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The A-not-B (AB) lask has been hypothesized 1o measure execuliveSfrontal lobe
function; however, the developmental and measurement characieristics of this task
have not been investigated. Performance on AB and comparison tasks adapied from
developmental and neuroscicnce literature was examined in 117 preschool children
(ages 23-66 months), Age significantly predicied performance on AB, Delayed Al-
termation, Spatial Beversal, Color Reversal, and Sell-Conurol tasks. A four-factar
analytic model best fit task performance data. AB rask indices leaded on two lactors
with measures rom the Self-Control and Delayed Allernation tasks, respectively.
AR indices did not Joad with those from the reversal tasks despite similarities in task
administration and presumed cognitive demand (working memory). These results
indicate that AB is sensitive o individual differences in age-related performance
in preschool children and suggest that AB performance is relaled to both working
memory and inhibition processes in this age range.  © 1999 Academic Press
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AB PERFORMANCE IN PRESCHOOL CH]LDEEH:

The A-rot-B task {AB) has been used extensively to4
development in infants (Wellman, Cross, & Bartsch,- 1936}:?&;4& classic
AB task by Piaget (1954), infants observe and retrieve: a1reward hidden at
location A for several trials. The contingency then is re swith the re-
ward hidden at location B. On the reversal irial, 3- to lzwmmm-old infants
search for the reward at location A, whereas those infantsolder than 12
monihs correctly retrieve the reward at location B. Piaget;concluded that
faulty object permanence was the cognitive mechanism underlying poor AB
performance in the younger infant. The infant cannot mentally represent the
object independently of the motoric act of retrieval on the: preﬂous trial.

AB AND BRAIN

Mare recently, AB has enjoyed renewed interest because of similarity to
the delayed response (DR) paradigm from the animal neurgscience literature
(Diamond, 1990z). Similar perseverative error patterns on AB:and DR have
been observed in frontally ablated aduit monkeys (Dlammd : &« Goldman-
Rakic, 1989), intact and frontally ablated infami monkeys: (Diamond &
Goldman-Rakic, 1986}, and intact 7- to 12-month-old human infants {Diamend,
1985: Diamond & Doar, 1989). Resting frontal EEG activity-and:increased
anterior to posterior EEG coherence (Bell & Fox, 1992; Fox: & Bell, 1990}
also discriminated successful AB performance in infants.- Based on the con-
vergence of these findings, Diamond (1990z) concluded:that-frontal lobe
maturation underlies the developmental change in AB performance in late
infancy. Because the refation of AB/DR and dorsolateral-prefrontal cortical
function has been well defined {Goldman-Rakic, 1987b), these measures are
considered by many researchers to represent early mamfestatmns of executive
behavior in infants.

The structure and function of the dorsolateral prefn:-mal cortex undergo
changes in late infancy concurrently with the emergence of AB performance
[e.g., maximal synaptic density is achieved (Huttenlocher.& Dabholkar,
1997 and ghicose metabolism is increased (Chugani & Phelps, 1990)). Sub-
stantive changes in brain organization in the prefrontal cofiex-aiso occur
later, during the preschool years, including large-scale pruning of synaptic
connections {Huttenlocher, 1579) and maturation of subeottical-prefrontal

myelination (Kinaey, Brody, Kloman, & Gilles, 1988). In:line with this find-
ing, Thatcher and colleagues (Thatcher, 1991, 1994; Thatcher, Walker, &
Giudice, 1987) have identificd a cycle of brain EEG signal:development
between 1 and 5 years of age. This developmenial cycle was characterized
by increased coherence in resting EEG between the shori-distance anterior
and posterior electrode recording sites. Frontolateral connections were
lengthened, becoming synchronous prior to frontal dorsomedial and central
sites in the left hemisphere. Long-distance connections in the right hemi-
sphere were differentiated into shorter fibers, laterally to medially (Thatcher,
19913,
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(Given the robust relation between AB/DR tasks and dorsolateral prefron-
tal cortex, AB may be sensitive to these ongoing changes in prefrontal brain
arcas that occur during the preschool years (Huttenlocher, 1979, Thatcher,
1994}, Developmental gains in AB performance may be evident across a
wider age range than originally considered by Piaget {1954). Diamond
{1990a) speculated that the characteristic pattern of AB perseverative errors
may be elicited in older children by increasing the delay between hiding
and retrieval. Damond, Prevor, Callendar, and Druin (1997) found that the
percentage comect on AB Increased with age between 15 and 30 months in
normal controls with a 5-s delay. Further developmental increases may be
evident in older preschool children by further increasing the delay between
hiding and retrieval. This premise, however, remains uninvestigated to date.

AB AND COGNITION

Although there is general agreement concerning brain—behavior relations
in AB, various opinions persist concerning the cognitive processes that un-
derlie AB performance. Diamond and Goldman-Rakic (1989} have proposed
that AB depends on both working memory and inhibition of a prepotent
response. Working memory has been defined as “‘the process by which sym-
bolic representations are accessed and held on-line to guide a response™
{Goldman-Rakic, 1987b, p. 604). In infants, who have immature prefrontal
cortices, this process is not considered fully functional. The location of the
reward at the observed location B is not maintained across the temporal delay
{Fuster, 1985}, Thus, the infant must rely on associative memory to find the
reward and therefore searches at the previously rewarded location, A. The
delay appears to be critical in order to activate working memory (Goldman-
Rakic, 1987b). Neither intact infants nor monkeys with prefrontal lesions
err if there is no delay between hiding and retrieval where the internal repre-
sentation is held *‘on-line’” {Diamond, 1985). Several investigations have
demonsirated that delay length influences AB performance. Diamond (1985}
found chance performance as delay length increased, whereas Wellman et
al. (1986} observed that infants made more errors at longer delays.

Diamond (1990b} compared performance on Object Retrieval (OR) and
AB rasks in order to investigate the component cognitive processes of AB
performance. [n OR, the infant retricves a reward from beneath a clear Plexi-
glas box with an opening on one side. Mannal reaching is required in OR
and AB, but OR performance does not depend on working memory because
there is no defay and the reward is 1o full view. In order to obtain the reward,
the infant must inhibit the tendency to reach directly at the reward (which
is blocked by a clear, but solid top) and reach obliquely through the side
opening. A similar pattern of developmental improvement on OR and AB
wis observed in O- to 12-month-0ld infants (Diamond, 1990b; Matthews.,
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Ellis, & Nelson, 1996). Gther corroborating evidence :isipréades I:n_.r OR
performance of adult monkeys with dorsolateral prefrontalfeamcal lesions.
They scratched repeatedly at the solid top and retrieved the obgect 01]13’ when
inadvertently looking through the open side (Diamond, 1950b)::-

Findings from other studies, however, do not support AB andDR measure-
ment consistency. AB delay and the age at which maximal OR.performance
was achieved were unrelated (Bell & Fox, 1992). In the same-siudy, Bell
and Fox also found that frontal EEG power and coherence among frontal
and other electrode sites were unrelated to OR performance. Matthews et al.
{1996} examinad AB and OR performance in full-term and healthy preterm
infants. Only AB performance was related to term birth status. OR perfor-
mance changed with advancing age, bui was not related to tesm birth status.
Matthews el al. concluded that only AB is dependent upon memor}r which
is determined by postnatal environmental experience. B

Baillargeon and associates have proposed that other cognitive pmc:asses
account for perseveration on AB (Baillargeon, DeVos, &!Graber, 1989%;
Baillargeon & Graber, 1988; Baillargeon, Graber, DeVos, & Black, 1990),
namely, limitations in infant problem solving. In these studies, a-preferential
looking paradigm was vsed in order to evaluate whether infants identify the
correct reward Jocation. Younger (5-month-old) and older {Spmunth-ﬂld) in-
fants identified the reward location by longer looking at location- A after a
70-s delay (Baillargeon et al., 1989}, Baillargeon proposed:that the break-
down in processing is not a result of misidentification of the object location
{i.e., not 2 mnemonic process), but of poor execution or generation of appro-
priate manual search strategies. Perseverative errors, then, were postulated
to occur as a resolt of misapplication of a previously successful manual re-
trieval, in light of inadequate strategy generation {Baillargeon:etal., 1990).

Baillargeon’s hypothesis predicts that AB performance would vary as a
funciion of the type of output response. In a test of this premise, Hofstadier
and Reznick (1996) used gaze direction and manual reaching: as-the depen-
dent measures for DR. Perseverative ercors were more common in the man-
ual condition than in the gaze condition, consistent with Baillargeon's prem-
ise. Perseverative reaching was more likely on trials follewing -incorrect
responses; however, the number of perseverative gaze and manual responses
did not differ following comrect responses. Hofstadter and'Reznick (1996}
concluded that reinforcement affected the likelinood of perseverative gaze
and manual responses equally. However, these authors attributed the in-
creased perseverative manual responding to a priming effect related to the
proximity of the efferent connections from dersolateral prefrontal cortex to
the cavdate nucleus,

Findings from a siudy by Dehaene and Changeux {1989) also suppori
Baillargeon's account. A minimal neural network model with two levels was
employved to simuiate AB performance. The first level consisted of a sensori-
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motor loop with modifiable synaptic weights, providing the output grasping
capacity. The second level contained a memory layer and a rule-coding layer,
which modulated the first level. When only level [ was simulated, persevera-
tion at location A resulted. When level [[ was included, correct AB perfor-
mance was achieved. Through simple reinforcement, task learning was
achieved by selection among rule repertoires. Interestingly, Baillargeon's
dissociation between identification and manual strategy generation was sinu-
lated by postulating an intermediate stage of connectivity between levels 1
and 11, where the connections from level 11 were not fully available. In this
network model, correct information about the cue was encoded but was un-
able to guide behavior. The authors concluded that the model was consistent
with slower maturation of the efferent pathways from prefronial cortex rela-
tive to the afferent pathways.

Baillargeon’s premise has been criticized because the preferential looking
paradigm may not invoke the same cognitive processes as the traditional AB
{Hofstadter & Reznick, 1996). Others have speculated that the identification
of event possibility may be more akin to recognition memory than working
memory per se. Matthews et al. (1996), for example, found comparable AB
performance in gaze and manual conditions. Furthermore, performance on
a problem-solving, Means-end task where the infant reached for a cloth to
displace an object did not improve with age. Perseverative Means-end errors
also were not age-related. Matthews ef al. concluded that the fundamental
cognitive process that underiies AB performance is mnemonic, not strategic.

All of these investigations established the component cognitive processes
by inference, informally contrasting performance on AB to tasks which share
or differ in purported demands. However, the identification of the rudimen-
tary cognitive processes also can be examined by wtilizing a construct valid-
ity approach. in this approach, the statistical relations among performance
on AB and other comparison tasks are examined with factor analysis. For
the current study, other comparison tasks were chosen that shared the re-
sponse format (i.¢., manuval reaching) but differed in the *‘rule’” required for
correct retrieval. [f AB and other comparison task performance clusters, that
is, loads on the same factor, then these tasks share underlying variability that
may reflect like cognitive demands. The goals of this study were twofold:
(a) to examine the developmental pattern of AB performance in preschool
children and (b) to investigate the pattern of shared vanability of AB and
other comparison tasks.

METHOD
Participaits

One hundied and seventeen children, aged 23 o &6 months (M = 4042 months, 50 =
11,75}, panticipaied {e = 62 male; # = 55 female). Preschool children were rectuited from
focal hirth aunouncements ard preschonks, The majority of the sample (e = 110) were Cave-
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sian. The average matemal education was 7.1 years (S0 = 2.2} ﬁﬂdnldmnwelghed o
than 2500 g at bisth. Developmental milestones were achieved appropriately by maternal re-
pﬂn. L.

Apparatis

A pray, wooden testing board (430 by 20.0 em) with three shallow wells was used for
most tasks. The center well was covered with a silver disk and was not nsed. The two lateral
wells were 21.5 cm apart, 2.5 cm in dismeter, and less than 1 cm daep. Two plastic beige
inverted cups were used to cover the wells for alt tasks except for Cotor Reversal, where blue
and yellow circular discs were employed. o

Measures and Procedure

Generat. Children were tested individually in a quict 1esiing room, The examiner and child
sat at a small table across from each other, with the testing board between them. All delayed
response formal tasks used the 1esting board, but differcd in how the reward was hidden or
the retrieval tule o obtzin the reward. On all of these tasks, children were instructed, “‘Find
the {reward}.”" The right well was used for the reward on the first trial of al{ delayed response
format tasks in order to reduce the early establishment of side preferences, as perseverative
reaching has been demonstrated 1o be more commen Lo the child’s lefi side (Hofswadter &
Reznick, 1996}, A different type of reward (ie., small stickers, M & M balking bits, colored
Rice Krispies, raisins, Choerios, and pennies) was used ai the beginping of each task and
reintroduced when the child appeared 1o be losing interest in order to- maintain a high level
of motivation. During hiding, both wells were covered and re—covaqd:'sim_ultanecusl}r with
the cups oF discs 0 avoid auditory cueing of reward location. The iesting board then was
placed out of the child's sight under the table 1o prevent location cueing (e.g., leaning to the
side of the reward) that has been demonstrated to improve performance (Diamond, 1983). A
curtain was not used 1o occlude the testing board because, during pilot lesting, many preschool-
ers gol out of their seat to pecs behind the curtain. The examiner counted alowd in an engaging
voice for 10 s w maintain interest in the task and to distract the chil from the Iesting board,
Afier the 10-5 delay, the testing board was returned to the table and the child retrieved the
reward, The child was ailowed 1o keep of consume the reward only on correct als,

Al cxaminers were blind to the hypotheses of the sudy. An ervor was scored when the
child firmly touched ar began to 1ift the cup or disc where the reward was not located. If the
child subsequently reached toward ot displaced the other cup or disc, the first response still
was considersd an error, consistent with scoring procedures used by Diamond {1985). A fow

' & constant delay of 105 was wsed for several reasons. Diamond (1985) has found that
12-month-0ld infants exhibit AR error with a 105 delay. However, Matthews et al. (1996)
found that their term infants a1 12 months were able to tolerate a 1.8-5 delay. Hofstadier and
Resznick {1996) used a 3-s delay for 7-, 9-, and }1-month-old children. Beil and Fox (1992}
found two groups of infants, 2 short delay group (the majority} who tolerated an average of
about 3 s and a fong delay proup whe wierated a mean delay of 12 s Espy, Kaufmann, and
Glisky (1999} used a 5-5 delay with 13 month olds to successfully discriminate. performance
ameng the cocaine-exposed and nonexposed woddlers. A 10-5 delay was chosen becsuse during
pilot tesling, it was observed that with longer delays, many children got:up repeatedly from
(heir seat andfor Jost interest in the tasks quickly. Thercfore, this delay was chosen 1o maximize
the number of children in the age range whe would be able o complete the task. A constanl
delay was chosen, in order to maintain a consistent administration procedure across AB and
comparison tasks in ordes (o examine performance differences with age.
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children reached for both cups simullaneously. On the first occurrence of this behavior, these
children did not receive the reward and were redirected to reach for a single cup only. The
trial then was repeated. This behavior did not ocour on subsequent tals.

The tasks described in this study were administered as a pari of a Targer executive Function
hattery. They were adminisicred in the same ocder for all chitdren: Sel-Control 1, AR, Spatiai
Reversal, Delayed Alternation, Color Beversal, Self-Control 2. Self-Caontrel 1 was first in the
haliery in order to introduce the child (o displacing an object 10 find 2 rewaed that was wiilized
in the other delayed response format wsks. Other tasks Meom the lacger battery that differed
in rESpoRse requiremcnls (e.g., sustained vigilance, naming speed) were intcrspersed between
each of the tasks described here. The specific task procedures for AB and the COmpanison
lasks are described below,

A#, {Diamond, 1988). The child waiched the examiner hide the reward under one of two
cups over the laweral wells of the testing board. The examiner removed the testing board rom
the rable and distracted the child with counting. After 10 5, the hoard was returned. The child
then displaced one cup to obtzin the reward, if correct. Afler ihe child correctly reirieved the
reward at the same location for two consecutive trials, the reward was bidden in the other
well. If the child displaced the cup with ro reward, the reward remained at the same Jocation
urtil the child reached ihe two consscutive coerect criterion (Diamond ek al,, 1997, Consistent
with other human and animal studies using AB, the reward was shifted from one lateral well
15 the other depending upon subject performance. For example, if a subject correctly responded
on all irials, the order of preseatation would be AABBAABBAA, whereas presentation for
another subject who erred on trials 3, 4, and 8 would be (subjects errors are highlighted)
AABBBBAAAA Ten trials were administercd, as Espy, Kaufmanr, and Glisky (1999) found
that 10 AB trials were sufficient wo clicit individual performance variability. Four dependent
variables were calculated: number of comect responses (ABCORR), number of correct consee-
utive responses (ABCRUN), nuinber of perseverative errors commireed after the first correct
two-frial sel was achicved (ABPERR), and number of erials in the longest run of conseculive
perseverative ermors (ABPRUM). On AB, not all etrors were perseverative, as perseverative
crrors were counted only for trials that occumed afier the child had comeetly retrieved the
rewand consecutively for two trials. These measurcs were chosen in order to achieve measure-
mcnt consistency across individuat children and the differing delayed response format tasks.!

Self-contral, (5C; Lee, Yaughn, & Kopp, 1983). This task was chosen o assess inhibition,
instead of OR (Diamand, 19%0k), in order 1o closely mimic the demand characteristics of AB.
In 3C, the child was shown the reward. The examiner used an animated tone to comment on
rcw.'trd desirability (e.g., "'These M & M's sure look good. | like green ones, do you? Yum
yum.”). There were two trials. In SC1, the rewaed then was hidden under the cup on the
testing board (only a single well and cup were usedy. In SC2, the reward was a wrapped gill,

*Dviamond (1985) used a variable trial, variable delay AB procedure where infants were
admiristered the task repeatedly. The length of the defay was reduced or increased depending
ot subject performance. Then, the oumber cormect on reversal and repeat trials was caleulated.
For the purposes here. that is, toexamine patterns of porformance across AR and other delayed
response format (asks, the number of trials was fixed across subjects, maintaining consistent
admimisiration across subjects and tasks., Because individual subject pecformance determined
the number of reversals in the fixed trial administration, more global measures {ie.. ABCORR,
ABPERR) were considered to better caplure individual differences in performance. 1 the
number of cormect reversal trials had been wsed as a dependent measure as the 1asks were
administered, the number of reversal (rials administered would be confounded with subjeet
performance. These global measures also provided a more consistent metric aceoss the dil-
fering delayed response fermal tasks,
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which was placed direcily on the table. The child was instructed not 1o tmduh l‘l:'WIﬂ while
the examiner completed another task. The examiner then backed up [ from’ e ‘table, tummed
partially away from the child, and reviewed test sheets whike mrwpl:musly lmmtﬂnng
the child. The latency to touch the reward on each trial was soared wlﬁl a ma:mmm of
150 5.

Delayed afternation, (DA; Goldman, Rosvold, Vest, & Galkin, 19"."1}. DA wm mc]uded
because of the presumed reliance on working memory (Goldman et al., ]9’?1]. as DA perfor-
mance has been tinked to dorsolateral prefrontal cortical function in anunals (Diamond, 1991;
Goldman-Rakic, 1987a). The iesting boord was used. In DA, the reward was hidden om of
the child’s sight {ie., with the testing board under the tablel, which was unlike AB, where
the child observed the reward being placed in the well. After comrect retrieval on a single DA
trial, the examiner hid (he reward in the altemate well. Like AB, when the rewand was shified
from one lateral welk 1o the other depended upon subject performance. To achieve the maximal
correct, the child must aliernate rewieval from right to lef wells on each successive trial,
When the child distupted the alieenation by searching on the same side, the examiner hid the
reward at the same location until cortect retrieval occurred. Based on pilot testing, 200 trials
were administered to elicit sufficient perfermance variability. Three dependent measures were
scored: mumber correct (DACORR), number of consecutive comect rials in the longest run
of afternations {DACRUN), and number of 1rals in the Tongest perseverative ron {DAPRUN),
Because there were only two wells, all ervocs were perseverative, and thus the numbers of
correct and error responses were redundant.

Spacial reversal (SR, Kaufmann, Leckman, & O, 1989). SR was presumed to depend on
working memory to a degrec by maintaining the response sek over a delay and on problem
solving or concepl formation because the child had o generate the rule (in this case, localion}
by which w comectly retrieve the reward. SR utilized the tesiing board, but unlike AB, the
child did not observe hiding of the reward. Similarly to AR though, the child retrieved the
reward until a criterion of consecutive comect retrievals at the same location 'was met. Then,
the reward was hidden in the other well. At which trial the reward was shifted between loca-
tions depended on the child"s performance (i.e., when the criterion of conseculive correct trials
was obiained). The criterion of four trials was used {instead of two trials in AB), as results lrom
the pilet siudy {Kavufmann et 4., 1989) revealed that more Wials within a set were necessary
10 establish the hiding nuie when the child did not observe the hiding of the reward. There
were 20 trials, as the 4-trial rerieval criterion required more trials in order 1o maintain a suffi-
cient number of shifts between hiding locations, Three dependent measures were scored:
number of comoet responses {SECORR), number of perseveralive emors after the first
correct sel {SRPERR), and number of consccutive tials in the longest perseverative run
(SEPRUN).

Color reversal. (CR; Kaufmann etal., 1989} Like SR. CR was postulated 1o measure work-
ing memory and problem solving, but SR and CR differed in the nature of the hiding rule.
In SR, the mule utilized location; in CR, it was viswal (color). Instead Dfusmg the cups (o
cover the wells, one blue and one yellow disc were used, where the colored discs moved
between sides eandomly across trials, As in DA and SR, the child did notabsenre the examiner
hiding the reward in CR. When the child retrieved the reward from beneath the colored disc
correctly for four consecuiive irals, the reward then was hidden beneath the disc of the other
color. Like SR, at which triad the reward was shiftcd between locations depemladon the child's
performance {i.e., when the criterion of conseculive correct trials was ublamnd} Twenty trials
were administered, Three dependent measures were scored: number of ‘cosrect responses
{CRCORR), number of perseverative emors afier the first correct set ({CRPERRY, and number
of consecutive tiials in the longest perseverative run {CRPRUN).

fatetligence. The Peabody Picwre Yocabulary Test-Revised, Form M (PPVYT-R; (Dunn &
Dunn, 19611 was adminisiered to estimate intelligence in children at oc above 2 years of apge.
The resulitng standard score was the dependent measure. There were nine children under 2
years of age 1o whom the PPYT-R was not administered. Task performance on each measure
for the entire sample is depicied in Table 1.
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TABLE 1
Sample Task Performance

Measure N M 5D Range
ABCORR (irials) 116 £.20 1.60 3-10
ABCRUN {trials) 116 578 275 2-10
ABPERR (irials) 116 1.51 i34 0-7
ABPRUN (irials) 116 1.07 194 0-5
DACORR {trials) 111 1211 am 5-20
DACRUN {trials) 111 4.52 N G6-17
DAPRIM (trials) it 2,18 1.23 1-9
SRCORR (trials) 02 13.57 177 3-16
SEPERR (trials) 98 4381 1.75 0-9
SPPRUN (trials) 102 2.00 1.04 ()
CRCORR (trials) 98 1268 1.9] 8-16
CRPERR {Irisls) i1 4.45 1.84 1-11
CRPRUN {trials} S .70 .53 2-9
SCONT? {seconds) 114 125,57 5108 . 0-150
SCONT2 (seconds) 119 11947 53.90 1-150
FPVTR, 79 110.5% 10.78 B6-140

Note. The number of subjects is less for CRPERR and SRPERR because perseverative
emors are cafewlated after the first comrect set is achieved. There were 4 subjects for SR and
18 subjects for CR who never achieved a correct four-trial set,

Design and Analysis

A linear regression design was used to examine age-related performance on each of the
dependent measutes. It was anticipated (hat task performance would improve with age. that
is, more comect and fewer perseverative eror responses. Individual differences in task perfor-
manee due to sex aod intellipence also were examined. For these analyses, sex was dommy
coded (1 = male, 0 = female) and then entered in the regression equation. Where sex signifi-
cantly predicted task performance, il was reentered in the regression equation with age and
the interaction of sex amd age, in order to examine whether the age effect differed by sex,
The same analylic stralegy was used in order [0 cxaming the effect of intelligence.

Exploratory factor analysis was conducted in order 1o assess AR measurement characieris-
tics. First, principal comporent analysis was conducted in order ko determine the number of
lactors to extract. Those Factors with Eigen values greater than 1.00 {Kaiser, 1960} were re-
tained. The Scree plot (Catteli, 1966) alse was examined 1o confirm extraction (Velicer, Pea-
cock, & Jackson, 1982). Then, a second principal components analysis was performed where
the number of lactors to extract was specified, using varimax rolation for ease of interpretation,
Warimax rotation was chosen for two reasons. First, varimax rotation disperses variabilily
across Factors {Goesuch, 1983). Because it has been proposed thal AB performance is deler-
mined by more than one cognitive compancnt {Diamond & Goldman-Rakic, 1989}, methods
that are more likely to vield a unitary factor (i.e., quartimax) were not appropriate. Furthermore,
the hypothesized shared varability among AB and the comparison tasks were postulaied to
be relatively distinct; therefore, an erthogonal rotation was considered appropriate (Comrey.
197%).7 In order 1o determine the underlying measuremeni characteristics, all factor Ioadings

* The assumption of factor independence was investigated subsequently by examining the
factor pattern inlercorrelations using an oblique, Harris-Kaiser potation (Gorsuch, 1983). In
order 1o assess the adequacy of the assumption of factor independence, (he data were reana-
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TABLE 2 RS
The Relation of Age to Task Performance  ~

. % Yariance
Keasure N Estimated age effect Standard errex- - | -~ explained
ABCORR 16 X id o4 e 16.28
ABCRUN 116 | 2R Hd 24 Lo 2066
ABPERE LG —0.57HExE it - 1362
ABPRUN 116 —{.3G%s+* 0.08 B 14.0G5
DACORR 111 Jagnere 034 . 3226
DACRUN 111 LaQ##s* 027 ) 2555
DAPRUN 1l — (5244 0N L 1634
SRCORR 102 01 Q.19 s L.21
SEPERE . 98 —032 049 C 2.9
SRPRUN 102 —(28** 1l ) 698
CRCORR 98 045 02 4.56
CRPERR 20 ~0.23 0.23 : ’ 1.34
CRPRUN 9% —(.38* 017 507
SCONTI1 114 LR ) Rl 435 2127
SCONT2 106 21 52ea%e 4.9 17.62

Nore. The aumber of subjects is less for CRPERR and SRPERR because perseveralive
errors are calewlated from first set achieved.
*hxk g < 00N, **p < D], *p < 05, p <ML

greater than *0.50 were used for interpretation. All analyses were cﬂnduclad ‘with SAS Ver-
sion 612,

RESULTS

Consistent with prediction, age significantly predlcted ABCORR (KF(1,
114) = 22.17, p < .00O1), ABCRUN (F(l, 114) = 29.68, p < .0001), AB-
PERR (F(l, 114) = 35.25, p < .0001), and ABPRUN (F(1, 114) = 18.64,
p < .0001). The relation of age to performance on AB and the comparison
tasks also is presented in Table 2. Age accounted for large portions of the
variability in AB performance, ranging from 14 to 23%. The estimated effect
of age on ABCORR was D.66 trials, indicating that a given child, on average,
would be expecied to score an additional {1.66 trials per age. year {depicted
in Fig. 1}. ABCRUN performance increased an average of 1.28 irials per
year, whereas age was related to a decrease of 0.67 ABPERR tnals per year
and of .36 ABPRUN trials per year.

Among the comparison tasks, age significantly predicted DACORR, (F(1,

Iyzed using Harris—Kaiser obligue rotation. Adier rolation, the factor pattem was identical and
the factor loadings were of similar magnitude. The four factors axes were not highly correlaled
fre = —002, Fy = 032, 7y = —005, s = —018, ryy = 13, ry = 0.04). The highest
correlation was between factor axes I and 3, which was not surprising given AB performance
measares loaded on both of these factors. Therefore, the assumpiion of independence of the
latent factors in enhogonal rotation was considered parsimonious and appropriate.
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FIG. 1. A-not-B total number comect by age.

109) = 51.91, p < .0001), DACRUN (F(1, 109) = 45.71, p < 0001y, DA-
PRUN (#(1, 109) = 21.30, p < .0001)}, SRPRUN (F(l, 100) = 704, p <
01}, CRCORR (F(1, 96) = 4.58, p < .05), CRPRUN (F(1, 96) = 5.13,
P <.03), SC1(F(1, 114) = 30.25, p < 0001}, and SC2 (F{1, 104) = 22.24,
p < 0001} performance. Age accounted for the greatest percentage of
variability in the DA measures, that is, between 16 and 36%. Figures 2, 3,
and 4 present the total number correct performance indices for each task by
age. The estimated age effect ranged from 2.44 trials per year for DACORR
to 0.21 for SRCORR.

|

Mote. Ape is in months

FIG. 2, Delayed alternation wotal number comect by age.
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FIG. 3. Spatial reversal total number correct by age. 7

Individual Differences in Task Performance

There were children who were noncompliant or unable:to-complete the
tasks (n = 1, AB;n=6,DA; n = 15, 5R; n = 19, CR;"'am;lfn;‘;':_E, SC2).
Three children inadvertently were not administered SC1 -and:SC2. Thirty-
five children did not compliete the PPVT-R due to fatigue or were not admin-
istered the task due to examiner emror. Age significantly predicted whether
a child was able to complete the DA, SR, and CR tasks (DA, F(1, 115} =
8.59, p < .001; SR, F(1, 115} = 1340, p < .00; CR, F{l_,‘_llﬁ} = 40.89,

Mote, Age is in months

FIG. 4. Color reversal tial number correck by age.



150 ESPY ET AL.

<0001}, but age was not related to the completion of SC2 (F{1, 115) =
2.44, p > .10}. The majority of children who were unable to complete DA,
SR, and CR were under 26 months of age{n = 4, DA n =10, SR n =
i5, CR).

Sex was unrelated to ABCORR, ABPERR, ABPRUN, and all measures

from the other comparison tasks. Sex, however, significantly predicted AB--

CRUN performance (F(1, 114) = 3.98, P < .03). Femates outscored males
by an average of one additional ABCRUN tdal {Female M = .31, S0 =
3.01; Male M = 5.31, SD = 2.43). To examine whether the effect of age
on ABCRUN varied with respect (o sex, the sex by age interaction was exam-
ined. When sex, age, and the respective interaction were entered into the
regression model, neither the sex main effect nor the sex by age interactive
were significant (Sex, F(l, 112y = 0.14, p > 70; Sex X Age, F(1, 112) =
1.10, p > .29}. These results indicate that sex did not affect the development
of ABCRUN skilis. PPVT-R intellectual ability was unrelated to perfor-
mance on all AB and comparison task measures (all p’s > .10).

Task Measurement Characteristios

Because exploratory factor analytic results are somewhat sample-depen-
dent {Gorsuch, 1983), three hierarchical criteria were used to guide variable
selection. Because higher subject-to-variable ratios yield more stable factor
patterns (Comrey, 1978}, single variables from among the correct and the
perseverative error indices were included for analysis. Univariate task corre-
lations also were analyzed in order to eliminate highly redundant variables
{Gorsuch, 1983). ABCORR and ABCRUN were highly correlated, as were
DACORR and DACRUN (all s > .80). ABCRUN and DACRUN were
retained for the purposes of analysis because, on the basis of face validity,
these variables best reflected consistent reward retrieval. Finally, variables
that were not age-sensitive were eliminated. On the basis of these criteria,
10 measures were retained for analysis: ABCRUN, ABPRUN, DACRUN,
DAPRUN, SRCORR, SRPRUN, CRCORR, CRPRUN, SC1 and 5C2. There
were 82 subjects (70%) who did not have any missing data across the 10
ineasures that were included in these analyses.

in the principal components analysis, four factors had Eigen valves that
exceeded 1.00 (Factor | = 2.58, Factor 2 = 1.78, Factor 3 = 1.47, and
Factor 4 = 1.12). The Scree plot also turned significantly after the fourth
factor. The four factors accounted cumulatively for 69.48% of the variance,
with the first through fourth factors each accounting for 25.76, 17.80, 14.71,
and 11.20% of the variance, respectively. All communalities exceeded 0.40,
indicating adequate measurement reliability (Gorsuch, 1983). The rotated
factor loadings are depicted in Table 3 (those less than (.50 were omitted).

Consistent with prediction, there was shared variability among AB and
comparison tasks. The first factor, which accounted for the greatest per-
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T.IbiBLE 3' -7 °
Rotated Factor Loadings of AB and Comparison
Factor
1 2
ABCRUN 0.60 S4al
ABPRUN —051 —{.65- EER
DACRUN .79 S
DAPRUN —{.79
SRCORR
SEPRUN
CRCORR 037
CRPRUN —0.85
SCONT1
SCONT2

MNate. Varimax totation was used.

formance variability, comprised ABCRUN, ABPRUN, HFCRQN,md
DAPRUN. On this factor, the indices of correct perfonnagﬁ;;;g;e;gfpnsnwe
in sign, whereas the respective error indices were negative, AB also loaded
with SCI and SC2 tasks on Factor 3. The factor loadings'qff&BCl?,UN and
the SC inhibition latencies were positive in sign, whereas ABPRUN was
negative. CR and SR task indices were unselated to AB V'pe;lformance and

loaded respectively on Factors 2 and 4.

DISCUSSION

AB performance steadily improved in preschool chiidren between 23 and
66 months of age. Older preschool children retrieved thn;m‘ward"or{ more
trials and made fewer perseverative errors on AB than did younger chlldn':n.
Thercfore, AB was sensitive to age-related differences beyond:the late in-
fancy age range, which has been more commonty studim_:l:ﬂ)iamond, 1985;
Piaget, 1954; Wellman et al., 1986). It is likely that usmgr—:mnre_ﬂ'jan one
reversal trial, as Diamond (1985) suggested, captured age-related dlffercm:_es
in AB performance in preschool children. These results lend support to Dia-
mond’s assertion that AB is sensitive in older children, provided that a longer
delay between hiding and retrieval is used. In this study,-a standard delay
of 1¢ s was used across children and age. This delay is significantly Jonger
than what has been used in other studies where the delay increased incremen-
tally and individually (ranging from a 1.8- to a 10.0-s dt::],ay:ax 12 mfmths
of age). A standard delay was chosen in this study to maintain a consistent
administration procedore across AB and the comparison tasks in order to
examine performance differences across age. Several researchers |-ZIH..\'E found
relatively large individoal differences in the delay necessary to elicit t_hn AB
error (Bell & Fox, 1992; Diamond, 1985). In this study, perseverative re-
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sponding may not have been maximal, in that for seme preschool children,
a 10-s delay may not have been sufficient to elicit AB errors. In fact, many
children older than 5 years of age achieved perfect AB performance. It is
likely that using a longer delay with the older children would have elicited
more AB errors, Despite the constant detay, age accounted for a large per—
centage of the variability in AB performance in this study.

Performance on most of the comparison tasks also was related to age. Age
accounted for the most variability in DA performance and age effects were
observed on all DA indices. However, performance on CR and SR was not
related as consistently to age as AB, DA, and SC. However, some of the
youngest children were not able to complete the SR or CR tasks. Because
the number of children that could not complete these tasks was comparable,
it does not appear that these difficelties were due to age-related color skills.
Because children were not specifically instructed that the reward was coupled
with disc color on CR, the comparable number of children who were ahle
to compiete the SR and CR tasks sugpests that it was the task format, not the
retrieval rule, that was related to fask failore. Because of the longer criterion
necessary (o demonstrate encoding of the retrieval role on these tasks where
the reward hiding was not observed, CR and SR may be more difficult for
the younger subjects. These measurement issues reduced task variability
in the youngest children and may have reduced the power to detect age ef-
fects on these tasks. Because some younger subjects could not complete these
tasks, their data were not included in the factor analysis and, therefore, did
not affect the observed loading pattern.

There were few individual differences in AB and comparison task perfor-
mance. Sex, for the most part, did not predict task performance. However,
females correctly searched consecutively by an average of one additional
trial on AB compared to males. This difference is consistent with findings
trom other investigations using AB in infants, where females tolerated longer
delays and searched for the hidden reward at an earlier age than males (Dia-
mond, 1985; Diamond & Doar, 1989). Neither this study nor those by
Diamond have found that sex affected the age-refated rate of performance
change. In light of the number of variables, and therefore statistical compari-
sons, the sex difference on the single AB measure found in this study mav
be spurious.

Performance on AB and the comparison tasks also was not related to intel-
ligence. This distinction is supported by other studies of executive function
development in schoocl-aged children {Levin et al, 1991; Welsh, Pen-
nington, & Groisser, 1991). Interestingly, one clinical hallmark of frontal
lobe dysfunctien is relative preservation of intellectual abilities, in light of
gross deficits in judgement, planning, working memory, and inhibition (Es-
linger & Damasio, 1985). The observaiion of this pattern in normal preschool
children suggests that the distinction of executive from intellectual skills may
be applicable across the life span.
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More generally, Diamond {1990a) has related AB performan
tal cortical maturity in infancy. Clearly, there are unportanﬁdmnges in the
dorsolateral prefrontal cortex thai occur later in the preschoo;l years, mainly
in synaptic renrgamzahon {Huttenlocher, 1979; Thatcher,:1997):sWhether
the age-related changes in AB and comparison task performance:observed
in this study reflect the continued maturation of the prefrontal cortex during
the preschool period is an importani question. Maturational: changes in be-
havior do not necessarily map onto the development of brain structure and
function with one-te-one correspondence {Diamond, 1991}, Concurrent mea-
sures of brain funciion and AB performance in preschool children is neces-
sary in order to examine this issue directly.

DA performance also has been linked to the function of .thcrdorsolatcral
prefrontal cortex in animals (Goldman et al., 1971), but this task has not
been used often in studies with humans. The findings from this study indicate
that DA performance improves reliably with age and may - be a useful tool
with which to investigate cognition in preschool children. DA-has been vsed
in older children who sustained injury to the prefrontal cortex. secondary to
closed head injury {Levin et al., 1994}, In that study, DA-performance was
not related to frontal lobe lesion size on MRI in school-aged children. How-
ever, Levin et al. concluded that DA was not valid in this ape range because
many head-injured and contro! children reported using a more complex re-
trieval rule than simple aliernation and therefore committed many unmneces-
sary errors.

The results from the factor analysis indicated that variability in AB perfor-
mance was shared across two factors; loading with DA and SC-performance,
respectively. AR performance, then, may be related to two underlying cc-_gni-
tive components, at least when considered in the context of these comparison
tasks. Interestingly, AB and the delayed response paradigm tasks, DA, SR,
and CR, measured unique aspects of cognition, despite shared-administration
procedures (i.e., manual retrieval of a hidden reward) and proposed reliance
on working memory. Because a unitary factor did not emerge, working mem-
ory, as a monolithic construct, may not be the major determinant of perfor-
mance on the tasks included here.

The first factor, accounting for the greatest proportion of the variance,
included both AB and DA indices. Although AB, DA, and SE. share a spatial
locaiion component, corceptually, DA may have the preatest demand on
working memory among these iasks. Comrect performance on'any given lfnal
is almost entirely dependent on performance on the previous trial. No salient
cues are present at the time of retrieval to guide performance, as the cups
are indistinguishable. The side of hiding changed after each correct trial,
requiring “*on-line’’ processing. SR, on the other hand, may be more rule-
based and, thereby, Iess working memory dependent. In SR, the child had
to “*discover’’ the hiding rule, in this case, a given location. The rule was
the same across trials until the particular criterion was reached, perhaps acti-
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vating working memory to a lesser extent than DA or AB. AB also loaded
on Factor 3 with SC indices. Successful AB performance also may depend
on inhibition of the previously rewarded response. SC was adapted from
developmental paradigms, originally developed in the context of comphiance.
SC was postulated to assess children’s ability to wait or to inhibit reaching

in response to an internal desire for reward (Welsh & Fennington, 1988).-

‘Taken together, these findings suggest that the cognitive componentis of AB
performance include both working memory and response inhibition, consis-
tent with Diamond and Goldman-Rakic (1989).

The common loading of AB and DA, however, may be related to other
cognitive domains, such as attention. Mirsky, Anthony, Duncan, Ahearn, and
Keliam (1991) have proposed a four-factor model of attention, of which the
focusfexecute and switch factors are germane. The shared variability in AB
and DA may require both spatial encoding and flexible switching among
alternative reward locations. According to this view, the critical element is
not holding information **on-line,”” but rather, flexible shifting among re-
sponse alternatives. Focus/execute (Mirsky et al., 1991) and inhibition (Dia-
mond & Goldman-Rakic, 1989) both include cognitive processes requiring
response restraint. This two component view of AB performance from the
perspective of attention also is consistent with Posner and Peterson’s (1990
neural substrate model of attention. In their model, attention processes are
distributed widely throughout the brain, but are composed of two subnet-
works, the anterior and posterior. The anterior subnetwork, including the
dorsolateral prefrontal and orbital cortex and limbic and other subcortical
structures, is hypothesized to detect signals. It utilizes both internat data from
memory storage in the hippocampus and current sensory input from the pari-
ctal cortex, in order 1o process information across time. It is difficult to deter-
mine whether the shared variability among AB, DA, and SC is attention-
based or mnemonic.

SR and CR performance did not load with AB performance despite like
administration, suggesting that these tasks were less dependent on working
memory than originally proposed. These tasks also were postulated to de-
pend, at least in part, on problem-solving skills in preschool children, simi-
larly to the Wisconsin Card Sorting Test {Heaton, 1981). In both SR and
CR, the child determined the retrieval rule and maintained it to guide perfor-
mance vntil the contingency changed after the criterion was met. The sepa-
rate loading of SR and CR may reflect the salience of the rule distinction
in young children. CR and SR also are similar to the Object Reversal and
Discrimination tasks used in animal neuroscience investigations, where the

maonkey retrieves a reward according to a rule until the performance criterion
15 reached, when the reward is changed (Clark & Goldman-Rakic, 1989;
Mishkin, 1964). Performance on these discrimination tasks has been linked
to orbitofrontal cortex (Goldman, Crawford, Stokes, Galkin, & Rosvold,
1974; Mishkin. 1964). Interestingly, the problem solving required for these
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tasks is similar to the ‘‘strategy generation’ proccssesm’aﬂﬁipnposcd by
Baillargeon et al. (1990). Given the proximity and interconmections-among
the dorsolateral prefrontal and osbital frontal areas and ﬂrqfsubcorttx, it
would not be surprising that these cognitive functions may l{g'f;umplemen-
tmﬁ{:-berts and Pennington (1996) have proposed that workmgmcmory re-
sources, task demands, and prepotent response inhibition competltm_:ly inter-
act. Therefore, if the prepoteit response is particula{riiy sh‘oug'opﬂ'ljle wnrkm_g
memory demand high, strong perseverative responding occurs when cogni-
tive prrgccsses breakgdhuwn. AB is considered relatively balan‘?eﬁ in tffms of
working memory demands and prepotency strengﬂ't. Of.her fmn:a] tasks
are more heavily loaded in one direction. The Wisconsin Carc_l S_umng Test
{Heaton, 1981}, and perhaps SR and CR, may have ]es§ ofa _b}:llt-m response
bias: therefore, working memory would be more heavily utilized in order 1o
achieve correct performance. Other tasks, such as the Stmop {Golden, 19?’3]
and perhaps SC, have a stronger prepotent response bias where less working
memory activation is required. The findings from the present stud:.r are not
entirely consistent with this model. If working memory and mhsbltmn_of the
response prepotency interact, a single, general facter shou]d_ emerge \_mﬂ] the
more working memory-dependent tasks, CR and SR, _pomtwe in'sign and
the more inhibition-related task, like SC, negative in_51gn.' ABand p:ertEaps
DA would load positively or negatively, perhaps with the correct indices
loading positively and the error indices ncgativ_e]y. The resultsﬁ'om the pres-
ent study indicate that rule-based problem sotving on SK and CR is separable
from the cognitive processes required on AB, DA, and S(;. ) ‘
Correspondingly, these findings suggest that perseveration, which tradi-
tionally has been considered a unitary phennma:nc-n related to frontal lobe
dysfunction, especially in clinical populations, d1ffer:s. depending on task re-
quirements. In this study, perseveration indices were inversely related to cor-
rect performance as expected, but loaded according to task demand, rather
than as a common factor. These resulis are consistent with .those of H-:?f-
stadter and Reznick (1996), who found that perseverative performance l:!Jf-
fered for reaching and gaze responses. In the present s!:l.}dy,' all pecseverative
responses were motoric, yet the differences in cognitive demands among
tasks yielded independent measures of perseveration. 'I'heseﬁnd.mgs are con-
sistent with Goldman-Rakic’s (1987b) conceptualization of I:Patenal-fspec:iﬁc
working memory which, when dysfunctional, produces matf:q_a_l-spgmﬁc per-
severative errors. s
These findings must be interpreted in Jight of the inmtffnonsrof factor
analysis. Labeling a factor of shared variability among tasksm not compara-
ble to identifying component cognitive constructs !:Peupjngton, 1996:}. It 1s,
however, one approach that complements the ex_istlr]g literature pl:nwded bj_.r
other developmental neuropsychelogical investigations. Und':':r]yu_lg cogai-
tive phenomena also can be studied in clinical populations with dissociable
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nentopsychological profiles and/or underlying brain abnormalities. Clini-
cal neuropsychological approaches are just beginning to be conducted in
preschool children. For example, AB performance differed in prenatally
cocaine-exposed toddlers compared to nonexposed controls (Espy et al.,
1999}. AB, SR, and CR also have been used in older, but cognitive-limited
developmentally disabled populations, such as children with autism and men-
tal retardation {Kaufmann et al., 1989; McEvoy, Rogers, & Pennington,
1993). More generally, these findings suggest that tasks adapted from neuro-
science paradigms offer a rich methodology by which to examine brain—
behavior links in preschool children.
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