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* A historical journey of 30 years of research on
the role of the frontal lobes

AHIGEFSCHOOLENMEACHER
NURNIINGRSYEH @IECGISIH)
¢ Early 1970s in Ontario, Canada: Report on
education:

* Current neuroscience emphasized
left brain —right brain

* Report: education was too much directed
to “left brain” (rote learning)

* Solution: release the right brain (creativity,
insight)

* Outcome: Almost chaos

VY GOISKY = LURIA=NAUNA/RPANIDNYA

* Vygotsky: Russian educational psychologist

¢ Luria: Social/Neuropsychologist. Hierarchical
brain organization

* Nauta/Pandya: All roads lead to Rome: frontal

lobes only brain region with connections to all
other parts of the brain

¢ and only region in which these are (almost
totally!) reciprocal

Real Solution: Teach and use the frontal lobes




THE CONCEPTUAL/EXPERINMENTAL
DIEEMIMA

* How do you study the “Highest” abilities like
“self"?

¢ If the frontal lobe are used in novel or complex
situations, how do you tease apart the various
experimental factors?

* The frontal lobes constitute 25-35% of the human
brain: How do you map answers to 1 and 2
onto this large expanse of brain?

OVERALIL GOAL

* To increase understanding of the functions
of the frontal lobes, aregion covering from
1/4 to 1/3 of the brain, which is still considered
unitary functional domain

PRIMARN OBJECTIVES

¢ Identify four categories of distinct processes
within the frontal lobes identified by recent
lesion research, with an emphasis on two
categories related to attention

* Understand the impact of task complexity and
context on brain attentional systems

* Introduction to the role of the frontal lobes in
sustained control of behaviours: staying on the
job!




SECONDPARN OBJECTIVES

* To provide current information on fractionation
of frontal lobe functions

* To suggest different research approaches
on how such fractionation can be achieved

* To increase knowledge of the use of clinical
measures of frontal lobe functioning

THREE SECTIONS to theWORKSHOR

¢ Definition and Models
¢ Attention and Memory — New Findings
- Value of Current Measures of Frontal
Lobe Functions

¢ Clinical Applications

NHREESECTIONS 1o the WORIKSIHOPR

* Definition and Models




SECTION ©NIE:
DEEININONS and VORELS

A. Definition of Executive Control

1. Highlights of different models
2. The modified Supervisory System

MY BRAINISOURITIS

* |s Executive Function (EF) related to Frontal
Lobes (FL)?

* Is EF necessarily related to FL?
* Is EF uniquely related to FL?

* What really is (are) “EF(s)”

DEEININION OFE
EXECUNIVE DN SEUNCIION

Impairments:
+ Initiation + Inhibition
+ Planning + Flexibility (Shifting)
+ Sequencing + Monitoring

Cause:

+ Most common after frontal lobe damage

+ Therefore, “Executive Dysfunction” and
“Frontal Lobe Dysfunction” are often used
interchangeably




BUI..

* Classic cases often have many more problems,
including significant personality changes

* Many of these classic cases have notable
amount of brain damage, and often caused by
trauma or hemorrhage

* How many of the observations were based on
large studies of individuals with circumscribed
lesions?

* What about frontal “dysfunction” in the normal
population?

DEEININIGNIGCE
EXECUNIVE BYSEUNCIION

* Moreover, “executive dysfunction” can be found
in many other types of patients with varying
amounts of frontal lobe involvement.

+ Alzheimer’s disease

+ Vascular Injury to deep circulations
+ Multiple Sclerosis

+ Traumatic Diffuse Axonal Injury

+ Psychiatric Disorders

SONEINIFIAIECONMIVIENIS

* Frontal lobe, central executive, executive
dysfunction CANNOT be used interchangeably

* What people call frontal lobe behaviour or
dysfunction can be found in the “normal”
population

¢ “Executive dysfunction”, central dysexecutive
syndrome, are psychological constructs not
neuroanatomical




ONE APPROACH
EOCUS on the ERONTAL LOBES

* Are there lawful distinctions (anatomical and
functional) within the frontal lobes?

* How do “frontal systems” fit in the picture?

* What's the interaction of frontal regions with
posterior brain regions?

SECTION ONE:
DEEININIONS2Rd IVIORELS

B. An Approach for Localization of Function
within the frontal lobe

1. The “standard” group localization approach
2. The architectonic localization: “lesion
functional imaging”

THECRENICAIEIVIOBEILS

Posner & Petersen

Mesulam

Normal & Shallice

P w0 DN E

Modified supervisory system
(Stuss, Shallice, Alexander, & Picton, 1995)




POSNERE PETERSIEN

The attention system:

* Own identity, but interacts with other parts of
brain

* A network of different functional anatomical
regions

* An anterior attentional system (in particular the
midline) interacts with a posterior attentional
system
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DEEININION oI
ERONTAILL LOBE DY SEUNCTION

Energization from Feedback to
Supervisory Supervisory
System System
Activation by Output to Effector
Perceptual Input System or other
or other Schema Schema

Lateral Inhibition
(Contention Scheduling

ANTERIOR ATTENTIONAL SYSTIEM:

EverPostlated Eronital Component
PlOICESSES

EII|CIM]|L

* Energize a Schema
* Inhibit a Schema

* Adjust Contention Scheduling
* Monitor Goal Fulfillment
« If-then Logic

ANTERIGF AAFFENFI@NALE SNSIFE Y
Siusgs, Shellics, Alecmncer, & Pleion, 1995
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SIUSTEAINING ATERENT G
Definition:

Attention to relevant events occurring at a

relatively slow rate over prolonged periods
of time

SUSIAININGAIRIENIION|

a energize task E | '\ Jcim] L
schema \
a by C
3 c
b inhibit competing J]-é{t/(\\
schema \
\
€ monitor responses g : t
on and off tasks
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CENTRAL
SULCUS

Supplementary Ventromedial
Motor Area (SMA) Frontal Pole
Premotor Area

Dorsolateral Ventrolateral

Primary Motor
Area

¥ Superior [ . Y
3 - i e Medial - ¥ M
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Anterior Cingulate
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SUREACS REGION CYICARCHIMECTIURE
Superior =—————o 10
POLAR
< Inferior — 10
ORBITO- 14,11, 13, 47/12
FRONTAL
9, 46, 9/46d, 9/46v, 8b, 8ad,

Dorsolateral =————
LATERAL < 8av, 6a, 4
Ventrolateral=——————— 47/12, 453, 45b, 44, 6b, 4

Superior Anteromedial—— 8b, 9
SUPERIOR Superior Posteromedial — 6a, 4
MEDIAL Paracingulate m———— 32

Cingulate ——— 24
Ventromediab—m——————— 14

INFERIOR Paracingulat 32

MEDIAL

Cingulate =————— 24,25

VIENHODOLOGICALNOINES

* Focus of functions of the frontal lobes

* Focal single lesions; vascular if possible but
understanding that need other etiologies
under specific conditions to get adequate
representation of the different brain region

» Chronic stage of recovery, so as not to
confuse recovery with brain-behaviour relation

* Brain-impairment relation

12



VIENFODPBLEOGICALINONES

* Isolate Processes:
* construct single tests, and then use this as
a scaffolding

» “Localize” Brain-Behaviour Relation:
« architechtonic “hotspotting”: lesion for each
patient mapped onto P&P architectonic
template

« for a particular measurement, performance of

individuals who have damage in a particular
region compared to all those who do not

VIETEOPOLOGICALENONES

« Criticism of Approach:
* Type | error

* Response: REPLICATION
* across tests that require same process
* across modalities (e.g., memory vs RT)
* across different patient groups

INTRODPUCHTION/BACKGROUNID

A. Neuroanatomical Approach

1. Classic anatomical classifications
2. Backward Engineering — start with
performance and search for anatomical

i. Split half

i. Control is base; divide patients based on
how different from controls

ii. Classification and Regression Tree

iv. Correlation of performance with defined
anatomical region

13



CAR.T.
CLLASSIEICATIONand

REGRESSION TREE

(Briemanietralaos)

» A regression technique that separates by
extremes of performance

» Using performance as the independent variable
enables investigation of which factor(s)
contributes to the separation

» Variables can be re-introduced at each iteration

* Process re-iterative until each subject is
classified into new anatomical groupings (n>5)
that provide the most separable performance-
based categories

[LOSS OF CONSCIOUSNESS > 1 % DAYS |
NO YES
GCS <13 1

LOC>3
= v | Vi

NO | YE
LOC ¥to 3

| PTA Duration in Weeks
(Stuss et al., 2000)
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ARCHITECTONIC CORRELATIONS

« Identified areas within the frontal lobes that were
damaged for each patient using Petrides and
Pandya (1994) architectonic divisions of the
frontal lobes

« If an individual patient’s lesion involved a defined
architectonic region, it was coded as 1 for
damaged; if not, it was coded as 0

« For abnormal slowing, for each P & P area, we
identified all patients who had a lesion in that area
and compared their RT by a t-test analysis to all
patients who did not have damage in that area

15



SONIMARY i SECTION!

* No matter what we do, research or clinical, we
have to have precise operational definitions of
our concepts, anatomy, and processes

* There are many different ways to study
specific brain-behaviour relations

* Lesions studies tell you which brain regions
are Necessary to perform any task

NEEESE EMAVEATEES
INFTROPUECTIONt6 SECTION WO

* There are separate processes within the
frontal lobes, each related to a different
frontal region
* Energization

* Executive Functioning
» Task setting
» Monitoring

* Metacognitive Processing

* Behavioural Self-regulation

ASSESSNENIE FOURIDOMAINS

A. Energization/regulation: superior medial
B. Executive/cognitive: lateral
C. Metacognitive: frontal poles,

primarily right

A. Behavioural Self-regulatory: orbital/
ventromedial

16



RATIONALE o FOUR
EUNCTIONAIL DOMAINS

* Two major divisions based on evolution of
cortical architectonics (Stuss & Levine, 2002)
— Dorsolateral: from hippocampal, archicortical trend
< Spatial and conceptual reasoning: executive cognitive
— Ventral(medial): from olfactory, paleocortical trend

« Emotional processing: behavioural self-regulatory

* Network connectivity — add action regulation

* Metacognitive — recent research

Superior Medial: | ppc:
Energization Executive Control

Frontal Pole:
Metacognitive

VMPFC: Behavioural and
Emotional Self-regulation

NELESENNHSAIFYOUNIOLIDEEN

Damage in different frontal regions result in
distinct attentional deficits; three (at least)

There is no generic frontal lobe dysexecutive
syndrome

The implied processes are “supervisory” in
that they control lower order processes

There is no overarching supervisory system,
no “ghost in the machine”, higher in the
hierarchy

17



THREE SECTIONS o theWORKSIHOP

¢ Attention and Memory — New Findings
- Value of Current Measures of Frontal
Lobe Functions

EEATURE INTEGRATION THESI}

Test Target Distractors
Simple JAN none

Easy Choice [::] |:| O A

Complex Choice VA ® E

blue red blue

Redundant Choice é E
red

green  blue

ROT™MAN
BAYCREST
BATTERY TO
INVESTIGATE
ATTENTION

18



ROEEIA

Reaction time tests involving manipulations of:

* Timing of stimulus presentation

— Rate

—ISI (Inter-Stimulus Interval)

« Stimulus complexity

» Context of stimulus presentation

ROBEBEIA
Test Target Distractors
Simple RT A none
Choice RT A B C D
Prepare RT V-\i,-s A B C D
NoGo A then B,CD B,C,D then A
Suppress X O X O HJT
N . )
IROBEEIAS
Test
Tap [ OR [
Tone-paced (1.5s) Self-paced (1.5s)
Concentrate 0000O
O Q O ood
Count - beep" ,“beep"l‘beep“ . OR ”bEEp" . "bEEp"
Fast Slow
(230-280 ms) (2500-3500 ms)

19



STUDY/PATIENTT OVERIEAP

Feature Neuropsychological ROBBIA
Integration Tests
Test
# of
Frontal 25 33-56 43
Patients
# of I 16 Il 3 I
Shared | |
Patients 0

STRUCTURE off DATA PRESENTATION

* TOP: Bar graph by coarse lesion
localization:

RL —right lateral;

LL — left lateral;

SM — superior medial;
IM — inferior medial

« BOTTOM: Architectonic localization

TEEETRI=)Y

*+ ENERGIZATION

—“The process of initiation and
sustaining of any response made”

20



ENERGIZATIGNE= S|V PEERINROBBIA)

400

380

360

340 4

RT (ms)

320

300

ENERGIZATION= CHOICE RIN(ROBBIA)

Target

A

1

Press Button 1

/

Distractors

B C D

4
/

Press Button 2

ENERGIZATION=CHOICERINRGBBIA)

900

800

700

RT (ms)
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ENERGIZATION= CHOICE RIN(EIT)

RT (ms)

800

700

600

500

400

ENERGIZATION=PREPARIEIRINRCEBEEIA)

+ <+ Warning Signal

3 seconds
or
1 second

before stimuli....

Target Distractors
A B C D

-

Press Button 1 Press Button 2

PREPARE ACROSS BLOCKS

900
850
800
750
700
650
600
550
500

O PRT-1 (0 sec)
M PRT-2 (1 sec)
[ PRT-3 (3 sec)
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ENERGIZATION=PREPARE RINROEBIA)

75

25

0
LL RL M SM CTL

RT Difference (ms)
8

ENEREIZAFICN = CONCENIFRAT = (ROIE|A)

00000
LUy

Press Button

ENEREIZATICN = CONCENIFFATE (ROIE|A)

700

600

RT (ms)

500 1

400




VIONITORING —TARPHROBEBIA)

z OR
< ) 4

/ /

Tone-paced Self-paced
(1.5 sec) (1.5 sec)

ENERGIZATION=TAP(ROBBIA)

200
Tone-Timed @ 150
Z 100 v
50
: i
LL RL M SM cTL
150 e
Self-Timed 3
S 100
50
0
LL RL M SM cTL T
4\\lﬂa~ PRI
ZW) A
) A
=S St

ENERGIZATION=VERBAL ELUENCY

« Letter Fluency: generation of words (no proper names)
beginning with F, A, and then S, over a one minute duration per
letter. Production was analyzed in the first 15, and the last 45,
seconds.

F A S
fun fern
fast flower

15S€C |forest  favle
first famous
flag fan
fruit
from

30 sec |fall
frown
find
fruit

45 sec | from
fall
fragrant

60 sec

24



ENERGIZATION = VERBAL ELUENCY

# Produced

Word Reading

RED BLUE RED GREEN BLUE RED GREEN BLUE
RED GREEN BLUE RED GREEN RED BLUE GREEN

Colour Naming

Incongruent Condition

RED BLUE GREEN RED BLUE RED GREEN GREEN
BLUE BLUE RED BLUE GREEN BLUE RED GREEN

STROOP - INCONGRUENIFERRORS

20
Y
2 15
L
g
g 10~
=
5,
0 I

Good Performers Poor Performers
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STROOP - INCONGRUENT ERRORS

Good Performers Poor Performers

N=22 N=12

ENERGIZATION
ai) Simple RT (ROBBIA) d) Concentrate (ROBBIA)

TN SR -\
{@?@ P @

aii) Choice RT (ROBBIA)

b) Choice Condition (FIT)
SIER ’!“If‘
STNNIE IR
S S~
c) Prepare RT (ROBBIA)

=

S

SUNMARN=ENERGIZAIION

* SM deficits demonstrated by prolonged
simple and choice RT, inability to
sustain preparation to respond,
inability to maintain consistent short
time intervals, diminished output in
verbal fluency, and Stroop errors

* SM frontal lesions results in decreased
facilitation of the neural systems to
make decisions and initiate responses

26



MIEEIESIEIEN]

* TASK SETTING

—“The ability to establish a stimulus-
response relationship”, requiring
formation of a criterion to respond to a
defined target with specific attributes,
organization of the schematato do a
task, and adjustment of contention
scheduling

NASKESETIING = CONCENNTRATNE(ROBBIA)

# of False Alarms
=
o

TASKE SEINING = SURBRESSH(RO)EEA)

Target: RED Target: BLUE Distractor: BLUE Other: RED
X (0] X H
I I L] Ll
12 12 1 2 1 2

27



JTASKESETNING = SURPPRESS (ROBBIA)

# of False Alarms
o - ~ w
-
C
Pl
=
=
%)
<
o
4
A

‘%

o
5

TASK SENTING — NOGCO(ROBBIA)

4
SE:I:E
2

1

0

M CTL

Vo A
&

# of False Alarms

TASKESEINING=CONPLEEX(EIN)
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TASK SEINIING =WIESI 126

Wisconsin Card Sorting Test, Three Conditions
i. 128 Cards: Milner Administration.

ii. 64 Cards (64A): administered after the 128.
Subjects told the three sorting criteria.

iii. 64 Cards (64B): administered after 64A.
Subjects were again told the three sorting criteria
and informed that colour was the initial criterion.
Also told that the criterion would change after 10
consecutive correct responses.
* o0

* [ K

A

Stuss et al., 2000

JASK SETTING = WESHF 126

3

Set Loss

TASK SEITHING = CVICir

Five learning trials, 20 minute delay, recognition trial

False Alarms are those words during the recognition trial that
are incorrectly identified as words presented during the learning
trials.

Learning Trials
Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

drill

parsley drill
B plums
vest

Recognition

YN Y N
sweater pepper apricots

oregano Jacket
flounder aspirin
rug wax
tires drill

29



TASK SETNING = CVICF

# of False Alarms

LL RL MEDIAL CTL

TASK SETTING

a) Concentrate (ROBBIA) e) WCST 128
&R P
g izt

b) Suppress (ROBBIA) f) CVLT 2003
AN G
&0 G

¢) NoGo (ROBBIA)
AR
&b

d) Complex Condition (FIT)

G
e

SIUMMAREIFASIES SIRFINE

» Task setting deficits were observed
in different RT tests, WCST, and list
learning

 Left lateral frontal damage impairs
ability to use task-instructions to
direct behaviour (Luria, 1966)

30



MIEEIESIEIEN]

* MONITORING

—“The process of checking the task over
time for “quality control’ and the
adjustment of behaviour”

MONFFORING — SIVPEE &
CHOICERINROBEIA)
- 5 different Inter-stimulus Intervals

(1s) (3,4,5,6, or 7 seconds), each
occurring 10 times randomly

* Short ISl =3 and 4 seconds

*Long ISI =6 and 7 seconds

VIONIFORING =S|IV PLERINROBBIA)

20
10

0
-10

ISI Effect

-20
-30

-40

31



VIONIFORINGI= CHOICE RIF (ROBBIA)

ISI Effect

-10
-20
-30
-40

40

30

20

10

0

VIONITORING = TAR(ROBBIA)

Tone-Timed

Self-Timed

Tone-Timed

&\\Yﬁ\
AP
IS 3

MISD

MISD

00

15

1

Nl I
0

LL RL M SM CTL
00
150
100
50
0
LL RL M SM CTL

Self-Timed

AN

VIGNINORING = CONPIEEXEIN)

# of False Negatives

ok N w » o
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VIONINORING=\WWIESIF6ZE

Set Loss

2
1
Oh
LL RL

.

VIONINORING— CVILI}

A list of words was presented and then immediately recalled by
subject for five trials. After a 20 minute delay, another free recall
trial without further stimuli presentation and a recognition trial
were administered. The dependent measure was the number of
False Alarms during the recognition trial.

Learning Trials
drill

plums Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
vest
parsley drill
N plums
vest
Recognition
YN Y N
sweater pepper apricots
oregano jacket
flounder aspirin
rug wax
tires drill

IVIONINORINGE=CVIS}

* Inconsistency:

+ the failure to recall aword on a
trial when it had been recalled on
the previous trial

33



WMIONAFORING = CVITF

6
4
0
LL RL

MEDIAL CTL

Inconsistency

MONITORING
ai) Simple RT (ROBBIA) d) WCST (64B)
N NB
= 53
aii) Choice RT (ROBBIA) ) CVLT 2003
AR SR
e e

b) Tap (ROBBIA)
IR AR
EBEp

c) Complex Condition (FIT)

ST
e

SENMMARN=IGNINCRING

* RL frontal lesions produce
impairments in monitoring and
checking of performance over time.

» Demonstrated in failure to show
decrease in RT in variable
foreperiods, to note errors and adjust
performance.

34
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A CLOSERIFOOK airSOME oiftle
“STANDARD” ERONTAL LOBE TESTS

Validity and Methods of Scoring

1. Verbal Fluency
2. Wisconsin Card Sorting Test
3. Stroop

4. Trail Making Test

CETNIER-BASEDELUENCY:

Words Produced
&

RF LF BF RNF LNF CTL

Original Groups

35



Right Dorsolateral - Lateral Left Dorsolateral - Lateral

Superior Medial - Right

Superior Medial - Left

Words Produced

CETNIER=BASEDELUENCY:

RDL LDL SM IM RNF LP LT CTL

Group

36



STANDARD LESION CLASSIFICATIONS

50
40
30
20
10

0

Total Words
Produced

& v e & &

RESTRUCTURED GROUPS
50 1
40 4
30 1
20 1
10 1

Total Words
Produced

VERBAL ELUENCY CONCLUSIONS

* CART procedure provided more precise
functional-anatomical distinctions

» Use of task analysis and correlation with
other measures provides a means for
differentiating separate processes

VERBAL ELUENCY CONCLEUSIONS

« Different frontal letter fluency processes appear
to contribute

* Initiation and activation SM & possibly
(first 15 seconds) LDL
» Direct semantic to lexical LDL

(correlation with naming test)

* Verbal articulatory rehearsal LDL; IM
(correlation with digit span backwards)

« Higher level associations LP
semantic retrieval (hypothesized)

*Sustained production (last 45 seconds) LDL; SM

37



WESIF-IHREELEVIEIESIOFE
ADMINISTRAIION

128: Standard administration of
all 128 cards

THREEICEVELS OF
ADMINISTRAIION

64A: Ss informed of the three sorting
criteria only, regardless of
performance

Standard administration of 64
cards

THREEITEVELS OF
ADMINISTRAIION

64B: Ss informed of the following:
3 sorting criteria
told to start with colour
warning each time criterion
changed (but actual sorting
criteria NOT mentioned)

38



WESIFDERPENDENIFVIEASURES

* Categories:
- the number of categories sorted with
10 consecutive correct responses

* Perseveration of the Preceding Criterion (PPC):
- all incorrect responses that contained a
match to the preceding criterion

WESIFDEPENDENIFVIEASURES

* Perseveration of the Preceding Response (PPR)
- exact repetition of the immediately
preceding incorrect response

» Set Loss:
- the number of times an incorrect response
occurred after three or more consecutively
correct responses

Rt Dproake . i X
e nLE
Loft Cosseaine . — " -
Suprugr Medial
& % &? @ 5
-’ﬁa. |§.;_'u.,k ".n{ *'5.‘-} ﬁ BE I?c?
Iritiizs Kedial

® M, '; :T? A,
S 'EEf ¥ W

,
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WESHF - CONITROIES

10 - E 128
@ 9 B 64A
xr 87 -
g 1l ]
-
) 5
z 4 1 -
NI
S 5, 4

8 |

CATEGORIES SET LOSS
10 - B 128
9 J B G64A
8 4 B 64B
7
6 4
5 4
4
34
2
1 A
0
RDL LDL RDL LDL
No. Categories Set Loss
10 - B 128
9 . B 64A
8 | 8 64B
7
6 4
5 |
4 |
3
2
1 A
0
SM IM SM IM
No. Categories Set Loss
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10 - B 128

9 . B G4A

8 | B 64B

7

6

5

4 |

3

2

1

0

RDL IM RDL IM
No. Categories Set Loss

WESHHIVPLICATIONS

* Support can help

¢ And you can use support to test how severe
the impairment is

* You can inform too much or too little

WESHHIVPLICATIONS

* IM lesions did not affect WCST performance
for most measures

* SM AND DL groups significantly impaired

¢ Patterns of performance differ

41



STROOP=HIME

Y Word Naming

220 ® Colour Naming

200 ®Interference
0 180
D 160
N—r
o 140
£ 120
i= 100

80

60

40

20

RF LF BF RP LP CTL
Groups
SIRCOPEERRORS

16

14 oWord Naming
n 12 B Colour Naming
6 10 Binterference
i s

6

4

2

0

RF LF BF RP LP CTL

STROOP - MEAN COLOURERRORS

Mean Errors

o B N W b~ OO O

Good Performers Poor Performers
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STROOR - VMEAN COLOUR ERRORS

e

Good Performers Poor Performers

Mean Errors

0 I
Good Performers Poor Performers

STROOP - INCONGRUENIFERRORS

Good Performers Poor Performers

/]

N=22 N=12
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COLOURNAVING Errors

LDL
o i Intact

R \jb L
"ﬁjf LDL
%ﬁ} Lesion ——
t 1234567 2 4 6 8

INCONERIEENIF
Errors
-

SM
Intact

¥

SM
Lesion

5 10 15 20 6 .8 1.0 1.2

STROOP TESIF CONCLUSIONS

» Left frontal lesions impaired direct colour
naming, complicating any interpretation of
a Stroop effect.

» Previous studies claiming left frontal
association with exaggerated Stroop
effect did not control for direct colour
naming

STROOP TESIF CONCLEUSIONS

Exaggeration of the Stroop interference
effect was observed in patients with
superior medial frontal lesions, usually
bilateral but some right sided alone

» Superior medial frontal region essential for
initiation, activation, and spontaneity
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1.75
1.70
1.65
1.60
155
1.50
1.45
1.40
1.35
1.30

125

RFL

RAIESA

LFL BFL RNF LNF CTL

25

2.0

15

1.0

Mean Log

0.5

0.0

RAIESHS

LFL BFL RNF LNF CTL

0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15

Mean Log

0.10
0.05

0.00

*

PROPORINGN
RS =SIRPA) VAIRA]

*

45



TRAIL MAKING THESHE
PEREORMANCE GROUPINGS

Trails B:
GROUP 1: 0-1 ERRORS

GROUP 2: 2-3 ERRORS

GROUP 3: >3 ERRORS

Mean Time (sec)

= N w N
o o o =} o
s} s} s} s}

ERROR GROUPS TRAILS B

Group | Group Il Group Il RNF LNF CTL

TRAIL MAKING TEST:
PROPORIIONTHIVMEIRIEINIA)/ANMA

Mean Proportion

8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0

Group | Group Il Group Il RNF LNF CTL
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TRAIL MAKING TESTFCONCLUSIONS

* CART did not work; TMT too multi-factorial?

* Used categorical analysis of errors, and
correlated specific lesion location to number
of errors using gamma, a measure of ordinal
association

NRAIE VAKING TESIFCONCLUSIONS

* Use errors and/or a proportion (ratio)
measure

* IM lesions did not significantly impair TMT
performance (lowest errors and fastest
time for frontal patients)

(see also lobectomy research)

* Greatest errors occurred with right superior
posteromedial damage, although not
significant (p=.11)

VIUSINGS enf ASSESSIVIENT G
ERONTALE COBEABIENIES
* Provided you isolate the processes, it doesn’t

seem to matter what test you use to identify
an impairment.

¢ Standard clinical tests can give you the same
type of information as do the experimental
tests. However, because they are often
complex, isolating the processes may be
difficult.

47



TRAIL MAKING TESTFCONCLUSIONS

* CART did not work; TMT too multi-factorial?

* Used categorical analysis of errors, and
correlated specific lesion location to number
of errors using gamma, a measure of ordinal
association
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NHREESECTIONS 1o the WORIKSIHOPR

Clinical Implications
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SECTIONNIHRIEE:
CLINICAILIVIPEICATIONS

The Role of Context in Assessment

1. Lessons from the WCST
2. Variability in performance

3. Effects of minimal changes in task demands

SECTIONTIHREE:
CLINICALLIMPIEICATHONS

The Role of Context in Assessment
1. Lessons from the WCST
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10 - B 128

9 . B 64A

8 | B 64B
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SECTHONNIHRIEE:
CLINICAICIVPIEICATIONS

The Role of Context in Assessment

2. Variability in performance
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CRIF TARGET CORRECT RESPONSES

First Visit Second Visit
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IYRES o1t VARIABILINY.

Group Variability (inter-individual variability):
« the differences in performance of different members of
the group around the mean of the group

Individual Variability (intra-individual variability - 1IV):
« the differences in performance of an individual

« Dispersion - the oscillation of performance during
a single continuous task

» Consistency - the degree of variability of an individual
between administrations of the same test either
within the same testing session (e.g., different blocks
of the same test) or over separate sessions of testing

—a— SM

,/‘.( \ a
100 4 —_

:’7

300 -
—a— LDL
¢ ——&— RDL
200 . —— M
N

Intra-individual Standard Deviation

Simple Easy Complex Redundant

EEEECT of ERRORS

General Effect:

*In the RL group, the association of errors with
intra-individual variability was significantly different from
the control group

Local Effect:
* Change in RT before and after an error indexes executive
control
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—— DL
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600 A

Mean Reaction Time

300

INCONSISTTENCY OVER
REREATEDIASSESSIVIENT

Simple Easy Complex Redundant
Mean
RT DL DL DL
SM
'Sl’gv& DL DL DL
NF SM

REELECTIONS

* Our initial approach to rehabilitation
emphasized strategic processes.

« If these processes can be fractionated,
does that mean that our rehabilitation
should be targeted to these specific
processes?

» Determining the ecological validity of
these approaches is a key next step.
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MAINRESULTS in VARIABIIEITRY

* The frontal lobes have several non-domain specific
control mechanisms:

i. Superior and lateral (perhaps in particular)
frontal regions - inconsistency of
performance

ii. Superior medial - maintenance of activation to
respond and of energization of various schemata in
the response set, not related to errors or speed

iii. RDL - 11V affected by errors

iv. LDL - 1IV related to establishment of criteria
for functional responses

SECTIONTIHREE:

CLINICAL IMPLICATIONS

The Role of Context in Assessment

3. Effects of minimal changes in task demands

INTEGRANMIEDISYSHEN S 2nd
TASHC B E ANPIS
» Demonstrating fractionation of frontal

lobe functions does not imply a set of
independent processes.

* Processes are flexibly assembled in
response to context, complexity and
intention over real time into different
networks within the frontal regions, and
between frontal and posterior areas.
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SPATIAIL SELECTIONTTASKS

* Three spatial selection tasks:
“Select-what / respond-where”

+ Identify and locate a defined target
stimulus and move a joy stick in same
direction

» Tasks varied:
Presence of distractor
Content of identification
Level of complexity

ONE TRIAL =SWWOIPRESENTATIONS

Prime Probe
@]
° . X
X o)

Centre Target Distractor
LU a A D(E,G)
uu A A D(E,G)
OoX . o) X
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Task Matching Characteristics

LU Letter *Variable mapping
«Central letter
Identification
sLiteral
Identification (e - E)

uu Letter *Variable mapping

«Central letter
Identification

*Perceptual Match (E - E)

OoX Symbol «Constant mapping

PATIENTS: RESULTSI COVMPARED
1O CONITROL SUBJECTS

Interference NP IOR

OX UU LU OX UU LU OX uuU I=U_|

Left Frontal ,r.-: B '.':' I:

) r-i r---':":',-----:-:

Right Frontal :.: [ ] .:.:: : :
1

Bifrontal E.E i.:: ' E
1

1

1

1

1

1

1

L—a o

Left Posterior '
1

1

1

Right Posterior

SIUMIMARNY of SIRATTAE
SELECHONSHUBN
« Apparent small changes in task

demands can alter the role of brain
areas and brain systems

* Lesion studies can be used to
identify brain systems

56



INT NP IOR
" o) - o)
; Tt |
L] O O :
@) @)
uu
- W t *
O O
(0,4
w 1:|O
L R L b R L R

ANTERIOR/POSTERIOR
NETWORKS

* There are top-down and bottom-up
anterior/posterior networks.

» These networks depend on the specific
process and task demands.

LET'S RETURN o the RIF TASKS

* Simple RT
* Choice RT

* Prepare RT
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» Demonstrating fractionation of frontal
lobe functions does not imply a set of
independent processes.

* Processes are flexibly assembled in
response to context, complexity and
intention over real time into different
networks within the frontal regions, and
between frontal and posterior areas.

CLINICALHNVIPIEICATIONS

* The case example: how to capture inability to stay on the
job

» One assessment of a frontal patient may not capture
dispersion or inconsistency

« Potential treatments

i. Dextroamphetamine (Bleiberg et al., 1993)

ii. Verbal self-regulation (Stuss et al., 1987)

iii. Target treatment to the mechanism, not the
symptom? E.g., RDL - develop feedback to monitor
their performance to distinguish correct from
incorrect responses
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TAS COVPEEMIRT

» Complex tasks may not be the best way
to understand frontal lobe functions

« Effect of task complexity is not
necessarily step-wise; different
frontal regions respond differently

TASKICONTIEXIF

» Apparent small changes in task
instructions can affect performance,
at least for some groups

—WCST: IM

— Spatial Selection Task: Lesion location
by task interactions

BIRAIINFSYESHIENS

* Move from brain regions to effect of
lesions on brain systems

* Brain systems may mean top-down OR
bottom-up interactions
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VARIABIEAR

* Fluctuations of individual performance are not
error variance: “the noise is the data”

* Increased intra-individual variability may be
caused by damage to specific brain regions

* Disorders of stability of performance reflect
top-down control. Since there are different types
of intra-individual variability, there are multiple
mechanisms of control

CONCIEUSIONS

» Many patients with frontal lobe damage perform
well on many attentional tasks

» There are several components within the anterior
attentional system. More will likely be
differentiated

CONCILUSIONS

» Testing many patients and precise lesion
localization is a key step, along with task
dissociations, in differentiating the components

* Lesion research can help dissociate component
structure of tasks
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