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Orchestration of basic cognitiveOrchestration of basic cognitive
processes during goalprocesses during goal--orientedoriented
problemproblem--solvingsolving

NeisserNeisser, 1967, 1967



Functions of the “Conductor”

•Inhibit

•Shift Flexibly

•Modulate Emotions

•Initiate

•Working Memory

•Plan

•Organize

•Self-monitor & evaluate

Functions of the “Orchestra”

•Perception

•Attention

•Language processes

•Visual-spatial processes

•Memory

•Sensory inputs

•Motor outputs

•Knowledge & skills
• social
• non-social



Methods of Assessing EF
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Rey Osterrieth Complex FigureRey Osterrieth Complex Figure



The Rey-Osterrieth Complex Figure



9-year-old with Reading Disorder

CopyCopy RecallRecall



8 year-old boy with Asperger’s

CopyCopy

RecallRecall



10 year-old boy with ADHD-C

CopyCopy

RecallRecall

RecallRecall



10 year old with ADHD-I

CopyCopy RecallRecall





The Tower of London



Tower of London 6 Move



3 4

Goal:

Problem:

Count the number of moves

From the Brain Imaging Laboratory at Dartmouth Medical School; Roth et al. (2006)

Illustration of a Tower of London task
adapted for fMRI

fMRI during the hard condition relative to the
easy task condition (difficulty being based
on number of moves required to solve
problem) in a healthy adult, showing
prominent frontal lobe activation



Wisconsin Card Sorting Task



Stroop Task: Inhibit



From the Brain Imaging Laboratory at Dartmouth Medical School (Roth et al., 2006)

Illustration of a Counting
Stroop task adapted for fMRI

fMRI during the incongruent condition
relative to the congruent condition in a
group of 13 healthy adults, showing
prominent activation of the dorsal
anterior cingulate gyrus





“Macro Level”
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A BRIEF Geneology
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Meta-
Cognition

Behavioral
Regulation

Working Memory

Initiate

Plan/Organize

Inhibit

Shift

Emotional Control

Monitor

Org of Materials

BRIEF Structure



PFA of Parent BRIEF With BASC
Parent Rating Scale (n=80)

Working memoryWorking memory

Plan/organizePlan/organize

MonitorMonitor

InitiateInitiate

BASC attention problemsBASC attention problems

Organization of MaterialsOrganization of Materials

BASC hyperactivityBASC hyperactivity

BASC conduct problemsBASC conduct problems

.904.904

.878.878

.799.799

.791.791

.698.698

.516.516

.720.720

.607.607

__________________________________________________________
Scales Factor

______________________________1____ 2______3______4_



PFA of Parent BRIEF With BASC
Parent Rating Scale (Cont....)

BASC anxietyBASC anxiety

BASC depressionBASC depression

BASCBASC somatizationsomatization

BASCBASC atypicalityatypicality

BASC withdrawalBASC withdrawal

InhibitInhibit

Emotional controlEmotional control

BASC aggressionBASC aggression

ShiftShift

.764.764

.696.696

.661.661

.467.467 .531.531

.521.521

--.769.769

--.686.686

--.565.565
--.392.392

__________________________________________________________
Scales Factor

______________________________1____ 2______3______4_
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Development of Executive Functions:

Nonverbal Working Memory

Inhibit

Verbal Working Memory

Emotional Modulation

Plan/Organize/Monitor

0 - ?

3-24 mo

2–13 yrs

3–?? yrs

3–32 yrs



Romine & Reynolds, 2005; Applied Neuropsychology

Change in effect Size Across Childhood on
Performance Tests of Executive Function



Adolescence

"Youth today love luxury. They have bad manners,
contempt for authority, no respect for older people,
and talk nonsense when they should work. Young
people do not stand up any longer when adults
enter the room. They contradict their parents, talk
too much in company, guzzle their food, lay their
legs on the table and tyrannize their elders“

Socrates c 400 BCSocrates c 400 BC









SUMMARY OF ARGUMENTSUMMARY OF ARGUMENT
At ages 16 and 17, adolescents, as a group, are not yetAt ages 16 and 17, adolescents, as a group, are not yet
mature in ways that affect their decisionmature in ways that affect their decision--making.making.
Behavioral studies show that late adolescents are less likelyBehavioral studies show that late adolescents are less likely
to consider alternative courses of action, understand theto consider alternative courses of action, understand the
perspective of others, and restrain impulses. Delinquent,perspective of others, and restrain impulses. Delinquent,
even criminal, behavior is characteristic of manyeven criminal, behavior is characteristic of many
adolescents, often peaking around age 18. Heightened riskadolescents, often peaking around age 18. Heightened risk--
taking is also common. During the same period, the braintaking is also common. During the same period, the brain
has not reached adult maturity, particularly in thehas not reached adult maturity, particularly in the
frontal lobes, which control executive functions of the brainfrontal lobes, which control executive functions of the brain
related to decisionrelated to decision--making. Adolescent riskmaking. Adolescent risk--taking oftentaking often
represents a tentative expression of adolescent identity andrepresents a tentative expression of adolescent identity and
not an enduring mark of behavior arising from a fullynot an enduring mark of behavior arising from a fully
formed personality. Most delinquent adolescents do notformed personality. Most delinquent adolescents do not
engage in violent illegal conduct through adulthood.engage in violent illegal conduct through adulthood.





Conductor
Orchestra

TheThe ““Conductor MetaphorConductor Metaphor”” meets themeets the ““Frontal MetaphorFrontal Metaphor””





Phineas Gage: A changed man

“He is fitful, irreverent, indulging at times in
the grossest profanity, impatient of
restraint or advice when it conflicts with
his desires; at times pertinaciuously
obstinate yet capricious and vascillating.
His friends and acquaintances said he
was no longer Gage”

Harlow, 1868



STRUCTURAL BRAIN CHANGES

Lenroot et al. (in press; Neuroscience and Biobehavioral reviews)







Diagnostic Frameworks:

Neuro Function Psych/Med Ed

FrontalFrontal CognitiveCognitive ADHDADHD--II SLDSLD

PosteriorPosterior ExecutiveExecutive ADHDADHD--CC OHIOHI

LeftLeft LanguageLanguage TS/OCDTS/OCD OrthoOrtho

RightRight Visual/NVVisual/NV RADRAD SLPSLP

CorticalCortical LearningLearning ASDASD DeafDeaf

SubSub--corticalcortical MemoryMemory (NLD)(NLD) Vis ImpVis Imp

MotorMotor MRMR PDDPDD

SensorySensory EpilepsyEpilepsy MR/IDMR/ID
Social/Social/EmotEmot TBITBI TBITBI

BehaviorBehavior LDLD EBDEBD

AcademicAcademic



CLINICAL APPLICATIONS:
Pediatric ADHD











Pennington &Pennington & OzonoffOzonoff, 1996, 1996

ADHD Studies:ADHD Studies: ConsistencyConsistency EffectEffect

WCSTWCST PersevPersev 4/104/10 .45.45

Trails B TimeTrails B Time 4/64/6 .75.75

StroopStroop TimeTime 4/54/5 .69.69

MazesMazes 3/43/4 .43.43

Letter FluencyLetter Fluency 1/41/4 .27.27

Category FluencyCategory Fluency 0/30/3 --

TowerTower 3/33/3 1.081.08

Motor InhibitionMotor Inhibition 6/66/6 .85.85









Rating Scale ProfilesRating Scale Profiles




