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My talk is dedicated to the these great scientists and 
advocates for the future of Canadian and the worlds’ 
children—whom I am privileged to have known. May 
my words and deeds honor their vision today.

My frame 
for 

addressing
public health
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Canada’s Generation Squeeze
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Canada’s Generation Squeeze
What does

this mean for 
Canada’s
future?
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Canada’s Generation Squeeze
What does

this mean for 
Canada’s
future?

What happens 
when the kids 

AND
the adults are 

getting 
mentally and 

physically 
sicker?
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Consider the cohort trends…#1 mental health disorder
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Consider the cohort trends…#1 mental health disorder

Born NOW?
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Consider the cohort trends…#1 mental health disorder

Born NOW?
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Consider the cohort trends…#1 mental health disorder

Born NOW?

These trends are not 
the result of over-

diagnoses
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Cumulative 
prevalence of 
psychiatric 
disorders by 
young 
adulthood: a 
prospective 
cohort analysis 
from the Great 
Smoky 
Mountains 
Study.
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Cumulative 
prevalence of 
psychiatric 
disorders by 
young 
adulthood: a 
prospective 
cohort analysis 
from the Great 
Smoky 
Mountains 
Study.
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Cumulative 
prevalence of 
psychiatric 
disorders by 
young 
adulthood: a 
prospective 
cohort analysis 
from the Great 
Smoky 
Mountains 
Study.

Middle Cohort

Oldest Cohort
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Cumulative 
prevalence of 
psychiatric 
disorders by 
young 
adulthood: a 
prospective 
cohort analysis 
from the Great 
Smoky 
Mountains 
Study.
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Cumulative 
prevalence of 
psychiatric 
disorders by 
young 
adulthood: a 
prospective 
cohort analysis 
from the Great 
Smoky 
Mountains 
Study.

Youngest Cohort

Middle Cohort

Oldest Cohort

EARLIER START;
Higher Prevalence
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Lifetime Prevalence of Disorders in US Adolescents (N=10,123) 
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1-out-2 USA 
young adults will 
be afflicted with 

one or more of 
these disorders 

by age 18

NOTE 
EARLY START
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How do we handle this problem of mental illnesses? 

Wednesday, April 3, 13



How do we handle this problem of mental illnesses? 

Prevalence rates 
are increasing

rapidly in 
North America
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Excellent 
or 
promising 
science 
exists… 

To prevent, protect against—and even recover 
from—mental, emotional, and behavioral disorders
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IL6 DNA
RNA

Poor Health

Inspirational Credit: Clyde Hertzman

Epigenetic Changes

Common set of conditions producing these negative trends…
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IL6 DNA
RNA

Poor Health

Inspirational Credit: Clyde Hertzman

Epigenetic Changes

Common set of conditions producing these negative trends…

High Reinforcement of Anti-Social Behavior

HIgh Exposure to Problematic Behaviors

HIgh Exposure to Toxic Influences/ACEs

Exposure to Low Psychological Flexibility

•Mental Disorders

• Emotional Disorders

• Behavioral Disorders

• Related Physical Disorders

Evolutionary Adaptations to
a Predatory, Stressful World;
worse social determinants
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Physiological
influences trigger
adverse biological

mechanisms

Reinforcement
more for anti-social

than prosocial
behaviors

Antecedents
cue anti-social

acts and threats

Verbal Relations
occasion perceived
threats and related 

reactions

Major Connected Causes of the Adverse Trends Predicting MEBs & Related Illnesses

Multi-Inflammatory Brain & Body Response

The Same Mismatches Predict Multiple MACH Disorders
Wednesday, April 3, 13



Mood
Instability Inattention Lo Reward

Delay
Lo Executive
Function

Lo Behavioral
Competencies

Poor
Motor
Skills

Immune-
Healing

Dysfunction

Physiological
influences trigger
adverse biological

mechanisms

Reinforcement
more for anti-social

than prosocial
behaviors

Antecedents
cue anti-social

acts and threats

Verbal Relations
occasion perceived
threats and related 

reactions

Major Connected Causes of the Adverse Trends Predicting MEBs & Related Illnesses

Multi-Inflammatory Brain & Body Response

The Same Mismatches Predict Multiple MACH Disorders
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Mood
Instability Inattention Lo Reward

Delay
Lo Executive
Function

Lo Behavioral
Competencies

Poor
Motor
Skills

Immune-
Healing

Dysfunction

Physiological
influences trigger
adverse biological

mechanisms

Reinforcement
more for anti-social

than prosocial
behaviors

Antecedents
cue anti-social

acts and threats

Verbal Relations
occasion perceived
threats and related 

reactions

Major Connected Causes of the Adverse Trends Predicting MEBs & Related Illnesses

Mental Illness Substance
Abuse Violence Work

Problems
Obesity, 

etc CancerEarly
Sex

School 
Failure

STD’s Special
EdMulti-Inflammatory Brain & Body Response

The Same Mismatches Predict Multiple MACH Disorders
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1491 AD
OriginalHuman
Migrations to

North America 30,000,000
Souls in

North America

300,000 
Souls≈ ≈

Disease & War26,000 to 12,000  B.E. Extermination,
Marginalization,
& Suppression

The America’s First Peoples…

Residential 
Schools;

Western Diet

Evolutionary bottleneck
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1491 AD
OriginalHuman
Migrations to

North America 30,000,000
Souls in

North America

300,000 
Souls≈ ≈ Today

Disease & War26,000 to 12,000  B.E. Extermination,
Marginalization,
& Suppression

The America’s First Peoples…

Residential 
Schools;

Western Diet

Evolutionary bottleneck
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Add slide here about the epigenetic mechanisms; 
this shows how what children see, hear, do and feel in the brain,
then cascades through neuro-hormones to change the genes. 

This will show that micro-environments matter

Epigenetic  

Factor

Health  &  Behavior

•  Obesity,  asthma,  diabetes

•  Early  sex,  pregnancy

•  Violence,  DSM-IV

•  Cancer,  auto-immune

Epigenetic  Mechanisms
•  Nurturing  environments

•  Toxic  environments

•  Development/aging

Yes, the social and
physical environment
of humans changes

gene expression.
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Prediction makes protection possible

The Path Predictors
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SANDY  HOOK

Prediction makes protection possible

The Path Predictors
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SANDY  HOOK

Prediction makes protection possible

The Early Path PredictorsThe Path Predictors
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What shall we do to save Canada’s Future Future
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Ramp up 
treatment 
after 
problems 
happen

Increase 
promotion 

and 
prevention 

(protection)
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IL6 DNA
RNA

Health

Nurturing Environments

Inspirational Credit: Clyde Hertzman

Epigenetic Changes

Common set of conditions producing positive, healthy trends…
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IL6 DNA
RNA

Health

Nurturing Environments

Inspirational Credit: Clyde Hertzman

Epigenetic Changes

Common set of conditions producing positive, healthy trends…

High Reinforcement of Prosocial-Social Behavior

Low Exposure to Problematic Behaviors

Low Exposure to Toxic Influences/ACE’s

Promotion of High Psychological Flexibility

•Mental Health

• Emotional Health/Balance

• Behavioral Competence

• Related Physical Health

Evolutionary Adaptations to
a Safe, Supportive World;

Better Social Determinants
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Evidence-Based Kernels for public-health measure

Evidence-based Kernels: Fundamental Units of Behavioral
Influence

Dennis D. Embry Æ Anthony Biglan

! The Author(s) 2008. This article is published with open access at Springerlink.com

Abstract This paper describes evidence-based kernels,
fundamental units of behavioral influence that appear to

underlie effective prevention and treatment for children,

adults, and families. A kernel is a behavior–influence
procedure shown through experimental analysis to affect a

specific behavior and that is indivisible in the sense that

removing any of its components would render it inert.
Existing evidence shows that a variety of kernels can

influence behavior in context, and some evidence suggests

that frequent use or sufficient use of some kernels may
produce longer lasting behavioral shifts. The analysis of

kernels could contribute to an empirically based theory of

behavioral influence, augment existing prevention or
treatment efforts, facilitate the dissemination of effective

prevention and treatment practices, clarify the active

ingredients in existing interventions, and contribute to
efficiently developing interventions that are more effective.

Kernels involve one or more of the following mechanisms

of behavior influence: reinforcement, altering antecedents,
changing verbal relational responding, or changing physi-

ological states directly. The paper describes 52 of these
kernels, and details practical, theoretical, and research

implications, including calling for a national database of

kernels that influence human behavior.

Keywords Evidence-based kernels !
Public-health benefits ! Prevention ! Treatment

This paper presents an analysis of fundamental units of
behavioral influence that underlie effective prevention and

treatment. We call these units kernels. They have two

defining features. First, in experimental analysis,
researchers have found them to have a reliable effect on

one or more specific behaviors. Second, they are funda-

mental units of behavior influence in the sense that deleting
any component of a kernel would render it inert. Under-

standing kernels could contribute to an empirically based

theory of behavioral influence, facilitate dissemination of
effective prevention and treatment practices, clarify the

active ingredients in existing interventions, and contribute

to developing interventions that are more efficient and
effective. Subsequent sections of this paper expand on the

two essential features of evidence-based kernels, as well as

the origins of the idea and terminology.
The ultimate goals of treatment and prevention research

are a reduction of the prevalence of the most common and

costly problems of behavior and an increase in the preva-
lence of wellbeing. Current thinking about how to

accomplish this assumes that we will identify empirically
supported programs and, to a lesser extent, policies, and

will disseminate them widely and effectively. Although

substantial progress is occurring through this strategy, there
are at least four limitations to it that point to the value of

kernels as a complementary strategy.

First, it is difficult to implement a program’s efficacy
widely with fidelity or effectiveness. Ringwalt et al. (2003)

surveyed a sample of 1,795 school staff members who were

in charge of teaching substance-use prevention programs.
Nearly two-thirds reported teaching content that meta-

analyses showed was effective. However, only 17% used

effective delivery and only 14% used both effective
delivery and content. In a second study, Ringwalt et al.

(2003) found that about one-fifth of teachers of substance-

D. D. Embry (&)
PAXIS Institute, P.O. 31205, Tucson, AZ 85751, USA
e-mail: dde@paxis.org

A. Biglan
Oregon Research Institute, Eugene, OR, USA
e-mail: tony@ori.org

123

Clin Child Fam Psychol Rev

DOI 10.1007/s10567-008-0036-x
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Four Types of Kernels

Antecedent
Kernel

Reinforcement
Kernel

Relational 
Frame
Kernel

Physiological
Kernel

Happens BEFORE 
the behavior

Happens AFTER the 
behavior

Creates verbal 
relations for the 

behavior

Changes 
biochemistry of 

behavior

Embry, D. D., & Biglan, A. 
(2008). Evidence-Based 

Kernels: Fundamental Units of 
Behavioral Influence. Clinical 
Child & Family Psychology 

Review, 39.
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 Trajectory of Mental, Behavioral, and Emotional Disorders
(illustrative graph only)

First, Select Some Early Wins Across Age Groups 
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Select Early Wins with multiple footprints

Universal
Access to

Prevention &
Promotion

Science

multiple 
outcome

focus

multiple 
age-stage

focus
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Select Early Wins with multiple footprints, all ages

Pre-conception

Infancy, Childhood
Adolescence 

Young Adults & Adults
Seniors

Mental Health
Emotional Health

Physical Health

Cognitive Ability

Behavioral HealthUniversal
Access to

Prevention &
Promotion

Science

multiple 
outcome

focus

multiple 
age-stage

focus

Can improve multiple health outcomes for all ages
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Select Early Wins also with long-term outcomes for all

Pre-conception

Infancy, Childhood
Adolescence 

Young Adults & Adults
Seniors

Mental Health
Emotional Health

Physical Health

Cognitive Ability

Behavioral Health
Nurturing
Environments
Logic Model for
population-level

benefits

IL6 DNA
RNA

Health

Epigenetics

Inspirational Credit: Clyde Hertzman

Prosocialty
Richly Reinforced

Low Problem 
Behaviors

Low Toxic
In!uences

Psychological
Flexibility Better

Futures
for All

Universal
Access to

Prevention &
Promotion

Science

multiple 
outcome

focus

multiple 
age-stage

focus

Biglan, Flay, Embry, & Irwin, 2012

Can improve multiple health outcomes for all ages
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Estimate the costs 
of NOT acting…
Estimate the 
benefits of acting to 
the public and 
private purse sort, 
medium and long 
term…

Predict Benefits (including economic)
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Quantify by epidemiology how much 
suffering will happen by NOT acting

Make the numbers real and human
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Quantify by epidemiology how much 
suffering will happen by NOT acting

A fully loaded Airbus 320 with adults and 
children will land every day in Ottawa to 
claim lifetime disabiity for mental, 
emotional and behavioral disorders…

Make the numbers real and human
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Quantify by epidemiology how much 
suffering will happen by NOT acting

Quantify by epidemiology the positive 
outcomes will happen from action

A fully loaded Airbus 320 with adults and 
children will land every day in Ottawa to 
claim lifetime disabiity for mental, 
emotional and behavioral disorders…

Everyday in Canada, 320 more adults 
and children will wake up to happier, 
healthier, and more productive lives…

Make the numbers real and human

Wednesday, April 3, 13



Create policy, advocacy, and organizational 
supports to foster cooperation for common good
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Policy Example: Children’s Futures as Common Pool Resource
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Nurturing
OUR

Children

Biglan et al., American Psychologist, (4), 2012

Reduce Toxic 
In!uences
Increase Psychological 
Flexibility

Richly Reinforce 
Pro-social Behaviors
Limit Problematic 
Behaviors

Cultivate stories of early adopters’ successes…
and endorsement from important stakeholders
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Nurturing
OUR

Children

Biglan et al., American Psychologist, (4), 2012

Reduce Toxic 
In!uences
Increase Psychological 
Flexibility

Richly Reinforce 
Pro-social Behaviors
Limit Problematic 
Behaviors

✔

✔

✔

✔

Cultivate stories of early adopters’ successes…
and endorsement from important stakeholders
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Develop a business model for sustainability
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Develop a business model for sustainability

If the problem is increasing,
there is an implicit or explicit 
business model supporting 

the problem…
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Develop a business model for sustainability

If the problem is increasing,
there is an implicit or explicit 
business model supporting 

the problem…

Pay for change and success,
instead of paying for the problem -

including Social Impact Bonds
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Leverage RE-AIM
• Reach

• Efficacy

• Adoption

• Implementation

• Maintenance (Measurement)
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Leverage RE-AIM
• Reach

• Efficacy

• Adoption

• Implementation

• Maintenance (Measurement)
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Develop community prevention scoreboards to monitor progress

You Win
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Develop community prevention scoreboards to monitor progress
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C o u n ty : S a le s :

ADAMS 8 . 5 7 %

AS HLAND 3 . 4 5 %

B AR R ON 8 . 4 6 %

B AYFI E LD 5 . 7 1 %

B R OW N 1 . 5 8 %

C ounties  with 20%  or lower illegal sa les  are within the
federal goal.  T he lower the numbers,  the more clerks
and retailers  that are doing the right thing.  C ounties
with rates  lower than 10%  of illegal tobacco  sa les  are
more likely to have  an impact on reduce d tobacco  use
and addiction by Wisco nsin youth.  R esu lts  are in
real-time.  B rowse  this  site and learn what you ca n do
to help Wisco nsin Win.

Develop community prevention scoreboards to monitor progress
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Social Marketing ofMental Health Prevention and Promotion

It’s NOT about the Problem
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Class
One

Class
Two

Class
Three

Class
Four

Class
Five

Class
Six

175

140

105

70

35

0

Baseline (Feb)
Behavior before 
any PAX

After PAX Games
Behavior after playing
PAX Games for 1 month

After Pre-Teaching
Behavior after classes 
use language and
core “kernels” for a month

Rate  per Hour
of Disturbing,
Disruptive, &

Inattentive 
Behaviors

Early Impact of PAX Good Behavior Game in Six ClassrooomsData feedback on proximal outcomes…
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Data feedback on proximal processes…

District/School

Preparing the 
Students for Game 
start (PAX Quiet 
Kernel)

Choice of Activity 
(Appropriateness 
of task for Game)

Timing the 
Game (Beat 
the Timer 
Kernel)

Teams (Soft-
team 
competition)

Spleem 
Tracking 
System 
(Tally 
sheet, 
scoreboard
, etc.)

Response 
to Spleems 
(Non-
emotional 
response 
kernel)

Granny’s 
Wacky 
Prizes 
(Mystery 
Motivator/P
remack 
Kernel)

After the 
Game – 
Reviewing 
Spleems 
(Teacher or 
team 
captain can 
facilitate 
any of 
these)

PAX 
Language 
(Relational 
frame 
kernel)

PAX Cues 
(PAX 
Quiet, PAX 
Hands, 
PAX 
Voices, 
Thumbs 
up/down, 
Go 
PAX/Stop 
SPLEEM 
Kernels)

Tootle 
Notes 
(Tootle/PA
X IT 
Kernel)

Additional 
PAX 
Elements 
(Kernels 
that bridge 
success 
when no 
Game)

TOTAL PAX 
IMPLEMENTATION

DPPS Hale 2/6/12 Betty Murray 4 4 4 4 4 4 4 4 0 3 0 2 37
DPPS Hale 2/29/12 Betty Murray 4 4 4 4 4 4 4 4 4 4 0 2 42
DPPS Hale 4/10/12 Betty Murray 4 4 4 4 4 4 4 4 0 3 0 0 35
DPPS Hale 4/10/12 Betty Murray 4 4 4 4 4 4 4 4 0 3 0 0 35
DPPS Hale 5/4/12 Betty Murray 2 3 4 4 4 4 4 4 0 2 0 0 31
DPPS Kempton 1/30/12 Betty Murray 2 3 4 4 4 4 4 4 0 2 1 1 33
DPPS Kempton 2/29/12 Betty Murray 4 4 4 4 4 3 3 4 0 2 2 0 34
DPPS Kempton 3/27/12 Betty Murray 4 4 4 4 4 4 4 4 0 2 0 0 34
DPPS Kempton 4/10/12 Betty Murray 4 4 4 4 4 4 4 4 0 2 0 0 34
DPPS Kempton 5/4/12 Betty Murray 4 4 4 4 4 4 4 4 0 2 0 0 34
DPPS Mendez 2/2/12 Betty Murray 3 2 3 4 2 2 4 4 0 2 0 0 26
DPPS Mendez 2/6/12 Betty Murray 4 4 2 4 2 1 4 1 2 1 0 0 25
DPPS Mendez 3/27/12 Betty Murray 3 3 2 4 4 4 4 4 0 2 0 0 30
DPPS Mendez 4/10/12 Betty Murray 2 4 4 4 2 4 4 4 0 2 0 3 33
DPPS Mendez 4/10/12 Betty Murray 0 4 4 4 4 3 3 4 0 0 0 0 26
DPPS Mendez 5/4/12 Betty Murray 3 4 4 4 4 4 4 4 0 2 0 0 33
DPPS Teimmons 3/6/12 Betty Murray 3 3 2 2 2 3 2 3 0 1 1 0 22
DPPS Teimmons 3/27/12 Betty Murray 4 3 1 3 2 3 0 3 0 1 0 0 20
DPPS Unami 1/30/12 Betty Murray 1 4 1 4 1 2 4 4 0 1 0 0 22
DPPS Unami 2/6/12 Betty Murray 2 4 4 4 4 2 4 4 0 2 2 0 32
DPPS Unami 2/29/12 Betty Murray 3 3 3 4 4 4 4 4 2 2 2 0 35
DPPS Unami 3/27/12 Betty Murray 4 4 4 4 4 3 4 4 0 2 2 0 35

Legend for PAX Implementation

48  Solid Green means "Purffect PAX"
33 Green Shade Means PAX IS Good and It Can Be Improved
25 Yellow Shade Means Some PAX Exists That Needs Improvement
20 Orange Shade Means Little PAX Exists and It Needs Significant Attention to Improve

0 Red Shade Means Little or No PAX Exists and Needs MAJOR Attention to Increase 
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Social marketing offers real help not awareness
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Awards and Recognition
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Recognize & Reward 
successes in/by
��0HGLD
��3ROLWLFDO�DUHQD
��2WKHU�OHDGHUV
��,PPLWDWDEOH�PRGHOV�IURP
��DOO�DJHV�DQG�EDFNJURXQGV

Create Community
Prevention
Score/Dashboard

Multi-problem analyses

Nurturing
Environments
Logic Model for
population-level

benefits

Identify
%HKDYLRUV
WR�,QFUHDVH�

Identify 
%HKDYLRUV�
WR�'HFUHDVH

Predict
Benefits:

 

(VWLPDWH
ORFDO��VWDWH��
	�QDWLRQDO
SUHYDOHQFH
	�FRVWV�
VDYHG�E\
SURSRVHG
SUHYHQWLRQ
UHFLSHV��Update Research 

Databases for Proven
Prevention Solutions
3V\FKLQIR��SXEPHG�JRY�
HWF��6HH�)OD\�HW�DO�������
IRU�VWDQGDUGV�RI�HYLGHQFH�

Document 8VHU�
([SHULHQFHV�	�/HVVRQV�
/HDUQHG�DW�/RFDO��6WDWH�

	�1DWLRQDO�/HYHOV

&LWH�SRZHUIXO
VWXGLHV�	�OLQNV
WR�FXOWXUDO�
SUDFWLFHV�

&LWH�UHOHYDQW�
HQGRUVHPHQWV�
RU�VWDQGDUGV

Create�SROLF\�
RUJDQL]DWLRQDO��	
DGYRFDF\�VXSSRUWV
WR�QXUWXUH�HIIRUWV�

Cultivate VRPH
FXUUHQW�RU�HDUO\�
DGRSWHUV�IRU�ORFDO
LPSDFW�GDWD�DQG
ORFDO�WHVWLPRQLDOV����

/R���+L

Launch Social Marketing: Advocacy & Media

Products KDYH
FDWFK\��SRVLWLYH
QDPH��D�PHPH�

Performance
QDPHV�EHQHILWV�
	�OLWWOH�SDLQ�

Place�IRU�JHWWLQJ
SURGXFW�LV�HDV\�	
QRQ�VWLJPDWL]LQJ

Promotion IRFXVHV�RQ�SRSXODULW\��
MRLQLQJ��DOLJQHG�YDOXHV�	�EHQHILWV�IRU�DOO�
&UHDWLYH�HSLGHPLRORJ\�DOLJQV�SHRSOH�	
RUJDQL]DWLRQV�IRU�FRPPRQ�DFWLRQ��

 
Create 
ZRUNIRUFH
	�WUDLQLQJ
V\VWHPV

�
Report

RQ�PRQQLWRULQJ�	
HYDOXDWLRQ�RI�TXLFN��
PHGLXP��ORQJHU
WHUP�RXWFRPHV

Monitor & Coach
LPSOHPHQWDWLRQ &
SUR[LPDO�RXWFRPHV�

Plan Population-
Level Change:
5HDFK��(IÀFDF\�
$GRSWLRQ��
,PSOHPHQWDWLRQ�	
0DLQWHQDQFH

Price�LV�ORZ�IRU
WR�XVH�LQ�PRQH\
RU�WLPH�

Developmental stages

Multiple 
Settings

Fam
ilies

Schools
Communities

Organiations

Birth   Childhood    Adolescence    Adulthood

In
te

ns
ity

/re
ac

h 
 le

ve
ls

High Intensity
Low reach

Low 
Intensity

A

B

C

Hi 
reach

Note: Workforce development e!ciency achieved 
by broad use of similar/same evidence-based 
strategies or evidence-based kernels.

&UHDWH�V\VWHP
IRU�PRQLWRULQJ��
HYDOXDWLRQ�	
UHVHDUFK��

Population-Level Targeting

Developed by PAXIS Institute © 2010-2012, all rights reserved. May be freely reporduced in total with attribution and notice

See: 

Safe Playing
Programme
Case Study

New Zealand
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Image Credits
• Photos and illustrations from PAXIS Institute

• Selected photos from Shutterstock under license

• Video clip from Driving Mum & Dad Mad, ITV and Triple P International

• Video clip from CBC National for Good Behavior Game

• Nobel Prize Committee photo of Elinor Ostrum

Further Reading
• Search www.pubmed.gov (National Library of Medicine) for the 

following:

• “Behavioral Vaccines
• “Evidence-based kernels” 
• “Nurturing Environments

• Visit www.shutterstock.com/drdennisembry

Dennis D. Embry
dde@paxis.org

Thank you

Image of the Koru,
the Maori infinite 

symbol of spiral of life

1 Year Old 64 Years Old
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