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CHAPTER FIVE

Individual Differences inithe
Development of Executive Function
in Children: Lessons From the
Delayed Response and A-not-B Tasks

Kimberly Andrews Espy '
Soutbern Hiinots University School of Medic;'ne

Paul M. Kaufmann ;
Clyde L. Choate Mental Health and Developmental Center

An explosion of research activity in the area of antenti ary, and ex-
ecutive function has been noted since the mid-1980s- (L;rnn "Krasnegor
1996}. The bulk of this activity, however, has fomsedon;,thc examination
of group differences in executive skills, with less at:etﬂéudﬂ'ﬁtcd to the

At ]

manner by which individual children differ in e:ecummh ‘from their
peers. This chapter explores individual differences’ ﬂ'omg%'elopmcntal

* perspective, that is, by rerarning to the emergence of basic mcutive func-

tions and tracing the subsequent manifestations by r:nmining the individ-
ual parterns of change. Therefore, it first reviews the hhturyof executive
function through critical case study descriptions and mmdhcmses the cur-
rent conceptualizations of executive functions. Tradition:l ﬂ'amcworks for
understanding individuat differences are described with- cmphﬁis on quasé
experimental designs commondy used in developmental ncumpsycholog}r
Finally, investigations concerning the performance of infams and young
children on a particular executive function paradigm are reviewed be-
cause, according to-the position herein, executive behavior is readily ob-
servable carly in development.

WHERE DID THE CONCEPT OF EXECUTIVE
FUNCTIONS DEVELOP? A CASE STUDY REVIEW

Historically, case study bas been a useful approach to in'_lzr.uiig-ate individ-
ual differences in adult and child populations. The strength of this ap-
proach lies in its sensitivity to individual variation and its breadth of quali-
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tative descriptions. Many authoss identify the unique clinical presentation
of Phineas Gage, an otherwise unremarkable railrcad worcker, as the
dawmning of modern interest in the brain-behavior relations associated
with executive functions {(Harlow, 1848, 1868). Gage made history when
an accidental explosion sent a large ramping iron traversing through his
left frontal lobe, causing focal, yet extensive damage. Harlow's behavioral
observations are the only record of the psychological changes characrer-
ized by reduced inhibition and altered personality:

The equilibrium or balanice, so to speak, berween his intellecrual Eaculties
and his animal propensities, seems 1o have been destroyed. He is fitful, irrev-
erent, indulging at times in the grossest profanity {which was not previously
his custom?, manifesting but litle deference for his fellows, impatient of re-
straint or advice when it conflicts with his desires, at times pertinaciously ob-
stinate, yet capricious and vacillating, devising many plans for future opera-
tions, which are no sooner arranged than they are zsbandoned in mom for
others appearing more feasible. {Harlow, 1868, p. 344}.

Soon after the injury, Harlow {1848) concluded that Gage's memory was
unimpaired. However, exiended observations noted that Gage would en-
tertain his nieces and nephews with fabulous steries of “his wonderful
feats and hairbreadth escapes, without any foundation except in his fancy”
(Harlow, 1808, p. 334).

Using a formal, psychometric approach, Eslinger and Damasio (1985)
investigated patient EVR, whose orbital frontal surface and the frontal pole
were excised bilaterally, due to a large orbitofrontal meningioma. Tradi-
tional neuropsychological batteries, which included measures of execu-
tive functions, such as the Wisconsin Card Sorting Test (WCST; Heaton,
1981), demonstrated liitle, if any, evidence of disturbed higher cortical
funciions following recovery from surgery. Frotocols from repeated fol-
low-up examinations are noteworthy in that EVR’s performance was stra-
tegic, sophisticated, and almost flawless. However, information provided
by family members, along with observations of EVR's decision making in
everyday life, clearly demonstrated a significant disability associated with
his frontal lobe tamer and excision, which A. R. Damasic, Tranel, and H.
Damasio (1990} labeled acquired sociopathy.

in children, the investigation of executive skills has a much shorter his-
tory. Until the 1980s, many neuropsychologists believed that executive
skills did not “turn on” or become functional until puberty (Golden,
1581). However, recent studies with various methods and measurement
tools have demonstrated repeatedly that children possess executive func-
tions (Chelune & Baer, 1986; Levin et al.,, 1991; Welsh, Pennington, &
Groisser, 1991). In addition, lesions to the prefrontal cortex eacly in life
may be less likely to mimic impairments observed acutely following
prefrontal lesions in adulthood (Eslinger, Biddle, & Grattan, 1997). This
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observation is not surprising, considering that the m& behmurand
intact central nervous systems differ from those of ; ﬂlllszlt is well estab-
lished that brain-behavior relations from adult neuropsychology do not
generalize well to children (Fletcher & Taylor, 1984).5=:4~

Eslinger and colleagues (1997) reviewed several*cases of eary pre-
frontal cortex lesions in children, including JC. JC, a:7-yearold right-
handed boy, had an unremarkable medical, developmental;and early aca-
demic hisiory when he suddenly developed severe headache, vomiting,
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seizures, and subsequent loss of conscicusness. He underwent emergency

surgery, resulting in right middle frontal gyrus topectomy and excision of
an arteriovenous malformaton located just superior and lateral 10 the
head of the caudate (see Eslinger et ak.,, 1997, for specific MRI localiza-
tion). Neuropsychological evaluation & months after surgery revealed spe-
cific dissociaticns in cognitive, memory, and executive functions similar o
that observed in Gage and EVR. Unlike these cases, JC's damage was local-
ized 1o right frontal cortex, therefore, specific difficulties in spatial plan-
ning, sequencing, constructional praxis, and monitoring during multistep
tasks were prominent, in addition to a classic “adult-like” left hemi-spatial
neglect. Measured intelligence was in the High Average Range and consis-
tent with premorbid expectations (Wechsler Intelligence Scale for Chil-
dren—Revised, WISC-R Full Scale [Q = 111; VIQ = 113, PIQ = 104). Par-
terns of distracted, impulsive, and disinhibited behavior, with tangential
speech, were noted. One of the more idiosyncratic i:lehzviors dlsplayed by
JC was an obsessive propensity 10 sniff everything. -

Follow-up neuropsychological evaluation of JC, 4- }m after surgery,
revealed greatly diminished—yet residual evidence of—spatial planning
and spatial atiention deficits. [nterestingly, these mild. persisting deficits
were not apparent when external crganizational strategles were provided.
Performance on an executive flunction battery indicated executive func-
ticn impaicments on many measures, but aoteworthy exceptions included
age-appropriate performance on the WCST and the-Tower of Hanoi
(TOH; Simon, 1975}, Socially, JC denied any behavioral problems and
commented “I'm nice. I'm a good friend, I'm nice to other people.” How-
ever, reports from his parents and teachers revealed persisting difficulties
with concentration, restlessness, and carelessness in -his work. Social
problems and aggressive behavior were noted, with JC showing poor ap-
preciation or compliance with age-appropriate nuance and finesse in so-
cial situations. His parents reported that, “IC doesn't seem to understand
a lot of the dynamics of his peer groups. He takes things very literally and
personally,” but described him as a happy, loving boy, who was sociable,
outgeing, and responsive to his family life (Eslinger et al., 1997).

These cases share several commonalties. First, general intellectual and
other neurcopsychological functions, such as language, sensory abilities,
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and visuospatial skills were not impaired. 1o contrast, deficits in inhibi-
tion, maintaining information over time, judgment, planning, and social
skills wese prominent. Furthermore, performance on tasks considered 1o
“measure” executive and frontal lobe function was in the normal range.
Comparing the findings from these cases SUBEEsts that the nature of exec-
utive processes may be elusive {i.e., not easily captured or quantified}, at
least on traditional psychometric m&asures.

WHAT ARE EXECUTIVE FUNCTIONS?
A CONSTRUCT REVIEW

The study of executive function in children is comprised of a patchwork of
tasks and in various populations, with some investigations focusing on
neurcpathological correlates and others on cognitive or behavioral inter-
relations (Pennington, 1997}. Many of the tasks purporied to measure ex-
ecutive function have been linked speculatively to fronead lobe function
without direct measurement of the brain. Pennington labeled this inferred
brzin-bebavior refation as the “frontal metaphor.” He noted the indis-
criminant use of this metaphor to explain a wide range of normal de-
velopmental phenomena and clinical presentations. The power of the fron-
tal metaphor is in the application of neurcscience 10 integrate an under-
standing of normal developmental progression, developmental disabilides,
and outcome following acquired frontal lobe lesions. The unique paterns
of behavioral disturbance associated with frontal lobe lesions in both adults
and children markedly reduce daily living skills and are frequently the
source of distress to patient’s family members seeking clinical services.
However, discussions of global psychological constructs, like executive
functions, rapidly deteriorate into vague analogies without the elucidation
of component processes and corresponding operational definiticns.
There is no universally accepted operational definition of executive
fanctions. Luria {1973} originally proposed a “functional brain unit for
programming, regulation, and verification of activity,” in which “man not
only reacts passively to incoming information but creates intentions, forms
plans and programs of his actions, inspects their performance, regulates
his behavior so that it conforms to these plans and programs, finally he
vecifies his conscious activity comparing the effecis of his actions with the
original intentions and correcting any mistakes that he has made” (pp.
79-80). More recently, theorists from different traditions have empha-
sized diverse aspects of cognition in order 10 define executive functions
(Eslinger, 1996). For example, in 1yon and Krasnegor (1996), Borkowski
and Burke (1996) took an information-processing approach, emphasizing
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that executive functions are comprised of three!maipicamponents: tasks

analysis, strategy control, and strategy monitoring” Pennington, Bennetto,:
Mcaleer, and Roberts (1996} focused on planning, maintaining such plans’
online, and inhibiting other actions in order 10 problem solve to achieve 2°
future goal. Executive functions have been defined behaviorally by Hayes,.
Gifford, and Ruckstahl (1996) to inciude the complex control of stimuli,
responses, and derived properties ina given context, In contrast, Graham
and Harris {1996) focused on the self-regulatory: strategies, including
metacognition, goal-setting, monitoring, sirategy deployment, and action-
plans. Barkley (1996) proposed that executive functions overlap heavily
with attention mechanisms. He identified four criteria that must be pres-
ent for a given behavior 10 be “executive™ behavior-behavior response
chains, relation to the probability of a subsequent response, 2 delay be-
tween events and actions, and finally, inhibition"of other responses.

ll of these cognitive theories included at least semi-independent com-
ponent processes of executive skills. The validity of these processes has

_ been investigated either by manipulating task demands or by examining

patterns of associations among various 1asks {(Embeetson, 1983). Problems
arise because neuropsychologists, both in clinical:practice and research
investigations, interpret patterns of task performance on the basis of face
validity, where isotated deficits represent distinct component process im-
pairments (Taylor, 1996). In fact, the underlying measurement character
istics of many executive function tasks have not been wekl studied and may
not reflect distinct cognitive phenomena. Pennington (1997) identified at
least three dimensions of executive functions with demonstraied validity
in normal and clinical populations: verbal working memory, cognitive
flexibility or ser-shifting, and motor inhibition. Somewhat different com-
ponents {i.e., fluid/speeded response, hypothesis testing/impulse control,
and planning) have been reported in normal school-age children (Welsh
et al., 1991). Moreover, Levin and associates {1991) found that three un-
derlying factors best described executive task performance: semantic asso
ciation/concept formation, freedom from perseveration, and planning
strategy.

Executive function tasks, therefore, may not map Onto COMponent con
structs in 4 one-to-one, linear manner. Executive functions, by the very na
ture of any definition, involve higher order, integrative control-type skills
where the translation of the definition into measurement tools is some
what more difficult than with a more discrete skill (e.g., language). Thess
definitional issues render the study of individual differences in executivi
skill in children difficult. However, there are other measurement {ssue:
from the broader individual differences literarure that also affect the stad
of such differences in executive functions in children.
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WHAT ARE INDIVIDUAL DIFFERENCES?
MEASUREMENT AND RELEVANCE

Differences among individual children have become increasingly important in
neuropsychological research. Clinicians predict neuropsychological outcome,
educational progress, and/or therapeutic needs of an individual, not of a
diaphanous average of a group. Research studies focusing on the average
of a group process provide a rich base and may illuminate fruitful subse-
quent directions for investigation. These relarively crude prognostications,
however, may be of little comfort 1o parents who are seeking a better un-
derstanding of their child’s problems and/or assisiance in remediating
these problems.

Individual differences traditionally have been conceprualized as factors
that cause zn individual to deviate from the “average” or mean group per-
formance {Keppel, 1982). In randomized experimental designs, the de-
gree to which an individual varies from the expected group mean is con-
sidered error variance. The goal in this type of investigation is 10 minimize
error variance, that is, to reduce differences among individuals in order to
maximize the hypothesized group effect. In practice, at least in guasi-
experimental, clinical neuropsychological research, whether the hypothe-
sized effect concerns a “group” or an “individual” is somewhat arbitrary.
For example, the presence of a medical condition, such as traumatic brain
injury, influences the manner by which an individuat child deviates from
expectations of normally developing peers. Children who have sustained
traumatic brain injury also can be grouped according to injury severity in
crder to determine the risk for cognitive sequelae (Fletcher & Levin, 1988).
Moreover, within severely brain injured children, those with pupillary ab-
normalities exhibit greater developmental differences in visuomotor skill
relative 1o those without such eye findings (Francis, Fletcher, Steubing,
Davidson, & Thompson, 19%1). Which level or dimension represents the
“individual difference”: presence of brain injury, brain injury severity, or
pupillary abnormality? This example illustrates that individual differences
in almost any outcome can be demonstrated depending on the manner
and/or level at which the independent variable is conceptualized.

The conceptualization of many neuropsychological phenomena has
been driven by the reliance on medical, disease-based models of clinical
phenomena in children. For example, dyslexia is the term often used in
medical settings to describe children who are poor readers (Menkes,
1985). Dyslexia historically has been defined as “specific"—that is, as 2 dis-
crete, biclogically uniform category of children who presumably differ
from children who read poorly for nonspecific, but “explainable” reasons,
such as low intelligence (Rutter & Yule, 1975). This conceptualization is dis-
ease based, as it is thought to be present or absent in 2 manoer such as in-
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fection (e.g., World Federation of Neurology definithong:C , 1970},
More modern concepiualizations view poor ri:as comprising the -
natural tail end of the normal distribution of akills:(S. E. Shaywirz,
Escobar, B. A. Shaywitz, Fletcher, & Makuch, 1992)::in:fact; other medical - -
“disease™ states also may represent a continuum of neuropathclogy and as-
sociated cognitive sequelae, for example, the degree of white macter dam-
age is related linearly with cognitive outcome children with hydrocepha-
lus (Fletcher et al., 1592).

Readily accessible, relatively simple, traditional statistics, such as # 1est
and analysis of variance {ANOVA), aiso have promulgated discrete, group-
based designs that focus on average performance differences between
groups. The researcher may be compelled to form “artificial” groups in or-
der to conduct these analyses. The problem is not in'the statistics, in that
the artificial grouping may not reflect the phenomena under study. In fact,
many independent variables in neuropsychological research are continu-
ously distributed and therefore are amenable 0 designs thar relate indi-
vidual differences in the independent variable to differences in outcome.
Multiple regression is one such design that utilizes the inberent variabilicy
in both the independent and dependent measures. There are many nat-
rally occurring grouping variables in quasi-experimental research, which
when considered in more detail can be analyzed as a continuum.

When a child's neurcpsychological development is considered ina lon-
gitudinal context, individual variability occurs at many levels. Individuals
may differ in the age of onset of the emergence of skill development, the
rate of development, the level of proficiency at any given age, and the
shape of the trajectory of skili acquisition. When taken together, these in-
dividual differences yield various developmenial patterns (Satz, Fletcher,
Ciark, & Morris, 1981). §t is only recently with the adveat of HAexible and
relatively accessible hierarchical or multilevel modeling techniques (Bryk
& Raudenbush, 1992; Goldstein, 1995} that these individual differences in
the patterns of skill development can be studied (e.g., Espy, Riese, &% Fran-
cis, 1997; Francis, S. E. Shaywitz, Stuebing, B. A. Shaywitz, & Fletcher,
1996). Furthermore, these techniques can be used to investigate individ-
ual differences, which are nondevelopmental, but that also are nested at
several levels (e.g., individual children in various classrooms within diffec-
ent schools). )

Presumably, it is these individual differences in development that com-
prise important variability in outcome. Fletcher (1997) proposed that the
fundamental structure-function relations and the mechanisms for individ- -
wal variabilicy diffec. individual variability, then, may result from phenom-
ena not related to a given structure-function relation, but nevertheless are
important in predicting outcome. For example, the relation of injury se-
verity in traumatically brain injured children and cutcome is well knowry
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{Flewcher & Levin, 1988). The diffuse axonal injury due tc shear strains
and tearing of subcortical white matter tracts from impace {Strich, 1970) is
associated with reduced information processing and impaired motor
speed {Kaufmann, Flercher, Levin, Miner, & Ewing-Cobbs, 1993; Levin et
al., 1994; Yeates, Blumenstein, Patterson, & Delis, 1995). However, vari-
ability in outcome, such as school performance, is not a divect function of
injury severity (Taylor & Schatschneider, 1992). Despite comparable in-
jury severity, children with larger fronrl lesions/contusions demonstrate
greater problems on tasks involving judgment and planning (Levin et al.,
1994). These differences in executive function performance may be im-
portant markers of poorer functional cutcome at school and/or work in
these children, bur are not a direct consequence of the diffuse axonal in-
jury 1o white matter.

Alternatively, there may be observed performance differences among
individuals that actually do not result from differences in underlying psy-
chological skill. For example, when performance varizbility on a given in-
strument changes with age, it may be inferred that as children marure, in-
dividual differences in performance become more prominent. Children
may differ in the rate of skill development, which over time increases vari-
ability in the level of performance when measured at the chosen endpoint
age. However, differential variability at different ages alsc may signify that
the instrument does not adequately measure the underlying construct at
all ages (Hernzog, 1985}. Therefore, it is critical 1o thoroughly understand
the underlying neuropsychological phenomena and the pertinent devel-
opmental manifestations pricr 1o examining how and why individual chil-
dren vary,

HOW MAY EXECUTIVE FUNCTIONS BE
CHARACTERIZED [N INDIVIDUALS?
DELAYED RESPONSE AND A-NOT-B TASKS

Given the unresolved issues of measurement and construct definition al-
ready discussed, one approach to disentangle some of the complexity in
the study of executive functions in children is to crace the ontogeny “back-
ward,” that is, to return to the early emergence of these skills in infancy. At
this point in development, executive skills presumably are less differenti-
ated, less sophisticated, and more able 10 be mapped onto meaningful
cognitive components. Once the origin of execurive skills is better under-
stocd, the manner in which these executive functions subsequently differ-
entiate in development can be investigated more fruitfully. It is our hope,
then, that a review of studies of executive functions in infancy may shed
light on the manifestation of the more complex executive skills later in
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childhood. This review is limited to studies of i.gdl'ﬂdual dlﬂ’erenocs on’:
one particular executive function paradigm, the’ lida}'ed response (DR)
and the variant, A-not-B (AB) tasks. This paradigmm chosen because of
its parallel roots in both the developmental neuroscimmand cognitive lit- -
erature bases. DR and AB have been used to mvesﬁgnm the relation be-.
tween brain-behavior relations in animals {(Goldman-Rakic, 1987) and,
more recently, in infants and young children (Dlamond, 1985; Espy,
Kaufmann, & Glisky, 1999; Kaufmann, Leckman, & Ort, 1989; Wellman,
Cross, & Bartsch, 1986). Table 5.1 contains a summeary of the studies re-
viewed below.,

in the classic DR task, a well is baited with a reward while the subject.
watches. A delay is imposed and then the subject seacches for the reward.
The side of hiding is switched randemly across trials. In order to maximize
veward, the subject must remember where the reward was hidden on this
trial and not search at the location that was rewarded on the previous trial.

_ For AB, the infant cbserves 2 reward hidden at a location (A). The infant

then reirieves the reward at location A for several trials, The reward is
switched then to the alternative location (B). Between 8 and 12 months of
age, the infant continues to search for the reward at-location A, despite di-
rect observation of the hiding of the reward at location B {the AB error).
However, by 12 months of age, the infant searches at correct location B, re-
gardless of where the reward was hidden on the previous trial (Piaget,
1954).

Diamond and Goldman-Rakic (198%) argued ﬂ:at ‘AB.and DR depend
on “working memory” and on the inhibition of aiprepotent response.-
Working memory has been defined as “the process by which symbolic rep-
reseniations are accessed and held on-line 1o guide a response™ (Gold-
man-Rakic, 1987, p. 604}. The AB error results when the location of the re-
ward at the observed location B is not maintained acrossthe temporal gap
(Fuster, 1985). The imposition of a delay appears to:be critical in order to-
activate working memory (Goldman-Rakic, 1987;' Gratch, Appel, Evans,”
LeCompte, & Wright, 1974; Harris, 1973). [f there is mtatemporal interval:
berween hiding and retrieval during which the rcpteaemaﬂon must be hcldf_

“online,” neither infants nor monkeys with prefrontal lesions err (Diamond,
1985; Goldman & Rosvold, 1970). The infant, then, must rely on associative
tmemory to find the reward, and therefore, searches at location A.

Differences in AB performance among individuals can be categorized in
several ways. Because this chapter foruses on infants and children, one -
major source of individual differences in performance is that related to de-
velopment, cfien operationalized as age effects. Howe (1994} proposed
that individual differences could be consirued also as those occurring be-
tween individuals (interindividual}) and within individuals {intraindi-



(panupuod)

" e SnEiied st pea UPID 39PIO

Paaraeqo Smqeines [enprypu]
affe s pasordun Juruopad gy

SIS JanuBoD o) pROEpSS SEM IDUSISNID 198 AU
SIA[PPO] pasodiXouon U 5I9F Jama)
PaA3pDe puE 'S[EL 3JOW UO PRlTiaassiad ‘sioira
saperaazsrd atow apew sIRTppol pasodas-suresos
ouasagaxd apis jo aouapiae O
{Ae]2p Dos-g possed
stpuow 1 Jo %04 A[ue "Fa) Lmqewes Enprapa
IPIA TN CTETILTS BEM Wanied ETEp [EUORSIS-S0IT
spemn pauros fupmolog res
-J3AD) PUR JOLID SUAMOTO] [ELI2A U0 EIUSISMD ON
sperH 1290100 Sumonoy 1eadas vo souvennopsd 15ag
sausfiows Y w #oq paunopadino g0
(gg61 ‘puoweiq) gy = auwsuwolad Ydg
aouagd IpIF J0 3UapAY O
U 54/ 3¢ ARjp 23%-7 FUOW 7T 1% AB[3p 23801
s3usBiowa gy u sdoq prouopading spno
s[eL JoL Bupaoqiof fes
-IBAR] JO 1220303 JULMOIO) [ESI3AM UO S20UISND ON
Sren 00303 Fupono] 1eadar uo asueunopixd 1sxg
28 Jo \puow Yors Jof 398 7 Aq paseassu) Aejap gy

pe3f Moy B 1 spuom
8 1¢ Jamend 121E328 pey Al7es gy passed oys s
ARUOW T 3 0T U321 samod

TeIuoy 1yf v IFEADIP pamoys dnod uoys Aug

Suow 71 @ 01

2R 01
[OHUO]TeG
9% 01 qv
[eIvawmanu; ua
AL av

fruonavs
55037y

TEuCmIas
BTy
»
reurpnufuay

reurprarfuoy

rooyaead L11
(syqauow FZ=L1)
SIPPO) 1ON

~UOd [ENRIOUN LT
paEodxy

UMM /]

SUOuI

Ziwor'e
senn o¢

(npuow 71—
U TTEA

(spuow Z1-449
Aprewmosdde)
FuEpn oy

- (666D
L oEn 2

’Enﬂ

(6661)

Lyemo 7

‘uueuyniey
+ E.mm—

{ca61)
Jeoq]

W PUCWEK]

(ga61)
puowel]

US3MI3G 30UJ3M03 [EIUN0Y 1J3] PAsEINN ‘SIPUoLT SYIOut 7t w
8-L 1 s E1oy WL paseaaiop peq dnodd Fuog 037 Fupsay TEUOTEISS r'or's's's
(sypuout pi i) 53¢ ¢ = gy dnosd woys vongnyuy asuodsay SFOID) SJUES Of

335 €1 = W dnosd Suiri—Aeep w Qmqenrea apia TeARnSY B0 ¥ (stpuow z1—7) {z661)
afte yua paseanouy Lefep gy (L UENTEL =T gy reumpniduoy sjuEpn € x0J ¥ Nag

(punyaq “ia {0661)

Japun "EA woi) g

UopEUIuRIIN ¥ '0AMT

FUOTIPUOT J2)¢) YE LYEIfAT 53] PAROO] UL 238 (1 pug-suEaW AL sipuom g ‘Jqeny
voneao| apqissodun 18 138u0] payco] FIULUY 3% £1 paneg Fumooy sy 7§ ‘uoakreneg

(6961)

UOpeuEI() AMIEID

uones0| 1oy se safuop panoo] Huey 2% 0L UOpEMr] Ly, auow g 3 L F WAN]
uoneso] ajqsodwry ¢ safuop paoo) suen 9% O 7 baneg Runyoo SIUEJUL BT ‘uoairegreg

UOREUIMFOE]
1O ANM o) pareadde puey UONEIT

TIPE uGoE| MIFedun 1e payoo] juo Sipuout g 7 pauTeq {ga6r)

Amrenba uonesol yoes 18 pIYOO] SIUR SpPuow [ Ipqrssodw awyL Spuow g yp [ Iy
uenEso] yqssodu i Jauo] paxoo] st syuow g 275 ¢ /o1qsR0g Fuproo srenn g7 voarerreg
sinsay dppacy ysoL upag stxalgng Apts

SIUEJUT UL SUOTIDUN] 2APNaaxyg NEFNsaaU] o) ¥a 0 gy Susn saprag

I't 1YL

125 -

122



TABLE 5.1
(Continued)
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Resulis

Delay

Subjects Design Task

Study

rather than an incorreet response
Perseverations were more likely on incorreet reach

Reaching was more laterally perseverative 1o lefi

Perscverative reach were more common than saze
5 months—identificd locadon with gaze

7 months—significant percontage of AB crrors
Perseverations decreased with age

Infants perscverated more following a correct

Gaze more likely to be correct than reach

3 sec

DR

sectional
Reach

V§,

Gaze

Cross-

24 7 monrths
48 9 months
48 11 months
12 5 months

Hostadter &
Reznick
(1996}

Significant rendency to err on repeat correct trials
Longer delays in reach for preterms

No cffect of term on gaze

Zsce difference between reach and gaze conditions

Incremental

Object Retricval
Means—End

AB

Longitudinal
Reach

Vs,

Craze

28-60 weeks

10 preterin
10 full term

OR performance ismproved with age, no term effect
Low crror rates on Means—End, no term cffecr

No group differences on AB or DR

Ceiling cffects on AB

{corrected age)

EC s
W o A N
I aCE
= HE
=

None
6 sec

AB
DR

Maiched
Cross-

17 autisitic children
13 developmentally

Rogers, &

McEvoy,

sectional

delayed children
16 normal control
(30-80 months)
30 preterm infants

Penning-

on
{1993)

Ross,

AB crrors differed by tcrm birth status
No differences among preterm infants
G0% of premature infants were unable o find the

Incremental

AR

secrional

Cross-

with hemorrhage
30 preterm infanis
without hemor-

rhage
30 full-term infants

Tesman,
Auld, &
Nass

reward on two out of three reversal trials; only
13% of full-term infants demonsuated this pauemn

(10 months)

(1992)

Note: Please see Wellman, Cross, and Bartsch (19863 for a com plete listing of studics wsing the raditional Plagetian AB format (with fcw B trials).

R

"
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viduai). It is this framework that will be used in ordermreview the perti- 3
nent findings regacding individual differences in AB: perﬁorma.ncc

Developmental Differences

that increased by two addmuml seconds per mumh‘*of age, on average,. -
However, at 8 months of age, infants exhibited the AB'error at delays rang-
ing from 0 to 8 seconds, where at 12 months of age ‘the range of delays
were from 5 to 12 seconds. When this variability is e:presscd in terms of
individual children, “Todd” was not able to perform the task until 8
months of age, and then only with no delay between hiding and retrieval.
Until 10% months, Todd demonstrated the AB ercor at a 5-second delay.
At the last evaluation (11%4}, Todd demonstrated the AB ecror at a delay of
8 seconds. “Nina,” on the other hand, was able to complete the task at 6%
months. At ages 8% through 102 months, she exhibited’AB error at 10
seconds. By 11 months, Nina required 12 seconds of delay in order to
demonstrate the AB error. The performance of these ‘children illustrates
the remarkabie variability that is not capiured Iry"prcscnmtmn of the
group mean. A similar pattern of performance also has
DR (Diamend & Doar, 1989).

performance with 2 different analytic method. Bell md’Fm: utilized cluster
analysis in order 1o group subjects according to th:h'ipa:petn of perform-
ance on AB across the testing period. Two groups cmerged. The short de-
lay infants tolerated a delay of almost 3 seconds at* “' onths of age be-
fore making the AB error, and almost half of which. were unable to
perform the task at 7 menths of age. In the long delzy infant,  group, the de-
lays tolerated prior to making the AB error were on “the order of 13 sec-
onds at 12 months of age, with the majority of the'children able to com-
plete the task and sustain a short delay at 7 months?of ‘age.

Findings from the studies by Diamond (1985; Diamond & Doar, 1989)
and Bell and Fox (1992} indicate that AB skifls emerge ‘around 7 to 8
months in most infants, consistent with the original observation by Piaget
{1954). However, Baillargeon and associates (Baillargeon, DeVos, &
Graber, 198%; Baillargeon & Graber, 1988; Baillargeon, Graber, DeVos, &
Black, 1990) demonstrated that young infants have the ability to “find” the
iocation of an object if visual gaze, rather than manual reaching, is used as
the dependent measure. In these studies, a prefecential looking paradigm
was used in order wo evaluate whether infants identify.the correct location
of the reward. Younger (5%-month-old) and older (8-month-old) infants
identified the location of the reward, that is, looked longer at location B at
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a comparatively long delay intervals (15 and 70 seconds) (Baillargeon ct
al., 1989; Baillargeon et al., 19%0). Hofstadter and Reznick (19%6) also
found that in DR, 5-menth-old infants identified reliably object location, if
gaze direction is used as the dependent measure.

In terms of skill mamuration, Piaget (1954) cbserved that infants, at
about 12 months of age, no longer make the AB error. He proposed that at
this age, infants are able 10 represent the obiject as independent of their
own search strategy {i.c., object permanence), and therefore are able 10
find the reward a1 any given location. However, Diamond (1990a) pro-
posed that the AB error could be demonstrated in oider children, given a
sufficiently long delay between hiding and retricval. Espy, Kaufmann,
McDiarmid, and Glisky (1999) found that 2- to 5-year-old children made
the AB error with a 10-second delay. Cut of 10 rials, the 2-year-old chil-
dren made from 0 to 7 errors. The 5-year-old children, on the other hand,
made 0 to 2 errors. There was some indication that performance was con-
strained at the older ages as a ceiling was reached, however, the age at
which perfect performance was achieved varied markedly among pre-
schoot children. These findings lend supportt ¢ Diamond's hypothesis.

Taken together, these studies suggest that individual variability in AB
performance can be parsed to differences in skill onset, level of profi-
ciency at the given age endpoint, rate of skill change, and shape of the de-
velopmental trajectory. Researchers, to this point at least, have not exam-
ined formally the rates and paterns of change in individual performance
differences on AB. Given that the unit of measure is on a ratio scale {ihe
number of trials, or seconds of delay), such data are well suited in recently
developed techniques such as hierarchical modeling. These longitudinal
modeling technigues allow the examination of developmental patierns of
change and permit a more sensitive measure of individual differences,
which may illuminate the underlying developmental process of executive
function development in infants and young children.

Interindividual Differences

1ndividual differences occur as a result of phenomena other than those
solely related to development. Sex differences are probably the most
widely studied individual difference (Stampf, 1995). AB petformance has
been demonstrated to differ in infants by sex. Gitls outperformed boys in
the age at which the AB error was demonstrated. Diamond (1585) found
that 86% of the girls made the AB error at 114 months, whereas 45% of the
males could not search for the hidden reward. A longer delay was neces-
sary in order 1o elicit the AB error in female infants, by an average margin
of 2 seconds (Diamond, 1985). The same, sex-dependent pattern has been
cbserved on DR (Diamond & Doar, 1983).

5. INDIVIDUAL DIFFERENCES IN EXECUTIVE FUNCTIONS L 127

Other interindividual influences also affect AB Ty

Ellis, and Nelson (1996) found that healthy, low risk p rteamyinfants toler-
ated longer delays before exhibiting the AB error than‘foll:term infants.
Matthews et al. conciuded that betier AB performance by’ preterm infants
was related 1o the greater extra-utero experience (testing:was:conducted
at the correcied age). Furthermore, Ross, Tesman, Auld,Yand Nass (1992)
found that approximately two thirds of their sample -of *10-month-old
preterm infants with and without subependymal or intraventricular hem-
orrhages were unable to find the reward on two out of three reversal tri-
als. Only 13% of full-term infants exhibited this response pariern. Of the
children who succeeded on this task, however, there were no differences
in the delays required 10 consistently exhibit the AB error.
Espy, Kaufmann, and Glisky (1999} exzamined AB performance in pre-
natally cocaine-exposed toddlers. Cocaine-exposed voddlers made more
persevesative errors and erred perseveratively for more consecutive trials
on AB relative to nonexposed controls. Toddlers who were exposed in
utero 10 cocaine also obrained fewer correct sets, but-this effect was
nonsignificant when verbal intellectual abilities were: controlled statisti-
cally. In a sample of infants with early and continuously treated phenyl-
ketonuria, mild hyperphenylalaniemia, siblings, and matched and general
population controls, Diamond, Prevor, Callendar, and Druin (1997) found
that infants with either phenylketonuria or mild hyperphenylalaniemia re-
quired longer delays to successfully retrieve the reward and performed more
poorty compared to all control comparison groups. As:toddlers, perfor-
mance differences only were apparent in children with :phenylketonuria
with high phenylalanine fevels after 21 months of age, compared 1o toddlers
with lower phenylalanine levels and control groups. McEvoy, Rogers, and
Penningion (1992), however, found no differences in:DR-or AB perfor-
mance among autistic, chronologically age-matched developmentally de-
layed, and verbal ability-matched preschool control children, In this study,
no delay was used between hiding and retrieval, which'may have contrib-
uted to the null findings. To our knowledge, the impact of other individual
difference variables, such as race oc sociceconomic status; bas not been ex-
amined, which is critical in order to understand the effects of the environ-
ment on AB and DR performance wariability.

Intraindividual Differences

When individuals perform similarly on two tasks, the tasks often are in-
ferred to be related, sharing some commen measurement characteristic.
Many studies have examined patterns of perfnrmanc;' onAB and on perti-
nent comparison tasks in order 10 understand what cognitive ability un-
derlies AB performance. For example, Diamond {1990b) compared per-
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formance on AB-to that on the Object Retrieval (OR} 1ask in order to assess
the contribution of inhibition in AB performance. In this task, the infant
retrieved an object from beneath a clear, plexiglass box with an opening
on one lateral side. Similar to AB, a manual reaching response is required.
However, performance on OR is not considered to depend on working
memory processes because there is no delay and the object is in full view
while the infant responds. The infant must inhibit the tendency to reach
straight at the sight of the object {where there is a clear, but sclid top), and
reach obliquely through the side opening {out of direct sight of the ob-
fecr). Infants, age 6 to 12 months, showed the same pattern of improve-
ment with age on AB and OR (Diamond, 1990b; Matthews et al., 1996). In
addition, adult monkeys with lesions to the dorsclateral prefrontal cortex
evidenced deficits on this task; they scratched repeatedly at the selid top
and retrieved the object only when looking through the open side {Dia-
mond, 1990b). '

Although performance on two tasks may be related on average, not all
individuals wili exhibit the same performance. In this vein, although using
a somewhat different proceduce, Bell and Fox {1992} found no relation
berween the age at which maximal OR performance was achieved in the
long and short delay groups, although the length of delay tolerated on AB
was positively correfated with OR performance. Bell and Fox also examined
performance on a Response Inhibition 1o Novelty task, where the infant had
to inhibit teaching for a moving, novel toy. Infants differed on this task,
however; the infants who performed well on this task and on AB were not
the same infants. More studies should utilize this type of approach in ceder
to study performance on other executive function tasks, particularly in clin-
ical populations, where performance variability may be high.

Another important comparison within individuals is comparative task
performance with differing dependent measures. For example, Hofstadter
and Reznick (1995) utilized both gaze direction and reaching response as
the dependent measures in DR. Perseverative errors were more common
in the reach condition than in the gaze condition. Perseverative reaching
responses also were significantly more likely on trials following incorrect
responses, however, the number of perseverative gaze and reaching re-
sponses did not differ following correct responses. Hofstadier and Rez-
nick concluded that reinforcement affected the likelihood of perseverative
gaze and reach responses equally. However, the increase in perseverative
manual responding was considered a priming effect, perhaps related to
the proximity of the efferent connections from dorsolateral prefrontal cor-
tex to the caudate nucleus. Hofstadrer and Reznick did not ceport whether
all individual infants manifested better performance in the gaze condition.
It may be that those children who performed equivalently across condi-
tions differed in important ways from those with discrepant performance.
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Relation to Brain Structure and Function

Both AB and DR share a well-defined relation to dorsclaseral:prefrontal
cortical function (Diamond & Goldman-Rakic, 1989;?Goldman-Rakic,
1987). For example, perseverative searching behavior: on‘ABlandfnr DR
hzs been observed in frontally ablated adult monkeys: {'Dhmond & Gold-
man-Rakic, 1989), intact and frontally ablated infant monkeys' (Diamond
& Goldman-Rakic, 1986), and intact human infants, from‘age-7'4 1o 12
months (Diamond, 1585; Diamond & Doar, 1989). On the basis of these
findings, Diamond (1990a) concluded that AB and DR performances in 8-
to 12-month-old infants are related to frontal lobe immaturicy,
Individual differences in AB performance also have been related to vari-
ability in frontal lobe function, as measured by resting: frontal EEG activity
and increased anterior to posterior EEG coherence (Bell & Fox, 1992). Bell
and Fox (1992) found that the infants who required the long delay in or-
der to display the AB ervor evidenced: decreased right frontal power in the
resting EEG signal between 7 and 8 months of age, greater increases in bi-
lateral frontal EEG power each month between 9 and 10 months of age,
and greater power in the EEG signal from the left occipital bead across the 6
months of the study, relative to the infants who displayed the AB error after
a short delay. There were no differences in signal power from the parietal
recording sites. When averaged across the frontal/parietal:and frontal/oc-
cipital keads, signal coherence initially decreased between'8and 9 months
of age and then increased in the left hemisphere between 10 and 12
months of age. Coherence did not change between 9 and 10 months. The
length of F3/P3 coherence was U-shaped in left hen-dsphe:e ‘whereas the
length of the F3/01 coherence was stable. In the right hemisphere, F4402
sites were more coherent than F4/P4. The short-delay group, who toler-
ated, on average, a 3-second delay before exhibiting the AB error at 12
months of age, showed decreased power at the right frontal lead site only
between 10 and 11 months of age. These findings suggest that the individ-
uzl differences in executive behavior also are manifested in brain function,
however, the ongoing relation between development of the prefrontal
cortex and changes in AB or DR performance remains to be investigated.
There are many changes in the structure and function® of the dorsc-
lateral prefrontal cortex that occur during late infancy, concurrent with
the emergence of AB performance. Maximal synaptic density is achieved
{Hutrenlocher & Dabholkar, 1997), glucese metabolism is increased (Chu-
gani & Phelps, 1990), and myelination of the prefrontal, subcortical brain
regions is completed, at least at the tevel visualized by magnetic resonance
imaging (Barkovich, 1995). Goldman-Rakic (1987; Diamond & Goldman-
Rakic, 1989) suggested that it is the emergence of function in the pre-
frontal cortex that drives the emergence of AB and DR performance in
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young infants. Bell and Fox {19%2) found infants who solved the AB prob-
lem without a delay before 8 monihs of age, differed in the amount of sig-
nal power at the right frontal lead at 8 months of age from those infants
who solved the AB problem at older ages. However, Bell and Fox did not
find that EEG power or coherence differed between the last age at which
AB was unable to be solved and the age at which AB was solved initially on
any lead site.

Bell and Fox (1992) found no relation between the age at which maxi-
mal OR performance was achieved and the delay tolerated on AB. Furtber-
more, frontal EEG power and coherence among frontal and other elec-
trode sites were unrelated to performance on OR and response inhibition
to novelty tasks. Bell and Fox concluded that the dorsolateral prefrontal
cortex was unrelated to performance on OR. In light of Flercher's (1997)
formulation of individual differences, it may be that differences in OR per-
formance may, in fact, be related to the inhibition component of AB and
DR performance. Inhibition, however, may not be subserved by ihe dorso-
lateral prefrontal cortex, but may remain an important contributor 10 ex-
ecutive function performance differences among individual children.

The well-developed relation of AB/DR and the dorsolateral prefrontal
cortex is unusual in most neuropsychological work. The application of
such neuroscience paradigms offers a rich methodology by which to study
executive function development in individuat children {Kaufmann et at.,
198%). However, tasks must be develocpmentally sensitive, in a like man-
ner as AB and DR. For example, Espy, Kaufmann, McDiarmid, and Glisky
(1999) found that performance on a Delayed Alternation task was sensi-
tive to development in preschool children and was not related to verbal
intellectual skill. Performance on this task, however, was not successful in
discriminating among school-age traumatically brain-injured children
with frontal jobe lesions (Levin et al., 1994). In that study, Levin cautioned
that the sask may not have been valid in this age range, as children iried to
“out think” the simple alternation problem. The demand characteristics of
any given task may influence heavily the sensitivity to individual perform-
ance differences.

HOW DO AB/DR INVESTIGATIONS INFORM
THE STUDY OF INDIVIDUAL DIFFERENCES
IN PERFORMANCE ON EXECUTIVE FUNCTION TASKS?
FUTURE DIRECTIONS

The investigations reviewed suggest several directions of inquiry that
should be pursued in order to better understand the nature of individual
differences in executive function in childsen. First, the findings from AB
and DR indicate that individual differences are manifest at several levels.
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Individuals may differ in the age of skill ac [ bevel:-of profi-
ciency at a given age, the rate of development, or moreicomplex develop- - -
mental parameters. The differences were apparens co'AB/DR because be-
havior was examined jongitudinally (Bell & Fox, 1992%Diamond, 1985;
Hofstadter & Reznik, 1996; Matthews et al., 1996). Thenext-step is 10 ex-
amine how other components of executive function,/measured by other

tasks, may change with development. In order 1o accomplish this goal,

multiple tasks must be administered at each age and sophisticated analytic

' techniques, such as structural equation or multilevel modeling, should be

used (Goldstein, 1995; McArdle, 1996).

There are, however, inberent difficulties in using other executive func-
tion measures in longitudinal studies. For example, one halimark of sev-
eral of the executive function definitions is the synthesis of novel informa-
tion. The repeated administration of any executive function instrument
may render the task less novel, especially in older children. Afier the task
has become familiar, the task may no longer measure executive skills, Per-
haps a mixed cross-sectional, longirudinal design would be more useful in
disentangling the developmental and practice effects.Alternatively, the
delayed response paradigm may be suited uniquely for longitudinal use.
In the latter case, the delay berween hiding and retrieval may be adjusted
incrementally in order to maintain sensitivity across a wide age range, pre-
sumably without grossly distorting the measurement characteristics (Dia-
mond, 1990a; Espy, Kaufmann, McDiarmid, & Glisky, 1999). In addition,
the complexity of the retcieval principle also may be-increased with age
{Kaufmann et al.,, 1989). For example, in AB/DR, the:infant simply re-
trieves the reward at the observed location across trials. In the more com-
plex variant, Delayed Martching to Sample, familiar and novel are placed
on top of the well covers as cues to signal seward location. Invariably, the
increased rask complexity will produce different patterns of developmental
proficiencies (Janowsky, 1993}, which may be related: somewhat differ-
ently to brain function than the more simple tasks. However, this para-
digm is a powerful tool by which to investigate executive skill develop-
ment across age. S

Second, given the diverse definitions of executive-function (Lyon &
Krasnegor, 1996), one way io better understand bow individual chitdeen
differ in executive functions is to trace skill development back to that
which is observable early in development. Investigations of performance
on AB/DR represent such efforts. Unlike some of the other executive func-
tion tasks, AB/DR has not been used extensively to document interindi-
vidual differences in performance, perhaps related 1o its history in the de-

velopmental and neuroscientific literatures. Other more complex tasks,

such as TOH (Simon, 1975} and WCST (Heaton, 1981}, have been used
routinely in studies of interindividual differences, particulacly in various
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clinical populations (Pennington, 1997}. Similar developmental task anal-
yses are being employed with these tasks in order to elucidate the nature
of individual performance differences (Welsh et al., 1991; Zelazo, Reznick,
& Pinion, 1995). Other interindividual differences in executive functicn
remain to be investigated on all tasks, such as the impact of environmental
risk (e.g., sociceconomic status or parenting effects). Such interindividual
differences in executive skill would be particularly relevant to the clinician
when 1rying to distinguish one child from another, particularly for the
purposes of diagnosis or prognosis.

Individual differences within the individual—the intraindividual—gen-
erally have not been investigated. Bell and Fox (1992) used cluster analy-
sis in order to group infants according to AB performarce and then exam-
ined differences in performance on comparison tasks and in resting brain
electrophysiology. Cluster analysis is the method of choice by which to quan-
tify and group bow individuals differ across tasks (Aldenderfer & Blashfield,
1984). Such methods have been used successfully in the learning disabled
pogpuiation, where problematic definitional issues have clouded the identi-
fication of particular children (Morris, Blashfield, & Satz, 1986). The study
of executive functions in clder children also could benefit from utilization
of cluster analytic approaches, Discriminating among individuals may be
important, particulariy for intervention research. It is likely that the pat-
tern of skill discrepancies among varicus components of executive func-
tion may limit or enhance intervention efficacy in both normal and clini-
cally identified children.

Finally, individual differences are apparent at all levels of analysis. The
brain also undergoes remarkable development, concurrent wiih behav-
ioral maturation. Thatcher {1997) characterized three major growth cycles
in brain electrical activity across childhood. Individual differences in brain
electricity were related to AB/DR performance differences (Bell & Fox,
1992). However, Goldman (1974) observed that the expression of behay-
iorai deficits after early lesions to the prefrontal cortex varies with time
since injury. The manner by which changes in the brain dynamically un-
derlie behavioral changes in discrete groups of children is just beginning to
be known. Unfortunately, the present knowledge of how these brain-be-
havior relations vary among individual children is primitive at best. Indi-
vidual differences in performance may be subserved by brain structures
other than those related to the prominent deficit of the group (Fietcher,
1597). In fact, the dissociation of the structure-function relations of indi-
vidual differences from that of the group process may be more common
for higher order skills thar integrate diverse information, such as executive
functions, It is this level of analysis that will uliimately inform ihe clinician
who [faces the anxious parent of a brain injured child.
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Uitimately, individual variability in childhood W may =
be a consequence of the cumulative effects of both’ E articular genetic
predispositions of the infant inieracting with the unique environmental
condition. This interaction predates birth and continues:through senes-
cence. Consequently, Pennington’s (1997} observation of increasing interest
in the “frontal metaphor” for understanding normal development, devel-
opmentat disabilities, behavioral disturbance following acquired lesions
of the central nervous system, although overapplied, may be of heuristic
value. If neuropsychology is to meet the challenge of

determining whether or not Grganic factors were playing a role in an older
person’s behavioral difficulties; the peed to devise ways 10 -help a patent
who had sustained 4 stroke to recovery hissher lost funcrions; the need o
fathom why a schooal child of adequate general intelligence was failing aca-
demically or engaging in sclf-defeating behavior; the need 1o understand
scemingly inexplicable disturbances in mood in persons of all ages (Benion,
1987, p. 7).

then the case for investing resources in studying the early emergence of
exccutive functions cannot be overstated.
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