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Global Climatic Change
Richard A. Houghton and George M. Woodwell

- Citing historical data on temperature and on atmospheric levels of carbon
dioxide and other greenhouse gases, the authors maintain that the world

- is already in the grip of a warming trend. Unless stringent measures are
taken, they contend, rising temperatures will increase sea levels and shift
climate zones, causing profound economic and social distress.

The Turnover of Messenger RNA
Jeffrey Ross '

The structure and function of every cell are established by the proteins
it synthesizes, and hence by the amount of messenger RNA specifying
_each protein. The amount of mRNA depends in turn not only on how
- much mRNA is transcribed from a given gene but also on the rate of

turnover, or degradation, of the mRNA. What factors control that rate?

- Quantum Interference and the Aharonov-Bohm Effect
Yoseph Imry and Richard A. Webb

Can electrons be influenced by a nearby magnet so well shielded that

_ its force field cannot be detected? The counterintuitive answer is yes: an
_energy emanation from the magnet known as the potential does indeed

~ affect the electrons’ wave function. This quantum-mechanical effect is

- being brought to bear on the development of new microelectronic devices.

_Astrocytes :
Harold K. Kimelberg and Michael D. Norenberg

They are brain cells but not neurons. For a long time all that was

|l known about them was that they are star-shaped, beautiful and—unlike

' 'neuronS——not excitable; they seemed to have a passive supporting role in
the brain. Recent work suggests, on the contrary, that they have specific
~active roles in brain function and development and in causing disease.

~ Free-Electron Lasers
Henry P. Freund and Robert K. Parker

FELS can be tuned to any frequency and in theory can be highly efficient.
Their potential applications range from research in physics and chemistry
through medicine to industrial uses and perhaps strategic defense. Some
major new developments in electron accelerators and in “wigglers” suggest
that FELs may soon be able to redeem this broad array of promises.
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ildr en of the Garden Island
;,n;l .955 6'.98 infants on the Hawaiian island of Kauai became

pants in a 30-year study that has shown how some individuals

mph over physical disadvantages and deprived childhoods

by Emmy E. Werner

nation of the development of children
exposed to biological and psychoso-
cial risk factors was: still a bit of a
rarity. Investigators attempted to re-
construct the events that led to phys-
ical or psychological problems by
studying the history of individuals in
whom such problems had already sur-
faced. This retrospective approach
can create the impression that the
outcome is inevitable, since it takes
into account only the “casualties,” not
the “survivors.” We hoped to avoid
that impression by monitoring the de-

velopment of all the childrenbornina

given period in an entire community.

We began our study in 1954 with an
assessment of the reproductive histo-
ries of all the women in the communi-

“ty. Altogether 2,203 pregnancies were
reported by the women of Kauai in

1954, 1955 and 1956; there were 240
fetal deaths and 1,963 live births. We

chose to study the cohort of 698 in-

fants born on Kauai in 1955, and we
followed the development of these in-

dividuals at one, two, 10, 18 and 31 or_
.32 years of age. The majority of the

individuals in the birth cohort—422 in
all—were born without complications,

-following uneventful pregnancies, and
~grew up in supportive environments.

But as our study progressed we be-
gan to take a special interest in certain
“high risk” children who, in spite of
exposure to reproductive stress, dis-
cordant and impoverished home lives
and uneducated, alcoholic or mentally

disturbed parents, went on to develop

healthy personalities, stable careers

' and strong interpersonal relations. We
"-decided to try to identify the protec-

tive factors that contributed to the

~ resilience of these children.

, I ' ‘Winding a community that is will-

ing-or able to cooperate in such
an effort is not an easy task. We

-chose Kauai for a number of reasons,

not the least of which was the recep-
tivity of the island population to our

- endeavors. Coverage by medical, pub-

lic-health, educational and social serv-
ices on the island was comparable to
what one would find in communities =
of similar size on the U.S. mainland
at that time. Furthermore, our study
would take into account a variety, of
cultural influences on childbearing

and child rearing, since the population =

of Kauai includes individuals of Jap- -
anese, Pilipino, Portuguese, Chinese,
Korean and northern European as well
as of Hawaiian descent.

We also thought the population’s
low mobility would make it easier to
keep track of the study’s participants
and their families. The promise of a
stable sample proved to be justified.
At the time of the two-year follow-up,
96 percent of the living children were
still on Kauai and available for study.
We were able to find 90 percent of the
children who were still alive for the
10-year follow-up, and for the 18-year
follow-up we found 88 percent of the
cohort.

In order to elicit the cooperation of
the island’s residents, we needed to
get to know them and to introduce our
study as well. In doing so we relied on
the skills of a number of dedicated
professionals from the University of
California’s Berkeley and Davis cam-
puses, from the University of Hawaii

- and from the island of Kauai itself. At

the beginning of the study five nurses
and one social worker, all residents
of Kauai, took a census of all house-
holds on the island, listing the occu-
pants of each dwelling and recording

. demographic information, including a

reproductive history of all women 12
years old or older. The interviewers -
asked the women if they were preg-

 nant; if a woman was not, a card with
- a postage-free envelope was left with

the request that she mail it to the
Kauai Department of Health as soon as
she thought she was pregnant.

Local physicians were asked to sub-

. mit a2 monthly list of the women who
- ' were coming to them for prenatal care.

Community organizers spoke towom-
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court. My collaborators and I also ad-
ministered a wide range of aptitude,
achievement and personality tests in
the elementary grades and in high
school: Last but not least, we gained
the perspectives of the young people

- themselves by interviewing them at
-the age of 18 and then again when
they were in their early 30’s.

£ the 698 children in the 1955
cohort, 69 were exposed to
’ moderate prenatal or perinatal

stress, that is, complications during

. pregnancy, labor or delivery. About 3
~ percent of the cohort—23 individu-

- als in all—suffered severe prenatal or

~perinatal stress; only 14 infants in this

group lived to the age of two. Indeed,

~ nine of the 12 children in our study
- who died before reaching two years
of age had suffered severe perinatal
_complications. ,

Some: of the sumvmg chﬂdren be-

- came “casualties” of a kind in the next

two decades of life. One out of every
six children (116 children in all) had
physical or intellectual handicaps of
perinatal or neonatal origin that were
diagnosed between birth and the age
of two and that required long-term
specialized medical, educatiocnal or
custodial care. About one out of every
five children (142 in all) developed
serious learning or behavior problems

-in the first decade of life that required
> more than six months of remedial
- work. By the time the children were
- 10 years old, twice as many’ children
~ needed some form of mental-health

service or remedial education (usual-

Iy for problems associated with read-
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ing) as were in need of medical care.

By the age of 18, 15 percent of the
young people had delinguency re-
cords and 10 percent had mental-
health problems requiring either in- or
outpatient care. There was some over-
lap among these groups. By the time
they were 10, all 25 of the children
with long-term mental-health prob-
lems had learning problems as well.
Of the 70 children who had mental-
health problems at 18, 15 also had a
record of repeated delinquencies. -

As we followed these children from
birth to the age of 18 we noted two
trends: the impact of reproductive
stress diminished with time, and the
developmental outcome of virtually
every biological risk condition was de-
pendent on the quality of the rearing
environment. We did find some cor-
relation between moderate to severe
degrees of perinatal trauma and ma-
jor physical handicaps of the central
nervous system and of the musculo-
skeletal and sensory systems; perina-
tal trauma was also correlated with
mental retardation, serious learning
disabilities and chronic mental-health
problems such as schizophrenia that
arose in late adolescence and young.
adulthood.

But overall rearing conditions were
more powerful determinants of out-
come than perinatal trauma. The bet-

ter. the quality of the home environ- :
‘ment was, the more competence the

children displayed. This could already

~_be seen when the children were just
two years old: toddlers who had ex-

perienced severe perinatal stress but

 lived in middle-class homes or in sta-

Longltudmal Study are shown m the inset. Lihue is the county
_seat; it is about 100 miles from Honoluluy, the capital of Hawaii.




- weeks of life in a hospital, separated
- from his mother. Immediately after
" his birth his father was sent with the
‘US. Army to Southeast Asia, where he
remained for two years. By the time
f Michael was eight years old he had
‘three siblings and his parents were
‘divorced. His mother had deserted the
family and had no further contact with
- her children. His father raised Michael
- and his siblings with the help of their
: agmg grandparents.
- Then there was Mary, born after 20
: hours of labor to an overweight moth-
.~ er who had experienced several mis-
carriages before that pregnancy. Her

‘were combmed‘
rty, family. dmcord
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- with four years of formal education.

. Between Mary’s fifth ‘and 10th birth-
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ble mmonty could tal illness, after having inflicted both
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daughter.

Surprisingly, by the age of 18 both
Michael and Mary were individuals
‘with high self-esteem and sound val-
ues who cared about others and were
“liked by their peers. They were suc-

cessful in school and looked forward
~ to the future. We looked back at the
lives of these two youngsters and the
- 70 other resilient individuals who had
- triumphed over their circumstances
~and compared their behavioral charac-
teristics and the features of their envi-
ronment with those of the other high-
risk youths who developed : serious

t severe permatal'
ir chromc poverty, s

and adolescence

mdeuals alto— outside the family circle and
ct petent young'

( selves that enabled them to resist
- stress. Some sources of resilience
_seem to be. constitutional: resilient

~ children such as Mary and Michael

L ~ perament that elicit positive respon-
~ses from family members and strang-
ers alike. We noted these same quali-

- high activity level, a low degree of ex-
j “cxtablhty and distress and a high de-
- - gree of sociability. Even as infants the
- resilient individuals were described
by their parents as “active,” “affection-
- ate,” “cuddly,” “easygoing” and “even-
- tempered.” They had no eating or

',ere ehﬂdren stich as Mlchael ~
) whom the odds on paper did

to those who took care of them.
~ The pedxatnmans and psychologists
‘who examined the resilient children at
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physical and emotional abuse on her
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- and persistent problems in chlldhood -

, , L (as in the case of a mentally ill mother
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' to take care of younger siblings appar-

. w1thm _the resilient children them-  ently contributed to the pronounced

- noted among the resilient girls, partic-

~ tend to have characteristics of tem-

- ties in adulthood. They include a fairly

_in the family who could serve as a

“signed chores were part of the daily

~ sleeping habits that were distressing

find a great deal of emotional support
~ outside their immediate family. They
- tended to be well liked by their class- -
mates and had at least one close

20 months noted their alermess and

experiences and to ask for help when
they needed it. When they entered el-
ementary school, their classroom
teachers observed their ability to con-
centrate on their assignments and
noted their problem-solving and read-
ing skills. Although they were not par-
ticularly gifted, these children used
whatever talents they had effectively. -
Usually they had a special hobby they
could share with a friend. These inter-

found that girls and boys alike ex-
celled at such activities as fishing, -
swimming, horseback riding and hula
dancing. -

We could also identify environmen- .
tal factors that contributed to these
children’s ability to withstand stress
The resilient' youngsters tended to

fewer children, with a space of two
years or ‘more between themselves:
and the next sibling. In spite of pover-

illness, they had the opportunity to
establish a close bond with at least.
one caretaker from whom they re
ceived positive attention during the
first years of life. :
The nurturing might come from:
substitute parents within the family
(such as grandparents, older siblings,
aunts or uncles) or from the ranks of

children grew older they seemed to be
particularly adept at recruiting such
surrogate parents when a biological
parent was unavailable (as in the case
of an absent father) or incapacitated

who was frequently hospitalized).
- Maternal employment.and the need

autonomy and sense of responsibility

ularly in households where the father
had died or was permanently absent
because of desertion or divorce. Resil-
ient boys, on the other hand, were
often . firstborn sons who did not
have to share their parents’ attention
with: many additional children in the
household. They also had some male

role model (if not the father, then a
grandfather or an uncle). Structure
and rules in the household and as-

routine for these boys during child-
hood and adolescence.
Resilient children also seemed to

fxiend, and usually several. They relied




k rmal network of neighbors,

i at times when their own
as beset by discord or threat-
dissolution.
rs, emotional support came
rch group, a youth leader in
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heerleading team, which
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helplessness and futility that were ex-
pressed by their troubled peers.

In 1985, 12 vears after the 1955
birth cohort had finished high school,
we embarked on a search for the mem-
bers of our study group. We managed
to find 545 individuals—80 percent of
the cohort—through parents or other
relatives, friends, former classmates,
local telephone books, city directories
and circuit-court, voter-registration
and motor-vehicle registration rec-
ords and marriage certificates filed
with the State Department of Health in
Honolulu. Most of the young men and
women still lived on Kauai, but 10 per-
cent had moved to other islands and
10 percent lived on the mainland; 2
percent had gone abroad.

We found 62 of the 72 young people
we had characterized as “resilient” at
the age of 18. They had finished high
school at the height of the energy
crisis and joined the work force dur-
ing the worst U.S. recession since the
Great Depression. Yet these 30-year-
old men and women seemed to be
handling the demands of adulthood
well. Three out of four (46 individuals)
had received some college education
and were satisfied with their perform-
ance in school. All but four worked full
time, and three out of four said they
were satisfied with their jobs.

Indeed, compared with their low-
risk peers from the same cohort, a sig-
nificantly higher proportion of high-
risk resilient individuals described
themselves as being happy with their
current life circumstances (44 percent
versus 10 percent). The resilient men
and women did, however, report a sig-
nificantly higher number of health
problems than their peers in low-risk
comparison groups (46 percent ver-
sus 15 percent). The men’s problems
seemed to be brought on by stress:
back problems, dizziness and fainting
spells, weight gain and ulcers. Wom-
en’s health problems were largely re-
lated to pregnancy and childbirth. And
although 82 percent of the women
were married, only 48 percent of the
men were. Those who were married
had strong commitments to intimacy

‘and sharing with their partners and

children. Personal competence and de-
termination, support from a spouse
or mate and a strong religious faith
were the shared qualities that we
found characterized resilient children
as adults.

We were also pleasantly surprised to
find that many high-risk children who
had problems in their teens were able
to rebound in their twenties and early
thirties. We were able to contact 26 (90
percent) of the teen-age mothers, 56
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- ‘cy. The “developmental quotients” derived from tests given
at 20 months show that the rearmg environment can buffer
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or worsen the stress of perinatal complications. Children who
had suffered severe perinatal stress but lived in stable, middle-
class families scored as well as or better than children in poor,
unstable households who had not experienced such stress.




(80 percent) of the individuals with
mental-health problems and 74 (75
percent} of the former delinguents
who were still alive at the age of 30.

Almost all the teen-age mothers we
interviewed were better off in their
early thirties than they had been at 18.
About 60 percent (16 individuals) had
gone on to additional schooling and
about 90 percent (24 individuals) were
employed. Of the delinquent youths,
three-fourths (56 individuals) man-
aged to avoid arrest on reaching adult-
hood. Only a minority (12 individuals)
of the troubled youths were still in
need of mental-health services in their
early thirties. Among the critical turn-
ing points in the lives of these indi-
viduals were entry into military serv-
ice, marriage, parenthood and active
participation in a church group. In
adulthood, as in their youth, most of
these individuals relied on informal
rather than formal sources of sup-
port: kith and kin rather than mental-
health professionals and social-serv-
ice agencies.

ur findings appear to provide a
more hopeful perspective than
can be had from reading the
extensive literature on “problem” chil-
dren that come to the attention of
therapists, special educators and so-
cial-service agencies. Risk factors and
stressful environments do not inevita-
bly lead to poor adaptation. It seems
clear that, at each stage in an individu-
al's development from birth to maturi-
' ty, there is a shifting balance between
stressful events that heighten vulnera-
bility and protective factors that en-
hance resilience.

As long as the balance between
stressful life events and protective

factors is favorable, successful ad-
aptation is possible. When stressful
events outweigh the protective fac-
tors, however, even the most resilient
child can have problems. It may be

* possible to shift the balance from vul-
nerability to resilience through inter-
vention, either by decreasing exposure
torisk factors or stressful events or by
increasing the number of protective
factors and sources of support that
are available.

It seems clear from our identifica-
tion of risk and protective factors that
some of the most critical determi-
nants of outcome are present when a
child is very young. And it is obvious
that there are large individual dif-
ferences among high-risk children in
their responses to both negative and
positive circumstances in their care-

- giving environment. The very fact of
individual variation among children

who live in adverse conditions sug-
gests the need for greater assistance
to some than to others.

If early intervention cannot be ex-
tended to every child at risk, priorities
must be established for choosing who
should receive help. Early-intervention
programs need to focus on infants
and young children who appear most
vulnerable because they lack—perma-
nently or temporarily—some of the
essential social bonds that appear to
buffer stress. Such children may be
survivors of neonatal intensive care,
hospitalized children who are separat-
ed from their families for extended
periods of time, the young offspring
of addicted or mentally ill parents,
infants and toddlers whose mothers
work full time and do not have access
to stable child care, the babies of sin-
gle or teen-age parents who have no
other adult in the household and mi-
grant and refugee children without
permanent roots in a community. -

Assessment and diagnosis, the ini-

tial steps in any early intervention,

need to focus not only on the risk
factors in the lives of the children but
also on the protective factors. These
include competencies and informal
sources of support that already exist
and that can be utilized to enlarge
a young child’s communication and
problem-solving skills and to enhance
his or her self-esteem. Our research
on resilient children has shown that
other people in a child’s life—grand-
parents, older siblings, day-care pro-
viders or teachers—can play a sup-
portive role if a parent is incapacitat-
ed or unavailable. In many situations
it might make better sense and be
less costly as well to strengthen such
available informal ties to -kin and
comrmunity -than it would to intro-
duce additional layers of bureaucracy
into delivery of services.

Finally, in order for any intervention
program to be effective, a young child
needs enough consistent nurturing to
trust in its availability. The resilient
children in our study had at least
one person in their lives who accept-
ed them unconditionally, regardless
of temperamental idiosyncracies or

physical or mental handicaps. All chil-

dren can be helped to become more
resilient if adults in their lives encour-

age their independence, teach them:

appropriate communication and self-

help skills and model as well as re-

ward acts of helpfulness and caring.
Thanks to the efforts of many peo-
ple, several community-action and ed-

ucational programs for high-risk chil-

dren have been established on Kauai
since our study began. Partly as a re-

| HiGH RisK CHILDREN. IN YOUNG |

GRANDPARENTS or other adults can
vide a supportive, nurturing role f
child ifa parent is absent o’r becom:

sult of our ﬁndmgs, the leglsla

the State of Hawaii has funded special
mental-health teams to provide se
ices for troubled children and youths.
In addition the State Health Depart- -

ment established the Kauai Children’s

Services, a coordinated effort to pro-

vide services related to child develop-

ment, disabilities, mental retardation
and rehabilitation in a smgle facility
The evaluation of such interventio
programs can in turn illuminate th
process by which a chain of protecti

factors is forged that affords vulnera-

ble children an escape from adversity.
The life stories of the resilient individ
uals on the Garden Island have taught
us that competence, confidence and
caring can flourish even underadverse
circumstances if young children en-

counter people in their lives who pro- .
vide them with a secure basis for the

development of trust, autonomy and
lmuanve :

FURTHER READ]NG 03 i
KAUAT'S CHILDREN COME OF AGE. Emmy

versity of Hawaii Press, 1977.
VULNERABLE BUT INVINCIBLE: A LONGITU- |
DINAL STUDY OF RESILIENT CHILDREN |
AND YOUTH. Emmy E. Werner and Ruth
S. Smith. McGraw-Hill Book Company 1
1982.

LONGITUDINAL STUD[ES N CH P
CHOLOGY AND PSYCHIATRY: PRACTI :
LESSONS FROM RESEARCH EXPER!ENCE .
Edited by A. R. Nichol.
Soms, Inc.,:1985. .

ILT-
HOOD: A LONGITUDINAL STUDY FROM |
 BIRTH TO 32 YEARS. Emmy E. Wernerin -

- American journal of Orthopsychiatry,
Vol. 59, No. 1, pages 72-81; January,
1989.

SCIENTIFIC AMERICAN April 1989

111

~ E. Werner and Ruth S. Smith. The Uni- |



