s

INTRODUCTION

“The significance of excessive motor actvity or hyperactivty has varied considerably n the conceptualization of atention-defiithyperactiviy disorder (ADHD) during
the past century. Hypslactmly, initally considered th disorder’s dominate feature in early clinical and theoreical descrptons, i curentl viewed as ubiquitous

behavior secondary to per (Barkley, 1997). No study to date h ically investigated the relationship between model-mplied deficts and
objective measures of children's actvty level.

The nascent working memory (W) model (Rapport et a., 2007), however, postulates that aciiviy level is functonally related to challenges to underlying WM
systems. Specmcany the model proposes that challenges to underlying WM systems engender increased movement in al children s a process that augments
arousal necessary for task performance. Higher raes ov ovement are prciced 1 occut underdentical W expeimental condions i hidren it ADHD reiative
otypically developing (m; children to compy with the disorder.

The present study examines whether objectivly measured activty levelis functionally related o children’s WM performance when assessed in a controlled setting
underdental,systematal maripualed experimentlparameers. A seis of experimenal paracigns - dsslgnsd o assess phonological and visuospatial WM
based on Baddeley's (2007) model - was used to examine children's WM p eir actigraph d activiy level. A visual
schematic of Baddeley's model is depicted in Figure 1.

Baddeley’s (2007) model views WM as a mult consisting of phonological (PH) and visuospatial (VS) - that are
ach quipped wih  niqu nput rocesso,bufle o te emporrysor of modalt secif nformaion (P V), and rehearsal mecranis. Tre dorrain
general central executive (CE) pi d coordination of , rea demands and pmwdes alink
betiween WM and long-term memery. The d\snnm funcloning o h two
h, Jonides, & Koeppe 1956, neurimagining (Fassbender & Schweizr zuus; o fadnrana\ync

(Aloway, Gathercole, & Pmkermg‘ zuum investigations,

Children with ADHD and TD cidren were both expected to exhibitincreased motor activity while performing W tasks relative to a control condition as predicted by
the WM model (Rapport et a,, 2001; Rapport et al., 2008). No predictions were offered concening whether motor actviy would increase to some minimal threshold
level to reflect general W task demands (., eflecting primarily CE processing and focused attention), or rise incrementaly in response o the greater number of
stimulito be recalled (i, reflecting storage-rehearsal loop processes). The issue was addressed statstcally, however, by solating and subsequently comparing
actiity level associated with the domain general CE and subsystem (PH, VS) processes. Chidren with ADHD were also predicted to exhibit significanty increased
motor actvty relative to TD children across both WM modalities (PH, V). Finally, groups pared under minimal before and

i i o address i belief with ADHD s ubiquitous and

after g with
unrelated to setinghtask variables (Porrino et al, 1983).

METHOD

Participants

Twenty-three chidren (117D and 12 children with ADHD) between the ages of 8 and 12 years (M = .04, SD = 1.36) pariicipated in the study. Al children and their
parents participated n a detailed, semi-structured cinical interview using the K-SADS. Chilren with ADHD met diagnostic citeia for ADHD-combined type and
stringent rating scale cutoff crteria (>2 SD) on the Child Behavior Checkist (CBCL), Teacher Report Form (TRF), and Child Symptom Inventory (CSI); TD children
scored within the normal range on these instruments. Six ofthe children diagnosed with ADHD were comorbid for Oppositional Defiant Disorder (ODD); none were
receiving medication during the study. Children that presented with (2) gross neurological, sensory, or motor impairment, (b) istory of a seizure disorder, (c)
psychosis, or (d) Full Scale IQ score less than 85 were excluded from the study.

Measures

MicroMini Motionlogger® (Ambulatory Monitoing Inc., 2004) actigraphs were used to measure chidren's activiy level (see fiure 2). The acceleration-sensitve:

devices resemble a wristwatch and were set to Proportinal Integrating Measure (low-PIM) mode, which measures the intensity of movement i., quantifies gross

activiy level). A histogram of msasured volage ovr tme s depictedin figure 2 Moverent was sampled 16 tmes per second (16 Hz) and colapsed no t-miute
D Action-W2 (Ambulatory Monitoring Inc., 2004)to calculate mean

actutyrequencies for eachchid durng th coirol and WM taks descrbd belo.

Children were told that the acigraphs were *special watches" that et them play the computer leaming games. The Observer (Noldus Information Technology, 2003)
live observation software was used to code start and stop times for each task, which were matched to the time stamps from the actgraphs. Actigraphs were placed

immediately above chidren's left and ight ankles using Velcro watch bands. Ankle placement was used i lieu annmk placement s 0 th improved sensiiy of
the former for detecting movement (Eaton, McKeen, & Saudino, 1996). A third dre wist only, b
and both conrltasks required hand movement (sing th prefered hand),which would have confounded ps activty level across tasks.

pal

Mul-ste actigraph loted phonologica (verbal) and visuospatia (nonverbal) WM tasks across four memory set
size conditions based on Baddeley's (2007) WM model. Children with ADHD iy shownto exibit signican WM defcs elativeto TD chilrenin botn
WM subsystems using these paradigns (Rapport et a, 2008). The VS and PH WM by Rapport et al. (2008), and are depicted
in Figure 4.

Control conditions

Children's aciiviy level was assssssd il s o Ao Pkt g ke consece inuos o i b (G and s (€2 ol me PH

and VS W tasks d hof s The Paintprogram served as pre and postcondions m assess and con

for potentil within-day nactvy evel e, " Cnidenatn and sed for the. WM

tasks whl iracing it  progeam hat place rlatelymodest demands o WM (.. e Pint program allws chidren f rawipeintanythinghey ke on the

monitor using  variely ofneraci 10).The 4 preand 4 post oondmons Were separately averaged to create pre and post composite scores due to preliminary
in children's activiy level > .10). Successfulineraction with the Paint program requires cenral executive

processes such as focused attention and interaction with long-term memory as wellas limited PH and VS bufferfioop processes.
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Figure 1. Adapted and expanded version of Baddeley's (2008) working memory model Figure 2. 004)

and associated anatomical loci.
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Table 1. Sample and demographic variables

&

RESULTS

Data Screening

ffect size of 077 was calculated from three studies providing actigraph means and SDs for chidren with ADHD and T chidren during academic (McGrath et al., ef)
nd Iaboratory (Dane, Schachr, & Tanock, 2000;Halpern, Mater, Bed, & Sharma, 1992 tasks. GPower sofware version 3,05 (Faul Ercfelder, Lang, & Bucher, 2007) s
used to determine needed sample size using this ES, with power set to 80 as recommended by Cohen (1992). For an ES of 0.7, a = 05, power (1 - B) = 80, 2 groups, and 6
repetitions (C1, C2, PH 3-6), 16 total subjects are needed for a repeated measures ANOVA to detect differences and reliably reject Hy. Table 1 depicts sample and demographic
variables.

Tier I. Composite Scores
A2 (group: ADHD, TD) by 2 (modaliy: VS, PH) mixed-model ANOVA revealed significant main effects for WM syster (p <.005) and group (p < 001). Al chidren with ADHD moved
more during the PH task relatve to the VS task. Children with ADHD moved more than TD chiidren during both the PH and VS conditon. The system by group interaction was ot
significant (p > 0).

Tier Il: Set Size
Phonological. A 2 (group) by 6 (C1, C2, PH set sizes 3-6) mixed model ANOVA revealed significant meain effects for condition (p <.0001) and group (p <.0001). Children with ADHD
moved significantly more than TD children on all conifions. The group by condition nteracton was significant (p < .0005). Post ho tests for the interaction revealed that children
with ADHD moved more during all PH set szes (set sizes 3-6) compared to TD children (all p < .04). The pattern of activty level across the PH conditions (et sizes 3-6) differed
between the groups. Activity level for chidren with ADHD did ot difer signifcantly across the PH condiions (set sizes 3-6)(all p > 05). Activiy levelfor TD children, n contrast, was
ot statistically different under PH set size 3 and 5 (p > .05) but was significanty less under PH set size 3 relative to PH set sizes 4 and 6 (all p < 05). Figure 4 depicts activitylevel
measured as children completed the PH task.

Visuospatial. A 2 (group) by 6 (C1, G2, VS set sizes 3-6) mixed model ANOVA revealed signifcant main effects for condition (p < .0001) and group (p < 0001). Children with ADHD
moved significantly more than TD children under all conditions (C1, C2, VS set sizes 3-6). The group by set size interaction was significant (p < 0001). Post hoo tests for the

interaction revealed that chidren with ADHD moved more under all VS set sizes condiions (3-6) relative to TD children (allp < .01). The pattern of activiy level for children with

ADHD and TD children was not significantly difierent under the VS and control condiions (G, C2, VS set sizes 3-6). Al children moved more under the VIS conons (set sizes 3-6)

relative to contol condtons (C1, C2) (ll p <.006). The aciiviy level for bom groups of children (ADHD, TD) did not differ significantly across all VS set izes (3-6) (allp > 05).
Figure VS ta

Tier Il Latent variable analysis
The extent to which group differences in PH and VS actvity with the domain tWo subsid VS and PH
bufferfoops) were e, Siatsia e ion tehnues wereused 1 partal achy vl raed o e varals of et phordogil bufferfehearsal loop (PHBL),

BL), an (CE) (Rapport e al., 2008; Swanson & Kim, 2007). The three
derived variables were sumecud to.an independent samples test to determme whelﬁer wl\dren wﬂh ADHD and TD chiden dredinhe quaniity of activiy level related to central
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Figure 4. Motor activity during phonological tasks,
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Figure 5. Motor activity during visuospatial tasks.
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n the three derived in activy level
associated with he CE, VS and PH performance, withchidren with ADHD evmcmg hlgber levels of actiiy level assuma\ed with WM perormance (al p < 05).
Tier IV: Control Condition
Latent variable analysis was used in the inal tier to which between-group activty level the pre and post jons (C1,

‘ubiquitous hyperactivity in children with ADHD or the influence of minimal WM demands associated with the Paint program. This procedure involved deriving residual scores from
linear regression analyses, with residual scores reflecting activy level tha s unrelated to WM. An independent sample ttest on the derived variable did not ndicate a signiicant
between group difference in the control condition after removing variance in activity level associated with children's WM (p > .05).

DISCUSSION

of activiy level while child

‘working memory tasks allowed direct examination of the relationship between working memory and hyperactivity, providing
the comrelational studies described abov

incremental

The curtent study demonstate a functonal laonship between Wit and activily vl nchidren. Cidren wllh ADHD and typically developing children exfibited increased motor
activty while performing WM tasks relative dicted by the working ort et ., 2001; Rapport et al., 2008). Children with ADHD
exhibited slgmﬁcanny increased motor anl\ww relative to TD chidrenacoss ot working meray modaiies (FH Vs). This finding is consistent with recent experimental (Rapport
etal, 2008) and met Hayden, Hogg-Johnson, & Tannock, 2005) i deficient CE, PH, and V'S WM processes relative to typically
developing cnnmen

Activiy level for children with ADHD was ot significantly diferent across the PH and VS set size conditions. This finding suggests that motor activiy increases to a minimal
threshold level to reflect primariy CE processing and focused attention. Actvty level for TD chidren rose incrementally n response to the number of stimulito be recalled on the VS
task which suggests that motor activity for TD chidren during the VS task partly reflects storage-rehearsal loop processing. Examination of activity level associated with the two-
independent subsystems and central executive revealed that chidren with ADHD evinced higher levels of activty level associated with W reative to TD children of simlar age and
inteligence.

Collectively, these restits demonsirate a functiona relationship between WM and actvtylevel i children. The resuls of the present study challenge prevailing belefs concerning the
ubiquitous nature of hyperactivity (Porrino et al,, 1983).
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