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Measuring the Development of Executive Control With the Shape School

Kimberly Andrews Espy
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Jessica Martin
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Rebecca Bull
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Walter Stroup
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Although several neurodevelopimantal and psychiatric disorders can emerge during the preschool peried,
there are comparatively few instruments Lo assess executive control, Evidence for validity of the Shape
School (K. A. Espy, 1997) was examined in a sample of 219 typically developing young children. There
was good evidence for validity, as Shape School performance variables were inferrelated and were
associated to other eriterion measures considered to measure aspects of excrutive control, Also suggest-
ing validity, the Shape School variables varied as a function of whether the task demands (a) were
cxgewtive, (h) required inhibition of a prepotent response or context-controlled selection among relevant
stimulus—response sets, and (¢) included unitary or concutrent processing. The Shape School may be an
effective tool by which t measure executive control in young children who have atypical developmental

pattermns,

Keywards: executive function, cognitive assessment, preschoolers, hicrarchical lincar modeling

Despite widespread recognition that executive control develops
significantly during the preschool years; plays & central role in
cognition, academic learning, and social behavior (¢.g., Bull,
Johnston, & Roy, 1999; Desimone & Duncan, 1995; Espy, Me-
Diarmid, Cwik, Senn, Hamby, & Stalets, 2004; Gathercole &
Pickering, 2000; Hughes, 1998b; Hughes, White, Sharpen, &
Dunn, 2000; Isquith, Gioia, & Espy, 2004); and is affected it those
who have diverse clinical disorders {c.g., Anderson, Anderson,
Grimwood, & Nolan, 2004; Espy, Kaufmann, & Glisky, 199%;
Espy ct al., 2002; Ewing-Cobbs, Prasad, Landry, Kramer, & De-
Leon, 2004 Pennington & Ouzonoff, 1996), there are few validated
instrumerits available to measurc these abilities. Young children
have a more limited knowledge base, are less verbally proficient,
are more impulsive, and have more difficulty attending, factors
that constrain their performance on complex executive tasks. Thus,
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maodern efforts have focused on careful design of developmentally
appropriate tasks that engage young children in order to better
capiure their executive abilities,

Although there are many different models of executive control,
the most promitent in pediatric ¢linical neurapsychology inelude a
fractionated-ability structure of working memory, inhibitory con-
trol, and adaptive shifting/rule-governed behavior (2.g., Anderson,
1998 Levin et al., 1996; Welsh, Pennington, & Groisser, 1991).
What the vatious accounts diffet in is the relative weights ascribed
to these executive constructs and when or how they arc combined,
whether they are differentially localized within the brain, and when
ot how they develop during ¢hildhood. In contrast, recent studics
in developmental cognitive newroscience have manipulated spe-
cific task demands (e.g.. increasing working memory load, de-
creasing inhibitory demands) to characterize executive control
organization (e.g., Diamond, Briand, Fossells, & Gehlbach, 2004,
Espy. 1997; Zelazo, Mueller, Frye, & Murcovitch, 2003),

Regardless of the exceutive control mode] wtilized, studies of
normative executive control in preschool children use several
paradigms: (a) rule-governed, attribute-based sorting tasks (e.g.,
Espy, Kaufmann, McDiarmid, & Glisky. 1999: Hughes, 1998a;
Dimengional Change Card Sort [DCCS]), as discussed in Zelazo,
Frye, & Rapus, 1996); (b} manual selection or verbal naming of
stimuli that conflict or interfere on the basis of natural associations
(e.z., Carlson & Moscs, 2001; Diamond, Kirkham, & Amso, 2002;
Wright, Wateyman, Prescott, & Murdoch-Eaton, 2003), and (r.-)
manual s:arch tasks that lmpcsc' wm'kmg mmury demands (c £,

. Ko,
tent or pmlubnwd somatic MOtOF FESponses fclg %oqi&Moﬁa 5
2001; Espy, Kaufmann, McDiarmid, & Ghsky, lm.)Kmhmska.
Murray, Jacques, Koenig, & VandegeesL 1996; Reed, Pien, &
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Rothbart,
d:mcnsmns
. 'f’he ﬁrst of these dlmensmns is the typc of inhibition rcqum':d
I some. tasks, the child must suppress somatic motor responses,
for cxample by remaining sulI while the examiner tries to distract
him or her. In others, inhibition is more “cognitive™; that is, an
internally represented rule or responsc set that had been previously
active must be discngaged subsequently and controlled if the child
15 10 engage and implement another response. Fricdman and Mi-
yake (2004) found evidence for this distinction using structural
cyuation modeling to parse normative adult performance on those
tasks that require inhibiting a prepotent response or resisting
interference from distraction that is imrelevant to the current task
from those involved in resislance (0 proactive interference from a
previously sctive rule or response set. However, Diamond recently
has argued that a common mechanism, “attentional inertia,” un-
derlies the classic dysexecutive behavior that young children dis-
play across tasks (Kirkham, Cruess, & Diamond, 2003). In an
grgument akin to the “task-set inertia" concept from the adult
cognitive literature (¢.g., Allport, Styles, & Hsich, 1994), she states
that performance 15 disrupted when the young child's attention gets
pulled away from the response set at hand by conflicting stimulus
propertics, thereby leading to the classic dissociation belween
knowledge and action. Inhibition resolves the conflicts ameng
stimulus propertics, response mappings, and current context de-
mands, allowing the child to select and activate ohe rule or
response in one context, then cognitively disengage when the
conlext changes, and in turn select another competing but now-
relevant responsc or set (Miller & Cohen, 2001). In these studies,
in which inhibition can be described as context-controlled selec-
tion, a manual response often is the responsc method (e.g., button
press), but it is not itself 4 target of inhibition per se. [t remains to
be determincd empirically how “attentional incriia™ might operale
in the intcntional suppression of a somatic mMotor respoRse, or
whether in fact these two inhibitory processes are distinguishable
in young children (Bishop, Aamodi-Leaper, Creswell, McGurk, &
Skuse, 2001; Nigg, 2000).

Sceond, the nature of the conflict varies, In tasks requiring
suppressian of executive motor response, conflict often is with a
prohibited action or previcusly rewarded response. In “Day-
Night" (Gerstadt, Hong, & Diamond, 1994), Luria’s Tapping task
{Mhamond & Taylor, 1996), and Dots (Diamend et al., 2004), the
executive demands require a response that is counter to the “nat-
wral™ stimulus-responsc mapping that is built from the everyday
sensory, motor, and linguistic environment (¢.2., saying “night” to
a picture of the sun in the sky). In contrast, the DCCS utilizes
conflict between the stimuli properties and the required response,
but the conflict between the two dimensions is arbitrary (e.g., color
is not inherently related 10 shape). Conflict demands appear critical
to invoking executive control, as some postulate that it is the
conflict between stimulus—response mappings and new reward
contingencies that deives prefrontal activation (e.g.. Miller, 2000;
(¥ Reilly, Noelle, Braver, & Cohen, 2002). For cxumple, 3-year-
olds can sort the conilicling cards successfully when the second
dimension is not present { Brooks, Hanauer, Padowska, & Rosman,
2003) or is irrelevant 1o sorting (Perper & Lang, 2002; Rennie,
Bull, & Diamond, 2004). or when the response is not canonicatly
related (Diamond ¢t al., 2002).

1934) Noic that these lasks vary along several

The demands on working memory and short-term storage also
vary; ?mh tasks such as Six Boxes’ (‘Dmmond et al.. 1997) and
Noisy Bk (Highes, 1998a) involving mgmﬂcam siorage’ de-
mm:ffﬁ“” tiére: dtlim's including” vanous delay tasks'(e ., Carlson

’i’lu s, 2001+ Kochanska et al., 1996), appcar to require little
mfonnauon to be retained onlme to guide subsequent performance,

Finally, most exceutive tasks for preschoolers developed to date
are nopverbal-—an advantage for assessing young preschool chil-
dren with less mature verbal skills. However, given the rapid
increase in verbal proficiency in this age range, and the importance
of executive skills in the more verbally laden academic conlext in
the transition to formal schooling, it would be useful o have wols
to assess individual variances in cxecutive abilities that utilize
verbal material. Performance on such tasks may be more highly
related to outcomes of interest that load heavily on verbal skills,
such as reading and mathematics.

Because a central interest in the cognitive developmental liter-
dlure has been to characterize at what age a child “passes™ or
“fails" a given task, the sensitivity of many experimental tasks is
restricted to a narrow age range. Such tasks are not well suited 10
climical use in evgluating children of varying ages. Furthermore,
basic psychometric properties, such as reliability and validity, have
not been studied, a process critical in the Clinical context where
“high stakes™ judgments about individual children are made, De-
termining reliability for executive tasks is complicated, however,
as novelty, salience, and difficully play important roles in invoking
executive control, both on cognitive (e.g., O'Reilly et al., 2002)
and neural levels (e.p., Barch et al., 1997; Casey et al., 2001). The
purposc of this study, then, was to investigatc cvidenee for validily
of a newly developed measure of executive control, the Shape
School (Espy, 199D, in a large, diverse sample of young children,
first by examining internal associstion and variable interrelations,
then by investigating predictive associations with other cominer-
cially available, validated cxecutive tasks, and finally by determin-
ing task sensitivity to differing executive demands and to tndivid-
ual background characteristics,

Method

Farticipants

The sample was composed of 219 typically developing children who
ranged in age from 3 years 6 months to 6 years | month (M = 4,82 years,
SD = 0,50 yzars), There were 119 girls (54%) and 100 bays, Consisient
with the demographics of the local area, 85% (# = 187) of the sample was
Caucasian. Of those of minotity race/ethnicity, 72 children were Alrican
Amercan, 8 were Asian, and 2 were of mixed race. None of these children
were dingnosed with any neurological, psychistrie, or developmental dis-
orders, determined on the basis of purental report, Children varied with
respect to vocabulary skills (ussessed by eithet the available Picture Vo-
cabulary subtest from the Woodcock-Johnson Psycho-Educational Bat-
tery—Revised (WI-R; Woodcock & Johnson, 1989; n = 112) or the
Vocabulary subtest from the Wechsler Preschool and Primary Scale of
Intelligence—Revised (WPPSI-R; Wechsler, 1990: n = 113). Bolh of
these tasks assess vocabulary, In the WPPSI-R, items progress from
picture identification to definition of word meaning. The WI-R iz com-
posed entirely of picture identification items, The average standard score
was 106.22 (5D = 12.90). As there was no difference in the standard scores
derived from these two instruments, F(1, 213y = 0.06, p = .80, and the
instruments utilize the same metric (expected mean and standard devia-
tion), scores were pooled for the purposes of investigation of individual
differences in performance.
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Materials

Shape School. The Shupe School (Espy, 1997) is designed 10 assess
different aspects of executive control in young children using colorful,
affectively enguging stimuli presented in an age-appropriate and appealing
format, a storybook. The stery has four parts, which constitute Conditions
A, B, C, and D. Each child participates in all four conditions and always in
the same fixed order, The story beging by setting vp the premise, showing
stimulus figures (colored squares and circles with cartoon faces, arms, and
legs) playing on a playground. After being introduced to one class of
children, whose “names™ are their colors, the child names each stimuius
figure color, which allows the test conductor to assess whether the child
can reliably recognize and name the colors, As the story continues, the
child is wid that the story figures are lining up to go into the play yard, In
this control condition, Condition A, the child sames the color of each of the
figures, which are arranged in theee lines of five across the page. This
condition serves (wo purposes, (0 measure bazeline paming specd and,
more important, to establish the relation between stimulus propertics
(color) and response (narning stimulus color), The fact that conflicting
shape information is present in each stimulus bot i3 not yet identificd as
relevant enables direct condition comparisons.

In Condition B, the story line continues with it being lunchtime, where
not all of the figures have finished their work. "Happy" and “sad/
frustrated” expressions are added to the faces of the stimulus figures to
depict those who have completed their work and those who have not,
respectively, The child is instructed to call the names of the figures who
bave finished their work to proceed to lunch and not to cal] the numes of
those who are not ready. In the same configuration of three rows of five
figures each, there are ning happy-faced stimuli requiring the color-naming
response and siax sadffrustrated-faced stimuli requiring Tesponse
suppression,

A second classroom is introduced in Condition C, in which the stimulus
figures wear hats, The child is instructed that the names of the hatted pupils
are the fipure shapes and that the names of the hatless pupils remain the
stimulus figure colors, After practivce with six sumulus figures, the child is

Table 1
Summary of Shape School Conditions

told that the figures are in line w go to storytime; the child then names the
shapes of the figuras with haws and colors of the hatless figures in the three
row by five figure configuration. There are gight figures without hats and
seven with hats interspersed mandomly, and the child must swich between
naming hatted figure color and hatless figure shape as cusd, respectively.
Finally, in Condition D, the “happy" and “sad™ expressions are reintro-
duced for both hatted and hatless figures, with the child instructed that oot
all figures are ready 1o panticipate in art. The child has to concurrently
suppress naming the “sad/frustrated” figures (hatted and hatless), name the
shapes of the hatted, happy-faced figures, and name the colors of the
hatless, happy-faced figures. There are five hatless, happy-faced figures;
three hatted, happy-faced figures; three hatted, sad-faced figures; and four
hutless, sad-faced figures, mgain interspersed across the three row by five
figure array, A summary description of the Shape School tasks and the
hypothesized demands is in Table 1.

In all conditions, children are not allowed w procecd to the test page
array unlass they have named the characters successfully on the practice
page, 8 step taken 1o ensure adequate tule knowledge prior to application,
The experimenter records the number of simuli correctly identified ac-
cording to the pertinent rule (accuracy) and the time 1o complete naming
the pertinent stimuli in the array (latency) for each of the conditions, A
simple stopwatch is used to record latency for the child to name all relevant
stimuli on the page.

Statue,  Statue is an atentionfexecutive function NEPSY subtest
{Korkman, Kirk, & Kemp, 1998}, The child stands in a set positon (i.8.,
with eyes closed, withowt body movements or vocalizations) pretending to
hold a flag for a 75-5 period. At set imervals, the examiner coughs, knocks
on the table. drops & pencil, or says “Ho Hum!" as a distraction to induce
the chitd to break the siill posture. For each 5-5 epoch, the child is awarded
2 points if there is no inappropriate response (i.e., the eyes are kept shut and
there is no body movement or vocalization), 1 point if there is one
inappropriate response, and () points if there is more than one inappropriate
response, with a maximum score of 30, The reported NEPSY Statue

Condition and task description

Hypothesized demands

A
Name figure colars

B
Name colors of happy-faced figures
Inhibit naming of sad/frustrawed-faced figures

C
Mame colors of hatless figures
MName shapes of hatied figures

D

Name colors of happy-faced, hatless figures ™
Luhibit naming of sadffrostrated-faced, hatlexs ﬁgurcs

Nnmuhapr.snl’hqppyiaud Thaned figures;

Iahibit nammg of udlfrusmﬁd fmd lmlu'\d ﬁgmies

Ca s

Maintain 5-R rules online
Attend to relevant attribuies
Access semantic siores
Expressive naming

Maintain 5-R rules online
Attend to relevant attributes
Access semantic slores
Response suppression
Expressive numing

Maintain S-E rules online
Auend to relevant attributes
Access semantic stores
Context-comirotled selection
Expressive naming

Mmma.in S-k Tles online
, Alend w lElchl attributes

* Pxpressive naming -

Note, 5-R = stimulus-responge, Unique demande are noted in italics,
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lest—etest comrelation is 50 in 3- to 4-year-olds and 75 in 5- and
ﬁ-yw-nlds :

‘Ig'f.lml Anenrion (VA).. In tlus semnq ammimiexecunvc function

sublcy, the: child is mstructuk v} _{ﬁ_pq“v  ftems that Q}q{gq,
t stimuli among & page of tgels, and u'actm
ﬂEPSY administration, VA mcludcs d.li‘ferem arrays for chxldren nges 3
and 4 years versus thosc ages 5 years und sbove. Only the random cat arcay
iz common to bath sge groups, Therefore, for the purposes of this swdy, the
number of targets (maximum 20 cats) correctly identified and completion
time (maximum 180 %) from the random cat array only were scored to
enable compurison across the full age spectrum. The reported test—retest
reliability for VA was .69 in 3- und 4-year-olds and .71 in 5- and
6eyear-olds.

Digir Span,  After an initial practice session, a standard sequence of
digits is presented auditorily, starting from a span length of two. Each child
is required to tecall the digit strings in the order of presentation, with a
maximum of two trials at each string length, Maximum digit span length i3
tecorded. ‘The reported reliability coefticients for all uges exceeded 0.85
(Efliott, 1990).

Procedure

A trained child-clinical graduate student blind to the experimental hy-
potheses adrministered the Shape Sehool and the criterion tests W preschool
children in a single session. The children were assessed individuatly in a
yuiet room, with the parent or guardian present {completing study forms),
Short breaks were uscd when necessary o mainlan cooperation and
interest, Parents were compensated for study participation, and the children
received a bag of developmentally appropriate toys, stickers, and other
smalbl itemns.

Design

Evidence for validity was examined first by considering internal asso-
ciation (Cronbach’s alpha) and the pattern of intra- and intercondilion
correlations amang the Shape School variables, Predictive validity was
considered by compiring the relations between performance on the Shape
School and performunce on standardized tests specifically considered 1o
measure cxeeutive sbilities in this age range, namely NEPSY Atiention/
Executive Fonetion Domain subtests and Digit Span, These stundardized
tasks were chosen as a “fiml pass” 1o establish evidence for prediciive
validity of the Shape School because {a) they have known psychometric
properties and (b) they are commereially available to clinicians and re-
searchers, thereby providing a shared, widespread basis for evaluation and
comparison (e.g., Friedman & Miyake, 2004), Furthermare, all criterion
measures provide a distributed range of scores that bever captures the
range of executive skills among young children, unlike the nonstandard-
ized, experimental DCCS, which s scored on a puss—fail basis,

Finally, evidence for validity was investigated by determining whether
Shape School performance differed by exccutive task demands and indi-
vidual differences in ¢hild charactenisties. In Condition A, basic psychomo-
lor naming speed of simple stimulus—response mappings can be disambig-
uated from the additional executive abilities utilized in Conditions B, C,
and D. Therefore, evidence for validity was supported if performance
Jiffered between the control condition, A, and the executive conditions, B,
C, and D. In Conditon B, a cue is provided to indicate when the child
should suppress the color-naming response. Then in Condition C, the child
must utilize the second conflicting dimension (shape) to name the relevant
cued stimuli, which are intermixed with stimuli that are named by the first
dimension (color). Because both conditions include (1) # relatively constant
working memory load of maintaining two rules in mind with overt cues
present that signal the correct stimulus—response mupping and (b) proactive
interference from the same previously aclive response set, we believed
condition-related performance differences would shed light on (he nature

of inhibitory processes. Evidence for validity was provided if performance
differed between Condition B (response suppression) and Condition
{eoptext:controlled selection). Finally, complexity, whether at the level of
Hﬁ'iﬂmﬂu&(ﬂmﬂ ot ul, 2003; Perner & Lang, 2002), response (Rennic
etyal.l 2004); or sumulus—mspmse mlpplng fule (Zelazo et al, 2003).
'aﬂ‘ecu executive task performance. At the most hasic level, complexity can
be’ operanonallmd a5 performing a sk with uniquely specific demands in
a single block, versus performing the task demands concurrently, where
specific task demands are interleaved, In the Dots task, for example.
children  homozygous for the MevMet allele for the catechol-0-
methyltransferase genotype made more errors only in the mixed condition,
relative 1o children homozygous for the Val/Val allgle, suggesting thal
concurrent execution required more executive engagement (Diamond ecal.,
2004). Evidence for validity was supported if Condition D performance,
where children must both suppress responses and select response sets in the
relevant context, differed from that of the average of the single-block
conditions, B and C,

Because cxecutive contro! develops rapidly in preschoolers, these three
theoretically derived, = prior condition comparisons were evaluated simul-
tancousty beyond any background individoal differences due to child age
or 5¢x, using hicrarchical lincar modeling (SAS Proc Mixed, v8, maximum
likelihood estimation), This approach offers several advantages over tra-
ditional analysis of variance, the most relevant of which iz allowing the
examination of the relative contribution of within- and between-subjeet
sources of variation in task perfonnance. In these analyses, age was
centered at 4.5 years (the sumple mean age), and the Banferroni comrection
was applied to maintain familywise alpha, in Which es = (033) =
0125 for each planned comparison. Consistemt with previous investiga-
tions, strong age-related performange differences in latency were expected
on the Shape School indexes, given the young age range sampled. Becanse
the Shape School is hypothesized 1w measure executive skills comparably
across the age range studied, condition-related performance differences
(Age * Condition intersctions) were not expected to vary with child age.
Although young girls often demonstrate more advanced language skills
thun young boys do, most studies have not foond sex-related executive
performance differences in preschoolers (g, Espy et al., 2001} Hence,
such differences wera not expected to be evident on the Shape School
indexes, nor was Shape School condition perflormance expected to vary by
sex.

Finally, the role of child vocabulary skills in Shape School performance
was explored, Given the verbally laden, material-specific format of the
Shape School, overall performance might vary by child vocabulary; fur-
thermore, these differences in proficiency might be more evident in the
execulive conditions, related 10 facilitated automaticity and retrigval. In
contrast 10 age and xex, which are static demographic covariates endemic
to the child, vocabulary skills develop dynamically agross age and are
effects of interest, Therefore, these exploratory analyses were conducted by
sequentially adding the cffect of vocabulary to the existing models, which
alsa incloded the age and sex covariates.

Results

First, Cronbach's alpha coefficients computed with the re-
sponses to each of the stimuli within ¢ach condition revealed
adequate association in the executive conditions, Conditions B
(oo =.71), C (o = .80), and D (& = .74). In Condition A (o = .56),
the coefficient likely was attenuated due (o the high level of
naming accuracy in this very simple condition, Then, correlations
among Shape School condition-respective accuracies and latencies
were calculated, with Table 2 showing the correlations within each
dependent variable for each Shape School condition. Note the
inicrrelations among the respective accuracies from the executive
conditions, B, C, and [, Condition A accuracy was not related o
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that of B, C, and D, although again, this correlation likely was
attenuated due to low variability. In contrast, respective latencies
were interrelated among all Shape School conditions, In Condition
A, there was no relation between accuracy and latency (r, = =4,
Pa = .52), suggesting that deploying the simple stimulus-response
rule did not require any trade-off in accuracy to achicve speeded
naming. In contrast, there was evidence for such a trade-off in
Conditions B and D, in which the number of correctly identificd
stimuli and completion time were associated (rg = —.18, py <
D01 rp = —.20, pp, = .01). It was interesting to note that there was
a marginal relation between Condition C accuracy and latency
(re = 12, p. < ,09), with children who named more stimuli
comrectly taking longer to complete the condition.

The relationships between Shape School performance and the
criterion measures arc depicted in Table 3. Only Condition A
performance was related to the Statue raw score, with children who
were able to maintain the fixed “statue™ position for longer dura-
tions taking less time to complete Shape School Condition A. VA
random cat array performance was related to the respective Shape
School Conditions B, C, and D latencies; those children who
correctly identified more cats took less time to complete these
conditions, After the experimenters conrrolled for Condition A
baseline naming speed, the number of VA cats the ¢hildren iden-
tified was still related to latency for Shape School Conditions B, C,
and D (rg=—-022,p < 0l ro= —.21,p < .0l;and r,, = —.26,
£ << .01). It 15 interesting that the number of cats correctly iden-
tified was also associated with Condition C accuracy. Mot surpris-
ingly, tompletion time of the VA random cat array was correlated
with all the Shape School condition latencies. When baseline
naming speed in Condition A was controlled, only the relation
between the latency to complete the random VA cat array and
Shape School Condition C persisted (rp = .19, p < .02). The
magnitude of the associations between the respective Condition A,
B, and C latencies and the criterion measures did not differ by
criterion measure, F (3, 141) = 0.15, p = .93; Fg(3, 141) = 1.24,
p = 30; Fo(3, 141) = 116, p = .33; nor by condition, Fo, s
(3, 181) = 1.22, p = 30; Fio(3. 162) = 107, p = 361 Fya tagens
(3, 151)= 136, p = 25;and F\,, ypel3. 151} = 014, p = 93, For
Condition D latency, the correlation magnitudes differed margin-

Table 2
Correlations Among Shape School Variables by Condition

Condition A B C D

Stimuli correctly identified

A —
B —.03 —_—
C 02 ) —
D 01 a0 55t .
Completion time
iﬂ J— . (.
B . A7 e = S P
c. B i B i - )
33 k ‘41-..-.-.“ v : .444-1-- v "Samtu o _
Nate, N = 219.

—

p = 0001,

Table 3
Shape School Bivariate Correlations With Critgripn Measures

Condition and

Shape School Digit VA cat VA cnt
index Span® Statue® targets® time®
A
Accuracy =01 =11 —.04 05
Lutency 06 8 12 A5
B
Accuracy 08 00 03 01
Latancy 197 06 25 20
C
Accurucy 2677 A 19" 06
Latzncy A5 08 e 197
D
Accuracy A2 07 08 04
Latency® A0 03 297 A7

Nore,  For magnitude comparisons, all variables were transformed to z
scores to render standard deviations on the same mewic, All time variables
were multiplied by =1. VA = Visual Atcntion.

"N = 185, M = 381, 50 = 089, "N = 166, M = 2238, SD =
750 SN=I185M=177450=277, “N= |55 M =8388 5D~
32.67. “Correlation magnitude varied by criterfion measure, where come-
lation with the number of targets comectly identified on the Visual Atten-
tion cal array was significantly greater (p < .035) than that with Stame,
fpe 5 Up==, Yp=< 00l TTTp < 0001

ally by criterion measure, Fr(3, 141) = 2.54, p < .06, where the
comrelation between Condition D latency and the number of VA
cats correctly identified was larger than the respective correlation
with Statue, F(l, 149} = 7.49, p < .007.

An unconditional means model revealed significant within-
person vanation in Shape School performance in both accuracy
(¢ = 051, $E = 019, 2 = 271, p < .01) and latency (o, =
73.55, SE = 16.17, z = 4.55, p < .0001). Between-person effects
in accuracy (M = 1338, S£ = Q.09), (218) = 146.73, p < 0001,
and latency (M = 35.84, 5F = 0.86), 1(218) = 41,79, p < .0001,
also were nonzero. In the conditional models that included the
effects of the child’s age and sex covariates and those of the
pertinent within-subject effect of condition, there was substantial
within-person variation in accuracy (¢, = 101, SE = 018,z =
5.72, p < 0001). Although neither ¢ovariate was related to per-
formance (both ps > .03), Shape $chool accuracy differed as a
function of condilion, F(3, 645) = 60.61, p < .0001. Condition-
related differences in accuracy, however, did not differ by child
age, F(3, 645) = 189, p > 13;scx, F(3, 6450 = 1.23. 5 > 20 or
the interaciion of age and sex, F(4, 645) = 0.14, p > 96,
Condition-related performance accounted for 41.87% of the indi-
vidual variation in Shape School aceuracy, on average. beyond that
related to the covariates.! In like fashion, the inclusion of the
within-subject condition term in addition to the child age and sex
covariates resulted in significant within-person variation in latency
{o,2=105.90, SE = 1490 z =701 p < .0001). As with accu-

ol

r‘ﬁ:&ﬁm in residual vmame % pm:h
& hE'variation difference between & full and”
X ﬂﬂ\‘- puudu.ﬂ"' values do not T a8

el
the pool'of available-variante’ depends 0n the two models selecied Tor
comparison, For additional information, see Singer and Willett (20033,
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racy, Shape School latency differed by condition, F(3, 643) =
p.< .0001; although these condition-related latency dif-
5 did figt vary by child age, F(3; 645) = 1.63,p > .18; 5ex,
FI3, 645)= 041, p ¥ 74768 1B6 literaction of age and sex, F(4,
645)"2 052" "7 Condition-related latency accounted for
47.15% (see Foomote 1)-of individual performance variation
above that of the covariates, Furthermore, &3 hypothesized, the
child's age was related to Shape School lateney (y = =132, 8E =
2.85), (645) = =2.57, p = .01, whereas sex was not (y= =011,
SE = 2.7%), f(645) = —0.04, p > 97 In both of these models, the
significant main effect of the condition provides the basis to
further pursue cvidence for validity by examining the a priori
condition ¢ontrasts,

In the first a priori contrast examining sensitivity to cxceulive
demands, both accuracy, H645) = 9.78, p < 0001, and latency,
1(645) = 11.58, p < 0001, differed between the executive (aver-
age of Conditions B, C, and D) and control (Condition A) condi-
tioms, consistent with our hypothesis. Young children named
nearly all of the control Condition A stimuli correcily, on average
(M = 14.93 stimuli, 5E = 0.14), n(645) = 109.64, p = 0001. The
“cost™ on numing accuracy of the added executive demands across
Conditions B, C, and D was —2.10 stimuli (SE = {.21), {(645) =
—9.78, p < 0001, resulting in an expected value of 12.82 stimuli
correcily named across exccutive conditions. A similar pattern was
cvident for latency, where the expected completion time was 22,78
s (SE = 1.15), {645y = 19.76, p < 0001, with a cost of an
additional 19.37 & (£ = 1.67) across the executive conditions,
H645) = 11.58, p < 0001,

Consistent with prediction, a similar pattern was evident for
both accuracy and latency in the second contrast comparing Shape
School performance by inhibitory processing demands, namely,
comparing response suppression in Condition B and context-
controtled selection in Condition C. Young children, on average,
named 14.34 stimuli (SE =0.14) correctly in Condition B, «(1,
645) = 105,34, p -< 0001, The difference in naming accuracy as
& function of inhibitory demands was —2.25 stimuli (SE = 0.26),
i1, 645) = —8.55, p = 0001, Accuracy on Condition C stimuli

was estimated to be 11.98 stimuli correctly named (3£ = 0.14),

i(1, 645) = 88.01, p < .0001. A comparable pattcrn was observed
for latency, where the cstimated completion time was 26.76 5 in
Condition B (SE = 1.15), #(1, 645) = 23.21, p = 0001, The
difference in latency between the two inhibitory conditions, on

average, was 20.93 5 (SE = 2.05). {1, 645) = 10.22, p <2 0001,

The expected Condition C latency was 47.41 s for Condition C
(SE = 1.15), 1, 645) = 41.12, p < 0.

Finally, in the a prioti comparison examining the cost of per-
forming concurrent caecutive processing in Condition D versus the
single, blocked executive demands in Conditions B and C, the
same paticrn was evident for both accuracy and latency, as we
hypothesized. The difference in accuracy on average across Lon-
ditions B and C was 0.83 (§E = 0.23), 1(1, 645) = 3.63, p < .0003,
lower than on Condition D, in which young children were esti-
mated to name an average of 1226 stimuli correctly (SE = .14),
K1, 643%) = 90.08, p < 0001, Similarly, for laiency, the expected
valug for the single-block conditions was 20,93 s more (5E =
2.05), (1, 645 = 1022, p = 0001, than for the concurrent
condition, Condition D, in which children took un estimated 46.42
5 (SE = 1.15) to complete the concurrent condition, #(), 6435) =
40.27, p <= 0001,
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Figure 1. Shape School accuracy as a function of condition type and

vacubulary levei (Low = 85; Average (Avg) = 100; High = 115},

To explore the role of child vocabulary, we reran the same
maodels, including a main effect of child vocabulary and an inter-
action of vocahulary with condition type for both accuracy and
latency-dependent variables. Only for Shape School accuracy did
the effect of condition type vary by vocabulary, F(1, 630) = 9.86,
p < 0001, in addition to a significant main effect of vocabulary
level (v = .72, SE = .16), (1, 630) = 4.48, p = 0001, These
results are depicted in Figure 1. There was little difference in
Condition A accuracy between children of higher (standard
seore = 115), middle (standard score = 100), and lower (standard
score = 85) vocabulary levels. There was a moderate difference in
accuracy in Condition B among children of varying levels of
vocabulary, There was a substantial difference in accuracy on
Condition € among children of varying vocabulary levels, It is
interesting that accuracy on Condition D related to vocabulary
level was attenuated relative to Condition C but was more sub-
stantial than Coendition B. Although the vocabulary-related effects
were significant, they accounted for only 3.47% (see Footote 1)
of the variance in Shape School accuracy beyond the effects of the
covariates and condition type. In contrast to accuracy, only the
main effect of vocabulary was significant, #(1, 630) = =2.88, p <
D041, with children who had higher vocabulary scores completing
the conditions faster by an average of ~3.97 5 (SE = 1.38)
independent of condition type, F(3, 630) = 0.69, p = .55,

Discussion

Our purpose for this anticle was to investigate the cvidence for
validity for the Shape School (Espy, 1997), a novel test of exee-
utive control recently developed for preschool children, First, the
Shape School items were associaled adequately, demonstrated by
acceptable Cronbach’s alpha values for each condition and the
consistent interrelations smong condition accuracies and latencics,
Note, however, that a substantive relation among latencies across
conditions is expected, even in very young preschool children,
consistent with a common contribution of general processing
speed. Furthermore, Shape School performance was related to
performance on other commereially available tests that purport to
measure executive control. Generally, nonzero relations to crite-
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rion measures were most evident for Shape School latencies,
although the magnitude of the criterion associations did not differ
by condition. Not surprisingly, latency measurcs better reflected
intersubject varisbility, given the high degree of naming accuracy
under these simple stimulus-response mappings. Also, Shape
School condition latency relations with Digit Span and both VA
indexes were nonzero in contrast to those with Statue, although the
magnitude of the correlations did not differ statistically by crite-
rion measure, These findings provide good evidence for validity,
aithough future investigations should include a wide range of
cterion measures, including experimental executive tasks and
tasks that are not expected to be refated to Shape School perfor-
mance, in order to assess discriminant validity.

These findings also shed some light on the processes that might
subserve Shapc School performance. VA is considered to be a
selective-sustained attention task, whereas Digit Span is typically
viewed as assessing short-term memory span. Faster identification
of the relevant features that distinguish figures, as evidenced on
VA, would also facilitate Shape School performance, The ability
to hold more information in mind, measured by maximal digit
span, would enable more proficient Shape School performance,
perhaps by more efficient maintenance of relevant stimulus~
response mappings. These findings fit within the rubrc of the
intcrplay between working memory and aftention deployment
(e.g., Cowan, 1995: Kane, Bleckley, Conway, & Engie, 2001) and
the overlap with executive control, more broadly (2.g., Kastner &
Ungerleider, 206K);, Posner & Peterson, 1990). These interrelations
likely are developmentally dynamic and will require longitudinal,
multimethod investigations for a more full characterization.

It is significant that Shape School pecformance varied among
conditions contrasted to reflect executive demand differences, a
fuct that provides cogent evidence for task validity, First, the basic
distinction between the baseline control and exceutive conditions
was supported, This distinction is important, providing a sound
basis for future use of developmental cognitive ncuroscience meth-
uds that isolate relutive cognitive “costs,” whereby baseline cog-
nitive processcs, in this casc naming speed, arc removed either
statistically or through simple subtraction. Moreover, there was a
clear distinction between performance on Conditions B and ¢,
hypothesized to reflect differing inhibitory processes, response
suppression, and context-controlled selection among competing
stimulus—response rules. Likely contributing to the observed sen-
sitivity in these contrasts is the general comparability between
these two Shape School conditions in other demands, including
tomparable proactive interference (where the target of \be “inhi-
bition™ is previously relevant information). The working memory
load was considered comparable to those in Conditions B and C,
although retaining a stimulus-response mapping for a suppressed
response might not require the same memory resources as retain-
ing a mapping with an elicited response. In light of Friedman and
Miyake’s (2004) distinction between inhibitory processes that con-
trol proactive interference from competing rules and distraction
from irrelevant information, both Conditions B and C also are
comparable in proactive interference and in the level of dna.tmcuun
provided by the surrounding stimuli in the smtxﬁ?{?g* mm
however. that rcsponse snppmssmg V;n tl;e S_w pe H 5 ':ig
achlcved thmugh prohibition of somatic motorlpc 15, and 1l
Condition B performance and Staue wete oot related, Inhlbﬂion ot‘
somatic motor actions might reflect a precursor to the typc:s of

inhibition considered here (Carlson & Moses, 2001). In future
studics, further support for sepurable inhibitory skills could be
established through unique relations to other cognitive or behavior
outcomes (e.g., Bull & Scerif, 20013 or through distinet pattcrns of
relative impairmenis in young children who have specific clinical
disorders,

Evidence for validity was also provided through the demon-
strated sensitivity to complexity level. There was a clear cost in
performance, both in accuracy and lateney, prcv.umably through
the additional cognitive resources necessary in the concument
Condition D, relative to the single-block conditions, B and ., This
effect is even more dramatic considering that in Condition D, the
child has to name only eight stimuli-—fawer than in cither Congi-
tion B or C. Halford, Andrews, and Jensen (2002) have theorized
that cxecutive control is engaged preciscly in response to com-
plexity, although it remains less than clear how to operationalize
complexity, whether at the Tevel of the stimulus, response, or rule,
and/for at processing levels. Concurrent processing demands inev-

-Itably make greater demands on memory; therefore, the increased

time may reflect time to access long-term retrieval and memory
stores (Munakata, Morton, & Yerys, 2003). In Condition D, chil-
dren might need to rellect more upon the relevant stimulus—
response mapping rule as they select und implement, given that the
different relevant stimulus featurcs are interspersed in the concur-
rent condition (Zelazo et al., 2003}, Finally, there are more pro-
active stimulus features than were previously relevanl, providing
greater attentional pull; therefore, more inhibitory resourees are
demanded to resist this attentional inertia (Kirkham et al., 2003),

Of note was the lack of condition-related differcnces that varied
with age or sex. These findings indicate that condition-related
Shape School performance is not variable among older or younger
preschoolers, girls or bays, and they support comparable scnsitiv-
ity across the full preschool age range in both sexes. Not surpris-
ingly, there were age-related main cffcct differences in naming
speed in the latter two comparisons, presumably reflecting the
sume age-dependent increases in processing speed that underlie the
intercorrelations among the condition laiencies, Finally, Shape
School performance differed somewhat among children who had
varying vocabularics. First, independent of condition type, laten-
cies generally were shorter in children who had higher vocabular-
ies, suggesting facilitated retrieval of verbal information that re-
sulted in more efficient speeded naming. Second, naming accuracy
in the different Shape School conditions varied with the child's
vacabulary level, as was particularly cvident on Condition C
relative to Condition B or D, Keeping in mind the caveat that two
differing vocabulary measures were administered here, because the
Shape School s 4 verbul numing task and vocabulary is the most
reliable and stable index of general intclligence (Sattler, 1992),
greater verbal proficiency appears to differentially facilitate accu-
racy in those conditions that require context-controfled selection. It
is interesting that this relationship somewhat parallels the impor-
tant role of fluid intelligence in executive control in adults (Dun-
can et al., 2000, Gray, Chabris, & Braver, 2003: Kane & Engle,’
2002) ngumstmng a more comprehensive intelligence measure

pfcschoo] chlldm‘l wq:}lrd propcrly addrfss_ t’hia‘!siugﬁ
tility of the' Shape School As a’fieatife. of executive,
Cmtl‘D] m hool chﬂdrcn wis supponed w1lh good evidence
for vnlldxt_v demonstrated by mulhplc methods. A next step it to
determine whether the Shape School is sensitive in children who
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have cllmcal disorders and whether unique profiles are evident in

 peliititns to tasks that measure other

"su&ﬁiﬂé&‘e&*ﬁm‘ fiEmory. Altotgh

Yo WAL Ty

e many
¢ontrol in this age range, there are comparatively few tasks for
which the psychometric properties have been explored {e.g., Espy
& Cwik, 2004), a critical endeavor prior io application in the
climica! comtext. Also, longitudinal investigations are sorely
needed to (a) better map the dynamic process of the development
of executive control and later exceutive abilities al school age and
(b) determine the utility of the Shape School as an index of this
unfolding process.

Certainly, there is more work (o be done to improve the task
parameten, First, minor changes, such as incteasing the nutnber of
items in Condition D, might imprave the detection of the cost of
complexity. In addition, given the distinction between proactive
interference and distraction noted by Friedman and Miyake (2004),
the impact of the type of distraction could be manipulated by
varying the presentation format to inelude single stimulus presen-
tation, in addition to the storybook stimulus atray. Although the
proactive interference of the specific stimulus—response mappings
is developed by the story line, the greater natural context available
for the child to draw upon 1o execute the relevant response when
the facial expression cues suppression and the hat cues another
naming dimension might have influgnced performance; this pos-
sibility could be manipulated fruitfully, Finally, it would be useful
10 consirain simulus order to allow researchers to manipulate
inhibitory load by sysicmatically varying the number of stimuli
that precede the inhibitory stimulus target. Such a change to both
Conditions B and C might lend further support to the distinction
betwcen (he demands for response suppression and context-
conirolled selection, for example, if the manipulation differentially
affected performance. These issues notwithstanding, the Shape
School offers potential as a tool lo measure executive control in
this challenging age range.
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