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Mothers’ Transitions from Welfare
to Work and the Well-Being of

Preschoolers and Adolescents

P. Lindsay Chase-Lansdale,’* Robert A. Moffitt,>
Brenda ). Lohman,’ Andrew . Cherlin,? Rebekah Levine Coley,?
Laura D. Pittman,* Jennifer Roff,2 Elizabeth Votruba-Drzal’

Results from a longitudinal study of 2402 low-income families during the recent
unprecedented era of welfare reform suggest that mothers’ transitions off
welfare and into employment are not associated with negative outcomes for
preschoolers (ages 2 to 4 years) or young adolescents (ages 10 to 14 years).
Indeed, no significant associations with mothers’ welfare and employment
transitions were found for preschoolers, and the dominant pattern was also of
few statistically significant associations for adolescents. The associations that
did occur provided slight evidence that mothers’ entry into the labor force was
related to improvements in adolescents’ mental health, whereas exits from
employment were linked with teenagers’ increased behavior problems.

The U.S. welfare system underwent sweeping
reforms in the 1990s, culminating in the Per-
sonal Responsibility and Work Opportunity
Reconciliation Act (PRWORA) of 1996. Sev-
eral new components were introduced into the
main cash welfare program for low-income,
predominantly single-mother families, now
known as Temporary Assistance for Needy
Families (TANF): (i) stricter work require-
ments for virtually all welfare recipients; (ii)
much tougher “sanction” policies, which reduce
or terminate benefits to women for not comply-
ing with the rules; and (iii) the imposition of a
federal 5-year lifetime maximum on the receipt
of benefits. Since the mid-1990s, the welfare
caseload has plummeted and hundreds of thou-
sands of poor single mothers have entered the
workforce. Experts concur that the caseload
reduction is a consequence of welfare reform,
the booming economy in the 1990s, and the
expansion of work support programs such as
the Earned Income Tax Credit (/).

Proponents of welfare reform argued that
growing up on welfare was harmful to children
because it fostered dependency and lack of
initiative, thus lowering cognitive achievement
and increasing behavior problems. Moving
mothers from welfare to work would benefit
children because it would increase their fami-
lies’ income, model disciplined work behavior,
and better structure their family routines. Op-
ponents of PRWORA countered that an origi-
nal goal of welfare was to enable impoverished
mothers to raise their children at home, a con-
text viewed as especially important for young
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children. The reforms were predicted to reduce
the time mothers and children spend together,
to increase parental stress and decrease respon-
sive parenting, and to move children into low-
quality childcare or unsupervised settings while
their parents worked. Opponents also feared
that families going off welfare would be driven
deeper into poverty because they would not be
able to earn sufficient incomes to make up for
the loss of welfare benefits.

None of these claims had a strong research
foundation at the time. Since then, a modest
body of research on the impact of welfare and
employment on children has emerged. The non-
experimental research on welfare is sparse and
contradictory. Some research has found no dif-
ferences in social and cognitive development
between children on welfare and children who
are poor but not on welfare (2). One study of
families who left welfare found no benefit or
harm to children (3), while another suggested
that transitions off welfare caused problems in
child development (4). A more consistent find-
ing indicates that higher family incomes lead to
improvements in child well-being (5, 6). For
adolescents, findings are also inconsistent, with
some indication of negative impacts of welfare
participation on adolescents’ educational attain-
ment (7), but other evidence of positive effects,
especially for African-American adolescents
(8, 9). In contrast, when mothers work outside
the home, children’s development is consis-
tently unaffected (/0), with the possible ex-
ception of modest decrements in cognitive
development in non-Hispanic white children
if their mothers had been employed during
their children’s infancy (/7).

Recently, experimental research has been
conducted in a series of demonstrations with
random assignment methods (72, 13). The
treatment groups in these experiments were
given various combinations of work require-

ments, sanctions, time limits, earnings supple-
ments, childcare assistance, and intensive case
management. In general, preschoolers were nei-
ther harmed nor helped by the treatment pro-
grams, whereas elementary school children
showed positive outcomes—higher levels of
school achievement and less problem behav-
ior—albeit mostly when the treatment group
received income supplements. In contrast, ado-
lescents of program mothers evidenced trou-
bling developmental patterns, including poorer
performance in school, even when family in-
come improved.

This body of research has important lim-
itations. Most of the nonexperimental studies
on the effects of maternal employment and
welfare participation on children have not
focused on low-income, single mothers and
by and large have not addressed post-1996
welfare reform. Similarly, most of the exper-
iments were begun before 1996 and did not
test the types of programs implemented after
the 1996 legislation (e.g., most experiments
did not have time limits, and many had in-
come supports and childcare subsidies more
generous than many of those currently in
existence). In addition, random assignment
experiments may not generalize to other pop-
ulations at different times. Further, experi-
ments by their nature cannot measure the
mechanisms by which the treatment pro-
grams may affect child outcomes. For exam-
ple, such studies cannot separate the effects
on adults and children of going off welfare
per se from the effects of going to work,
which we find to be a critical distinction (14).

We analyzed the association between chil-
dren’s developmental trajectories and their
mothers’ transitions into and out of employment
and welfare, drawing upon data from a house-
hold-based, stratified random-sample, longitudi-
nal survey of 2402 low-income children and
their mothers in low-income neighborhoods of
Boston, Chicago, and San Antonio (15, 16).
Families with a preschool child (ages 2 to 4
years) or a young adolescent (ages 10 to 14
years) participated in 2.5-hour home interviews
in 1999 and 16 months later on average in 2001
(n = ~564 for preschoolers and ~895 for ad-
olescents, although samples were reduced fur-
ther because of missing values for some covari-
ates) (/7). We chose early childhood and early
adolescence because these are important devel-
opmental periods during which environmental
influences may be particularly salient in shaping
or altering children’s trajectories (18, 19). About
46% of the children were African American,
48% were Hispanic, and 6% were non-Hispanic
white and other ethnicities. At the first inter-
view, most of the families were poor, with an
average income that put them well below the
federal poverty line (mean income-to-needs =
0.72), and ~38% were on welfare.

We focused on three domains of children’s
development—cognitive achievement, prob-
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lem behaviors, and psychological well-being—
that are central to healthy functioning during
childhood and adolescence and are also key
predictors of successful adaptation in adulthood
(18, 19). The Applied Problems and Letter-
Word Identification scales from the Woodcock-
Johnson Psycho-Educational Battery—Revised
Edition directly assessed quantitative skills and
reading skills, respectively. The Child Behavior
Checklist (CBCL), a 100-item mother-report
measure, assessed emotional and behavioral
problems such as depression and anxiety
(called “internalizing problems™), as well as
aggression and delinquency (called “externaliz-
ing problems”). Adolescents self-reported their
psychological distress (composed of subscales
on depression, somatization, and anxiety; Brief
Symptom Inventory) and their delinquent be-
haviors (with subscales on serious delinquency
and drug and alcohol use; items modified from
the National Longitudinal Study of Youth and
the Youth Deviance Scale) (16).

We used ordinary least-squares regression
to estimate the association of mothers’ employ-
ment and welfare transitions with changes in
child outcomes. We defined four possible tran-
sitions that mothers made between the two in-
terviews: (i) from on welfare to off welfare
(“off welfare™); (ii) from off welfare onto wel-
fare (“onto welfare™); (iii) from unemployment
to employment (“into employment”); and (iv)
from employment to unemployment (“out of
employment”) (20). We also included variables
for employment and welfare status at the first
interview, implying that each of the four tran-
sition variables measured the effect of that tran-
sition relative to staying in the same employ-
ment or welfare status at the first and second
interview and not making a transition (/6). The
welfare and employment variables are repre-
sented separately, because tests of their interac-
tion were statistically insignificant.

For each equation, a child outcome from the
first interview was included as an independent
variable, and the same child outcome from the
second interview constituted the dependent vari-
able. Thus, the four welfare and employment
transition coefficients measured the change in
child outcomes associated with each transition
(21). This also allowed us to control for unmea-
sured, time-invariant differences in children that
were already present at the first interview (22).
We termed this model 1. For model 2, we added
important demographic variables that could in-
fluence children’s well-being, including city of
residence, child age, race, gender, and mother’s
age. Model 3 added human capital characteris-
tics from wave 1 of the survey, including moth-
er’s marital status, education, and household
income-to-needs. We also included whether the
mother was the biological mother of the child,
whether English was her first language, the
number of minors in the household, and whether
the child lived with a different primary caregiver
at the second interview (/6).
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A qualification to our method is that our
statistical models cannot control for unmea-
sured characteristics of the mother that might be
correlated with employment and welfare tran-
sitions as well as with changes in child out-
comes. For example, if mothers who move
from unemployment to employment have high-
er levels of motivation than mothers who stay
unemployed, and if maternal motivation is
linked with more positive developmental trajec-
tories in children, then it is not the employment
transition per se that is causing the change in
child outcomes. Hence, we could be estimating
a spurious correlation. Our models also cannot
control for time-varying characteristics of chil-
dren, such as personality characteristics that
emerge during adolescence, which might be
correlated with maternal employment and wel-
fare transitions. Our results could thus be biased
in part by the influence of these unmeasured
factors and should be interpreted accordingly.

Using mothers’ retrospective reports at each
wave of the survey (monthly calendars for up to
the previous 2 years), we estimated four variants
of each of these models with different welfare
and employment definitions: (i) short-term (2
out of the 3 months before each interview)
welfare receipt and employment, with employ-
ment defined as 1 or more hours per week; (ii)
short-term welfare receipt and employment,
with employment defined as 40 or more hours
per week; (iii) long-term (6 out of 11 months
before each interview) welfare receipt and em-
ployment, with employment defined as 1 or
more hours per week; and (iv) long-term wel-
fare receipt and employment, with employment
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defined as 40 or more hours per week. There
was little change in any of the welfare and
employment coefficients from models 1 through
models 3, either with or without the demograph-
ic and human capital control variables in the
model. Consequently, we present the relevant
welfare and employment standardized coeffi-
cients from model 3 for each of the four transi-
tion definitions (16, 23).

For preschoolers, neither mothers’ employ-
ment transitions nor their welfare transitions
appear to be problematic or beneficial for cog-
nitive achievement or behavior problems. Table
1 presents the results of our four different spec-
ifications of welfare and employment transi-
tions for each of five preschool outcomes, sum-
marizing 20 separate regression models (16,
24). None of the 80 regression coefficients was
significantly different from zero at the 0.05
level (25). Whether or not a mother left welfare,
entered welfare, took a job, or left a job be-
tween the interviews had no discernable link
with preschoolers’ development.

For adolescents, the dominant pattern was
also one of few associations (Table 2) (26). But
where findings did occur, the most consistent
pattern was that mothers’ transitions into em-
ployment were related to improvements in ad-
olescents’ mental health. Adolescents whose
mothers began working—whether for 1 or
more hours or 40 hours and whether short- or
long-term—reported statistically significant de-
clines in psychological distress. This pattern
was strongest for their symptoms of anxiety.
For these two outcomes the coefficients for
moving into employment were significantly

Table 1. Summary of regression models testing the association between preschoolers’ developmental
trajectories and mothers’ welfare and employment transitions. Standardized regression coefficients are
presented, and none is statistically significant at the P < 0.05 level.

Externalizing

preschoolers Quantjtative Reaf:ling Behavior problems bef:g\fie;:;l:zlgl%ms behavior
skills skills (total) problems
(subscale)
(subscale)
I. Short-Term
A. =1 hour
Off welfare 0.03 -0.01 —0.04 —0.10 —0.09
Onto welfare —0.03 0.00 —0.02 0.07 0.01
Into employment 0.05 0.02 0.03 0.01 0.05
Out of employment 0.04 0.05 0.02 —0.03 0.03
B. 40 hours
Off welfare 0.02 -0.03 —0.02 —0.06 —0.09
Onto welfare —0.03 0.01 0.01 0.08 0.01
Into employment 0.02 0.06 0.07 0.01 0.04
Out of employment 0.01 —0.02 0.06 0.08 —0.04
Il. Long-term
A. =1 hour
Off welfare 0.02 0.08 0.02 —0.08 —0.05
Onto welfare 0.05 0.02 0.01 —0.05 0.04
Into employment 0.01 —0.03 —0.01 —0.08 —0.09
Out of employment 0.08 0.08 —0.00 0.04 —0.02
B. 40 hours
Off welfare 0.01 0.04 0.04 —0.06 —0.09
Onto welfare 0.04 0.01 0.04 0.01 0.03
Into employment 0.00 0.03 —0.04 —0.08 —0.06
Out of employment 0.02 0.08 —0.05 —0.03 —0.04
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different from zero at the 0.05 level for seven
out of eight separate models. In Fig. 1, the
anxiety subscale patterns are illustrated across
all four definitions of employment and welfare
transitions. The magnitude of the significant
reduction for the groups who made the transi-
tion into employment was modest, about 0.15
standard deviations.

No other pattern of statistically significant
findings for adolescents was as robust to chang-
es in definitions of welfare and employment.
The following findings were significant in some
models, but not in others. Transitions out of
full-time employment were associated with in-
creased internalizing and externalizing behavior
problems in the short-term 40-hour models. Ad-
olescents whose mothers left the welfare system
increased their reading skills in the long-term
models, and teenagers whose mothers went onto
welfare had significant reductions in their read-
ing skills in the short-term models. Mothers’
exits from welfare for both short- and long-term
definitions were also linked to significant de-
creases in teenagers’ use of drugs and alcohol,
but only in the models using the 1 or more hours
per week definition of employment. For one
definition, going onto welfare was significantly
related to increased drug and alcohol use (27).

Explanatory mechanisms. To test the
role of family income and mothers’ time with
child, we estimated equations of the same form
as model 3 above, except that we replaced the
dependent variable (child outcome) with vari-
ables for family income-to-needs and mother’s
time spent apart from the child at the second
interview (16). These models explore whether
employment and welfare transitions are linked

with changes in time apart and family income,
thus providing some indication of whether time
and money may be explanatory mechanisms for
our child outcome findings (16).

In families with either preschoolers or ado-
lescents, mothers’ entry into employment was
related to a significant increase in family income
across every model specification. For example,
teenagers’ mothers who went to work had
household income-to-needs ratios that rose from
0.65 to 1.26 on average, bringing the majority of
families above the poverty line. In contrast, exits
from employment were generally related to de-
creases in income. However, income did not
change when mothers went onto or left the
welfare rolls. Thus, increased income may ex-
plain why adolescents’ mental health improved
when mothers went to work, consistent with
other studies showing that employment com-
bined with higher income is linked to positive
outcomes for children (/2). On the other hand,
the fact that improvements were not seen in
other preschool and adolescent outcomes im-
plies that higher family income from maternal
employment may not benefit children uniformly
and is not the only explanatory factor.

Using information from a time diary of the
day before the interview, we calculated two
measures of the time mothers spent apart from
their children: hours apart while working and
hours apart while not working. As expected,
mothers’ hours apart from adolescents increased
significantly by an average of 3.7 hours per day
when mothers went to work. However, mothers’
hours apart from adolescents while not working
decreased by an average of 2.8 hours a day.
Thus, it appears that when mothers of adoles-

cents entered the labor force, they compensated
for time away from their young teenagers by
cutting down on time apart when they were not
on the job. The net result is that adolescents in
our study did not experience much additional
separation from their mothers due to employ-
ment (~45 min each day). This is consonant
with time-diary studies of national samples in
1965 and 1998 which showed that the net time
mothers spend with children has been relatively
stable over time despite the movement of moth-
ers into the workforce (10). Preschoolers in our
sample, however, experienced a significant de-
cline in time spent with their mothers. When
mothers moved into employment, they de-
creased total time with their preschoolers by an
average of 2.1 hours per day.

Thus, for preschoolers, there was a trade-off
between time and money when mothers went to
work. Family income increased and mothers’
time with children decreased, so these two ef-
fects may have offset each other, leading to the
extensive lack of findings for preschoolers’ out-
comes (28). For adolescents, we did not find a
trade-off between time and money. Family in-
come increased, but mothers did not substan-
tially reduce their time with their adolescents
even though they entered the labor market.
There is some evidence in the literature show-
ing that mothers are able to compensate for time
away from children due to employment by
cutting down on sleep, leisure, or volunteer
activities (/0), and our time-use data suggest
that when mothers went to work, they cut back
on personal, social, and educational activities
that did not involve their children (29). We also
found that the quality of mothers’ parenting

Table 2. Summary of regression models testing the association between adolescents’ developmental trajectories and mothers’ welfare and employment
transitions. Standardized regression coefficients are presented. **P < 0.01, *P < 0.05.

. Internalizin Externalizin ) .
Ad Quantitative  Reading Behavior behavior & behavior ¢ Psy C.h ological Anxiety Delmqgent Drug and
olescents . . problems distress behaviors  alcohol use
skills skills problems problems (subscale)
(total) (subscale) (subscale) (total) (total) (subscale)
I. Short-term

A. =1 hour
Off welfare —0.02 0.08 0.04 —0.06 0.04 0.02 0.03 —0.14 -0.17*
Onto welfare 0.03 —0.06* 0.04 0.06 0.07 0.02 0.00 0.04 0.07
Into employment 0.03 —0.08 —0.03 —0.03 —0.03 —0.10* —0.15** —0.07 —0.03
Out of employment —0.00 0.05 —0.04 0.03 0.01 0.02 0.04 —0.03 —0.05

B. 40 hours
Off welfare 0.05 0.05 0.04 —0.02 0.01 —0.02 —0.00 -0.11 —0.07
Onto welfare 0.01 —0.05* 0.06 0.07 0.07 0.02 0.01 0.05 0.06
Into employment —0.01 —0.05 —0.01 —0.06 —0.01 —0.07 —0.12** —0.01 —0.07
Out of employment —0.02 —0.02 0.07 0.12* 0.07* 0.09 0.11 —0.01 —0.04

Il. Long-term

A. =1 hour
Off welfare 0.00 0.10* 0.03 —0.06 0.04 —0.01 0.02 —0.13 —0.15%*
Onto welfare —0.00 —0.04 0.03 0.06 0.08 0.04 0.04 0.09 0.10*
Into employment 0.04 —0.08 —0.05 —0.03 —0.07 —0.12** —0.15** —0.06 —0.04
Out of employment 0.05 0.03 -0.02 —0.02 —0.02 0.00 0.02 —-0.03 —0.08

B. 40 hours
Off welfare 0.07 0.08* —0.01 —0.02 —0.02 —0.02 0.00 —-0.11 —0.10
Onto welfare 0.02 —0.02 0.04 0.04 0.10 0.04 0.03 0.09 0.08
Into employment 0.01 —0.04 —0.02 —0.05 —0.03 —0.10* —0.14** —0.02 —0.02
Out of employment —0.03 0.03 0.04 0.09 0.07 —0.06 —0.05 0.03 0.02
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(e.g., structured family routines, cognitive stim-
ulation) rarely changed with employment at a
statistically significant level, so parenting may
not be an explanatory mechanism (16, 30).

Discussion. Within the limitations of our
nonexperimental design where there are possi-
ble alternative explanations, this study suggests
that mothers’ welfare and employment transi-
tions during this unprecedented era of welfare
reform are not associated with negative out-
comes for preschoolers or young adolescents. A
few positive associations were tenuously indi-
cated for adolescents. Mothers’ entry into em-
ployment was related to improvements in teen-
agers’ mental health. Similarly, mothers’ exits
from employment sometimes were associated
with increases in adolescents’ depressive and
aggressive behavior problems. In addition, we
found modest evidence that mothers’ exits from
the welfare system were related to enhanced
cognitive achievement and reduced drug and
alcohol use among adolescents. Entrances onto
welfare showed the opposite pattern. The well-
being of children of most concern to some
observers of welfare reform—preschoolers—
appeared to be unrelated to their mothers’ leav-
ing welfare or entering employment, at least as
indexed in measures of cognitive achievement
and behavior problems.

The absence of statistically significant find-
ings for preschoolers is consonant with both the
nonexperimental and experimental literatures
on maternal employment, especially because
we focused on maternal employment during the
preschool years, and not during infancy when
children are more vulnerable. However, our
findings for adolescents are at odds with the
experimental studies (/3). There are three pos-
sible reasons why we found no negative effects

of maternal employment on adolescents,
whereas the experimental studies did. First, in
the experimental studies the treatment groups
experienced mandatory work requirements,
whereas our sample includes both mothers on
welfare facing work requirements and unem-
ployed mothers not on welfare who also chose
to join the labor force. Second, the measure-
ment of child outcomes in the present study is
more in-depth and extensive than that in the
experimental literature and covers additional
developmental domains. Our individual, direct
assessments of children’s reading and math
skills may be more valid and reliable than
teacher or mother reports of school progress.
Our assessments of adolescents’ mental health
used a self-reported scale of psychological dis-
tress with strong psychometric properties,
whereas adolescents’ psychological distress
was not measured in the experimental studies.
Finally, the teenagers in the experimental stud-
ies were older than those in the present study at
the time of measurement: 12 to 18 years versus
11.5 to 15.5 years, respectively. As adolescents
in the present study reach their later teenage
years, some negative findings could emerge.

We emphasize that our findings only per-
tain to children’s development within a 16-
month interval. Whether harmful or more
positive effects will arise after a longer inter-
val is a question that must await further study
of the post-welfare reform environment.
Moreover, the first two waves of our study
were conducted during the recent economic
boom that sharply lowered unemployment
and elevated wages among low-skilled work-
ers. We do not know whether our findings
would be replicated if there were a prolonged
period of economic stagnation.

M Off welfare [] Onto welfare 72 Into employment [ Out of employment
[ mm
Y 7 7 7
-0.05 - Z Z Z é
-0.15 - é é z

Fig. 1. Changes in anxiety for 10- to 14-year-olds according to mothers’ employment and welfare
transitions between the two interviews, for four different definitions of welfare receipt and employ-
ment. The height of the bar shows the increase or decrease, in standard deviations, between the two

interviews.
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We have presented evidence that income
and time provide a partial explanation for
how employment and welfare transitions are
related to children’s development. Psycho-
logical and family processes are undoubtedly
also at work. For example, the self-esteem of
mothers of adolescents often significantly in-
creased when those mothers went to work
and often significantly decreased when they
left work, suggesting that a more positive
self-concept may be important in linking ma-
ternal employment and teenager outcomes,
perhaps through role modeling (/6). Alterna-
tively, adolescents are perceptive and sensi-
tive to the pressures of poverty and economic
hardship in their families (8, 31), so their
anxiety levels may decrease as they see their
mothers going to work each day. Similarly,
our findings suggest that teenagers may ex-
press their feelings of disappointment or wor-
ry about finances as depression or anger
when their mothers leave employment. A
more detailed psychological model, taking
into account multiple aspects of the family
system, would be necessary to explore further
the processes underlying the results of this
study (32).
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The Cosmic Production of Helium

Raul Jimenez,'* Chris Flynn,?>? James MacDonald,*
Brad K. Gibson?

We estimate the cosmic production rate of helium relative to metals (AY/AZ)
using K dwarf stars in the Hipparcos catalog with accurate spectroscopic me-
tallicities. The best fitting value is AY/AZ = 2.1 * 0.4 at the 68% confidence
level. Our derived value agrees with determinations from H Il regions and with
theoretical predictions from stellar yields with standard assumptions for the
initial mass function. The amount of helium in stars determines how long
they live and therefore how fast they will enrich the interstellar medium

with fresh material.

The amount of helium divided by the amount
of heavier elements produced in stars (AY/
AZ) is of great interest to astrophysics and
cosmology. The ratio governs the stellar
clock and thus how long stars will live.
Therefore, age determinations of both re-
solved and integrated stellar populations rely
on knowing how helium concentration
changes as a function of metallicity. Because
ages of galaxies can help to determine the
nature of dark energy (), an accurate deter-

mination of AY/AZ is needed. This ratio also
has an impact on the determination of primor-
dial helium abundance by use of extragalactic
H 1I regions (2). In addition to its cosmolog-
ical interest, the ratio is also a test of theoret-
ical predictions of stellar yields, because giv-
en an initial mass function for stars, AY/AZ is
a predicted quantity of stellar evolution.
Helium lines can be observed only in stars
with an effective temperature greater than
20,000 K it is not possible to measure helium

abundances directly in cooler stars, which
live more than 108 years. There are two meth-
ods to determine observationally the value of
AY/AZ (where Y and Z are the fractional
abundances of helium and all metals heavier
than helium, respectively). One is through the
use of H II extragalactic regions to measure
helium’s primordial abundance, which then is
compared to that of the Sun to deduce AY/AZ.
This is done either by extrapolation of corre-
lations of ¥ — (O/H) with Y — (N/H) to O/H =
N/H = 0 [e.g., (3-5) and references therein],
where O, N, and H are the fractional abun-
dances of oxygen, nitrogen, and hydrogen, or
by measuring Y in ultralow-metallicity blue
compact dwarf galaxies and assuming that
no chemical evolution has taken place [e.g.,

'Department of Physics and Astronomy, University of
Pennsylvania, Philadelphia, PA 19104, USA. 2Tuorla
Observatory, Piikkié FIN-21500, Finland. *Centre for
Astrophysics & Supercomputing, Swinburne Universi-
ty, Victoria 3122, Australia. *“Department of Physics
and Astronomy, University of Delaware, Newark, DE
19716, USA.

*To whom correspondence should be addressed. E-
mail: raulj@physics.upenn.edu

7 MARCH 2003 VOL 299 SCIENCE. www.sciencemag.org



