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Significant overlap between
ADHD & Reading Disability (Dyslexia)

(Reviews: Cantwell & Baker, 1991; Tannock & Brown, 2000; Catts 1999)

AOHD <— Dysiexia

“The presence of even a few inattentive behaviors in
early childhood should be
viewed as a developmental risk factor”

(Warner-Rogers et al., J Learning Disabilities,33:2000)
Inattention in Grade 1-2: associated with

“below average” academic skills

oral language, reading, written language,
number concepts and computation

poor classroom adjustment

low confidence, need for repeated
instructions
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Significance of Inattention in early childhood
for subsequent reading abilities

Inattention in kindergarten children as
reported by teachers, predicts poor
reading achievement in Grade 5

even after controlling for IQ, hyperactivity
& anxiety, reading ability in Grade 1

387 children followed from Kindergarten - Grade 5

(Rabiner & Coie, 2000; JAACAP 39(7) p.859-867)

What is working memory?

No concensus conceptual definition
A limited-capacity cognitive system
allows us to hold and use information “on-line” for a few

seconds (Baddeley, 1986)

Component of complex memory system

facilitates the temporary internal representation of information,

which is used to guide behavior over time

as a result, the individual does not have to rely on sensory
cues in the immediate context (Myake & Shah 1999)

Temporary activation of a memory network

for the execution of successive acts in a temporal structure of
behavior (Fuster 2000)

Working Memory Components
Myake & Shah, 1999

Multidimensional construct
Processes:
On-line maintenance (span)
Manipulation (updating, shifting)

Modality/representation:
Auditory/Verbal
Visual/Spatial

“ADHD”
Age 5-8

Dual-pathways

to reading problems in adolescence
McGee et al, JCPP 43(8) 2002

Hyperactivity
Ages 9 -11
Inattention Inattention
Ages 9 -11 Age 15

Word Reading Word Reading
Age 7-8 Age 15

Data from Australian Temperament Project & Dunedin
Multidisciplinary Health & Development Study: teacher ratings

What is working memory? (continued)

A system that embodies:
long-term memory traces active above threshold

procedures & skills necessary to achieve & maintain that
activation

limited-capacity, controlled attention” (engle, Kane, Tuholski, 1999)
A ‘retentive system’ to permit brief storage of information

uses same brain structures specialized for perceptual
processing of information

repeated modulation (rehearsal) is required to prevent
the activation fading with time and/or interference

this rehearsal is controlled by the circuitry that also
controls attention to external stimuli (i.e., selective
attention mechanisms) (onides, Lacey, Nee, 2005)

Functional significance of
working memory

It is this continually updated on-line, internal record of
information that is used to focus attention, resist
distraction, & guide decision making during complex
daily activity, such as listening & reading
comprehension, written expression, mental
calculation, & problem-solving
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Role of working memory
in academic achievement

Working memory processes are important
predictors of performance on national
curriculum achievement scores:

Verbal WM

Literacy: vocabulary, reading comprehension,
written expression

Quantitative literacy: math
Visual-Spatial WM
Science

Quantitative literacy: math
(Gathercole & Pickering, 2000; Jarvis & Gathercole, 2003)

Working hypothesis

Research Approach

ADHD: Educational attainment

Educational Outcome ADHD vs peer group

Low Achievement at School:
Grade repetition 2-fold risk
Low academic grades (C's/D’s) 2- to 4- fold risk
Achievement scores (reading, mathematics) 8% -10% lower
Placement in special education 2- to 4-fold risk

Early School Leaving:
Highest level completed 1-2 years lower
High school dropout 3-fold risk

Tertiary level attainment (college): o071 .
College GPA .7 lower GPA

Competing Hypotheses

Willcutt 2005 Diamond Tannock
(SRCD) (in press) (SRCD)

ADHD (inattention) | ADHD: Inattentive |Inattention

RD (orthographic) RD (dimensions not

specified)

Verbal working Verbal working Distinct patterns of

memory memory impairment among
components of
working memory

RD: verbal (span)
ADHD: visual-spatial

Study 1:
Meta-Analysis of Studies Examining Working Memory

in Children with ADHD
(Martinussen, Hayden, Hogg-Johnson, Tannock; JAACAP 2005)

26 empirical studies examining one or more components
of working memory in children with ADHD

Separate meta-analyses were conducted for each
working memory domain using a random effects model

Moderator variable analysis (meta-regression) was
conducted to examine the impact of controlling for
comorbid reading or language disorders or general
intellectual functioning on findings
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Meta-Analysis of Working Memory
Components in ADHD (Martinussen et al., JAACAP 2005)

Memory Domain Number of ADHD CONTROLS Standardized
Studies  (numberof  (Number of Mean
subjects) subjects) Difference

Memory
Visual-Spatial “ 318 304
Storage

Visual-Spatial 161 166 1.06
Working
Memory

Study 2:
Working Memory in Children with ADHD with and without
Comorbidity with Language Learning Disorders
(Martinussen & Tannock, J Exp Child Neuropsych; in press)

Four group design

ADHD (n=62)
ADHD+RD/LI (n=32)
RD/LI (n =15)
Controls (n=34)

Systematic, comprehensive clinical research
assessment

Children assessed on brief measures of working memory
with similar task requirements
Digits forward, Finger windows forward (verbal/spatial storage)
Digits backward, Finger Windows Backwards (verbal/spatial CE)

Effects of subtype and psychiatric comorbidity

Similar impairments in WM
ADHD, ADHD+ psychiatric comorbidity
ADHD subtypes

Inattention symptoms predicted unique variance on
both C.E. working memory domains independent of
covariates and hyperactivity symptoms

4% of the variance in verbal C.E.
5.3% of the variance in spatial C.E.

Conclusions from Meta Analysis

Children with ADHD exhibit moderate to large deficits in
multiple domains of working memory that cannot be
attributed to comorbidity with language learning
disorders

Modality may be a critical issue

However, few studies to date have examined:
multiple components of WM concurrently or,
used parallel measures across domains, or

controlled for comorbid reading and language
weaknesses simultaneously

ADHD: Working memory, mattentlon

Study 2: Conclusions

Verbal storage deficits associated with RD/LI
but not ADHD

Inattention symptoms related to C.E. WM
deficits (but not hyperactivity-impulsivity)

Suggests differential pattern of WM
impairments in ‘ADHD’ and ‘RD’
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Study 3:
Working Memory, Controlled Attention, and Behavior in

Elementary School Children
(Martinussen & Tannock, submitted)

63 non-referred elementary school children
aged 8 — 11 years

Neuropsychological measures

Verbal storage: CTOPP Digit span, CELF-3
sentence repetition

working memory: SOP, Finger Windows (WRAML)

Controlled attention: stop signal inhibition, Stroop
interference

Rating Scales
Behavior —Conner’s Parent Rating Scale (CPRS-R-L)
Behavior Rating Inventory of Executive Functions (BRIEF)

Results: attention linked with WM in typically
developing children

CPRS BRIEF BRIEF |BRIEF BRIEF
BRI Inhibit Working
Memory

” N\,
1---

Replication in a Water Park!
(Lui & Tannock, submitted)

Community sample
142 7-12 yr olds
50% females

Volunteers recruited from
visitors to Water Park

Measures
Parent ratings of child
behavior: SWAN
WISC-III-PI Digit Span
(F/B), Spatial Span (F/B)
Novel real-life WM task
(CEAEE )

Digit Span Forward -.05 -.16
(auditory-verbal memory span)

Digit Span Backward -.07 -.16
(auditory-verbal WM)

Spatial Span Forward -.09 -.003
(visual-spatial memory span)

Spatial Span Backward -.25* -.04
(visual-spatial WM)

Key Search Forward -.12 -.07
(real-life memory span)

Key Search Backward -.24* -.003

(real-life WM)

Working Memory related to parent ratings of
metacognitive function & inattention

Community sample of typically developing
children

Performance on WM tasks associated with:
Parent BRIEF Ratings of their child’s ability to
initiate tasks, plan/organize, and monitor
- independent of age or IQ
Severity of parent ratings on behaviors such as:

Forgetful (e.g. Sent to get something, only
remembers some of the things)

Difficulty staying on task
Easily distracted, forgetful

Martinussen & Tannock, submitted

Study 3: Regressions analysis reveals that WM (but
not inhibitory control) predicts inattention; neither WM
nor inhibitory control predicts hyp/imp symptoms
Predictors Beta Partial r

(variance: 32%)
Age .20 .19
SSRT .22 .18
Y -46* (p < .01)

(variance: 18%) ns
Age -.07
SSRT .05
WM -36 (p<.1)

Inattention is significantly associated with visual-spatial and

real-life WM (even after controlling for Hyperactivity/Impulsivity)

SWAN Inattention SWAN

(controlling for SWAN  Hyperactivity/Impulsivity
Hyperactivity/Impulsivity) (controlling for SWAN Inattention)
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WM & Inattention: Results from
community sample in Water Park

Parent-rated inattention symptoms on SWAN I m p l I Cat 10Ns fO I
accounted for 5% unigue variance of assessme nt &

visuo-spatial WM

standardized WM tests (WISC-I1I-PI: spatial span | n te rven t | on

backwards)
Novel real-life task (key search backwards)

parent-rated symptoms of
hyperactivity/impulsivity was unrelated to WM

Implications for assessment & intervention

Triad of problems in ADHD

‘ADHD’ and ‘RD’ (& language learning
disorders) may share a neuropsychological
weakness in one or more components of
working memory

Inattention, hyperactivity, reading abilities,
working memory should be routinely
assessed in children referred for problems in
attention, behavior, and/or learning

Meta-Analysis of Methylphenidate Effects on Working Memory

“ Pay attentl on to I n attentl on ? (Bedard, Hogg-Johnson, Tannock, submitted)

Inattention, albeit less overt & disruptive in the

classroom, is a risk factor for subsequent poor Ve Cieion

educational outcome AuditoryVebal  Mcmnesetal, sibmited 16 16 32 -672 772 888
23 23 46 -006 1209 048

Auditory-Verbal - Tannocket al., 1995
Auditory-Verbal  Zeiner etal., 1999 % 36 72 -177 768
150 014 659

NI N2 NTotal Lower Upper PValue

Children with marked inattention and reading uony e © "
difficulties in kindergarten/Grade 1 may fail to Vossp  Beaetd, 04 % % @ 2 85

Vigsal-Spatial  Berman etal., 1999 717 010 1454

benefit from class-wide reading programs VoSpeiel  Meaetdl 200 1 14 7 40 1104

Vissal-Spatial  Rhodeset al., 2004 75 013 663

(Rabiner & Coie, 2003) VisabSpatial  Tumeretal, 2005 B 18 59 818
’ Rardom  Visual-Spatal 5) 150 150 1 5

Most likely will need specific focused instruction Ferdom Carbined ) 5 225 P

Favors Placebo Favors MPH

Target working memory (as well as reading
skills, behavior) for intervention
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. : : Teaching: A balancing act
Implications for Education .

Low working memory gredicts gelow-

average gerformzrice ol ratonzl

curriculurr ir) liriguzige airts ancl rzain,

Ir1 & - 7 yezr-olds @aisols 2 iy, 2000)

Stimulant treatment has only/ selective &
modest efiects on WM in ADIHD.

Implications for the
Classroom

Target
Language, cognitive & academic

problems associated with ADHD
as well as
behavioral symptoms

Computerized Cognitive Training of Working Memory Multi-Media Training Program for Teachers:
in Children with ADHD (Sponsored by TVOntario, HSC, Shire)
—a Controlled, Randomized, Double-blind Trial
Klingberg, T (MD, PhD), et al Reflection
Karolinska Institute, Stockholm, Sweden.

And Analysis Student
Curriculum
* WM tasks: computer program (RoboMemo®, from Cogmed Cognitive

10 Profile
Medical Systems AB, Stockholm, Sweden (www.cogmed.com) <

X . . " . Analyze i
~visuo-spatial WM tasks (remembering the position of objects) as well P s Tty S D e
as verbal tasks (remembering phonemes, letters or digits)

" ST E weaknesses
Eezifline st el

«Comparison condition identical to the treatment - but difficulty of the Gorliz

WM trials remained on the initial low level

*RESULTS:

Parent ratings of inattention & hyp/imp improved at nstructional
post-intervention & follow-up

EziplejUiztefe
sImprovements in WM, response inhibition
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Rethinking th
ADHD: instr

lr
1

e DJ
ctio Types of cognitive learning strategies

|
(Minskoff & Allsop, 2003)

Learning Context
Redu(.:e amount of work given to student at one time MFEmEREs Graphic Organizers
Instructional Supports
Visual cues to help student remember main goals and
guidelines for completing the math
Instructional Language _ ;
Simplify: repeat key points, Verbalization Multi-sensory learning
resequence steps
Student’s Learning Strategies

DRAW for math
use visual cue sheet for the steps in DRAW as an additional
instructional support

Visualization Structured Steps

DRAW for basic math

from Teaching Students with learning Problems,
Mercer&Mercer, 2001

Discover the sign
Scan the problem
Circle and say name of operation sign
Say what the sign means
Read the problem
Read the whole problem
Say the problems aloud as you read it
Answer or draw & check
Answer problem if you know how to solve it
Or draw picture to solve it
Check your answer

Write the answer




