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Foreword

~

This repprt is one of ten .prepared'in 1980 for the
Steering Committee for the Five~Year Research Plan of the
National Institute of Child‘ Health and  Human Development
(NICHD). 1In developing.the plan, a Study Group, for each of
the ,ten NICHD program areas was asked to evaluate the state
of the science, identify areas of promige, and recommend di-
rections«for future research. Each Study Group consisted of
leading s¢ientists and staff of the NICHD. The Steeriing Com~
mittee conducted.an extensive scientific amd policy review of
the reports, and cqllected and published then in Child Health
and Human Development: An EValuation and Assessment of tﬁe
State of the Science (Octobet 1981). The ° reports reflect
specific interests and .expertise of thg authors and not
necessarily NICHD policy.. The report op/the following pages
is-reprinted from the collection. The ted program areas are:

\ .

.. I Fertility and Infertility :

II Pregnancy, Birth, and the Infant
“III Nutrition .
IV Sudden Infant Death’Syndrome
V. Congenital Defects
VI Mental Retardation: h \
VII Child and Adolescent Development
VIII' Contraceptive Development
IX Contraceptive Ev%luation.
+ X Population Pynamics .

[}

¢

* Each program area will be reviewed and updated annually
J as part <Qf the.NICHD planning and evaluation process. By
this means, areas not, emphasized adequately can be addressed,
the gujdance of other. experts can be sought, and changes in
-the state of the science and changes in ‘health issues can be
~waccommodated. .
Single copies of each reprint are available free from
NICHD, Office of Research Reporting, NIH, Building 31, Room
2A-32, Bethesda, Maryland 20205. Reprints should be,re-
questedi by title. . d
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1. Physical Growth and Physlological ~
- Development |

The study of growth and development is the study of
changes that.occur in an organism as—it reaches maturity.
Human growth dnd deyelopment represent a cont:lnuum. Those

. concerned with child health and the child's ultimate dut-

come ‘ag, an adult look upon the study of growth and develop-
ment as, basic to-understanding the foundations of a healthy
*adultHood. .

-~ 4
-
-

)
-

. Current State-of the Sclence .

Qmonths of fge.

Somatic.Growth and Body Composmon -

Many standards of somatic growth and body composition
for infants and children have been developed, such as the
National Center: for Health Statistics Growth Ciarts with
reference percentiles for boys and girls from birth to 36

growth and develpopmegpt has moved beyond anthropometrics,
growth trajec‘zori;es, and i cremental.growth curves, these
approaches are still in widespread use in clinical d:lagnos:ls
gnd in epidemidlogical studies of, nutritional status of
populations throughout the\world. .

In the area of physical growth, ‘current work’ ig, focused
on basic biophysical and rad:lolog:lc studies of nskelet’al
development and mineral dens:[t;y of bone, and on sophist:l-
cated mathematical models of the-effects of torsion gnd
stress on skeletal growth amd on the development’ of normal
gait. Investigators are also interested in the effects of
varlous kinds of nutritional intake on physical growth and
,- body composition and :ln developmental studies ‘of physical

/ ~ 5
i 4

LN
(-’ )

Although current methodological research on
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. T and mental performance in situations'of reduced imtritional' ’
intakeo ’ )\ . s . -
.. ’ ) . " A major a-nalysis has begun of approx:i;;nately 2‘500 ~

. 8ubjects who were enrolléd in- seven longitudinal studies of
growth, some- of which were initiated in the early 1‘93().11
 Many of the subiects are availablevfor modern, techrical y
., . "analysis of body density. fat cell populations, and serum

. ’ . lipids. ‘ . .

Il - . . , - -
. * . B ¢ - Iy ‘e ‘ *’ .-

v

~

~ The study of. body composition has advanced over the C
' . years from_,the measurement of body weight and s,kinfoid
. thickitess to the measurement @?at—-cell sizé aqd number, -
\ analysis of the 1ipid content of fat cells, and Whole-body
‘ plethysmography' The: development of an air-displacement ot
o .. - technigue for. determining body composition of neyborn '*
. ' » ) infants is now being perfected. Lean body mass can now be , - _
d -estimated by the use of a whole body counfer of 40g K, a e
stable isotope of potassium. Bone density can be measured
R . by neutron- activation analysis ‘and by-photon absorptiometry.
» +  These techniques are cyrrently being used &} -determine-
changes in body composition of pregnant women at various )
. v gestational stages, and to assess the ‘differences\ih body s \
: composiiion of newborn.infants'born prematurely. - e

~ . v
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-+ Obesity

Obesity during infancy and childhood-is a seriouss
problem; obese .childrén tend to “hecome obese adults.
f Thirty-seven- percent of infants who exceed the. 95th per-
-~ . °. " centile of weight for age during the firsgt 6 menths of life
- will become overweight or obese adults.l The pdds against '
— - " an overweight child becoming an average-weight adult are ‘
T « . \// o estimated-as 4 to 1 at age 12. These oddé rise 'to 28 to 1
. < v among those who fail to reduce duriz{lg adolescence.z .

'
\

,

‘e . The prevalence of obésity among Aperican children
i . appears to be a function of sex, race, ®sdcioeconomic 1level,
v - .+ and especially, the- presence of obesit\in their" ‘Parents, .
. i whether 'biological oxn adoptife. Using triceps gkinfold  °

3 - J thickness greater than 18.6 “mm for males and greater 'than
* 25.1 om for females as an anthropometric sign of ob‘esity,' St
N X . the Ten State Nutrition Survey showed that at age 12-13,-17
- ) percent of white males ard 9 percent’ of black males ‘are
v obese and that 12 percent of white females and 11- percent of* -
’ black females are obese: By a‘ge 16-17, the percentages .
increase to 24; 13 13, and 13 respectively.

ry "

Chitd and
Adolegcent -
) Development The variamce in obes;lty of white chi1dren at ages 5-18 ]
LY that 1is associated with income level ranges from 15 percent . -
" Vil-2 { ” in upper ,and upper middle to 34 percent ‘in lower.andrlower
>
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,middle for males, and from-6 percent in upper "and upper
middle to 28 percent in lower and lower middle for females.3
In both adoptive and bioldgical families, the risk of child- -
hood obesity is 10, 40, gnd 80 percent, respectively, when" .
neither parent is obese, one parent is obese, and both\ .
parents are obese. - . N \\

Obesity is a heterogeneous condition of manpy causes. -
The appetites of plump adolescents who snack frequently and
consume double desserts differ from Phe gargantuan appetites ~

of children with the Prader Willd .gyndrome, who require (
physic¢al internment and’ pad!eocked refrigerators to be kept ' ’
from indiscriminate gorging. Both kinds of appetites lead . -

to obesity, caused by the storage of energy in.excess of
o expenditure as triglycerides in thé fat cells of adipose
, tissue of the body. . ¢

c

- Hunger originates in the .brain, not in the stomach, but
. 1its precise physiological basis is unknown. It is probably
determined by a signal in the blood that registers in the N
. hypothalamus. Animal studies and unusual cerebral tumors
and other lesions, in humans have shown that the ventrolater- .
al nucleus of the hypothalamus is a neural center that ' 2
romotes the hunger drive. When this center is destroyed,
either -experimentally or by an accidental lesion, the hunger
drive disappears and death by starvation may ensue. -
1 ¢ »"

A collection of neurons in the hypothalamus, the’ )
ventromedial nucleus, determines satiety: Presumably, . T
chepical signals *sent fromthe peripheral tissues of the -y )

* bo are perceived by.neurons within -this center, and a
sense of satiety develops. If this center is destroyed, the
hyhger drive remains unopposed, and insatiable eating and ' ‘
obesity result. Research scientists have determined that . ) .
cholecystokinin, a polypeptide secreted by parts of the, .
gastrointestinal tract, is also found in the hypot:halamhs,,
and that it curbs the hunger drive. Recently an. octapeptide-
fragment of cholecystokini was found to cause satiety as
well. Other neuropeptides, some of gastrointestinal origin,
such ‘as secretin and gastrin, have been found to have
i binding sgtes in brdin tissue.’ Still other neuropeptides
. such. as endorphins may play a ro# in the hunger drive. *
‘ For example, the genetically obese mouse has been found to"
have ten tiges the amount of cerebral endorphin a$§ a lean .
littermate.” Naloxone injections reduce the rate of food
~» ° 1ingestion by these mice, presumably by blocking the sites .of" .
.. endorphin action. Glycerol, the three-carbon backbone-of -
L. triglycerides, which are the major component of fat tissue.
. has been shown to reduce significantly the hunger drive when{s‘

e

+ . Chidand N

‘injected into certain animal nddels. Adolescent

. -~ " . - Development
. New avenues have also recently been opened in the psy- : -

chology of obesity. For example, external cues, such as Vil-3
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attractiveness of food presentation, texture, and palata-
bility, are more important to obese individuals than to
those of normal weight. When, obese people are given an
unappealing liquid diet, they nearly halt their food intake.
People of normal weight continue to eat about the gate
number of calories no matter what the texture or taste pf
the diet. This observat:lon suggests that obese :lnd:lv:lduals
ignore or override the :lnternal satiety signals that ori~’
ginate in their hypothalamus and continue to eat when
surrounded by palatable food presented with visual Appeal.
In this light,-it has béen shown that the intake of snatck
food among obese individuals, but not among lean, varies
directly with the amount of ambient illumination in the
room. This study shows the importance of external visual
cues to obese individuals.-. .

&
v

Intrauterine Growth Retardation

Many gomplex factors may interact to influence intra-
uterine growth retardation (IUGR). They have not been
clearly defined, nor has a clear definition of an IUGR
fetus been established. “Sbme causal factors have been
:ldeptiﬁ:led including hypoplasia and fetal ma'lnutr:lt:lon.

In the ma ger l—placentarl-fetal nutritional complex,
it seems that maternal metabolic needs for energy, amino
acids, and minérals may take precedence over fetal require-
ments, with a &esulgnt degree of IUGR. Investigators are
examining a .variety of possible causal factors pther than
,autrition that .include defects in maternal -fetal eando-
crinology, placental insufficiency, intrauterine asphyxia,
systemic or intrduterine infection, maternal immune intol-
erance of fetal antigens, alcohol consumption, and smoking

“that may operate s:lngly or together to produce growth

retarded fetus%g \ .« . ‘

- N . .
N .

Puberty

Next to birtt » puberty represents the most dramatic

" change experienced during life. The ‘control of the sexual

\

2 .

3

and gomatic changes that overtake a child's body for the
most part remains unknown, although the origins” of .this
control are now being studied. In-some children, the onset.
of puberty is delayed; others never become sexually mature.
Because of a lack of secondary sex, characteriqtics, they may
be excluded from their chronological peer group and.come to
doubt their sexual identity. I he rare instances when
puberty is early, children tend to grow faller than their
schoolmates in elementary schpol but fall behind in jun:lor
high .school and end up a foot or more shorter than their
peers. At either extreme, the occurrence can lead to social
ostracism and psychological handicaps. -

<
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\ Ninety-eight percent of females in America have ‘breast
budding by age 13, and 95 percent experience menarche by age
15. "'If.age 15.-is used as a norm, 5 percent of American ‘ X *
girls experience a delay in reaching sexual maturity (an
© . “estimated 75,000 per year).. Among males, puberty is con~ .
~~s8idered .to be delayed if their testes have not etarted to !
e en1arge«by age .14. This delay in development occurs in
‘ about 3 percent of American males (about 45,000 per year), 4 . -
i although genitalia of adult size are attained in 98 percent i b
: of the male population within 4 1/2 years of the onset of .
pnbertai ‘development, regardless of- the te.me of onset.5_ : *

\ 1 * = a

. Delay of sexual maturation (hypogonadism) may be, )

caused by physiological failure at three different levels N
of ° the hypothalamo-pituitary-gonadal axis. In primary
hypogonadism, the lesion lies in the gonads (testes, or
ovaries). 1In secondary hypogonadism, the problem lies in
+ the pituitary gland's inability to manufacture, or secrete"
adequate quantities of gonadotropins [follicle stimulating
hormone (FSH) and luteinizing hormone (LH)]. 1In tertiary
hypogonadism, the hypothalamus,'a neurosecretory por"tion of
the brain that sits sbove the pituitary gland, fails to
manufacture or secrete adequate quantities of’ 1uteinizing

hormone releasing hormone .(LHRH). . ..

.
Y . - »

< . . \

Recent advances have shown that although the pituitary .
is still the master gland, it may also be considered the ' !
servant of “the hypothalamus-and ‘of even higher structures of
the central nervous system (CNS). The roles played by.the
‘limbic system and by other parts of the CNS in.the initia- -
tion of puberty 'are now being explored-. Electrophysiologi— N\ ‘.
cal and neuropharmacological studies have been undertaken in
the search for the cerebral”origins of puberty. This work
. »may help to ascertain the causes of delayed and precocious ,

pubertal-'onset. Neuroendocrinological studies should shed > o
light on what may prove to be a group of primary deficien~ |
- cies of hypothalamic releasing factors, such as thyrotropin .
\ .releasing .hormone (TRH) and growth hormone Jreleasing factor
{GHRF), which cause cases of cretinism and dwarfism.

~

Y A N .

R o Cur"rently, males who fail to develop secondary sexual
¢ % characteristics are treated with injections of long-acting
“, Ltestos terone, and females with primary amenorrhea are °.
: ¢rgated with cyclic administration of oral estrogen and
i wprogesterone. Although this steroid replacement therapy ilas

‘been shown to’ ameliorate ‘primary hypogonadism, it causes
i; gonadal atrophy in the secondary and tertiary forms.of

.. pubertal, delay. The recent isolation and-synthesis of -LHRH Afmhggg'n‘{
: o‘ffers the promisé of using this neuro-hormone (or an , Development
analogue of LHRH with a ionger biological half-life) .to -

initiate puberty in cases of tertiary hypogonadism. ‘ . Vii-6
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Primary gonadal diseasew such as anorchia or gonadal
dysgenesis, may be detected early in c¢hildhood and di
by elevated gonadotropins in urine and blood,
the case of gonadal dysgenesis (X0 genotype) by c
preparations. Gonadal dysgengsis occurs abouf once per

" 7,000 liveffborn female births. Klidefelter syndrome
. (XXY genotype) occurs about twice per 1,000 live male births
and results in permaneflt lack of gexual turation.6

Research in the field of growth hormone-deficient
dwarfism has received i'nqreasing attention. Of a cohort of
100,000 short children, about 1,000 will be found to-have
growth hormone deficiency, and of these, about 50 will
prove to have familial igolated growth hormone deficiency.

Sport Stature ’ f

. Thg u}bs‘t numerous subgroup is madé up of the 50,000 children,

who have normal variant short stature (NVSS). New evidence
suggests ‘that children with NVSS comprise a heterogeneous
group and that about 15 percent of them can be made taller
by treatment with exogenous human growth hormone. Although
they release normal amounts' of.immunoreactive growth hormon
during provocative tests, the hormone seems to be in dn

»abnormally aggregated form, a mass’ variant that is biologi-

cally less active than normal gr\owth hormone.

2 A

Not enough human growth hormone has been available to
treat all childrep who have a deficiency of immunoreactive
growth hotm;rne or all those with NVSS who might be respon-
sive to exogenous growth hormane. Human growth hormone must
be derived’ from pituitary glands removed from cadavers.
About 4 'mg of growth hormone tan'be received from each
gland. Each treated child requires about 600 mg a year, or
the amount supplied by 150 cadavers. --Each child needs to be
treated for at least 2 years to-allow an increase in height

“of about 8-12 inches, or until he or she is nonresponsive.

If only.500 new cases.enter a treatment program each year,

*150,000 ‘cadaver pituitaries would be required to provide

enougﬁl;hormone for 2 years.of treatment. To compound the
problem, 40 percent of the treated children develop anti-
bodies to' the injected-polypeptide that reduce itg potency.
It is thought that these antibodies are formed in.response
to-deaminated and denatured fragig.ents of growth hormone that
are generated during the prdcess of extraction and prepara-
tion. . ¢ - ‘

€
AN

The extreme rarity of human growth hormone has led to
searches for sources pther than Human cadavers including
animal sources, manufacture by solid-phase synthesis,
manufacture by bacterial ¢lones, and isolation’ of smaller
growth-promoting fragments of the larger molecule. Recent-
ly, research on recombinant DNA technology has led to
t;h'é)‘synt‘hgsis of human growth hormone by bacterial clones.

D
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In the near-futire, enough pure human ‘growth hormone may be
ava,ilablé’,,no\t -only to treat all hypopituttary dwdrves who
x are demonstrably deficient-in growth hérmone, but also for .
. Juse in clinical i;rials of the efficacy of growth hormone in ' -
sthe much larger npumber of growth~hormone’ respbnsive children
N with NVSS. vAn dmportant benefit of using pure growth
%, hormone .manufactured by bacterial clones would be the
elimination 'of the production of antibodies to the injected -
‘hormone by the recipient. Research is also beginning on-
: ‘genet‘ic variaats of growth hormone and it’s receptors.
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Catchup Growth - . ‘

+ "Catchup growth" refers to the acceleration of growth
that occurs during recovery. from a period 'of growth retarda- )
tion. It is frequently Qgerve&v in children who' have - .o

, undergone fillness or stdjrvat?gkn. Despite the frequency with * . '
which 'catchup‘growth is ‘observed, the mechanisms that .

«  ind tiatg and maintain the acceleration remain unknown.
Observdtions in children with brain defects and in head- . Vo
irradiated rats, however,”indicate that an intact central
nervous system is.necessary. Research is now in progress to
‘test the hypothegis that-a central mechanism monitors the .
discrepancy between actual and appropriate gize for age. s e A
Presumably, the output of such a sensing mechanism initiates \ T

signals for growth acceleration. ~ . . .
' -t T i .

Hyperactive children treéated over long periods with a . .
stimulant drug have experienced a suppressant effect on €, . -

A " .growth. An abrupt cessation of such medication seems to', ’ ’

result in a greater catchup gain in weight and height than .

would be expected. Serious insults to normal growth and

development prenatally do not regsult in gimilar gains. 3 .

Depending on the degree of insult, 4ts timing, and duration, , .

catchup growth may never occur. . . \ {

P ) \

A

S
»

- The actual cause of guch greater—than~usual catchup : J
growth velocity -1s not known. It is not due to higher-than~ T
normal levels of growth hormone, though it may be in the

, case of somatomedin. Because sich central mechanisms may be ) . .
involved in normal growth as well as catchup growth, re- \ /
search is needed to improve the basic understanding of the . ’
controls of growth rates and the treatment of gro¥th dis- .

[

orders in children.

’-h_':(

¢ \ . —~ ) ' ) . .
- . Brain Development .o .
.- A togic of current interest is the interaction of Agor"gg;“n‘:
. horhones with the clentral nervous system, especially during Development

fetal 1life and puberty. An important drea is the study of
how exposure~ to certain hormones in fetal life influences . Vii-7
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the development of"® appropriate sexual beha\;ior later in
life. It is important to determine when_ and where electri-
4 . ‘cal signals originaté "in the brain that sti‘mulate the ¢
o : ' . . hypothalamus to initiate th retion:of releasihg hormones

’ that cause fhe o pubert§\ .Research tbhat correlates
summed electrical events in’ the _brain with alterations in
K secretian of releasing factorg“and subsequent hormonal
‘ changes is now in progress. - . .oae

o ? . . [N

‘ Other aspects of central nervous system development now.
ﬂeing studied are how the bra\i,n deve10ps rhythmic. control of
\ such diverse cyclical functions as breathing, thermoregula-
tion,. steroid secretiom, ovulation, intestinal motility,
sleep, 'hinger, feeding, and satiety.

<

v Research is a/lso being done on how the brain perceives
and integrates envirommental stimuli, such as ambient light,.
temperature, and pheromones, an hen translates the stimuli

o ) into hormonal release and reproductive behavior. Many
* studies focus ot the development of cholinergic, serotoner—
N gic, and adrenergic neurotransmitter systems in the brain in
: order to understand how the brain makes the translation.
~ " Such research also entails work on hormonal and neurotrans-
- mitter receptor proteins, their functions, mechanisms.of
action, and metabolism. In order to accomplish specialized
. ‘research of this kind, work must also continue on radio-
- . . ) & immundtechniques for detection and quantification of miiute
. quantities of neurotransmitters, receptor proteins and
' | _ - brain peptides, such as B-endorphin, the enkephalins,
bombesin, somatostatin, and neurotensin. Nutritional -
biochemists, experimental psychologists, and neuropharma-
‘cologists have jointly discovered how specific kinds of-
nutrients alter levels of cerebral neurotransmitters such as
serotonin, acetylcholine, and catecholamines. In fact, some
" dmino acids such as lutamate, aspartate, and glycine
. % themselves mgy ‘act to excite or inhibit neuronal discharge.
I ' These neurochemicals influence levels of neural activity in
# | differegt parts of the brain and thus determine states of
. arousal, quiescence, satiety, and motivatiomal behavior.
» . . 1 . N . .
- ’ - In addition to neuroendocrinology, inwestigators are
\ . “studying the structuralvag,evelopment of the brain, including
’ ! ’ neuronal fine structure and assembly of cerebral myelin
. : meémbranes. Such wo T i8 related to research on the func-
. - » tional neuro&@natomy of the developing visual and auditory
: systems of the brain. N

©

.
»

L4 1

. . , Neurochemical regearch is progressing on the biosynthe-: .
C,']. ~8ds of glycolipids, -gangliosides, myelin proteolipid,
ild apd
" Adolescent - neuronal surface antigens, and other chemical components of
» Development brain tissue. The influence of nerve growth factor and
‘ ‘ other hormones, such as thyroxine and steroids, on the
vi-e ¢, ' growth and development of the brain is also being studied.
, 4
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Im?éstigai:ions are needed on neurophysiological correlates
of certain behaviors of infants.and children, such as

vision, olfaction, cognitive processes, psychomotor behav-

‘ior, and social devBlopment.

.

Action of Thyroid Hormones in Brain Development -. 3

Although it has been known for some time that cretinism
develops because of insufficient thyroid hormone during
infancy, ‘the specific dechanisms by which lack of thyroid
hormones interfere with brain development and .skeletal
growth remain largely urnknown. Research on mechanigms of

action of thyroid hormones in growth and development is"

currently in progress. < ’

Most.of this research.is done in amphibian models,
because of the'dramatic maturational changes induced by.
thyroid hormones dufing metamorphogis from tadpole to
frog. Every cell of the tadpdle carries the genetio@dnforma-
tion to become a frog, and somehow thyroid hormone elease
this repressed information at the proper time. In addition
to the obvious changes of.skeleton and breathing apparatus,
the brain of the fadpole undergoes profound structural
chdnges during metamorphosis. 1Its relative simplicity and
‘its sensitivity to thyroid hormones make the amphibian brain
a good model for learning more about the cerebral deficits
o\f cretiniem. - .. ‘ .

Developmental Endocrinology

Current research is concerned with the endocrinology -of
the fetus in relaf:i_on to fetal growth, brain development,
and gastrointestinal development. It°also encompagges study
of the functional mar,uratiOAn of the hypothalamus, pituitary,
thyroid, adrenal, pancreatic islets, and repraductive
glands. Advances in the techniques of radioimmunoassay
(RIA), regional immuncassay, receptor assay, polyfeptide
sequence analysis, and the use of complementary DNA probesg
have made rapid expansion of the field possible. Growth
- hormone has been found to be unnecessary for fefal- growth,
- whereas insulin is ipstrumental in its adva cement. -The
roles played by other hormones during fe¢fal development,
Buch as cholecystokinin, perve—growth factor, epidermal
growth factor, somatomedins A and .C, ag/well as by various
tissue organizers and inducers, need to ‘be examined in

greater detail, and resgarch is progressing in this area
particularly in animal models. .

-
-

v,

’
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_An i‘npor't:ant area of clinical research 1s-on ehdbcrine
» disorders of infancy, childhood, and adolescence, such as
congenital adrénal hyperplasia, hypothyroidism, hyp}pit:ui-
- : Y
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. 21-hydroxylase has been 'localized to human chromosome 6, "
) and the deficient condition has been found to be associated
“with certain human leukocyte antigens, ‘such as HLA-Bw35.

tary dwarfism, diabetes, disorders of parathyroid functio'n, )
" abnormalities of sexual developme{gt, and disorders of

pubertal onset. Advances~in’'this irea involve the receat
recogndtion that these conditions are heterogeneous.

<A1though it has been known, for example, that sgeveral

different steroid hydroxylase deficiencies can cause congen-
-ital adrenal hyperplasia, it has recently been discovered
that 21- —hydroxylase deficiency cam become apparent early in
infancy or later in childhood 'and can be associated with
different levels of 17-671 progesterone. The gene for

Such information can be useful in detecting congenftal
adrenal hyperplasid prenatally ¥n mothers who have already
given birt7o an affected infant,

Q )

Sophi

., growth hormones. Although these V\riant polypeptides appear

immunologically identical to the normal hormones, they are
léss potent biologically. The discovery of ‘variant polypep-
tide hormones explains paradoxical observations like dwarf-
ism in the face of ‘apparently normal levels of growth
hormone. Variqnt polypeptide ‘hoimones may also be found

that are responsibke for other endocrinologic conditionh of -
childhood and should be identified. ) o o

-

Studies are deeded on receptor and post—receptor

defects as causes-of dwarfism, hypothyroidism, hypoparathy- ~

roidism, adrenal disorders, sexual ambiguity, and infep—
tility. Similarly, receptor defects, pgst-receptor defects,
and polypeptide variants may be found .that are involved in
fetal maldevelopment and intrauterine growth retardation.

-
= 4

Insulin-Dependent Diabetes Mellitus

- - The prevalenc of insulin-dependent diabetes mellitus
among’ children 5-1% years of age has been estimated among
Michigan school chjldren at 1.6 per 1, ,000.% If. this rate
is extrapolated ta’ 55 million, about 88 000 children under
age 18 have insulin-dependent diabetes. In the VUnited
States, about 3,000 infants are born annually to mothers
with insulin—dependent diabetes.a, About 1.4 percent of
them will become diabetic before age 40.9 The etiology of
insulin-dependent diabetes is still unknown. It has now
been ghown to be a heterogeneous condit/ion, not only because
of variant insulin, but more commonly because of insulin
receptor defects, both immunologic and genetic in origin.

New knowledge has been generated on the epidemiological
genetics of dfabetes. An HLA-identical brother of a child

'j.gtnsulin-dependent diabetes, for example, has a 16

20 .

! ' . ,‘(’.{/ - .« B
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ticated. u'se of radioimmunoassay and peptide

’
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percent chance of developing the d‘,isease, a rislg\80 times-’
greater than that of the general population.lo These

kinds of data will be helpful in planning’ _intervehtion

strategies, especially if antiviral vaccines can be de~

veloped for use in families at .risk. .

-

: . v N N .
Molecular Biology: | : R ) <. =
' L]
Another aspect of endocrinological research is molecu~ %

"lar. biology. Research on nuclear binding of gonadal ste~ _ T '
roids and on estrogen control of genetic- transcription is ' .
currently in progress. Advances in thig area will ingcrease . ¢

the understanding of how steroid hormones can induce

cellul-ar diffiezentiation and control the maturational

development of such diverse tissues as gonads and lungs.

Research has increased: on the interaction of péptide . )
hormones and neurohormones- with their specific membrane- :
bound protein receptors of target organs. New techniques of . _
- peptide chemistry allqw the synthesis of active -hormone’ ] o
analogs, including classes of agonists, super—agonists, and

.antagonists, that have very different bioIogical half‘- .
lives and receptor binding, characteristics fxom the parent

molecul_e. . _ o
' R I | J
Reeently, a super agonist analogue of LRF, a dec‘apep- .
tide with substitutions 4t the 6 and 10 positions, has been .

used successfully to halt the. progression «f precocious- ,
puberty. This synthet molecule is degraded’ much more
*glowly -than LRF and binds to the LRF receptors in the *
‘pituitary with at léast 10 times the affinity of the -
naturally occurring nelirohormone. Presumably, this tightly
bound "analogue “prevents LRF from further stimulating pitui-=
tary production of gonadotropins. In fact, levels of
gonadotropins fall from high to undetectable levels-in the
children who have so far been treated with this analogue.

L | T o
Directions for Future Study N ‘ ‘f (
" Growth Standards . . ' v A
. There are two uses of growth measurese.. fi‘rst, to / .

evaluate differences in health and nutrition between popuja-
‘tions or groups in a population and to ‘monitor. changesg over
time; and second, to assess an individual child's position,

normal or sbnorma],, in various settings. : .- . - ,
/ - T . - . Chidand
’ . ’ g C Adolescent
Growth standards are. necessary in child health-epidemj- . . -Development” |
ology. Research using new -and sophisticated bigmetric ° - DY
technology is continually needed in this area. }f L C VI

if




Selectlve Longntudnnal Studies -

_ . Important problems of child health, growth and devel- .,
o ment can be stddied: effectively by longitudindl ap- -
T . ¥® p oaches. Two areag for selective,longitudinal studies
) (over short._or long iods) .are.recomhénded including:
) L . @ specific- long-term effects of profound" environmental and
nutritional -indults and the additional effects of the
. ’ adalescent growth spurt on physical grdwth and cogniti¥
L ‘ development and *(29 the effect exerted oryph\f"ical growth
and maturation by pregnancy in females still in the adoles-l
cent growth spurt. .
o @ ©

. ® Ay -
. 7 - &) et L
P . . -

'Physuology and, the Env;ronment e e

) * . The renewal of° cell cons~t~ituen‘ts is constant.
/. ‘ Different substances turn ovér at different rates, and- the
. human body is in a state of physiolegical<flux. This
. dynamic state allows adaptation to a. changipg enviromment )
. L ) ‘e and energy expenditure néeds. Investigations on human .
- ' ¥ « physiology may lead to new infédtmation to improve health.
. . Speci cally, research ig ndeded on the neuroendocrine and .
. nutritional feedback loops of the body, which maintain a' -
st L™ , l #onstant. internal’ milien throughout a wide range of environ-
) o ) mental extremes, - The peripheral signals and-the central
receptors responsibl‘e ‘for” the homeostasis of systems sych
. as mineral stores, intr - “nd extracellular ionic con— .
centrations, and cellular elements of the blood, 'are only
. - * beginning to be elucidated. Work remains to be donme in this \
' oL j area, especiallx in rega‘rd to the gentral nervous system and
' o * its electrical and neurcsecnetory aspects. The interactions
of hormohes and neuroh‘Ormones with their; protein receptors

1

also need further studyn . UL -
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. | . Prenatal Growth -

Although the concept of growth a3 a continuum from
| P . fertilization is .fundamental, the real unknowns in growth
o and development otcyr! Qrenatally_. i Several areas should be
. investigated including: ., . :

-, .

<4

3.

. . £

C . . / e The growth and development of the noryal fetus. -
. \ é Growth standards-hdve not been developed for the
. . first 40 weeks of. fetal life. - Extant fetal growth®
— - curves’ are based upon measurements of fetuses
,born too soon ‘or .too small, aifd-are not repre-
Child and s tative of the growth .of a normal fetus that

M Adolegcent ) develops to a healthy full-term infant. ' Priority . -
Dgvelopment . . . shouwld be assigned to research insthis area. Fetal
' . . growth-cunyves of normal populations should’be
/ Vii-12 ’ established by use of-ultrasonography.




Y]

-

»

The growth and devéiopmg<;;of fet:Ees that are born
) too.soon 6r too small. Those 4{a'the too-small
category, or small-for-gestational-age infants
(SFGAIS) have their_own outcome curve. At one

and at the other; those who,never do. There is a
= nged to investigate the different possible cguses of

SFGAI including the gestational timing and duration

of operation of adverse factors and to give priority -

end ‘of -the curve are thosé who catch up completely, '

to “research on 1ntrauterine growth retardation.°

9

1ar1y of the same individuals.

Prenatal growth and postnatal growth

In thi

particu-
area of .

-is appropriate.

<

- research, a Belective, longitudinal-study approach

®

,

4

e Basic mechanismS‘of prenatal growth involved in
Tetal endocrinology,:including research on biochemi-
val factors, hormones, inducer®, ‘and receptors.

A . This work should. involve molecular biological

.- - aspects, such as structure-function relationships,
identifications, isolation, and purification of
. receptor proteins, 'study of tissue inducer-recepbbt

kinetics, and ‘postreceptor events in regard to ;

—further fetal diffdrentiation and growth.

ancy,, such as fetal growth factors, maternal nutri-
tional state'prior to pregnancy, maternal smoking,

I

~ ® Factora,in addition to nutrient intake during preg- .

7

¢

,drug or alcohol intake during pregnancy, the: rol;r\v
a

. of the placenta as amn organ concerned with matern
1nfection, maternal-hormonal: and immunological

factors, and fetal growth,
place in the maﬁernal-fetal
in maternalsgfetal. nutrition.

and particularly its

complex and its function -

<

(™2

® Genetic and hormonal comtrpl of the factors regulat-

idg fetal growth.

It is known, for instance, that

. .insulin stimulates fetal-

owth, but it 'is not known

S 23,

whether its action is r&lated to somatomedin or how

somdtomedin synthesis and secretion are controlled.
e Epidemiological research on early 1dentif1cation of
pregnancies at risk for IUGR. i
Critical Periods - /

It is becoming cleat that there are periods in humagg"
growth that are critical for the ultimate healthy maturation
of specific organs .or tissue. Insults or lack of, essen-
tials--nutrients, for eXample--can lead to irreversible
deficiencles. This is apparently particularly so in the

| T ' . . -

-
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. brain. There is a lack of hard data on this area, and '
research on critical periods and outcome needs to be sup-

r ported. It appearsg’ that«ﬁhormones can exert their-effects
only within a narrow developmental pef:iod of time. In
animal models, for example, exposure to altered ratios of
androgens and estrogens for just a few days in late fetal
life may permanently change gexual behavior patterns later

. — in life, from male to female, or vice versa. ' The elucida-

tion of this basic process is just begi.nning, and there 18 a
néed to understand why and how these hormones and other

:, - tissue organizers actdomnly at particular times durimg .
’ ) development. It ig important to determine if the hormonal °
L ~ “ action can be altered developmentally by intervention.
B " . . - . Y
<« . : i
. .. ., ¢ Y ) '
~~ . . Growth Failures o0 - - .
' . L . Newly born [infants and children who fail to grow at -
normal rates may be unusually susceptible to illnesses of ’

-various kinds, a#nd they may also be more likely to, experi-
ence impaired psychomotor and psychosocial development. The
condition is heterogeneous. Contributory causes are. many, B
including psychosocial environmental factors, inadequate
utrition, impure water supply, lack of sanitatio’n, perva—
. ive chronic and acute infection, as well afhgenetic and
. hormonal disorders. How these factors operate, singly or
‘togethet, to cauge failure to thrive remains unkpown. In
. some caseg, abnormally low levels of growth Formone have a
been ‘identified; almost dramatically, these low ‘levels
rebound when such children- are removed frém a deleterious -
) enviromment.;

- —  Of the cohort of 3 3 million infants-born #n the United
States every year, about 100,000 will fall-at .af “below' the
third ‘percentile of ﬂeight for age. Of. these children, '

. organic cause ‘can,be identified in fewer thar 20, 000, and
nearly.30 600 will ¢ome from~geverely deprive backgrounds.

) In England, social deprivation. has deen found to be the most’

. . common pathological cause of retarded growth.11

In _regard to- biological causes of growth failure, more

#'-, - “research is needed oh ‘the large heterogeneous group of
¢hildren’ \(ith NVSS.. With the availability of greater -7
quantities«of human growth hormone, clinical trials will be »

s mnecessary to ascertain dosages and regimens of treatment.

e
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Developmental Genetics
~ Child.and

Adolgscent~ - There are good and well—documented polyge’nic systems in,
Development human growth and development--fot example, ﬂnger ridge

> / - — { ) countg, and chromosome inactiyation and sexual differentia-
Vil-14 . ~—tion- -mech&nisms. Patterns ‘repeatedly appear suggesting .a
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‘'role ‘for the X~chromosome in female differentiation in the

. XX-chromosome situation, and the effects of X-linked genes ‘. ~o
© on bone and teeth formation, with a suggestion, too, ef an y
effect on the development of the adipose organ. ) e )
' N ! R
-There are at least 59 major tants-on the 'X- y .
chromosome. Some alleles are polymorphisms; in partjieular .
the: Xg blood group and three types’ of “color-plindn€ss.12 -,

There is a need for longitudinal growth studies 'to .

dem nstrate‘;hrough Jlinkage fests with well-established o ’
ma:fer genes, the nature of borne. inheritdnce of growth T
erns in'the human. . . .

pa

. hd >

In more general terms, thHbre is a lack of data on
" develppmental genetic factors iptabnormal growth patterns.
Follbwup studies on the outcome/of %the intrauterine, growth-
-, retarded fetus-infant, for, exampl have not determined
whether such infants have inherite recessively a metabolic

or an immunological deficiency, in ‘which cas® other infants

. born to the same parents would hayve a higher chance of being,

‘ similarly growth-retarded in utero. . ~

Research in .somatic and physiological growth has drawn . ’ '
- from relatively unsophisticated mathematical models for )
providing information. The models have now been improved .
considerably and :can ‘be applied to developmental geneffic.
researdh. Mathematical models are needed to identify
nature-nurtyre controls in human sgmatic and physiologic
variability. ™

& . - N

-

Obesity : T = -
The roles played bygpeptide neurotransmitters in the " .
-hypothalamu® in controlling hunger, satiety, core body
temperature, thermogenesis, and energy balance of the bod)’
need atténtion. Cases of morbid obesity, in, which individ- ) .
uals weigh’' more than twice their ideal weight, -should be- . }
, studied to determine if they représent situations similar to ) L
animal models of genetic obesity. In some dnimal models, .
the molecular satiety signal is absent or defective, and in .
others, a ptoper signal is sent but is not perceived by the - i
- brain. The existence of similar-genetic defects in some * | '
cased .of human obesity seéms likely. Research is needed on '
- the control mechanisms that maintain the 1lipid content of.
fat cells within a narrow range around a mean of 0.4 micro-
‘gram per cell. A search should be made for the control of
~ the proliferation of fat cell populations.  Most individuals
maintain a population of about 30 billion ‘adipocytes,
v " but morbidly obese individuals may have 100 billion .or . Aggg‘;:e“n‘:
more. The stimulus for the pr feration of fat cells is. Development
" unkdowm, but it appears to be related to an ideal fat cell
. a8ize. How this fat cell size is monitored by the body, ) VI8
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eithe centrally or- peripherally,,remains unknown: More

research is needeﬁk on di

fferential enzyme activity in

adipocytes of .obese gnd lean individuals especially ATP-

‘ase, thymidine kinase and 1

N
.

ipase.

Developmental Endocrmology

Research ghould be encouraged in the following areas:

‘w .0

‘e 'The control of growth. Particular attention needs
- td be given to control in fetal growth, -the hormonal

factors involved,

be given also to t

k ’ growth spupt ap ap

and control exerted by-the cere-

,> <~ bral cortex and.the hypothalamus. Attention should *

he factors involved in the mid-
proximately 5 to 6 years, of age.

Catchup 'growth, with specid! emphasis on nutritional -
and‘hqpmonal factors that affect postnatal growth
rates of premature infants.

. Adolescent growth,

in which. profound individual

differences ®an be .observed in timing,.sequential

.events, and rates,
extent and role of

mitters in the brain and hypothalamus during growth.,

e The onset of puber
have only recently

of change. ) In' particular, the
changes in levels of neurotrans-

ty. Certain parts of the brain

been characterized as’ .eridocrino- "

®

L ]

L]

logic in natgge, particularly the hygpthalamus and'.

v the pineal organ.

Other ‘parts. of the brain- seem .to

act ag biological clocks that sigral the hypo-

thalamus when to a
steroid hormores. °

® Growth failure~cau
pituitarism, for

—

® The endocrinologic

radiation to the head.

lter its feedback sensitivity to

sed by factors other.than hypo-
example, by head inju'y or

al, biochemical receptor, and

immunological factors that may be involved in

children who' fall

below the third percentile for

size and whose cond#*tion is sometimes labeled
constitutional growth failure.” :

® The response of th
tritional, thermal,
+ mental challenges
various ages.

. Chemical definitio
of growth factors,
(EGF), nerve growt

e neuroendocrine system to ‘nu-
antigenic, and other environ=-
in fetus, infant and child of

v =

n and structure-function studies

such as epidermal growth factor
h, factor (NGF), anﬂ’ﬁhe,somato-

-~

P

.

.
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medins. It is now knowrr that growth hormone exerts
its effects through other insulin-like polypeptides
called somatomedins A and C which are manufactured

in the liver. Some dwarves, called Laron dwarves, -
make growth hormone but no somatomedins. These
: growth factors stimulate DNA synthesis and cell
. proliferation, but their mechanisms of action are
‘ . "known'in only a general way. ) ] e
-
L ~ . l
L
Mechanisms of Cerebral Control ~ 4

A promising interdisciplinary venture®involves the
" search within the CNS for mechanisms that control a variety
of complex physiological processes. Recent advances 4n
neuropliysiology and neuropharmacology have begun to :eveal
how,the CNS regulates eating and drinking behavior, gastro-
intestinal function, metabglic fuel consumption, fat
. storage, body composition, rates of growth, pubertal onmset,
Y, sexual behavior, and attainment of final stature and
-~ physique. The use of sophisticated experimental techniques
s has disclosed the primacy of central control over many of
these apparently peripheral ‘somatic processes.

’ Scientists understand that the locus of: the control of .
o the onset of puberty is not in the sex organs but in the
- brain. Puberty appears to begin.with rhythmic alterations
_v. in neural' impulse frequency that originate within certain
- paits of the midbrain and are translated sequentially into
chemical neurotransmitters, polypeptide hypothalamic releas-
ing factors, gonadotropins, and finally ‘sex stevoids., This
cascade of translation comprises a hierarchy:of control
which is able to integrate many- diffetent kinds of signals
that origindte from both outside and fnside the body. Thése
signag relate information about such varied functions as
degre® of ambient lighting, nutritional state, level of

" thyroid hormones, and the presence of airborne pheromones. :
The search for the central origins of pubérty provides

a model for future interdisciplinary studies on the cerebral

+  control of lactation, nutritional intake, hunger, satiety, o
x habituation to customary cuisines, obesity, and anorexia
nervosa. =3 > .

L " .Good models now exist for the study ‘of microelectrical .
neurochemical, and hormonal factors both at t:he cellular and, .
molecular levels. - Research on normal and abnormal patterns ]

- R ',of\grow&\ and development at these levels'will illuminate - &

’ many currently unknown mechanisms of growth and development.

o . - : Child and
Il. Developmental Behavioral Blology . . Development

~ S Developmental behavioral biology—--or psychobiology=~
2 ";,_ includes the study of brain—behav:loral relationships that YOoVI17
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‘mediate social, emotional-affective, and sensory-perceptual
behaviors. -Genetic, biochemical, physiological, and hor-*
monal bases of developing behavior are included as well as
certain disease states. Six broad subject areas are repre-
sentative of, and encompass, behavior®l biology, as follows:

e Plasticity of developing neural ‘tissue and, its
relationship to behavior;

Sensory development and biologicallgrowth;

Brain mechanisms and motor development;

Electrophysiological correlates of cognitive devel- ”
opment, .

Developmental behavioral genetics.'

B

Plastlclty 'of Developing Neural Tlssue

~

_} Current State of the Science

Research has shown that plasticity rather than rigidity
is8 the general rule of brain structure. . Early studiesein
this area were conducted mainly with rodents, but more
recently, many small mammals, primates, and humans have been
used as subjects.l3 Various environmental and other
factors at particular periods of &arly development have
been shown to have general and lasting effects on brain
gstructure.

Research in the«last decade has focused upon:' ‘the
brain's susceptibility to alterations from*specific environ-
mental influences during different periods of development;
the sequential nature of the timing of events; the range of
possible behavioral outcomes; the specific brain structures
altered; and the nature of developmental structura}l mecha-
nisms involved. The structure of the corpus callosuin of the
mature rat with a history of squint, for example, is large
and diffuse. The characteristics are similar to thqgé “found
in the corpus callosum of immature rats. In a wide variety
of organisms, a number of specific neural-behavioral* devel-~-
opmental relationships have been Bhoén There is aﬁlevelop-‘
mental decline, for ‘example, in the number of dendritic

Chiild ahd spines in the striate cortex of the visually deprived monkey
Adolescent ‘ at 9 months' postnatal. age. Similarly, it has been sug-
Development  ; ) gestedll‘ that humans with trisomy'2l show no developmental

- pruning of dendritic spines with age. In addition, the
Vil-18 failure of the human fetal cortex to invaginate appegrs to

l' .




result in systematic alterations in cortical cells. With
the uge of Golgi» staining and measures of spininess, general
brain pathology in human .retardates 'has been shown.15,16

Alterations in human albipo visual sensory areas have been -
" gimilarly shown.l/ ¢

En general, most demonstrations of a relationship.

between specific brain environment and sensory-behavioral
develo ment have occurred in serisory or motor neural tig=,
“sues, » These results hdve yielded fairly exact developmental
specificati\Sns of the range of environmental effects on,
senserimoto viors. Alsdé, in such _cases,’ localized
specific changes in brain morphology as well as more general

.'vchanges in tissue parameters have ‘been described.

]

) K

Directions for Future Study . »

For the most part, animal reseg:ch applied to analo—-
gous’ human cases has provided the specific neural models,
mechanisms, and morphology involved in developmental

.environmental-behavioral relationships. This circuntstance.

, suggests the need for an approach to thé study of dev‘elOp-
mental brain<behavior relationships. Specific disordeérs
could be- examined anatomically in light of existing animal
models, Discrepancies in structure between human and- animal
models “should be reexamined: (a).with regard to the evolu-
tionary history of the species, (b) with a variety of
.dissection techniques, and (c) across a range of environ-
mental rearing conditions Yoo o

3

Behavior-brain relationships other than those from

gross- deveIOpmental disorders can also be examined. It
has b en, shown" in mice, for instance, that abnormal migra-
tion 3; cells can lead to poor hippocampal organizati.on."L8
Variations in behavior in these mice-need not necessarily be

vconsidered clinical. Brain assays of patients, particularly

of sensqﬁy and mtor areas that involve known functions, in
con;lmctidn with their developmental histories and analogous
apimal models, may provide significant data in this area.

' 'Since few exact developmental models of brain maileability

have originated solely“from human brain-behavior -demonstra-—

tions, the incorporation of animal models is essential.:

Additional normal developmental anatomical data in'
animals, and especially in humans,l9 should be collected: ’

with available standard techniques, stored and made avail-
able for easy dissemination. Ny . . -

(2
-

3
-Increased effort should be directed toward work with

'rhefsus monkeys. ’fhey are hot significantly more costly than’

other models, are easily manipulated behdviorally, and have
excellent: anatomy for study vis~d-vis humans. ° >
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Sensory Development and Blologlcal Growth

. Current State of the Science N B -

Recent research findings in developmental psychophysics
include demonstrations of ‘human infant visual preferences

- and of brain-enviromment-behavior developmental interactions

in animals. Convinci methodologies‘ for developmental
sensory ‘assessment have emerged concomitant with demonstra~
tions of developmental envirommental influences on sensory
phenomena of clinical significance.20-2
and hearing, primarily in infancy and childhood, have
received the most recent and successful attention of
researchers.

°

“It has been demonstrated that the very young human

Anfant’ gelects visual patterns of a certain gize and den-

sity. Related research developments include: the_descrip—
tion of brightness increment thresholds; the®demonstration
of the early presence of color vision,zz‘ the demonstration
of visual acuity and some indication of its development; the
elucidation of developmental functions and increasing sensi~
tivity to contrasts from birth to 1 year:,?-5 and study of
developmental specification of spherical and astigmatic
errors and stereopsis. Early astigmatism, strabismus, and
other developmental optical errors have been r:elate\dl to hu-
man and animal development and clinical interventio

A variety of convergent methodologies has been used to allow
exact and appropriate developmental diagnosis.

.

: : »

The application of .b>rainstem-evoked potentials,’ used

" developmentally in conjunction with behavioral measures, has
provided, within a clinical setting, an assessment of audi-w’.

tory frequency thresholds by age.2
< -

Directions for Future Study - -

Large, longitudinal samples measuring visual acuity,
binocularity, astigmatism, and the full contrast sensitivity
functions should be collected, especially between birth and
6 years--a peridd in which normative data aré scanty--to
establish normal variability and possibly more subtle
predictors than heretgfore possible. The predictive value
of low or midrange spatial frequency loss, for example, is
‘related to some pathologies, such as _multiple; sclerosis29d

and certain spherical errors.30 When these deviatlons in

vision arg developmentally manifest.is unknown. Temporal
as well as spatial frequency responses for. vision should be
described more accurately . .

The' collectidn of aninal, especially primate, deVelop-
mental behavioral visual sensory data should continue, since

they haye. proven to be parallel to human adult data.31

»
[

to : - 30
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In humans, sight’
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Moreover, changes in brain structure with early visual
manipulation can also be studied. Appropriate instrumenta~
tion and modif:L;tion of instruments. for early developmental
visual assessment should be encouraged.’ Collaborative
cross—-disciplinary investigations involving sensory psy-
chologists, clinicians, human pathologists, and animal
,-researchers have been fruitful and should be encouraged.32f

Auditory-evoked .responses, validated behaviorally,
could provide a means to, assess exact auditory#sychophysi~
cal functions. Also, developmental psychophysical investi-
gation of smell, taste, temperature, touch, pain, and the
vestibular and proprioceptive senses is needed. Knowledge
of sensitivity of the developing organism in these modali-
ties has become important in socioeconomic areas relating to
stress, early parent~child bonding, nutritién and obesity,
emotionality, and individual developmental differences in
such sengitivities. There are Do human data on most of
these modalities between the first 6 months’ and school agé.

A number of research greas {n perceptual develog-
ment are particularly promising. Perception of events,

. relationshilps of figures to background and principles of

grouping, and perception of number33 are examples of
processes that, during infancy, may lie close to the sensory
neural substrate underlying simple semsory rather than
cognitive detectors. ' T

A

. Braln Mechanisms and Motor Development v

’

Current State-of the Science . -

' Although few data exist relating specific brain loci to
specific motor behaviors, developmental behavior norms are
avai'].able,36 as well as data on certain individual differ—
ences. Concern has secently shifted towards emphasis on
the mechanisms of mo\tgr skills and also on the extent to
which a wide variety of individual differences in motor
skills influences the individual's adaptation to his envi-
romment.37-39 The way in which an individual.simultaneously
performs a different task for each hand, for example, is a

. complicated function of individual biological differences #o
‘interhemispheric Elnteraction.39 40 Developmental mechanisms .

of motor acquisition have been studied in ways that allow
inference}~al.bout relative hemispheric contributions to these
rocesses, but more information is needed on such
subtlg interhemispheric mechanisms.

Poor performance on skilled motor tagsks can relate to
‘other developmental problems: Poot readers do not do
Well on bimanual tasks and show.more mirror movements even
if they have a\normal overall IQ. Children with agenesis of

\-

.
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' the corpus callosum show similar behavioral effects. Early
soft neurological signs' {that is, si§ns not fully associated
with neurological deficits) are felt by some re- : -
C . ; searchers to be all motoric in nature, with about one-half
- ., " of them becoming pathological only if they persist beyond a
‘certain age. Since satisfactory longitudinal studies have
. ‘ > not been conducted, how these soft signs relate to later
* ’ behaviors is unknown.

g o O e, Endocrine disturbances, such as a high’ potassium—low
. ) ’”: ,calcium ba’ ce, in’ developi'ng infants and chiildren can
3 cause disorgan d«»motor—-pattern The same disotrganization
L . _ is found in infants with hyperbilirubjnemia. The long-term
N effects.on learning of being in pwblonged states of this ,
' \ " kind have not. been closely studied.
. ) . \ ‘ .
A Recent attempts have been made to categorize the -
_\_ spontaneous movement gatterns (stereotypes) observed in
developing infants.4 This approach is different from
e reflex elicitation methods used in the past 6 and is .
rooted in current ethological theory concerned with action
patt@rns at different levels of the brain at different.
- stages of development.
Stereotypic behavi®r patterns provide a new way to
. describe developing human motor behavior theorefically. The’
patterns are often repetitive and invdluntary. A new -
—_ -approach to the description of both woluntary and involun—
- tary ‘motor activity stems from work in physical biology.[‘7
G This work has been extended to the development ‘of motor
- behavio#.48 Basically, mo tor activities are limited by
ot T o, such constraints as length of various limbs or operation of
e : joints. The constraints change developmentally, in ecologi-
cally valid ways.” Only a beginning has been made,- however,
in, describing in this framework the developmental natur'e and

norms of motor skil}hrhumans. ]

- Directions for_ Future Study ' T .

.. ’ Developmental, normative human data on simple and
. complex voluntary and involuntary motor activity should be
. . collected. The importance of these data stems from specific .
theories of motor development ‘that are being applied to.

. ) humans for the first time.. The theories (ethological, °
. . physical, biological) allow a new, more general, and exact °

. ] . ) specification of motor development and offer a.tie to brain
' maturation. . = . |
L . ' : . |

Child and !

Adolescent ‘ High-speed photographic and computer analytic displays
Development . can be used to investigate the development of real-timé . |

synergistic relationsh‘ips of diverse motor activities. The

vil-22 sensMivity of these displays to rapid and minute changes in,

b -




R ] e ,
.. " motor coordination could provide acecess to the nature of
. subtle motor development in bothgnormal and clinical, cases. \
Modeling of these activities can be greatly facilitated
through, the development of appropriate .computer graphics ..
procedures, o . e

]
<

Support, should be given to ‘studies of motor development
that go beyond behavioral norms and are related to brain
mechanisms, including metabolic and endocrine factors

. underlying normal and abnormal states. Longitudinal obser— -

vations of varying duration should be made to ensure an

understanding of the effects, of' lack of motor activity on

human development in normal and 'disease cases. Norms for

naturally occurring bjological groups should be established 2

for complicated motor tasks. More followup studies should

- be conducted jon infants with soft'signs. Systematic re- : .
search on the development of, simple and complex human

behavior patterns may fit in well with developmental

data of experimental biology.

°

"

* Understanding the cerebellum's functions is crucial
} theoretical ,models of the brain's mediation of motor ’
%tivity. Direct relationships between .cerepellar func—
ioning and behavior'can probably be best accomplished with
the .use of known clinical cases of ahnormal cerebellar
functioning. . - ‘ ' ‘ o ‘ 3
Detailed in utero ultrasonographic examination of
developing motor patterns in normal. and ahnormal cas uld
be of clinical and theoretical significance.
é r .

\ ~

E]ectrpphyslologicall Covrelales - T C . :
-of Cognitive Development - -

Current State of the Science ’ 7 ‘ }

Under a widg variety of tasks, eleclti"opf)ysiological
measures can be'(ohta¥ned that index distinct brain cor-
“relations with cognitNg processes. Recognition memory, “
selective attentiod sgarc behavior, and expectancy have
repeatedly been shown to\correlate with distinct components
in‘the brain's eleftrica acéivity..49 A spatiotemporal
mapping of the brain's activity involving' these processes

- has been documented in adults. Electrophysiological mea~-
sures have recently been used to study the developmental

nature of these cognitive processes. e , —
Recording’ of ' t . . Child and
) 8. of electrophysinlogical responses has ‘a Adblascent °
. number of advantages: , () it -revealsgdfstinect patterns of Development .
! . the brain activity to task performahce and reflects the
. participation of specific brain regions to._given task condi- - - V23T T
. v -%‘ ) ° - A ' ' . - ' .
‘ »“ ) - . -
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tions; (b) it 14 efficient in obtaining data relative to
behavioral methods, in particular with infants and small
children; (c) the development of cognitive processes can be

- assessed throughout—~the entire lifespan in humans using

identical tasksy (d) scalp recordings are nonintrusive and
can measure thé temporal course of mental processes on the
order of mi¥Iiseconds--much more rapidly than,can behavioral
methods; and (e) abnormal as well as normal brain unction~
ing can be detected with appropriate me asures ich has
clinical potential, especially for infants and young: chil-
dren where accurate and reliablé assessment methods are
needed.
. : ’ . \

Traditionally, brain activity has been measured under
two experimental conditions--background electrical activity,,
recorded in an g¢lectroencephalogram (EEG)" while the subject
is usually resting. or asleep, and evoked potentials (EPs) .
when the brain responds to an external probe stimulus, such
as a flash of light. Most developmental studies have been
limited to small samples. In addition, laboratories have
differed in the application of stimuli and electrode place—
ments, and in analysis of data. 'Efforts are underway to
establish standards for, the collection, analysis, and
publieation of electrophysjological data. 50,51

One of the advances in developmental electrophyseiology
has been the determination, based on large samples of

‘children, of quantifiable developmental norms (population

means and Astandard ‘deviations) for EEG data’Z and for EP
data.?3 _54 They have been collected while children are in a .
passive state. A recent research program55 is investigating

. the normative basé 6f more active EP tasks. In addi-

tion, ‘the quantitative EP measures are being analyzed in
conjunction with standard psthometric IQ measures and

] Jqutritional info tion to provide a more integrative view
.of brain-behavigr outcomes;

Preliminary results suggest a
possible relationibetween abnormally high levels of lead and
difficulties in inMellectual .and brain functioning.

Because of the difficulties of data colle:ron, devel~
opmental research with infants is scanty a with pre-
schoolers almost nonexistent. Electrophysiological study of

~-the -development of memory and attention during infancy .and

its relation to ‘subsequent cognitive development has
started.56 R

.

Directions for.Future Study

N

Procedures should be standardized for developmental
electrophysiolegical data collection and analysis. With the
decreasing cost and increasing efficiencies of small com-

. puter sysﬁns, calibration-and- analysis procedures should be




standardized for all researchers. 1In addition, regional \
facilities should be gonsidered to gather- substantialidata-
bases through the colledtion of developmental norms across .a-
wide range of.tasks, provide services for individual re-
searchers, 'and serve as a data network center for the
storage and transmission of data between laboratories:

Developmental norms should encompass a convergent
“perspective and incorporate data from other areas, such as
the IQ measures and nutritional morms. - Since it {s essen-

. tial that these data be accessible in.a form that can be

used by individual researchers, there is a need for a data
‘bank network centered at regional: facilities., - -

‘

u

e Along with the standar&ization process, research -

efforts should bé devoted -to particular subpopulations
of infants'and children, such Ws Down syndrome children
and children with learning disabilities. By adding the
results from more active challenges to results obtained
during more passive conddtions, a neurometric asgessment
may be conducted that identifies specific deviations in
brain functioning.

] ”

Targeted dimensions of the e1ectrophysiologica1 corre~
lates of cognitive functioning should include such areas as
the developmental changes of seleltive attention, memory,
ringuistic comprehension% and expe tancy.’8 A large elec-

trodex@frhy covering the standard 19 areas of- the EEG
montage could yield task-to-task alterations in the spatio-
temporal characteristics of developmental brain functioning.:
In addition, the incorporation of recent ap%}ications of’
single trial analysis of EP data in -infants>9 and °young.
children day result in shortening;experimental sessionsﬁ
Testing sessions of a reasonable length will result in more
.clinfcally useful applications of lectrophysiologicaL
., measures for infants and preschool chi dren.

’
.

Psychohormonal Inﬂuences"on Developmen't

- ¢

¢ o
Current State of, the Science ) o o p

Until the 19608, research on psychohormonal interac-
tions with behavior and behavioral development was concerned
mainly with .the influence of’ sexual’ and maternal factors and
was conducted almost entirely on rodents.60 More recently,
developmental psychohormonal interactions with behavior have
been examined in a range of speciesJ including humgns, and
research has focuseld on a greater variety of behaviors. 61
There has:been an increasing interest in cross—species
comparisongtand the application of animal psychohormonal
models to human phenomena 62-65 Ap increasing, focus in

‘these cross-spe cies comparisons 3_has been on sexual and
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maternal behaviors, especially.on the mechanisms of maleness
and’ fehaleness. A far larger range of sex differehces has
been examined, ‘pafticularly concerning humans .63-67 ;
Masculinizatlion (external genitals altered and no
development of ovarian cyc‘lea) has been demonstrated in
young ’,fen':'ale guinea pig's,68 wwith 1o reversibil4ty of these
effects with shbsequent‘administration of estrogens and
It was conéluded that the early hormones Had
alteréd the br:‘él.n's structure. The .conclusion has now beén

ahatomically deidn&trgted. { ‘ S

PN e e e ‘ . ,
‘Prenatal ma‘s,gulinizatipn hag been demonstrated in rats
a8 a result of a numbgr of ‘conditions ‘involving exposure to
male hormones;. including the simple condition of a masculin-
ized~fémale fetl}i developing between two male fetuses during
the fetal period.59 The behaviors that develop postnatadly
in prenatally masculinized animals may occur without any
unusual concurrent hormonal support. It is likely that the
presence of psychohormones during specific periods of fetal
development can permanently affect: the structure of the
brain. - This alteration willsgreatly bias the hature of the
individgél's later perceptual and learning éxperiences. It
has been shown, for example, that a fledgling male bird
gho does not yet sing, when exposed to a particular dialect,
will subsequently sing that dialect as an adult if 'testos~-
térone was presedt at his initial exposure to the dialect.
In general, the basic patte"r'}l of and predisposition towards
human sexual behavior appears, att least in part, -to be
determined ip the brdin as & result of early hormonal
exposure. In many:respect;_s, these early prenatal influences
take/ﬁ?:ecedence over, concurrent influences, hormonal and(or)
behavioral, during infancy and childhood. ‘

. /
. -
- ’ £l > .
A s .

. . et . . .
Directions for Future Sfudy © | .2 |

" Research to date has focus®d on studies §f the bio-
chemistry and anatomy of .intracellular, eéxtrac luiar, and
nére global variations in brain structure as a function of
hormonal levels. It is ‘important now-to Phcuseon behavioral
effects. 1In humans, careful developmental measurement
shou]:t:‘[)be undertaken to establish the exact variation in
psychofbrmones that are present at' each age. Independently,
species-specific or universal developmental changes 'in human
behavior should ;be collected. 'Cerrelgtiops should be
examined between these two sets of ddta. Animal research
should contribute general principles tb test observatiohs
and correlations in humans.. Mammalian and priﬂ:ate models’
should not be congidered the only ohes of value for human
applicatiens. Studies of .insect metamorphosis, .for example;

have shown that hormones can inhibit development until a

Y - 7.
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Emphasis dhould also be placed on research on the T

interaction between hormonal dnfluences: on physical changes
and. the manner in which these physical changes interact to .
determine the nature of &n individual's experiences with the .
world. 8 process is evident in the deveélopment of gender .
role. ender identity is determined %n part by an interac-
.tion between the individual's perception of his physical /r
structure and his interactions with the social world.6>

e Also sfhce some recent animal evidence shows male-female

. differences in certain brain nuclei, research.on.human

developmental anatomy may confirm evidence of male and
female anatgmical brain strygctures. . . -

ormonal ‘effects on human behavioral :
development should end beyond gender-specific behaviors. l
hrtisol, for examplef has been shown to be a potent indica-
tor of stregss ip rats, monkeys, and other mammals, and its
level may reveal forms of streg’s that are different grom
wha \caxﬁ‘@e assumed from other indicators.’l
e . \ ° o . ° , . e
. \\ . v
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Studies on, psych

Develdpmental Behavioral Genetics

Current State of the Science

, .
Behaviéra.l enetics research expanded rapidly -during - -

the past decade. In human' h vioral genetics, twin &and .-
, @doption studies are increasing. Studies have continued in ! . <
' the area of t,pe single gene and chromosomes. For example,. .

Tourette syndrome, which involves symptoms such as temper . .

,outbursts, echolalia, and muscular tics, is being eluci~

. dated. :The genetics have been established; and work is

o under way on mechanisms. Other emotionally or intellec-

" tually debilitating syndromes include at least 200 forms'. )

* - of mental retardation that can be caused by single genes, 4
and ‘more are beiig identified. '

A second and proginent line of inquiry is-the statisti-
cal study in large populations of the effects of manipula—
. tions of the environment on individual differences in

tos behavioral reaction. Reaction ‘can involve complex traits ‘ .
“ . based on underlyi‘ng single® or polygenic mechanisms.
. Récently, study of normal individual variation haé made use -
) of developmental adoption studies. Adoptlad children have .

shown increases in .IQ but do not réach the mean IQ of ,
biological children reai‘ed in the game. family, nor does ’

2 their® IQ correlate with. adoptive parents or with & benefi- <
. cial® enviromment beyond a. moderate threshold.73 . . Child and
*ret e » Adolescent
A S Development‘;.
Examination of male/female differences is also unden ) _
! »" way, which uses neither pedigree nor adoption strategies, . ‘. Vil-27
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. Genetic studies of hluman developmental behavior often

attempt’ to identify individuals who ‘age the biological

’ §ourceq,(probands) of such complex traits as hyperactivity,

intelligence, height, or even criminality, that may be
familially transmitted. The underlying responsible genaetic
factor in the latter instance may result in either poor
control of impulses or inability to modify behavior in
regsponse to punishment. . .

o

J
Directions for Future Study

Attention should be focused on the reaction range of
normal as well as abnormal individuals, for simple and for
complex .traits.© Techniques.such as adoption studies, in
addition to pedigree studies, are necessary to descgribe
reaction range developmentally.

« ‘

° 13

. ‘Attention ghould be focused on detailed descriptions
of envirommental differences in reaction range studies, such
as adoption or sex difference studies. Examination of
complex traits, such as criminality, sex, or intelligence,

v

. but carefdl, analysis of brother/sistér comparisons on -
‘ course grades, aptitudes, and allocation of resources.

.

ihould continue and should focus on simpler, -underlying

omponents.

Developmental quantitative models that take into
account normal and abnormal individual differences in
reaction to environmental interventions need to be

developed. Every effort should be made to support large, .

suitable samples, representative of the entire popula-
tion vdriance, - for this research. IS

Developmental behavioral geneticists must, receive

training in a variety of subjects, ranging from psychology\

to biology to quantitative meg:hodsf

: i : L
i

Ill. Learning and Cognitive Development

The influence_of Jean Piaget on the study of cognitive
development was dominant durimg the 1970s, particularly in

.the early part of. the decade. Since his early work, many

resedarch questions have been clarified, and concern has
shifted from repeated demonstrations of what children and
adolescents dre not capable of doing, because of limited

capacity, to what they are capable of doing, given differ®nt -

and perhaps more appropriate task situations and(or)

mére subtle dependent measires. -The metaphor has been

idcreasingly the "competent” infant, child, or adolescent.

. h -
o S .
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. Nature of Developmental Acquisitions

.

In a second major shift, there,has been less concern
with the identification or explication:of structural’ aspects
of thinking presumed to be used by.the child, and greater.
attention t6 the content of knowledge or skill to be ac-
quired and to the performance and learning fact:ors involved
in t:hose acquisitions. - N

Also, a reexamination of traditional issues in the
psychology' of learning is in progmess and is occurring in
tandem with a more sophisticated analysis of cognitive
activity in general and of children's developing cognitive
skills in particular. Is the child just a small human
learner, a "universal novice,” who is generally less experi-
enced, and hence,, less likely to be successful in a wide
variety ofﬁsks‘?’ Or are tMere truly "developmental” limi-

tations on what the child can do and(or) learn at particular
rriods? -
“ o, , -
>4
hd f ) .

Complex Cognltlve Learning

CUftent State of the Science ';.

Basic questions in t:his area are: What components of
pérformance of complex cognitive a‘ﬁtivity can be identified?
Which of them are most central to development? How are they
acquired? : .

N

A

Research has proceeded on two separate but relat:ed
levels. First, there have been a large number of .studies
that identify important, previously ignored components of
performance. In'early stages of this research the fole of
memory was called the transitive inference task.’4 In the
standdrd interpretation of this tgsk, young children wére
seen as poor reasoners because t ey were ‘unkbI® to Judge
that if A>B,\and B>C, then ADC, Upon investigation, how-
ever, it was discovered that many of the subjects also
failed to recall the AB and BC relationships. In a more
recent study, a strategy rather than a process was identi-
fied. ,Regearch on "empirical rule-assessment” demonstrated
that it 18 possiblle to classify children and'addlescents

'according to Piagetian tasks gsolely on the basts of the

pattern of their errots. Knowledge of content as an
information-processing component has been described in a
demonstration that skilled child chess players have ‘a.better
memory for chess positions than unskilled gdult chess
players. 6 These examples are from a large literature on
the role of specific fadtors in the performance of complex
tognitive tasks. Basic research on such topics as memory
development represents a crucial component of this approach.

s ‘ v
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The second leyel, on which there has jeen less re-
search, is what has been called "aggregative models."?7
These. models attempt to ‘describe;the processing.of informa~
tion, through more than one &))mponent of the systet. This is
a complex entérprise, and /most effort-thus far has focused’
on formalyzed tasks. It appears increasingly important to

. have dn adequate model of complex performance prior to
- highly accurate specification of key developmental compo-
nents. This need is being recognized in research on' the
aocquisition of reading skills. The act of readtng involveg’
not only simple processes, such as.word decoding and, seman-
tic retrieval, *but also complex skills, such as story recall
and comptrehension monitoring. Since these and many,other'
components are central to the task, how each operates and is
acquired, and how they:are interrelated should be known.

A-third research area is concerned with individual

differences as they interact with-developmental issues. It

*  includes identification of differences in normal as opposed

to poor or disabled readers, and more generally, the role
.th.at_indﬁridua'l differences at the component'orfaggregate
level play ip influencing performance on compl'ex tasks.:
Individual d{fferences have been.observed, but a consistent
‘picture of the overall source of 'su:h differences has not

yet emerged. - . (-

; R
{ v

Dir&ions for Future Study .

-
.

All of the components of the learning process should
be examined simultaneousl\y in order-to achieve insight into’
the process of learning a particular task. It is crucial to
investigate sufficiently rich and complex cognitive learning
questions in order for findings to be ‘generalizable.

A L]
Three kinds of research on childgen's learning and
cognitive development need attention.

‘ i H . . "\
1. An important area is the identification of Eer,form-
\ _ ance components of complex cognitive activity as
well as the learning components. Studies that
address the quest™on of how such components are
ST acquired, either natt_x}-ally or through direct train-
“. - ", ing, sliould be encouraged and should address the
manner. in which the acquisition of these components .
contributes to overall sficcess on the targeted
’ © ability. They should also be addressed to the
acquisition of skills of sufficlent intrinsic
- interest, both theoretical and pr tical, to merit
concentrated research attdrfio '!

&




2. Studies that va}.datekthe construct of theag
components are needed. The ration of theoreti- ~
cally sipilar components in ‘different tasks should
° be examined. Validity studies should -also examine
the connection between differemt levels of skill on
the component and skill on the_ complex task of
, which it is theoretically a part. o . !

v . 3. Studies are needed that go beyond the examination

of hypothesized components in isolation, and

" P develop and test aggregative models of the complete
skill under investigation. Broad, multivariate

models .are necessary to identify the relative

o import:ance of the various component:s and inter-
) . qct:ions among the 'components.
‘ ~
', J " RN .
Cognitive Monitoring . ' S _ yooo

Curre{it ‘State of the Science

‘ Although a number of proposed components of skilled
*. .‘%cognit:ive activit:y have received attention, one that has
oft:eno.been gsingled out is "metacognition” --t:hat: is, the
individual's knowledge of .his/her own cognitive processes.
) B’ighly related are such consﬁruct:g as. the "executive moni~
y tor,™ or, cont:rol processes. This construct focuses on the ,
_‘.a‘mi " individual’'s cofscious control of his/her own information- S \
ptocessing activities, apd particularly on' the coordination
of processing, strategy, and’ knowledge to achieve the most
f effe%j.ve performance. ° . The construct is conceived of as a -
/* highet~o¥der skill in thinking than, say, retrieval from
" memoryy in that it guides the retrieval in such a way as to,
be as effect:;:ve as possible. - .

L

F\Y

-

‘The develo;ﬁnent: of met:acognit:ive activity has been
exami"ﬁed.78. The major focus to.date has been on "meta- s . .
" memory," alt:hough there has also been eéxploration pf such - : C .
compdnent:s as "metaattention” and "dfetalinguistic ‘aware~ : :
3 ness."” . Much of the research has concentrated on’ the demon-
3 " ." stratiom that such components actuglly exist'and are .
' 1dentifiab1e, on devising measures that can isolat:e the . s

) . components, and on ‘developmental changes.

- L]

L . . »
k-ad ‘ N . - -
« Directions for Future Study -
o “e ., ' Studies are needed ‘on the causal relationship between =~ . Childand
e met:acogn.{tive ability and skilled’cognit performance to ¢ b;\%‘l’ées;gg:“:
‘determine if met:acognit:ive ability can be ac uired “through g velop
° B . y 4
N tra:[n ing. ) ‘ ’ . A ViI-31
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Intellectual Socialization

Current State of the Science

.

Specific research questions can be summarized in three
s " .broad formulations: How do formal and informal socializa-
tion practices influence children's learning and cognitive
developmegt? How do different socialization practices among
families or social groups lead to differences in cognitive
development? And what are the expectations of adults
about the cognitive development .of children of different
| . " ages, and how do these expectations affect children's
' learning and development?

v

Regearch has been/‘ conductedson the first two ques-
tions.’? A number of important differences have been
- R observed in socialization practices, but it has proved
difficult to associate.them with specific cognitive out-
) '+ ' comes. Early informal intellectual socjialization in the
. ’ home appears to be far more concordant with°formal sociali-
. zation' in the school for middle-~income -nomminority children
than for others. Evidence suggesting that much of the
latter group's difficulty in school and afterwards is
. traceable to discordant socialization practices deserves
additional attention. This need is especially important in
r light of the numérous demonstrations of the effect of
S adult expectations on children's learning.8°

’ ~ Directions forsFuture Study S

Specific connections between socialization practices
and particular cognitive acquisitions should be -identified.
Both observatianal studies 4in hatural contexts and training
studies may be appropriate.

' T It ~i's important’ to identMy sti'ategies that children
use in changing from one set of social expectations to -
, - another, particularly in the case of a discordant transi-
) ) tion, such a3 a child entering a school that is culturally
different from the home. What "unlearning” as well as
learning must occur for him/her to succeed or cope? '

. ‘ .
- __‘ A T - / : ) .. -
S TR - Véarleties of Content To Be Acquired. a
‘ Cognitive Development as the Acquisition.of Culture
f‘" : ' - .
' Current State of the Science - ' )
222:;:2;’“, Research on cognitive maturity is important to under~
-, Development .. standing general principles.of cognitive development and
o - > ) children's learning.. A useful perspective is to regard the
Vil-32 achievement of culture as the principal goal of cognitive

.
\ ! . -
f
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development and to regard "mind” as a cultural "achievement.

Psychologists81 and anthropologists82 haye- studied
cognitive enculturation. Recent research has demonstrated
the interrelatedness of cognitive developmental thdories and
findings to formal school learning. They have al§o demon—
strated that these.theories do not apply to individfals with
limited exposure to formal‘learning situat
research also shows that categories for cogniftion are not
necessarily applicable to all cultures.83

3

Directions for Future Study

Cross-cultural work should continue. Differences
within the society should be examined from the perspective
of enculturation. Of particular importance is a need to
focus op the theory-that an individual who is'cognitively
incompetent within the culture of the standard school-:
setting might be quite competent in the culture of his/her
home imunity. - Discovering the basis of this competence,
particularly as it might be made relevant to current school

. and career settings, is important.

Cross=~cultural studies should be performed from.
an anthropological perspective. Of special importance is
understanding how children deal with culturally imposed
cognitive demands of the standard classroom when their prior
enculturation is divergent.

\
i

Structure of Knowledge

Current State of the Science’

Central to understanding the ap.quisition of a new sgkill
or knowledge is an understanding of its structure.84,
The understanding of structure is-a prérequisite for liter-
acy, basic¢ quantitative skills, and communication skills.

Regsearch on scientific reasoning tasks has suggested
that greater specificity dbout ;]»artial achievements of a
cofiponent of culture is needed. The process of moving
-from little or no knowledge, Lo partial knowledge, to
mastery must ultimately.be traced in terms of the néture of
. the structure of. that knowledge. .

: Y ’ M ‘:t z
’ < . .

an
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Directions .for Future Study R . ' . ' 4 xAgr:ilg e:an:t
olesc
Studies that elucidate the nature of knowledge within a . Developmept -

particular field should be ‘encouraged, including specifica~
tion of "fragmentary or incomplete knowledge, since the - VII-33
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latter is germane to developmental studies. Research in*
this area will require interdisciplinary efforts.
‘ . . ¢

o

\
v

Social Cognition ’ -

Current State of the Science ‘ o °,

Social cognition overlaps with social and personality

development, and it is 'an important area. A descriptive’

* data base-has been produced on empathy, egocentrism,. role
taking, friendship, and social problem-solving 86,87

Directions- for Future Study

Social cognition in action rather than in laboratory or
paper-and,-pencil tasks should be examined.. The highly

‘reflective aspects of many current tasks may hot readily .

rcharacterize on-line 'sociml cognitive activity, in which the
monitoring of others' activities requires considerable
processing. A major question ‘to address is how social -
cognition develops in social contexts. ) . E

A better understanding is needed of the' kind of infor-
mhtion proc®ssing that occurs in social cognition. Applica-
.tion should .be made of research findings in both social "
psychology and cognitive psychology. Onée promising example -
is concerned with episodic memory and the use of seripts,
-plans, godls, and gtory structures. Another is concerned

. with attribution theory, within which a number of important
questions related to social cognitive! development arise.

b
o>, . . 4
i .

" Affective and Motivational Influences.

Current State of the Science

(c There is aélack of data on the role of affective and
mo ivational factors in child,ren 8 cognitive activity. If

an execntive~ monitor of some: sort ‘successfully allocates -

~Tésources :to a cognitive problem, part’ of> the momitoring’

. mus,t be decisions about where to allocate resourées. ‘Some,

cur rent work on learning disabilities has focused ‘on. attien—.

tional deficits.88 por many children with a history of ~

difficulty on complex cognitive, tasks, attentional préblems
“may in fact be based fupon an unwillingness to engage cogni-
tive abilities as successfully ‘as they! otherwise might. On
a general level, studies have been undertaken on the devel-
-opment of mastery motivation in children and its relation-
ship 'to cegnitive achievements, and have, demonstrated
apparent monotonic decline through the school years in
motivation'to master school‘ learning.89 The implications
. e "
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of this finding for learning and for cognitive theories of
develdpment are significant.

~

- Directions for Future Study
=

Basic definitional and descriptive research ‘is needed

to identify the natidre of affective and motivational frame-

" works surrounding cognitive- accomplishments in childhood.

How do they develop, and do the relationships change as a

function of development? Hqw do differences <4n motivation

ambng, children develop, andNin what ways do they affect
children's inte11ectua1 development' and performance?

-»

[ .

| SPeclﬂc Developmental Periods ‘ .
Infaricy . - e ,

[}

Current State of the Science N

* Two scientific advances have fostered rapid growth in
the knowledge of infant perceptual and cognitive develop-
ment. One is the refinement of measures, such as heart
rate deceleration and acceleration, and eye movements, that
allow even very young infants to "tell" what information
they are or are not processing and with what effort. The
second is the extension of .this methodology to.look at
"higher" levels of cognitive activity as well as more basic
sengory activity.9° . S

[

* Directions for Future Study

There 18 an insufficient understanding of how much
the infant can do. Continuing~discoveries have given

insight intd the "competent infant,"” and studies should

:be continued./» i ‘ i Q

. .
Childhood
Current .State of the Science

Insights have result®d from research ‘that gives

, careful attention to the kinds of responses young, children
Are capable of and that finds ways to allow them to shdw
«their competencies. Childhood is an important period of
cognitive ,development in that it represents- the transition

!

« ~ From a sensory-motorrbased cognitive system to one that

is symbolically based It has been examined from the
perspec,tive of language deve10pment, but has only
recently been’ ‘studied for the development of other skills.o
Unsuspected ai‘eas of cogz:etence have been identified,

Fy Y
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including number developm'tent:,91 communicative abilit‘:'y,9,2 and
memory deve10pment.93 : . :

Another relevant area of competénce is perceptual~motor
development. The quegtion of the enduring effects of early
perceptual experience continueg to be a fruitful approach,
particularly in speéch comprehension; and recent investiga- ;
tions that apply more sophisticated .theories of motor
behavior to the study of motor dévelopment have produced
insights into the orfZanized nature of skill acquisition.47

-~

Directions for Future Study .

i The recent emphasis on the competence "of”children has
been productive, and continued study of the range of
their skills is necessary. Exploratory studies should be .
encouraged on development other than language ‘development,
as should continuing reseawrch to‘prpvide ‘a descriptive data
base in areas already being worked on. E?ecially to be
encouraged are analyses 0f perceptual motoT development,
particularly as these. analyégs connect with more perceptual
orientations and their development.

Ks
’ k-4
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Adolescence e
.. Current State of the Sciencw®

During pr_éa@olescent and early-adolescent years,
individuals become more facile with complex abstract reason-
ing, and such reasoning-is increasingly expedted of them in
school settings. A refinement of definitions of abstract
thinking and an impravetfent of*methods of assessing that
abilijty, together with the descriptive data base, enhance
the prospects-of undersfanding more about the acquisition of
these: gkills. N

° M ’ ‘

(. - ~
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Directions for Future\StudSr

_  The transit:?n(from concrete-based reasoning to ab-
stract, formal af ysis is critical, .especially since formal
. analysis is required by a‘-technoldgically oriented culture. '
Existing data indicate that probably not much more than half
of the adult population ever become adequately skilled- in
this kind of thinking. Uge of detailed analytic tools fiakes
it 1likely that®esearchers will obtain an understanding of
both the. sugcessful acquisition of these skills and the
reasqons behind failutés to*acquire them. It has been
suggested that there is no a.priori reason to assuge that
early childhood is a better time for intervéntion than early,
adolescence,?% and a’more detailed understagding of the
adolescent cognitive transitions could jconfirm that observa-

~
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“.Current State of the Science i ‘

.concerned .with the linguistic relevance of phonetic phenom-

tion.. /A concéntrated effort to understand the acquisitions
of formal reasoning by some, but not all, adolescents and
adults should be considered a major priority for research.

.
L4

IV. Language Development and - .
Comimunication

] Major changes have occurred in the study of normal A
language development. Advances in American structural
Jdtnguistics, traneformational grammar, genetative semantic
formwlations, and pragmatics have had successive impacts. v.
In linguistics, advances in phonology, and in psychology,
advances in 'speech perception have filtered into the work
concerning language and communication of. children. In i
-addition, researchérs have become sensitive to the range of e ‘
linguistic-structures and acquisitional procesges to be * . . L
’fg)&)d in languages other than English. '

Information from studies of chi]\dren with communication
disorders such as hearing impairments' or severe language -
delays has served to address the question of critical i
.periods in the acquisition of language.  Research has also ’ ¥ =
been directed toward improving rehabilitation strategies o .
for handicapped children. Efforts with behavior modifica-‘ ’ A, o .
tion have been sometimes combined with linguistic amd - 5 ’
psycholinguistic developments. .Regearch on reading has,
been iInfluenced by xecent advances in linguistics and ¢ .
psycholinguistics as well as by advances in- the study of E S ’
information processing in psychology. . d "

- - _ -

The "language” of the chimpanzee has been studied with N o &
a focus on‘the question' Does language have biological ’
substrates in the human? That is, does the ability to learn
and use language depend on’innate abilities specific to . R
humans,’or does it rest,on more general cognitive abilities : . .
that may be present in.other species? . , : ) .

-~ .. . e

1

Phonology L o ) N

Phonological development is ‘concerned with 1inguistic s e . " -
phenomena that are subsumed under two subdisciplines: - y :
phonetics, which, independent: of a particular language sys— .
tem, is the study of the acoustic, articulatory, and percep~

tual aspects of speech sounds, and phonology, which is 'c‘:h"a'“‘ B
g an

. - «Ad I t -
ena within particular languages. Phonological development ) Dm‘,’o‘;s,ﬁgﬂt =

is gtudied through’(a) naturalistic "diary” studies of the : PR N
longitudinal development.of a singlec chi],d' (b) cross- -t Vii-37

'
r .




Childand -

olescent. S

evelopment

B R . : \

) 14
»

° \
sectional normative studies of articulatory skills, and more
rarely, of .perceptual skills in groups of children; and (c)
in the‘ last decade,. controlled laboratory.examination'of
specific phonological phenomena in infants and children.

Studies of the production of -English speech sounds by
children from about 3 to years of age show that most
children ledrn to produce the inventory of speech sounds
during the first 5 to .8 years of life.92,96 Although the
sequence of acquisition is quite regular for broad classés
of sounds, diary studies sghow congiderable individual
differences in the detdils.of acquisition of sounds with
distinctive features. There is also considerable individual
variability in the production of particular speech sounds as
a function of the phonetic and lexical context in which they
occur, and variation over time in the production of specific
sounds within a word as a function of the phonological
system as a whole. Research on the effects of contextual-

- variables on the production of speech sounds and on the role

of a phonological system as a whole on prodyction of spe—
cific gounds 1s in formative stages. Only a few studies
of phonological development in languages other than English
have been conducted, and the relative contribution of
universal and language-specific factors in articulatory

development is not knewr. .
\ '." . .-

-

Laboratory studies that examine the ps,ychologicai>
reality” of distinctiye featqre descriptions have investi--
gated the production patterns of normal children _and of
childrea whose articulation is late. - Becausge of the
diffi&ulty of obtaining reliable data from infants. and
children, the dewelophent of phonological perceptual skills
‘had received 1e§§¥:ttention than -have production patterns.
In, the last few years, however, several paradigms have been
developed o test speech’ perception s8kiX1ls of infants under
1 year of age. Studies with 1- to 4-month-olds indicate
thats#pre nguistic infants, with respect td perceptual
sensitivity to some acoustic dimensions, show discontinu-
ities that a6e consistént with adult speech-sound categori-
zatibn and that are independent of exposyre tg a

barget langua
is present

%e

in' which the particular acoustic contrast
-It cannot be concluded from' these studies,

however, that infants are born with special speech percep~
tion medhanisms. Such .sensitivities have been. shown in,
animalgl02- andﬁfhey have also been shown for nonspeech’
sgunds.103,10 Theae findings suggest that .8peech

'p?geessing utilizes. general auditory psychophysical process-
. es8 that are-not in themselves linguistic processes.

It has
been sghown, however, that l-year-old infants- have perceptual
constancy for some speech—sound categories over variations
in\phonetic context, voice pitch, and speaker identity 105
This work and studies like it provide important information
about the development q§ selective perceptual skills neces-
sary for phonological perception. s
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f R ’ . One of the questions in_current theories is the
. 4 " relationship of ‘children's phonological perception and ‘the

ability to pfoduce appropriate speech sounds. Some investi#
gators have found 'that the chilad- perceives, as an adulte
. perceives, all the cortrasts of the t-asget 1anguagef'before
. ,production development heging.10 Others theorize

the child as hav4ing an internally consistent. phonological

system that is a reduction or simplificatien of the adult
systen. 108,10 Other theories suggest that phonological
perception and .production develop gradually over several

years, \and that in general, perception precedes produc-
, tion. r 0,111 ,

Problems in studies of sppech-sound *identification and
categorization by 1- to 6~year-old children include statis>
tical'adequacy, lack of stimulus control,-and inadequate
controls for cognitive and attentional factors necessary for
interpreting failures. The evidence sgggegts that ‘there are’

o developmental changes throughout the first few years in the
% child's. ability to differentiate lexlcal items on the basis
of distinctive ?ature contrasts. The data, however, are
fragmentary and often contra ory. As with production,
there may be a general sequence of acquisition, butdg
. - details ave not known and there appears to be a great
of individual variation acgoss children. In both perception
and productign, research on children between.l8 months and 3
years Of dge) which is the period when the greatest changes
in phonological behavior take place, is limited.

-

-

-

Directions for Future l'Study . ' . . -

It 1is important to conduct longitudinal studies of

" the development ‘of phonological perception and production
, with groups of children in which rigorous experimental
testing te&xniques are used in conjunction with natural-
istic observations.
‘Computer analysis procedures and analysis-by-synthesis

’ techniques, used in the study of adult spgech, should be
applied to developmental investigations of articulation.

. ' Cros s-language studies of Ehildren as they learn their
first language are needed in order to help answer impor—
}’. tant questions S6f theory concerning the role of language~
~ universal phonetic properties and ‘of language-specific

. properties of phonological development. Studies congerning
9 phonological development -of children who are learning more
. than one¢ language are also important. The recent introduc-
B tion ofﬁarge immigrant _populations to the United States
creates a need at)x\d also an opportunity for careful research.

. - - Phonological develOpment beyond the acquisition of
) Speech-—sound inventories should be studied to: show the

n\‘o »
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* ' . v d lopment of the higher order of organization«ihvolved in
. ining and sequenecing- sc;?ib It is especially, important
. that Such investightions ificlude -studies of the di:elopment
. . of phonological “awareness, for this awareness appears to be - .
necessary for lear ing to read and write in an alphabetic N
system. . . -

Acquisition of Word Meaning f ‘ .

-

- . - . .Current State of, the Science ‘ \ @

s

. Before grammar became ‘tie central-issue in language
development, the éssence of ianguage was generally held
‘to be the linguistic sign 8e—=that is, the wétd. How
- . children learp that certain sbunds have meanings and, how
they learn the conceptual p?opertffe"a signif by'a stream '
' ' ' " of sound.remain central problemg:™ This is %ﬁcrete exam~
ple of concept formation, and iw literature adults, word
meaning and concept are often taken to be the same thing. *

’ ' -
»

, A prominent theorz of ‘'word meaning | has been the seman—
- " tic feature theory, derived from a linguietic approach
. whereby words are grouped for analysis according to semantic .
- features. -Namely, children ‘learn words ,by includipg one or L
C : tWo. features ‘and* gradually adding other;s 113 : 5 ¢child's - |
R R . initigl meaning “for dog, for instance, might be "four~
e Ty lggged." The ¢hild would thus apply. Qg, to fout~-legged
o T . creatures in general before learning more defining features. . {
. -4, , In a-contrasting major theor:y,114 children define words at
- N r e ", 7% 4dn early: -gtage #d&ording to the function ‘of the referents, >
to o e ag«i ?an“iﬂg emergas, from abstract to more contextually ..
" ) ' o uspewiﬁi;ed ge%r\ipt“io 5 . . RS

Y),, il

-

. . & <% < g %
f . r o Invegti\ga,t}ors H"aVeo studied such. theories ‘and focused» )
on phenomena such sas VErextensions in- .use. ‘Findings
suggest that while ,éﬁil en gometimes: apply too few semantic
' : features, it ‘s alsd ‘dommon for them to,apply too ‘m any.
. - O /
' 3 Children's$ ly word definitions may tend to be more
. . perception-based°than .functian<based, but’ beéause many
T thf’ngs with simil, ) funcftions are also perceptﬁEIly similar,
. " this distinction has beer’ difficukt to study.. Eventually,
1, - . word meanings invn.}:ve bott{"functional and Eerceptual as-
. R - ;pectan as well ag,pther kinds of meanings. / Recently, -
! - _ - . ,investigaté¥s have devot‘.éd attention_ to childrenns context~
’ ) bound. definitions and wsesﬁ\of words.118,119~ R PR -

s ’.

L]

&h"dand Methodological problems have arisen 'in this ,area of
" . Adolescent . study: One problem is that children not knowing an answer‘\,
Development . * may guess systematically. Forwexample, if asked. to point to
' .o, the big.member of a pajr or to a little one, even if they-
e Vil-40 . have no idea qf the meanings, they may &lways point to the

S
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big one. It looks ‘as if they think little and big hafe the - &
\same meaning, whed in fact they think nothing in part cular.

Such strategies often ,seem task-specific, and one can get

different responses to the same words. 2 This problem
" i8 similar to the problem of children's uses of task-

speci-fic. strategies in studies of Byntactic development.

overextensions may resukt in .an overestimation of the spread
of children's word definitions. A child, for example,
may apply the word " apple to a number of round objects. If
the child is asked to point to the a%ple however," the child
d ‘consistently chooses correctly. This action suggests : -
that the child appreciates the correct meaning, but will usé
he word inappropriately if - no better word is available; it
s also possibTe that the child is actually encoding some- ©/
thing like "is like an applé.”. .. -

( Another methodological problem is that children's

. The truth may‘be even more subt/le according to devel-.
.. opments in prototype theory. Evidence suggests that young
children's use of words have predictable hierarehical struc- ‘
" tures from the appropriate referent to reasonable overexten-
sions.122 It hag’'also been found that children uge words - -
to refer to partic'ular aspects of thefr current meaning or
© $o refer ‘to other similar things. 117‘ AT1 this suggests
*  prototypical ogganizations for word meanings, found in fact
in word meaning for adults.lo.6 Prototype theory may
provide dn important approach to the- study of word acquisi-s
tion, along with other studies of how children actually fit,
new words into an already existing .system ©of meaning. 118’
. e - K y o

. 'Directions for Future Study ‘ ) : -

‘Important areas in the, study of word meaning also apply
.to research in many aspects of language develop;g\

~
- L}

: The study of language development as embedded in cogni-a g .

tive development should bé encouraged. Although language is . -
E a rich example of complex cognitive functioning, -language

',and cognitive development have ,been studied almost entirely ’
) . in isolation. ‘Analysis is needed of whether the cgtegories o
\ emerging in .language development are iSOmorphic with other. ‘ '

cognitive skills. - ST :
Lt . s Indiv;ldual differences in language acquisitiom should_ .
i also Fecetve increased attention, especially as these are . ' !

interrelated with ind fferences in Other cognitive * " chi
. P ild and
skilils. . - - . . Adolescent .

N Development

A Research that links maturalistic and experimental ‘ v ‘.
*" 'methods should be e(ncouraged - . 1 ¥, : x||-41
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The study of the process of perce:l,ﬁing the relationship.
of words to each other is based upon &escriptions of related
structures of language and the eory that the surface
structure of language represents\,o%y part of the knowledge
possessed’ by a native speaker,“.-“ . . ,

. . . 4
% Does a child construct a private system of rules of
grammar that have syntactic strings often far removed from
surface expressions? The child has been pictured as con-
structing complex formal rules.to convert underlying,
strings, called deep structures, into surface structures.
Since the child has to infer gyntactic structures _not heard,

the supposition has been made that the child must have °

innate linguistic, equipment .

.
8 4 -

Advances in 1ing\uistics and psycholinguistics -have
modified these earlier "transformational" formulations.
In psycholinguistics, .predictions about devel'opmental
sequence based on transformational models have not been
upheld. 128-126 14 linguistics, investigators incorporated
semantic, and eventually pragmatic, factors mere directly
into their-descriptionsfof grammar. The newer descriptions
treated lapguage not only-as having a self-contvained formal
set ¢of rules of grammar, but also as having semantic and
pragmatic char?bcteristics as well.l27,128 Subsequently,
many linguistsjbegan to investigate the utility of descrip~
tive grammar that depends less heavily on structure-changing -
transformational rules.. Regularities in language formerly
explained ,by transformational rules were increasingly
explained by other theories.l29-

L]

A r(%ber of
acquisit¥®n indepe ntly began to use semanfically based
approaches, closely related to cognitive.categories, for the
analysis of -early speech. ' These analyses continye to
be.valid, although recent work has shown that ohildren may
use very small semantic -categories and even rules based bn
the understanding of the grammatical beha-fior of single
words. Although there is still some. controversy, ‘it seems
~unlikely that highly abstract formal:categories such as
subject_and fredicate, or noun and verb, underlie early.
utterances. Nevertheless, cognitive categories and

semantic categories seem highly related, gnd" descriptive -

grammars of children's earliest perception of language can
be copstructed without recourse to formal linguistie cate~.,
gories of the type used by analysts *in, the early. 1960s or by,

L~

estigators in the area of 1anguage-,

L

~

%
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-‘There has also been an increased interest in pragmatic
analyses. Working backward from adult to child, investiga-
tors have begun to .identify the role of pragmatic analyses

in children's construction of grammatical,phenomena.92,135 -
. .. kY

. The child seems not to infer underlying syntactic
strings different from surface stringg, or to use unanalyz~ ¢
able abstyact formal categories, but rather, to notice
regularities in the relations of surface strings to each
other and in related meanings. Categories seem to be ..
co'nstrpcted by the child for the description of speech on ‘ .
the basis of general cognitive categories. ’ - ) .
Y . ‘. -2
Studigs of cognitive constraints on the learning of
language have been of two kinds: the effects. of ®eneral * . '
cognitive information-processing constraints and the con- ' ‘
- straints on the content the child can analyze from speech. Ve
In analyses of. information-processing c'onstraints!' investi~
- gators have agtempted to-show, foifxample, that'children's
" linguistic performance evidences the effects of strategies )
[ e like those showir. in general cognitive pr:ocessing.136 Spe~
T cifically, they have questioned whether the child's limited
short-term information-processing constraints might affect
grammatical analysis and performance.13 Concerning
constraints on content, some investigators have attempted to
show that the meanings children attach to grammatical . ¢
constructions, such as past tense, may be limited by general
difficulties with cognitive processesl38 or diffigulties
with analyzing' causal sequences. :

-

. / N
. _Studies of mother-child interdction have been used to
evaluate the theory that the child's linguistic .
ill-formed, fragmentary, full of errors and run~ 8, and
generally unpromising. In fact, early studies have shown
otherwise., Parents' speech to children in American middle- ' v
income cultures is generally simple, short, and grammaticalj
It has beén phowu,13 however, that parents do not give
verbal approvgl or disapproval of the formhl grammatical
. correctness of children's utterancés, nor do grammatically : . B
"+ . ., dcceptable utterances necessarily have clearer medning than ) ’ \
’ ungrammatical ones. Considerable cross~cultural variation .
has been observed in the nature of mother-child speech.u’o
There are cultures, for example, in which parents consider
« - the child's beginning to ‘talk an imposition, and they 7 .
discourage the child from talking around them. In many - A
- ‘cqlt"ures, children learn language from other children or

wherever they, can. Thus, the emphasis on the delicate - !

« Child and

interplay of mother and-child in communication and its L adolescont
importance to the child's learning of language ig likely to Development
be overemphasized in studie oi middle~income Western - '
cultures. - ' .

4 ‘ Vii-43
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) ’ The dimportance of ,cognitive categories in grammatical .
formulation, the relation of pragmatics to grammar, and the
relation of general-cognitive abilitfes to the acquisition .
) of the grammar of a language seem. J;ikgﬁsto remain continu-
® . ing concerns Jin the studyiof the a gui ition?of grammar.
< T e There is a growing interest, as wel’l}, in Qloser-to-surf ce”
- descriptions of .complex grammar. Although different lan- -
C .guages have a different syntax for expressing an identical
meaning, children seem to be able to master- differ\ent -
{ | languages' skillfully 141 binguistic rules do not diregtly
reflect thought sequences, and children do not have diffi- "
culty with this fotmal quality of language. Additionally, °
o investigators]-42 }2 hawve con;enaed that analyses of
. i .- formal categories must take into account sequential proper- °
. . ties of ,morphemes per se 'las part of the nature of adult ’
. : syntactic categories a’nd 'also as part of children's con- .
. . structions of such categories. Major syntactic categories,
. . . % *gsuch as noun and verb, are receiving prototypical analgsis
g L inérporating both semantic, and formal factors.l
d ' number of analysts are beginning to question whetﬁe;\cogni-
“tiver and semantic—categories are congruent. Knowledge of v
N the process of acquisition. of grammar may itself bring about
' . ‘ some redefinition of the relevant cognitive conceptual .
boundaries, at least in ling istic acquisition 146 -

A4
4 f . \ -

v

Working‘from a different perspective, recent research °*
with'chimpanzees Has addressed the ifsue of whether language
is a uniquely human ability. Chimpanzees are not able to
. master human~like oral articulatory systems,- but they have
N ., - been taught sign language, 147 to play a, game with tokens, 148 )
‘ and to use ‘a typewriter. It seems 1iMNy.that chimpanzees
can use’signs to communicate meanings. ‘There is ‘some
question, however, concerning their 1ingixistic‘:'abilities."? co
. It 1s not clear, for example), to what extent chimpanzees
. ’ engage in clever operant behavior and capital:Lze on subtle
cues to guide responses ®ather ‘than really cdmmunicate; .
. . although it is reasonable to assume -that they- sometimes
- communicate meanings ¢ The-‘evidence that chimpatkees use
4 rd ‘ semantie-based rules has been. anatyzed atd found lackingj

) their performance can often-be accounted for by specific
' sign-situationlicit coaching or dmitation or

other means. 14

. A N,

A : - Finally, a number of general and me odological igsues
. ' affect the study of children's acquis tion of graéagr

Although experimental procedures age neces‘sary o ‘study many '
problems, investigators have come to dép@!@ upon naturalis-
tic observations. The investigation of }tfvnguiktic acquisi-

,Sggfegggm ‘ tion in other cultures is important At the same time,
“ - Development: detailed observations on - the course of'development ina
. - commonly used language, such as English continue to have-
Vi-4d - 30- 7 great value.l ‘ . o
B -t \‘ - ., . v ’ : v - )
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Directions for Future Study

Long-term studies "should be conducted agcording to )
generally established models of data colléction. ‘Speech’ ) : B
“samples should be collected that can be used: by many invés- : ‘
, ‘tigators.’ Particular, attention should be channeled fnto ,
e 7}_ ‘data collection programs that meet basic standardg with , ‘ ¢
irespect to contextual- information, transcriptrion, and——° —
""‘"“‘““‘*‘1’61’81:‘5"& iggues. = -, e

~

-

Crossfgultural studies should be encouraged. To ' . e
establish ¢ degree to which the data base may attribute
. English-1like properties to the human mind, examination of
-language development in non*Eng11s™speaking populations is .
essential., Cofyparative studies should be used not only to -
.replicate findings with_ regard to English-speaking children
but, more important, to describe the course of development
in other cyltures. and lang:xageg. ’ )

, Theoretical integration is needed in the field of . .
developmental psycholinguistics. Theories are needed 'that s . .
agcommddate semantic’ formal, pragmatic, and individual '

" lexical analyses together in“the same constyuctiénm. ’

#* . 7. 1Increased-effortg must be made to understand linguistic
organization at different stages of development. Studies
"should be encouragdd’ that investigate later developments
and- more complex and more formal systems, since these RN
comprise the heart of grammatical systems used by the mature /\
inddviduasl. 1In addition, studies of comprehension in
"pRegrammatic” {nfants and toddlers would provide informa-
! tion about the earliest behaviors that underlie grammatical .
development. . o : .o ) ; '
A Y . . { ' . -

Pragmatics -~ , R ‘

Curi:ent State of ‘the Sciehce

- 4 ! v .
Studies of children's ability to'communicate messages. ' N
to otherq15° are a part of pragmatic development. Such
. 8tudies have recently shown that children are more.sgensitive

e | __to their -Aisteners' needs than had previously been’ thoughé. . B
. They talk mord simply to younger children: than to -peers or
+ ..~ " adults,l3] describe referents more clearly to a blindfolded T
“ . listener thanp to a listenér who can seé,ls2 and show(many .
R - ' other signs of being able to take the listenér's informa- o A
: tional needs into account.l53 The nature and extent of this . )
early communicative agbility is still being studied. , ®
o Investigators of pragmatic'dévelopment are’ interested . .. Agoqgg;“n‘z
- " in the degree to which children are able to communicate ' Development
needs and ideas ‘before language itself is used, 134 or when b
2 their linguistic resources ‘are séarqe.lfs Investiggtions of ' . Vil-46
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~ what chdldren know about how and when td use certain modes

A o o, of address are-increasing, but to date, much of the work has

been- on.ly descriptive. 1In addition, while the speech of

;e : ; children of different ages has been studied in a variety of

! . situations, only a small number of.studies have actually

" attempted to identify the developmental processes that

- "underlie.pragmatic abilities. More needs to be known_.a]mnt___
. N the relationships among a-child's ability to recognize what ',

TN is appropriate speech, in different situations, the way in -

g A which he or she actually uses language in these situations, - .
' S o . and the ability to use what he or“she knows about language 3

~o LT . to make social inferences. = T

»

’
- »

/

Directions for Futdre Study .

Present work demonstrates that children's understanding
of social situations and the social and communicative needs
of others emerges earlier than had-been thought. . Investiga— )
; tions are needed of specific hypotheses about the processes L

that underlie children's communicative skills and the
effects of communicative ad justments on spcial inter@ction.
y , ) - Developmental studies thai employ quantitative methods
, to study the acquisition of comhunicative competence, should
. ’ be encouraged. Such studies should include children of
different ages--toddlers, preschool children; and school-

aged children. -
T ] Effort should be devoted to the systematic analysis “and
validation of a uniform set of pragmatic-social constructs.

The integration of research concemed with prggmati?:
’, ) : development and other areas of social and cognitive develop-
ment will allow .greater understanding of the development of -
competent communication and its contribution to behavior.
There is a need to integrate formulations of the child's
general social knowledge and motives with the 1inguistic
acts that aid or represent them.

. \ Reading , | L S
. - SN Current State of the Science LS
. Many theorists have concentrated on the question of how o
~ - children analyze the basic perceptual configurations of ~ ° .

individual letters.136,157 a¢ the "word” level, investi-
gators have asked how ¢hildren become faster at recognizing

fﬂﬂfeiﬂgm 0old, words,> both faster and more accurate at decoding new
Development . -~ words, and better at higher level procesSes such as compre-
. hénsion of complex discourse. Developmental studies have
Vil-46 . addressed the size. of t'he orthographic’ unit, the degree to
'.,~ . - L - - - 3
& . s L}
- - . v e ? . :
id ' \ ’ 06 - » .
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which developmental sequences in processing occur, and the
way in which children learn the systems that govern sound-
. grapheme! qorrespondences. The mature -of the advances in a
child's word-processitg that perm{t .more rapid reading and
increased comprehension are not yet we11 understood.

_ .While researctbhas id’entified a number of processes
“that skilled readers use, the organization of* the process’es
. “isg not well understood. - Sophisticated laboratory experi-
" ments and more naturalistic observations may provide the
‘needed integration. .In addition; technologies are being
.developed that carf®trace with exactness a reader's eye
movements through texts. 158 »

2
o> [N

In recently proposed “top-down” analyses of reading, it
is assumed that the reader predicts new content from previ-
‘ous context and general knowledge-—-—that is, 1f.gkilled
readers do not fixate every word, they rely on expectancies,
and the activation of related meanings makes words easigr to

<.» recognize individually. 159 . . 2N

’
.

stage. ..It i8 not clear, for instance, whethér reading

disa‘b’ility is°an identifiable disorder or merely the low end

of a nmormal disgtribution.” I£ reading disability is a
, ,definable category, the extent to which it 'is homogenous and
o specific to- reading\ is stili. not. clear.

s
* L}

A A -
Directions for Future Study ) ’
% 'l Basic research on reading dnd, specifically, on how

»'~ « children 'learn to read should be continued. ,Technplogical
advances in ‘the various: information-processing subfields

> should. improve the depth of these analyses and enhkance
Tesults, -~ .
L ’
W "Integrated" approaches to the understanding of reading

+ v appear particularly promising. Other dntegrated &pproaches

_should be examined more closely also, such a3 simultaneous
. investigations of t‘he reading process and other types of
language behavior \

pl/_ A

~

4 Res'earch on reading—disabled children needs to- go
beyond contrasts betwéen normal readers and disabled read-
' ergs. . Studies directly addressing the extent to which
children labeled as "reading disabled” -are a homogeneous
population should be encouraged. Research that allows

- » / analyais of éfta from' both individual subjécts and group

comparisons would be- particularly ‘'useful . Longitudinal
stydies with "high-risk" populations would also provide
needed information, as would cross~cultural’ research.

~
?

i 4 . * \

- \‘ ' .
> - \

Research gn reading difficulties is in.a prelimi’narya

*
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- . Aﬁpllcithns and Special Pdpulatlons ' e

@ . ) . ’ 7 , e . “r’
. : Current ‘State of the Science .

Differences in Dialect ' »
) Children who speak a dialect or i‘nguage other than

standard English can experience many difficulties in ,

‘ . the United®States.« It is not clear whether such children '
i ) should be.'taught to'read in their -own language and later
P , : shift to the standard tongue, or whether instruction should
o begin in the standard tongue as soon as possible. Almost
all. research on language development has used white children /

of middle-income, families. Research with ch;,m?en from/

*various ethnic-groups and income levels is neéded not onl

s . to validate previous studies but also to identify the maj

issues in communication for a child growing up in a bilt

gual community or one, that does not use standard Englisgh.

hd [4

Children With Hearing Impairment\s

Co;nmunication with -American Sign Language has beg
. : ? - receive detailed study.16° -American Sign Language is a
% - ' complex ‘and orderly system, with many of the properties of
human spoken languages despite its dijferent means of N

* transmission. .

1
-

Many deaf children, when not exposed to a sign lan—-
‘guage, apparently begin to devise a“sign language of the€ir
4 own, and studies of them have been undertaken.1 1  present
) : evidence indicates that these, children make up signs for
various types of actions, a.system that seems to have some

- commonalities with the semantic-based categories used in_“

s - 7 children's early speech .

R ' . ‘Communication Disorders *~ * .. 7

- C " “While interest in children‘withacommunication disorders
‘ has increaséds in the last few yearsisearch in this field, °

) * like that on reading disabilities, is in a preliminary

. stage. Speech therapists educators, and clinicians in the

; . “.’fleld of communication d ers have recently shif%ed their

. ; s " focws from articulation ‘ptoblems fo language disarders,
e : which 18 a term with a number of meaningsp Péorly defined' ’

- ‘ Tad : and sometimes extremely heterogeneous subject populations
have posed a major difficulty in interpreting research

'findings in this area. : In addition, recent evidence sug-

N . ' gests that mild and severe language disorders may gctually’
A - - L be veéry different kinds of problems. Mi1d= language delays

. 232‘,’9222,,, are common. They generally ‘involve produetion more, than

. Development . comprehension,.have” a good prognosis with or without inter-
W"f} - . _vention, *and take on’ significance when. they are associated
Vii-48 with behavioral and __ emotional problems. Severe language g 4
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continue to receive support.

v
\lJ
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digorders are most often associated with mentdl retardation

or other cognitive deficits, such as autism. In the rare .
* cases where- severe language delay occurs in a child of

otherwise normal abilities, language comprehension and
production are equally affected, and the child's prognosis

for normal use of language as an adult is poor. Epidemio-
logical data also distinguish children with mild problems

from those with seWfre language diserders. .

Although many diagnosgtic,and treatment programs for
children with language 'disorde’rs Have emgrged in the “past.
decade,-1ittle.empirical validation or standardization ‘has
been performed. . Behavioral technijues have been the most
carefully evaluated interventions, and the integration of
developmentally based sequences with proven behavioral
teaching methods- seems to'bé a particularly-promising. area.
With increasingly sophisticated research, \finer distinctions
may be made among problems in bapic knowledge about lan-
guage, in acquiring language, and in using language.' As
part of the'increasing integration of psycholinguistics with
general social and cognitive development, ‘studies of the

relationship among copmunication problems and other aspects

*of development will become important.

.
* - »
o
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Directions for Future Study” . P

Subjects for ‘::e'searclfx should be drawn’ from diverse
populations that represent a local grea. Specific tasks and
observational methods should sbe ippropriate‘ for children
from different backgrounds.” ° Ly -

.

-

" '.Studies of bilingualism and r_lé)rl.s/%ndard English should

Research on heariné-impaii‘ed populations can provide
information useful in answering basjic *questions about‘ the
nature of language as,well s provide suggestions for
education. Basic and applied ‘research with hearing-impaired
populations ‘should bé encouraged. - ‘ ‘

Research -on language disorders in children is needed at
all levels, but should target clearly defined subject popu-
lations. Current knowledge about language digorders in
children is limited, and a wide rahge of work, from detailed
descriptive studies to highly contrqlled experimentation, is

. needed. The use of control groups of normal children ard

children with equivalent cognitive levels should be encour-

" aged, Research 1is needed to, identify«the partieular lin-
guistre Aeficits underlying langudge disorders, as well as _

resedrch. on relationships among language disorders and other
aspects of development.
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V. Social and Emotuonal Development
Current State of the Sclence —
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‘T_f_'e Infant and Young Child -

.The interactive capacities and competence of the infant
in the first year of life have been extensively studied, and
any areas, of progress ‘have been associated with the concept
of the infant asvan "active” organism. Numerous studies
demonstrate the infant's social responsiveness and interac~
tive capacity, its, readifness for communication long before
the emergence: of language, and its responsiveness to the”
enviromment. Most .of these capacities have been shown to
be present ‘in some form from early infancy. Responsiveness
or reciprocity has been estabYished as central in the
infant-caregiver attachment grocess through a geries of
human and primate studies. The beneficial conse—
quences of a- respqnsive environment and the negative conse-
quences of unresponsive enviroments have been illustrated.

Advances have also been made in the knowledge of social
development througho,ut the: first year. Partly because ‘the
observational models underlying much ofuthis research are
transferable, considerable work has1 been rried out cross-
culturally.]-é‘6 ‘This work has shown that development in the
first year is best characterized by changing patterns of
behavioral organjzations Five-month-oilds, for instande,
reach for any object -placed in front of them and put it in
ytheir mouths; 10-month-olds d”elay in the face of novel
objects and grasp them only aftér study. Five~month~olds
are relatively uninfluenced by situational context, home or
laboratory, comings and gdinds of caregivers and strangers;

12-month-olds may be frightened in.the laboratory by a novel
eyent that delighted. them.at home. In general, year-old.

. infants use the caregiver as & base for exploration. In the

presence» of the caregiver, novel opjects or persons can be .

tolerated, and contact with the careglver quickly terminates

distress and promotes”a’ return to exploration. The year-

olds' behavior thus catt‘be geen in terms of intefa ting

behavioral systems--war:{.ness, affiliation, explpratioJ and
attachment.l6 « . )
& 1 d .

Research on the t:oddler has been facilitated by the use

of observational measures--the toddler being a particularly

]

: diffgcult laboratory subject. Longitudinal and cross-

sectional studies hav& focused primarily, on the ‘toddler's
social and exploratory 8k1il1s, such as problem-solving,
reactions’ to novelty, and early interaction with age-mates.
One of the mote important findings in social development
concerns changes in the infant—-garegiver.relationship.
Rather than waning, this nelationship is now seen as
evolving or.becoming transformed. The seeking and main-

-
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taining of phy&ical coptalt-diminishes, but psychological
contact is maintained through visual regard, vocalization,
and the sharing of play. 7169 Even when toddlers do not

seek visual contact with the caregiver, they are reassured .

by the opportunity to do°'so.l70 Increasingly.during the
toddler period, the‘'child moves toward utilizing his or her

own resources [1i¥St, then iglls back onm the Carregivervtfe‘n
necessary. At the same t ,, the ‘role of the caregiver
shifts from nurturance & comforting to gulidance and limit
setting. The relati 'gup changes dramatically.during this
period, but it does nqt beco'tne less important.

There have also been efforts to broaden the study of
social development beyond motHer-infant interaction. It has
been documented, for efample', that infants are-:attached to
fathers as well as mothers, that such relationships may be
"different in important ways,.and that individual differences
in one dyad'will not always be predictive of another.
Capacities for engaging in constructive interaction with
age-mates have alsd been shown to be greater than previously
believed.l71 Investigato!s are now moving ‘toward  the stldy
of the ldrger family network and extrafamildial fagtors,
including social support systems and changing l‘ife stress,.

The impact of out-of-home care as an example of extra-
familial in ence has attracted, considerable attention. To
date, one can conclude that in general, day care "does’ not

have negative effects and may havk beneficial effects. "

There are complexities, however. Timing ‘of onset-6f substi-.
tute care and its amount and quality, as well as the ongoing'
quality of home.care, mist be considered.

!

Research on the preschool child iei centered on 'pro'«-(>

social behavior, social cognition (role~taking), and peer
effectiveness, and peer group organization. The origins of
such rapacities: as empathy, sharing, and aggression have

been outlined extensivély, and there has been ‘an effort to.

1link such behavior to underlying cognitive processes and to
experiential dhistory. A great deal has been learned. about
the develoRment of role-taking skills; but much needs to be
learned about when and how such skills are (or are not)
trgnslated into socila ction. -Progress has been made in
the area_ of peer interaction and peer competenc'é where
important assessment techniques have* been developed. Much
work with these new tools is in progress, with the organized
nature of the preschool peer group already established.}’2

>

Middle Childhoed and, Adolescence

. Social and emotional development in middle childhood
has not been aimajor subject of research. To some extent,
this lack of activity stems- from a classical supposition
that (no major transformations take place during this time

.
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and that middle childhood is a latent period:l73 1t is also
diffic§1't to study the schdbl-aged child outside the class-
room, dnd the bulk df recent researéh progress has occurred
with school-related issues. Advances -have been pade in

relating achievemext activity to dimensions of cognitive .

development, par cularly of the child's incf’easing differ-

entigtion of ideas 4bout’ success and failure. These,studies
are '"largely descriptive and do not treat the issues in terms
of ,ti'xe social context.l?" Similarly, considerable progress
has begn made in® rting the development of the child's
understanding of mo lity as well as of social events and
the nature of persons. Most of these studies, however, have
"focused on children after school entrance, and most are
descriptive efforts to relate one variable.to a limited
number of others—-based on p'aper-and-penc.j.l tésts. More
needs to be known about the manner in which the child's
changing undérstanding of the social universe alters behav-

ior with peers,’ teachers, and, family members, and how these.
» changes interact. with the growth of the concept of s?.f.

ot
’

"and emotional development. Prim rily, the literature con-

. sists of self-report studies of achievement, social rela-

tians, autopomy, identity, and sexudlity. It does not

* address the changes in socidl experiepce within the family

and ‘the peer culture occurring with the onset of puberty--;

and‘rﬁ{l these affect both cognitive and affective behavior. !
- Thel.:e is also very little that is a truly+ecological

lite-ratug;e of adolescent developinent. Conceptual bases for
such research and appropriate methodologies exist,175 .and
work in this area should be encouraged.

ae
] > . °

" Models and Perspectives _

Advances have been Made in t‘.he',past decade in the

. 'thkore;ic,al‘ models and QDerspéctives employed in ‘studying

child social ‘behavior. It is now: recognized that develop~
ment is an ;lnt,:;egratedﬂprocess-and*ﬂrat“gﬁgnitive, affective,
and social “aspects, of development must be studied togethet.
Numerous books and papers have appeared on social cognition,
cogni‘tive/motivationgl intéraction, and the organization of
_behavior.176 Similarly, there has been considerable work on
the influence of socialization” on cognitive development.
Investigators are now in a better position to understand how
early emotional experience can affect later cognition and
social behavior. ‘ ) :
' Moreover, child and environment are viewed as mutually
influential in an ongoing way, with e influence of one
- depending on the other. Reciprocal medels of causation
(mutual influence) are supplanting linear models.(unidirec-
tional effects). ) <

= ’ ‘ - -~ 62 ‘b

Adolescenceé remains the least studied period in social’




In many'respects, investigators are now questioning the
following assmnptions.

e Individual differences are, manifest in terms of
stable traits (identical behavior over time);

N
Pr-ereqqisites for a certain.advanced form of -behqv—
ior must be in the same domain; ~
All aspects of development nust be influenced by
environment and heredity to the same} degree; )
'Development must either be continuous or discontin-
uous; and

When' a child .acquires some capacity is more impor-
ta-ﬁt’ ‘than the quality and, organization of the
behavior or interaction over time.

Complex models of socialand emotional development are
now being used. An important adwance has been the movement
beyond discrete behaviors, which often can *be understood
only when their ties to common goals or meanings are identi-
fied. When, for example, members of the Gusii culture
believe that young infants need a period of basic care but

no play, such a culturally shared value has implications for .

behavior.l-/"7 OQutside a cultural context, such parent
behaviors make little sense.

e’

o Researchers are focusing on individual differences in
. organizing havior. Self-image, social competence, and
self-contrdl are concepts contained in a network of orga-
nized capacities, attitudes, and expectations. Investiga-
tors now emphasize patterns of multiple relationships over
“. time rather than correlations.

«
v
)

-

Directions for Future Study :
* The Consequences of Early Expenence

™™
- There j(ave been numerous demonstrations of both the

effects and the noneffects of early experience on later
development, and although some aspects of functioming are
relatively more buffered from early negative experience,
such as the recovery of IQ, others appear more susceptible
>t0 ongoing consequences. ’ . -
S - L
) The study of the consequences of early experience is
complex, Investigators have sufficient data to observe that
.consequences cannot be demonstrated at the level of specific
parenting practices, such as age of weaning or breast as
opposed’' to bottle feeding, and of specific individual

& s
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variable outcome, gach as amount of crying. ‘Studies need to
be centered on the averall quality of care and the ‘organiza-
tion of-the child's behavior in the face of major adapta-
"gional tasks; and. ‘éhqu“ld take into account the specificity
of effects,';’t;g'ansfotbacion of.,f.ffects, ‘and indirect effects.

o

' (In this usage, specificityl78 refers to theideathar &
social experi’e'ncg. may» have~clear-cut consequences in some
‘agpects of functioning and little effect in~ others. " Trans-=
formation of &ffects refers to the latk of isomorphism
between.cause ‘and effect;. aggressive beghavior, for instance,
may have its-¥oo'ts ‘mot in -parental punishhent in the
first-year but in: parental unavailability or indifference.
"An indfirect effett rgfer.:“s# to .the idea that congequences
maylgg @,e’llgge'd oF become manifest only under some circum-

" s_"tanifg‘s. ) The mast compéll;ng notion here is that
co’n‘&#‘mences

k4

+ ‘dively that~the

2 of .edyly.negative experience and maladaptation .
pay‘ bedonie: obvious 6_nly‘ undé’r later conditions,of stress.
Questions about day ‘cérq,' provide an example of this
kind ‘of cop’cg;&h} }“80 Regearch. of: some complexity and scope
should.be cqndﬁc}:gﬁ in this atea in order to evaluate the
conseguences of ‘day::care xfs v

Lol ER - . *
e N Qv‘. “?ﬂ - ) b‘* } R . <@ € . ) .
Mutual Influence of Child and Parent = =~ = -,

fIn. the -19'708, a great range of studies ghowed corclu-

fﬁant'or child has an effect on its care-
givers. A basic.lssuesfor the 1980s is to uncover the
process of ongoing mutwal influence--the interaction betweep
endoge:nous infant factors, family situation, and parental:

. ,expectations and competé’ncies, a significant aspect of whigh/,

is the degrée of "match” between infant and caregivers. or
Afamily circumstances. What combinations of these factors
have posditive and negative outcomes, and in what ways?

a

Although parent repopts of thild temperament have been
‘fpuhd to be’quite stable and even useful in predicting later
problems in extreme cases, no one has ‘Bhown. theserreports to _
be related to individual differences in behavior. Invegti-

" gators need to understand the multivariate origins of these

- parental assessments, including parental personality, expec~
tations, attitudes and 1life situation, as well as child
behavior. Moreover, .it is rtant to understand how these
perceptions both influence child behavior and are shaped by
endogenous child factors in continual interactionm.

T - LY
.. More should be known about the consequences of a’ par-
ticular child's position within the family. There are great
between~child differences within families, perhaps even
greater than between families. While this observation is
consistent with genetYcs, it is also in keeping with a "8ys=
tems” view of the family. .The second child's family is not

.the same as"the first child's family. Particular children
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may-‘be aisigned to roles that they do or do not fit.
Research is needed that goes beyond ,examination of family
size or parent education to the tudy of family' processes as
these interact with characteristics of particular children.
Questions of mutual influence should be addressed in infancy
and early childhood, and particularly In the transition to

-

adolescence, when parental expectations, attitudes, and 1i¥e
situations interact continually with child tharacteristics
and behavior, which are themselves changing in response to
both maturation and experience.

few N
* .
. . - .

Extrafamilial Influences . - _
Much of what is known about children's adaptation to

. school is related to academic achievement There is a lack
. of knowledge about the child's experiences in school and the

role of ‘sghool in socialization.. The onset of* schooling is

itself ‘the major transition occurring in middle childhood,

and little is known about the impact of early school experi-

ences on the evelopin.g self—system, the alterations pro-

duced in family and peer {igteraction, and therchanges taking
i

- place in social communic

on and_competence.
L Factors outside the family thatjluence 11d .behav-
Jior and development range across many levels $ analysis;
from socioeconomic and cultural changes to:life stresses
experienced by & particular family, and from grandparents to
peers. 181 How do life stresses, socloeconomic change, and
chagging cultural values impact on the,relationship .between
parents and how do such influences in tukn impact on parem;-
ing behavior? How do peers and parenting influences inter-
act? In what way does the early parent-infant relationship
influence later peer relationships?----

'Matoratioh/Experience_ Issues .

2 ¢ 1 ’

Theories stressing adolescent rebellion and detach-
ment from the family are proving to be of limited applica-
bilit:y.]-82 In addition, most studies of adolescent sexual-
ity deal with changes as reporfed by childpen or their"
' parents after puberty. Few studies exist conterning changes
in family interaction patterns ‘and peer relations spanning
the period from before puberty to after.and how these inter-
act in the growth of social competence. Little is known
«about the youhg.adolescent's use of gime in nonschool
situations and the changes" in these
coincident with biological’ changes. )

Evidence points to early adolescentce as a period of
transfomation in. social relations—--with the family and with

. ~

experiences that are

[y
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friends--rather than a perjod of the dissolution of early

. relationships * Broad-based studies, utilizing data focused
° on social processes existing in the family, the peer group, -

and “the school, as these cycle through time, are needed to

address the nature of adolescent development. ,

- T e
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