E
P E

=
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• Bayes’ Rule allows us to compute the probability P(Infection=true | Test=positive)

Diagnostic Reasoning

( | ) ( ))
( )

( | ) ( )
( | (

|

) ( )

( P Test positive Infection true P Infection truepositive
P Test positive

P Test positive Infection true P Infection true
P Test positive Infection true P Infection true P Test

P Infection true Test = = == = =
=

= = =
= = =

=

+ | ) ( )positive Infection false P Infection false= = =

Correct, but cumbersome, even in trivial cases.

( | ) ( )( | )
( )

P E H P HP H E
P E

=
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Overcoming our Limitations

Bayesian Networks to the Rescue!

Human Reasoning ≈ Normative Reasoning

Use the Bayesian Network for Inference

Encode Domain Knowledge
as Bayesian Network

“Computer-aided 
inference”
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We need an 
inference engine!
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Bayesian Networks

BayesiaLab.com
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We encode our knowledge regarding the problem domain

Diagnostic Reasoning

Prevalence=Marginal 
Probability of Disease
Prevalence=Marginal 
Probability of Disease
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We encode our knowledge regarding the problem domain

Diagnostic Reasoning
Conditional 

Probability Table
Conditional 

Probability Table
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We use this Bayesian network to perform inference

Diagnostic Reasoning

Simulation



30BayesiaLab.com

We use this Bayesian network to perform inference

Diagnostic Reasoning

?
Diagnosis
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We use this Bayesian network to perform inference

Diagnostic Reasoning

Diagnosis
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Graph Panel Monitor 
Panel
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Infections Over Time

Diagnostic Reasoning

Case #1Case #1

Prevalence≈0.2%Prevalence≈0.2%

Prevalence≈0.1%Prevalence≈0.1%

Fictional ValuesFictional ValuesFictional Values
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Our model so farOur model so farTime dependenceTime dependence
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InferenceInference InferenceInference
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Test=PositiveTest=Positive

50%
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Time since Case #1 (Days) Prevalence in Population (%)

Pr
ob

ab
ili

ty
 o

f I
nf

ec
tio

n

Pr
ob

ab
ili

ty
 o

f I
nf

ec
tio

n50%
50%



38BayesiaLab.com

Encoding uncertain 
assumptions as a 

distribution.

Encoding uncertain 
assumptions as a 

distribution.



Differential Diagnosis of Lung Diseases
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Example

• Decision support for the 
differential diagnosis of lung 
diseases that have common 
symptoms:

• Bronchitis

• Pneumonia

• Tuberculosis

• Lung Cancer

Differential Diagnosis

BayesiaLab.com

Case courtesy of Radswiki, Radiopaedia.org, rID: 12040

Fictional ScenarioFictional ScenarioFictional Scenario
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This is an inference task!

• P(Bronchitis | Symptom1,…, Symptomn, Risk Factor1,…, Risk Factorn)=?

• P(Pneumonia | Symptom1,…, Symptomn, Risk Factor1,…, Risk Factorn)=?

• P(Tuberculosis | Symptom1,…, Symptomn, Risk Factor1,…, Risk Factorn)=?

• P(Lung Cancer | Symptom1,…, Symptomn, Risk Factor1,…, Risk Factorn)=?

Differential Diagnosis

BayesiaLab.com

Probability of

given
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Bayesian Networks

BayesiaLab.com
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Differential Diagnosis

Domain 
Knowledge

Node:
Variable of Interest
Node:
Variable of Interest

TRUE FALSE
50% 50%

Smoker

D
at

a

Fictional ValuesFictional ValuesFictional Values
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SmokerSmoker

Differential Diagnosis
Node:
Variable of
Interest

Node:
Variable of
Interest

TRUE FALSE
5.5% 94.5%

Lung Cancer

All numerical values provided in this example are fictional.
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Differential Diagnosis

BayesiaLab.com

Arc
SmokerSmoker Lung CancerLung Cancer

Discrete & Nonparametric
Probabilistic Relationship
P(Lung Cancer|Smoker)

Smoker FALSE TRUE
FALSE 99% 1%
TRUE 90% 10%

Lung Cancer

Conditional 
Probability TableFictional ValuesFictional ValuesFictional Values
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Differential Diagnosis

BayesiaLab.com

Risk Factors

Conditions

Symptoms

Reliability

In
fe

re
nc

e

Inference
Evidence



47BayesiaLab.com

Example of a Patient

• 19-year-old smoker

• No known comorbidities

• 1. Visit to general practitioner:

• Reports cough

• Diagnosis: bronchitis

• 2. Visit to general practitioner, one week later:

• Reports cough, fever, chest pain, and shortness of 
breath

• X-Ray is positive for lung lesions

• Diagnosis: pneumonia

• Treatment: antibiotics

Differential Diagnosis Fictional ScenarioFictional ScenarioFictional Scenario
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• Patient dies one week later

• Autopsy reveals cause of death: 
tuberculosis

Differential Diagnosis Fictional ScenarioFictional ScenarioFictional Scenario
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• Parents of deceased file lawsuit against treating 
physician claiming wrongful death as a result of 
negligence.

• The plaintiff states that all common symptoms of 
tuberculosis were present in the patient, which the 
physician should have recognized.

Differential Diagnosis Fictional ScenarioFictional ScenarioFictional Scenario
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Replicating the Diagnosis Steps of First Visit

• Season=Winter

• Age<20

• Smoker=True

• Cough (Patient Report)=True

• Temperature (Patient Report)=Low-Grade Fever

• Temperature (Measured in Office)=No Fever

• Patient Credibility=Low

Differential Diagnosis Fictional ScenarioFictional ScenarioFictional Scenario
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11

1. Visit
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1. Visit

1. Diagnosis: 
Bronchitis
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Calendar
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Tornado Diagrams

Differential Diagnosis
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Tornado Diagrams

Differential Diagnosis

Interpretation Reliability

Season

Patient Credibility

Measurement Accuracy

Smoker

Dyspnea (Patient-Reported)

Cough (Patient-Reported)

Age

Temperature (Patient-Reported)

X-Ray Abnormalities

Temperature (Measured in Office)

High-Risk Area for TB

Tuberculosis

0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.090

Mean of Tuberculosis

Tuberculosis

Mean (0.0098)
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Bayesian Networks = Artificial Intelligence

BayesiaLab.com

Knowledge Base

• Declarative/Propositional 
Knowledge

• Associational Knowledge

• Causal Knowledge

Inference Engine 

Expert System
 Artificial Intelligence
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Bayesian Networks = Transparent Expert System

BayesiaLab.com

• Interpretable
• Transparent
• Intuitive 
• Less “cognitive overhead”

• Interpretable
• Transparent
• Intuitive 
• Less “cognitive overhead”
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Bayesian Networks = Transparent Expert System

BayesiaLab.com
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VR

In Conclusion…
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Event Photos
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Epidemic Modeling

Reasoning Under Uncertainty

Epidemic Modeling with Temporal Bayesian Networks
Webinar on March 26, 2020, 10 a.m. (CDT -5)
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Introductory Course & Advanced Course Available

60-Day License to BayesiaLab Education Edition

20+ Hours of Screen/Lecture Recordings

300-Page Training Manual

BayesiaLab Self-Study Course
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A Practical Introduction for Researchers

• Free download:
www.bayesia.com/book

• Hardcopy available on Amazon:
http://amzn.com/0996533303 

Bayesian Networks & BayesiaLab

25,000
Downloads
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Try BayesiaLab Today!

• Download Demo Version:
www.bayesialab.com/trial-download 

• Apply for Unrestricted Evaluation Version:
www.bayesialab.com/evaluation  

BayesiaLab Trial
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8th Annual BayesiaLab Conference ON SCHEDULE
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October 8–9, 2020

The Exchange Tower
Ivey Donald K. Johnson Centre
130 King Street West 
Toronto, ON M5X 1K6, Canada

Registration is now open:
bayesia.com/bayesialab-conference-2020

8th Annual BayesiaLab Conference
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Thank you and be safe!
stefan.conrady@bayesia.us

linkedin.com/in/stefanconrady facebook.com/bayesia

BayesianNetwork


