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Introduction

• Our Company and Technology

Motivation & Objectives

• Personality Models

• Factor Discovery

Why Bayesian Networks?

• Nomenclature

• Arc Force

BayesiaLab Workflow

• Unsupervised Learning

• Variable Clustering

• Validation

• Multiple Clustering

Today’s Program

stefan.conrady@bayesia.us

40 min.

20 min.Ψ
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Your BayesiaLab Team Today

stefan.conrady@bayesia.us stacey.blodgett@bayesia.us clare.gora@bayesia.us
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Co-founded in 2001

by Dr. Lionel Jouffe &

Dr. Paul Munteanu

stefan.conrady@bayesia.us
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Teaching Edition

Academic Edition

BayesiaLab 6
Professional
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Bayesia Expert 
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Bayesia Engine API for 
Network Learning
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Code Export ModuleBayesia Market 
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A Practical Introduction for Researchers

• Free download:

www.bayesia.com/book

• Hardcopy available on Amazon:

http://amzn.com/0996533303

• See Chapter 8 

Bayesian Networks & BayesiaLab

BayesiaLab.com
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Webinar Slides, Data, and Recording Available

stefan.conrady@bayesia.us



The Dimensions of Human Personality

Background & Motivation
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Accessible Active Adaptable Admirable Adventurous Agreeable Alert Allocentric Amiable Anticipative Appreciative Articulate Aspiring Athletic Attractive Balanced Benevolent
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Bewildered Bizarre Bland Blunt Boisterous Brittle Brutal Calculating Callous Cantankerous Careless Cautious Charmless Childish Clumsy Coarse Cold Colorless Complacent
Complaintive Compulsive Conceited Condemnatory Conformist Confused Contemptible Conventional Cowardly Crafty Crass Crazy Criminal Critical Crude Cruel Cynical
Decadent Deceitful Delicate Demanding Dependent Desperate Destructive Devious Difficult Dirty Disconcerting Discontented Discouraging Discourteous Dishonest Disloyal
Disobedient Disorderly Disorganized Disputatious Disrespectful Disruptive Dissolute Dissonant Distractible Disturbing Dogmatic Domineering Dull Easily Discouraged Egocentric
Enervated Envious Erratic Escapist Excitable Expedient Extravagant Extreme Faithless Fanatical Fanciful Fatalistic Fawning Fearful Fickle Fiery Fixed Flamboyant Foolish
Forgetful Fraudulent Frightening Frivolous Gloomy Graceless Grand Greedy Grim Gullible Hateful Haughty Hedonistic Hesitant Hidebound High-handed Hostile Ignorant
Imitative Impatient Impractical Imprudent Impulsive Inconsiderate Incurious Indecisive Indulgent Inert Inhibited Insecure Insensitive Insincere Insulting Intolerant Irascible
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How Many Dimensions?
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Eysenck's PEN Model of Personality

Psychoticism Extraversion Neuroticism
Aggressive Sociable Anxious

Assertive Irresponsible Depressed

Egocentric Dominant Guilt Feelings

Unsympathetic Lack of reflection Low self-esteem

Manipulative Sensation-seeking Tense

Achievement-oriented Impulsive Moody

Dogmatic Risk-taking Hypochondriac

Masculine Expressive Lack of autonomy

Tough-minded Active Obsessive
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Five Factor Model



15stefan.conrady@bayesia.us
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• The HEXACO model of personality conceptualizes human personality in terms 
of six dimensions.

• Honesty-Humility (H)

• Emotionality (E)

• Extraversion (X)

• Agreeableness (versus Anger) (A)

• Conscientiousness (C)

• Openness to Experience (O)

• It was proposed as alternative to the Big Five/FFM (Five Factor Model)

HEXACO Personality Inventory
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I love dangerous situations.
I need the approval of others.
I am the life of the party.
I am quick to judge others.
I make careless mistakes.
I seldom experience sudden intuitive 
insights.
I feel others' emotions.
I come up with something new.
I would not enjoy being a famous 
celebrity.
I tire out quickly.
I face danger confidently.
I react strongly to criticism.
I keep others at a distance.
I seem to derive less enjoyment from 
interacting with people than others do.
I prefer to eat at expensive restaurants.
I pretend to be concerned for others.
I often worry about things that turn out 
to be unimportant.
I would never go riding down a stretch 
of rapids in a canoe.
I rarely get irritated.
I demand quality.
I prefer to just let things happen.
I would not regret my behavior if I were 
to take advantage of someone 
impulsively.
I will not probe deeply into a subject.
I am sensitive to the needs of others.
I say little.
I don't know much about history.
I suspect that my facial expressions 
give me away when I feel sad.
I am good at making impromptu 
speeches.
I pay too little attention to details.
I do things without thinking of the 
consequences.
I maintain high energy throughout the 
day.
I have an eye for detail.
I have excellent ideas.
I am usually a patient person.

I steal things.
I need reassurance.
I boast about my virtues.
I do not like art.
I don't think that i'm better than other 
people.
I feel comfortable around people.
I seldom get mad.
I get upset easily.
I talk to a lot of different people at 
parties.
I when interacting with a group of 
people, am often bothered by at least 
one of them.
I try to forgive and forget.
I make a fool of myself.
I know that my ideas sometimes 
surprise people.
I get back at people who insult me.
I rarely complain.
I have a rich vocabulary.
I enjoy feeling close to the earth.
I make friends easily.
I want every detail taken care of.
I love my enemies.
I rarely feel angry with people.
I have a strong personality.
I have a good word for everyone.
I tell people about it when i'm
irritated.
I have great stamina.
I love luxury.
I would feel very badly for a long time 
if I were to steal from someone.
I don't finish the things that I start.
I find it difficult to approach others.
I usually like to spend my free time 
with people.
I admire a really clever scam.
I distrust people.
I can't do without the company of 
others.
I seldom get emotional.
I enjoy intellectual games.
I am mainly interested in money.

I find it hard to forgive others.
I don't know why I do some of the 
things I do.
I like to attract attention.
I have a vivid imagination.
I see myself as an average person.
I rarely cry during sad movies.
I work hard.
I don't worry about things that have 
already happened.
I wish to stay young forever.
I am hard to reason with.
I love to think up new ways of doing 
things.
I speak softly.
I do not have a good imagination.
I feel healthy and vibrant most of the 
time.
I have difficulty imagining things.
I am considered to be kind of 
eccentric.
I am hard to satisfy.
I don't understand people who get 
emotional.
I find that it takes a lot to make me 
feel angry at someone.
I let people push me around to help 
them feel important.
I would love to explore strange places.
I have read the great literary classics.
I want to be liked.
I don't talk a lot.
I seldom feel weepy while reading the 
sad part of a story.
I stop when work becomes too 
difficult.
I smile a lot.
I would be afraid to give a speech in 
public.
I seek status.
I am deeply moved by others' 
misfortunes.
I am hard to convince.
I push myself very hard to succeed.
I switch my loyalties when I feel like it.

I adjust easily.
I am willing to take risks.
I believe in the importance of art.
I rarely feel depressed.
I don't strive for elegance in my 
appearance.
I swim against the current.
I rebel against authority.
I get angry easily.
I get upset by unpleasant thoughts 
that come into my mind.
I return extra change when a cashier 
makes a mistake.
I get deeply immersed in music.
I bottle up my feelings.
I do not enjoy watching dance 
performances.
I want everything to be just right.
I rarely worry.
I pay attention to details.
I am out for my own personal gain.
I am never at a loss for words.
I do things that others find strange.
I love to chat.
I would like to have more power than 
other people.
I like to tidy up.
I try to impress others.
I continue until everything is perfect.
I would fear walking in a high-crime 
part of a city.
I let myself be influenced by others.
I would be good at rescuing people 
from a burning building.
I keep in the background.
I hate being the center of attention.
I get irritated easily.
I have an intense, boisterous laugh.
I take things as they come.
I am hard to get to know.
I have a sharp tongue.
I leave my belongings around.
I seek support.
I laugh a lot.
I see beauty in things that others 

might not notice.
I would hate to be considered odd or 
strange.
I criticize others' shortcomings.
I am good at taking advice.
I am usually active and full of energy.
I would not enjoy a job that involves a 
lot of social interaction.
I often forget to put things back in 
their proper place.
I find it necessary to please the people 
who have power.
I have little to say.
I feel that I have a lot of inner 
strength.
I hang around doing nothing.
I am a physical coward.
I cheat to get ahead.
I often feel blue.
I keep things tidy.
I get stressed out easily.
I do not like poetry.
I have a strong need for power.
I detect mistakes.
I enjoy being part of a group.
I like to be viewed as proper and 
conventional.
I need protection.
I find fault with everything.
I make rash decisions.
I often need help.
I use flattery to get ahead.
I find political discussions interesting.
I accept people as they are.
I believe that I am better than others.
I am exacting in my work.
I dislike imperfect work.
I avoid mistakes.
I try to avoid complex people.
I love to read challenging material.
I tremble in dangerous situations.
I like to do frightening things.
I talk a lot.
I don't like to draw attention to myself.
I do too little work.

I rarely enjoy being with people.
I play a role in order to impress 
people.
I try to follow the rules.
I don't mind being the center of 
attention.
I get started quickly on doing a job.
I consider myself an average person.
I get upset if others change the way 
that I have arranged things.
I am inclined to forgive others.
I speak ill of others.
I am likely to show off if I get the 
chance.
I enjoy being thought of as a normal 
mainstream person.
I am not easily disturbed by events.
I have trouble guessing how others will 
react.
I carry the conversation to a higher 
level.
I am not bothered by disorder.
I feel that most people can't be 
trusted.
I remain calm under pressure.
I panic easily.
I act like different people in different 
situations.
I do just enough work to get by.
I want everything to add up perfectly.
I make plans and stick to them.
I am nice to people I should be angry 
at.
I hold a grudge.
I would never take things that aren't 
mine.
I seldom notice the emotional aspects 
of paintings and pictures.
I cheat on people who have trusted 
me.
I like to be thought of as a normal kind 
of person.
I avoid difficult reading material.
I begin to panic when there is danger.
I would never cheat on my taxes.

I put on a show to impress people.
I am just an ordinary person.
I become frustrated and angry with 
people when they don't live up to my 
expectations.
I get chores done right away.
I jump into things without thinking.
I have a lot of fun.
I get even with others.
I am more capable than most others.
I worry about things.
I can't stand being contradicted.
I am seldom bothered by the apparent 
suffering of strangers.
I cry during movies.
I have leadership abilities.
I leave a mess in my room.
I am annoyed by others' mistakes.
I immediately feel sad when hearing of 
an unhappy event.
I quickly lose interest in the tasks I 
start.
I complete tasks successfully.
I am interested in science.
I like order.
I do things according to a plan.
I show my sadness.
I tell other people what they want to 
hear so that they will do what I want 
them to do.
I lose my temper.
I act impulsively when something is 
bothering me.
I don't bother worrying about political 
and social problems.
I am easily annoyed.
I do not like concerts.
I don't pretend to be more than I am.
I am full of ideas.

HEXACO Personality Inventory: 240 Questions

BayesiaLab.com

240 Questions  6 Dimensions
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All variables are recorded on a seven-point scale

• 1 = strongly disagree

• 2 = disagree

• 3 = slightly disagree

• 4 = neutral

• 5 = slightly disagree

• 6 = agree

• 7 = strongly agree

HEXACO Personality Inventory: 240 Questions
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“Exploratory Factor Discovery”

• Discovery of latent (hidden) 

concepts.

• Easy-to-interpret, meaningful factors

• Homogenous clusters

• Stable dimensions

• “Careful” dimension reduction

• Computationally tractable

Today’s Objectives lateo (present infinitive latere, perfect active 
latui); second conjugation, no passive
• I am concealed or in hiding, lurk, skulk.

• Latet anguis in herba. ―A snake 
hides in the grass.

• Sub nomine pacis bellum latet. ―
War lurks under the name of peace.

• I am hidden and in safety.
• I keep out of sight.
• I live in concealment; live retired.
• I escape notice, remain unknown.

• Bene qui latuit, bene vixit. ―He 
who has well remained unknown 
has lived well.

• I am obscure or unknown, lie hidden.
• Id qua ratione consecutus sit latet. ―

It is unknown how he obtained that.
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Methodology?



Why Bayesian Networks & BayesiaLab?
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The New Paradigm: Bayesian Networks

BayesiaLab.com
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The BayesiaLab Workflow

BayesiaLab.com

Mathematical Formalism Research Software
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A desktop software for:

• encoding

• learning

• editing

• performing inference

• analyzing

• simulating

• optimizing

with Bayesian networks.
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Nomenclature

Manifest=Observed
Variables/Nodes

Monitor with 
Node States

Unobserved/Latent Variable, 
Factor, or Cluster

Monitor with
Generated Factor States or

Cluster States (C1-C6)
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Nomenclature

Monitor with 
Node States

Unobserved/Latent Variable, 
Factor, or Cluster

Monitor with
Generated Factor States or

Cluster States (C1-C6)

Manifest=Observed
Variables/Nodes
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Network
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Key Concepts Important for Factors Analysis

• As a Bayesian network represents a joint 
probability distribution, we can easily 
compute several information-theoretic 
measures with BayesiaLab:

• Entropy

• Mutual Information

• Arc Force 

• Node Force

• Etc.

Bayesian Networks
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VR
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Key Concepts Important for Factors Analysis

• As a Bayesian network represents a joint 
probability distribution, we can easily 
compute several information-theoretic 
measures:

• Entropy

• Mutual Information

• Arc Force 

• Node Force

• Etc.

Bayesian Networks

Arc Force, a Measure of “Arc Importance”

• Arc Force is more formally known as 

“Kullback–Leibler Divergence.” 

• It is the difference or distance in the joint 

distributions Q and P denoted DKL(P ‖Q)



32BayesiaLab.com

Arc Force

Bayesian Network
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Arc Force

P

Including the Arc



34BayesiaLab.com

Arc Force

Q

Without the Arc

DKL(P ‖Q)=Arc Force
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Bayesian Network

Arc Force
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How does this 
help with 
clustering?

Arc Force
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Starting Point:
10 Nodes=10 Factors

Arc Force
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Top Arc Force

Arc Force
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Top Arc Force

Arc Force



40BayesiaLab.com

Using Arc Force for Variable Clustering

• BayesiaLab’s Variable Clustering is a hierarchical agglomerative clustering 

algorithm that uses Arc Force (i.e., the Kullback-Leibler Divergence) for 

computing the distance between nodes.

• At the start of Variable Clustering, each manifest variable is treated as a 

distinct Factor or Cluster.

• The clustering algorithm proceeds iteratively by merging the “closest” 

Factors/Clusters into a new Factor/Cluster. 

Arc Force
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10
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9

Nodes “merged” into 
virtual cluster

Virtual cluster takes the 
name of the strongest node 
within the virtual cluster as 

a temporary label.



43BayesiaLab.com

8
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7
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6
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5
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4
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3
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2
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1
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1

Node Comments
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But we need 
a Bayesian 
network 
first, right?

Arc Force
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Rewind
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Workflow

• Machine-Learning

• Minimum Description Length

• Clustering

• Arc Force

• Validation

• Log Loss

• Contingency Table Fit

• Purity

• Visualization & Interpretation

BayesiaLab Workflow


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Learning=Searching
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Number of Possible Networks

• 2 Nodes: 3

Learning=Searching

BayesiaLab.com

N1 N2

N1 N2

N1 N2
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Number of Possible Networks

• 2 Nodes: 3

• 3 Nodes: 25

Learning=Searching

BayesiaLab.com
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Number of Possible Bayesian Networks

• 2 Nodes: 3

• 3 Nodes: 25

• 4 Nodes: 543

• 5 Nodes: 29,281

• 6 Nodes: 3.8×106

• 7 Nodes: 1.1×109

• 8 Nodes: 7.8×1011

• 9 Nodes: 1.2×1015

• 10 Nodes: 4.2×1018

• 11 Nodes: 3.2×1022

h h

• 240 Nodes: 9.1×109060

Learning=Searching

BayesiaLab.com

Search Space
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Minimum Description Length

• DL(B) is the number of bits 
to represent the Bayesian 
network B (graph and 
probabilities), and

• DL(D|B) is the number of 
bits to represent the dataset 
D given the Bayesian network 
B (likelihood of the data 
given the Bayesian network).

Learning=Searching

BayesiaLab.com

FitComplexity

DL(B) DL(D|B)

MDL(B,D)=𝛼⋅DL(B)+DL(D|B)

Structural Coefficient α
Default
α=1
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Minimum Description Length

Learning=Searching

BayesiaLab.com

Network score: 217,884.553
Network score: 217,743.338
Network score: 217,610.856
Network score: 217,483.237
Network score: 217,359.875
Network score: 217,241.952
Network score: 217,195.628
Network score: 217,152.903
Network score: 217,113.827
Network score: 217,075.16
Network score: 217,037.782
Network score: 217,010.554
Network score: 216,985.768
Network score: 216,968.772
Network score: 216,955.839
Network score: 216,951.317
Network score: 216,947.242
Network Associated graph 1.xbl final score: 216,947.234
Data Compression Rate: 39.913%
Structural Compression Rate: 98.42%
Time to find the best solution: 0h 0m 20s

M
D

L 
S

co
re
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Newly-generated states of 
Factor 17
Newly-generated states of 
Factor 17

Numerical values of the factor states 
are the weighted averages of the values 
of the manifest states

Numerical values of the factor states 
are the weighted averages of the values 
of the manifest states
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Key Measures

• Contingency Table Fit

• Log-Loss Distribution

• Entropy

• Purity

• Deviance

• Hypercube Cells Per State

Quality of Representation
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Log-Loss Distribution of Factor 17

Quality Measures

4 6 8 10 12 14 16 18 20 22
0

200

400

600

800

1000

1200

1400

1600

1800

2000

 

C
ou

nt

$Log-Loss

 $Log-Loss

EAnxi1 EAnxi2 EAnxi4 EAnxi6 EAnxi10  $Log-Loss 

5 6 6 2 2 7.45                       
7 6 6 2 2 7.22                       
6 6 6 1 2 7.39                       
7 5 7 2 5 13.16                      
2 2 4 4 5 16.40                      
5 5 3 3 3 9.37                       
5 6 5 1 3 10.66                      
5 6 6 3 5 10.89                      
7 7 7 1 1 4.59                       
5 5 5 3 5 8.58                       
5 5 2 3 3 9.63                       
7 5 6 2 2 10.23                      
7 7 7 1 1 4.59                       
7 7 7 1 4 8.73                       
7 7 7 1 1 4.59                       

Expected Value 
of Log-Loss
=HB(D)



910 5 10 15 20 25 30
0

1000

2000

3000

4000

5000
 

C
ou

nt

 $Log-Loss

0 5 10 15 20 25 30
0

1000

2000

3000

4000

5000
 

C
ou

nt

 $Log-Loss (Fully Connected)

0 5 10 15 20 25 30
0

1000

2000

3000

4000

5000
 

C
ou

nt

 $Log-Loss (Unconnected)

BayesiaLab.com

Contingency Table Fit (CTF)

𝐶஻ ൌ 100 ൈ 𝐻௎ 𝐷 െ 𝐻஻ሺ𝐷ሻ𝐻௎ 𝐷 െ 𝐻ிሺ𝐷ሻ 
• The CTF measures the quality 

of the representation of the 
Joint Probability Distribution 
by the network.

Quality Measures
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Purity of State C1

BayesiaLab Workflow

State C1 is 
76% “pure”
State C1 is 
76% “pure”
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In Conclusion…
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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

BayesiaLab.com
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Webinars & Seminars:

• July 13 Webinar: Building a Technical Fault Diagnosis System 

• July 27 Webinar: Adversarial Reasoning

Register here: bayesia.com/events

Upcoming Events
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• July 23–25

San Francisco, CA

• August 29–31

London, UK

• September 26–28

New Delhi, India

• October 29–31

Chicago, IL

• December 4–6

New York, NY

BayesiaLab Courses Around the World in 2018

Learn More & Register: bayesia.com/eventsLearn More & Register: bayesia.com/events

stefan.conrady@bayesia.us
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San Francisco

Introductory BayesiaLab Course
in San Francisco, California

July 23–25, 2018
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Chicago

6th Annual BayesiaLab Conference in Chicago
November 1–2, 2018
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Thank You!

BayesiaLab.com

stefan.conrady@bayesia.us

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

BayesianNetwork


