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ONE JUSTIFIED CRITICISM PLUS THREE FLAWED ANALYSES
EQUALS TWO UNWARRANTED CONCLUSIONS:
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Retherford and Sewell claim that the confluence model of intellectual development is fatally
flawed because: (1) mathematical simulations of that model generate numerical values that
do not coincide with data they were claimed to fit, once those data are converted to mental age
values; (2) the simulations of the confluence model also fail to fit aggregate patterns in the
Wisconsin Longitudinal Study; and (3) individual-level analyses of the Wisconsin data con-
tradict predictions of the confluence model. These criticisms are shown to be either irrelevant,
erroneous, or both. Retherford and Sewell further conclude that birth-order effects may be “a
social phenomenon that does not exist.” We disagree. Far from contradicting the confluence
model, the Wisconsin data lend further support to it.

e thank Retherford and Sewell (1991,

henceforward RS) for their interest in our
work.' At least some of their criticism of the con-
fluence model is well taken. The Wisconsin data
that they present may, when analyzed more fully,
shed additional light on the verisimilitude of the
confluence model of intellectual development.
However, we strongly disagree with their conclu-
sions. They assert that “‘confluence theory, despite
its ingenuity and intuitive appeal to many social
scientists, does not hold up under careful scruti-
ny. It may even be a theory that attempts to ex-
plain a social phenomenon that does not exist” (p.
156). They are wrong on both counts.

FAMILY CONFIGURATION EFFECTS ON
INTELLIGENCE ARE REAL

In a series of published reports, we have present-
ed data from different countries, different decades,
using different tests of intellectual ability, at dif-
ferent ages of testing, and all show statistically
significant relationships between family configu-
ration variables and intelligence. For example,

* Direct all correspondence to R. B. Zajonc, Insti-
tute for Social Research, University of Michigan, Ann
Arbor, Michigan, 48106-1248.

I RS have been gracious in sharing their data with
us and have replied promptly to our inquiries, despite
the fact that we are separated by five time zones.

Figure 1 displays mean intellectual performance
for three data sets arrayed by birth order and fam-
ily size. The data are based on three different tests
of intellectual performance and were collected in
three different countries by three independent
teams of researchers. Figure 1a shows the Bel-
mont-Marolla (1973) data on 386,114 Dutch re-
cruits in World War II; Figure 1b displays Bre-
land’s (1974) sample of 794,589 eleventh-grade
students from 17,608 different high schools in the
United States; and Figure 1c presents mean scores
on a mathematics achievement test for 82,689
Western Israeli high school students (Davis, Ca-
han, and Bashi 1977). Taken together, the means
in these three data sets represent over one million
individual observations. The patterns are unmis-
takable and are highly statistically significant.?
RS’s full data set (shown in their Figure 2a on
page 148) shows a similar pattern. Moreover,
these patterns do not appear to be an artifact of
unspecified “confounding variables,” as RS as-
sert. As our work and that of others (e.g., Belmont
and Marolla 1973; Breland 1974) has shown, the
patterns persist when various measures of socio-
economic status are introduced as control vari-
ables.

2 With regard to Figure 2a, Belmont and Marolla
(1973) report that the statistical significance of the
birth-order effect, independent of family size, is sig-
nificant at a p-value of 1 x 10°13,
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FITTING THE CONFLUENCE MODEL TO
DATA

As for the assertion that the confluence model
does nothold up under scrutiny, RS base that claim
on three of their findings: (1) mathematical sim-
ulations derived from the confluence theory gen-
erated numerical values that did not coincide with
published data they were claimed to fit, once those
data were converted to mental age values; (2) the
mathematical simulations of the confluence the-
ory also failed to fit aggregate patterns in the
Wisconsin Longitudinal Study; and (3) individu-
al-level analyses of the Wisconsin data contra-
dicted predictions of the confluence model. We
argue that these criticisms are either irrelevant,
erroneous, or both.

Mathematical Simulations of the Confluence
Model Were Never Intended to Generate
Mental Age Scores

Zajonc and his colleagues have developed vari-
ous mathematical simulations to illustrate and
evaluate the theoretical ideas behind the conflu-
ence model (Zajonc and Markus 1975; Zajonc
1976). RS assert that those simulations failed to
generate numerical values that resemble plausible
mental age scores. Therefore, the simulations
cannot reproduce test scores they were purported
to fit (such as the Belmont-Marolla data) once
those scores are transformed into mental ages.
They then conclude that the confluence theory
itself is fatally flawed. This would be a telling
criticism if confluence modelers had claimed they
were trying to model mental age. But they have
made no such claim.

Repeatedly, the confluence modelers have
taken pains to state that the construct of interest
to them is “absolute intellectual level” (e.g.,
Zajonc 1976, p. 227), which, although “similar
to mental age” (Markus and Zajonc 1977, p. 139)
is clearly not identical to mental age. Mental age
is normed so that its mean increases linearly with
chronological age — indeed, mean mental age
equals chronological age. In contrast, in the con-
fluence model absolute intellectual level is not
normed,; it is an absolute quantity (call it “smarts”
if you like, as economists refer to “utiles” in their
models) that is explicitly posited (based on em-
pirical evidence) to grow nonlinearly as individ-
uals mature. The hypothetical nature of the con-
struct “absolute intellectual level” and its dis-
tinctness from mental age is evident when Zajonc
(1976, p. 227) employs a numerical example in

which the intellectual levels of adult parents are
set equal to *“30 arbitrary units,” and the growth
curve is posited to be S-shaped rather than the
straight line that defines the developmental tra-
jectory of mean mental age.

The mathematical simulations based on the
confluence ideas were thus never intended to
generate mental ages as outputs. They were in-
tended to generate “absolute intellectual levels”
measured in an arbitrary metric. Presumably,
“absolute intellectual level” will correlate rea-
sonably well with scores on a particular test of
mental ability, but the metrics will differ. The
appropriate gauge of a simulation’s success, then,
is how well it reproduces the pattern of family
effects — and hence, how well the simulation’s
output values correlate with observed test scores,
not whether they equal the observed test scores.
By that appropriate standard, simulations of the
confluence model have done quite well — as RS
acknowledge.

To give credit where it is due, RS make a valid
point in taking one aspect of Zajonc and Bargh’s
(1980) simulation to task. Despite the arbitrari-
ness of the metric of “absolute intellectual level,”
if adults are assigned a score of, say, 19, then a
successful simulation of the confluence model
ought to generate values for offspring at maturity
that are in the neighborhood of 19, and not val-
ues like 5 or 50. The Zajonc-Bargh model (with
the parameter values published by them) fails in
that regard, and we are grateful to RS for drawing
this to our attention.

However, the more important substantive point
ought not be lost in a flurry of commentary on
sums of squares, nonlinear estimation algorithms,
and so on. That substantive point is this: Precise
numerical values aside, the confluence model
yields predictions that coincide well with a vari-
ety of complex patterns that are evident in dif-
ferent data sets. For example, qualitative predic-
tions of the Zajonc-Bargh simulation corre-
sponded well with observed patterns among
Dutch military recruits and American high school
students who took the National Merit Scholarship
test, two data sets for which there are (in the
aggregate) clear negative correlations between
birth order and test scores. At the same time, the
model was compatible with data on younger
populations (French and Scottish) for which there
are no simple birth-order effects — a pattern not
previously understood.

The values generated by the Zajonc-Bargh
simulation differ from observed values by a nearly
constant amount. Therefore, if strict numerical
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Figure 2. Observed and Predicted Mental Ages by Family Size and Birth Order: 1975 WLS Data

Note: Figure 2a shows observed data from Retherford and Sewell (1991); Figure 2b shows predicted mental age using
the Markus and Zajonc (1977) version of the confluence model (parameter values estimated from Belmont-Marolla data).

correspondence with observed data is desired,
the model can be rescued simply by adding a
constant term to it (e.g., to the numerical evalua-
tion. of the child’s intellectual environment to
stand in for aspects of that environment other
than the family, perhaps).

Furthermore, other published mathematical
simulations of the confluence model do generate
numerical values for mature offspring that com-
pare closely with the values set for parents. In the
Markus-Zajonc (1977) simulation, for example,
when parents are assigned an average absolute
intellectual level of 19.0, the output values gen-
erated by the simulation of the Belmont-Marolla
data range between 19.4 (for the first-born of
two children) and 16.0 (for the last-born of eight
children), with a correlation of .95 between ob-
served and predicted values.?

3 RS transform the mean categorized Raven test
scores (published by Belmont and Marolla 1973) into
mental ages. Such a transformation assumes that: (1)
a one-to-one relationship exists between Raven test
scores and mental age; (2) the reduction of the (un-
available) Raven scores into the (available) categorized
scores has not disturbed any such one-to-one rela-
tionship; and (3) the mean and standard deviation of
the categorized Raven scores for the sample of 19-
year-old male military recruits is identical to that for
the general population. We have no evidence to sub-
stantiate the plausibility of these assumptions, and
some reason to doubt them. To that extent, we must
regard the RS transformation as being more or less

Aggregate Patterns in the Wisconsin Data —
Additional Support for the Confluence Model

Output of the Markus-Zajonc (1977) simulation
also conforms well to the aggregated Wisconsin
data as presented by RS in their Figure 2a on page
148 (which for comparison is reproduced in our
Figure 2a). To demonstrate this, we employ the
simulation model described in Markus and Zajonc
and use the same assumptions that RS posit: no
child mortality, children leave home at age 19 and
parental marriages remain intact throughout the
simulation (p. 146). We use the birth-interval in-
formation for the Wisconsin sample that RS pro-
vided to us. We modify slightly the “clearly
somewhat arbitrary” value they assume for par-
ents’ mental age, from 18 to 18.75. Lastly, and
note well, we do not “fit” the simulation to the
Wisconsin data by searching for parameter val-
ues that minimize the error sum of squares (or
maximize the correlation, either); instead we use
the same set of parameter values employed by
Markus and Zajonc (1977, p. 140) to fit the Dutch
(and, subsequently, the Scottish) samples.

The results of the simulation are shown in Fig-
ure 2b. It is evident that far from contradicting
the confluence model, the aggregate patterns in

arbitrary. Regardless, a slight variant on the RS trans-
formation of the Raven scores yields values that co-
incide very closely (absolutely as well as relatively)
to values produced by the Markus-Zajonc simulation.
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the Wisconsin data support that model. The cor-
relation between observed and simulated values
is .71, and the error sum of squares is 1.65.* Thus,
we now have three entirely different data sets,
from different populations and based on different
mental tests that conform to a single simulation
using a single set of parameter values. Undoubt-
edly, if the parameter values were altered from
those originally derived to fit different data, the
correspondence between the simulation output
and the Wisconsin data would be even closer.’

Analysis of the Disaggregated Wisconsin Data
Not a Test of the Confluence Model

RS perform two individual-level analyses of the
Wisconsin data. First, they fit simulations based
on the confluence model to a random sample of
1,015 cases (presumably using the available in-
formation on family configuration for those cas-
es). Second, they examine the relationship between
birth order and IQ for a set of 1,131 sibling pairs.
They conclude that both of these analyses yield
results that cast doubt on the confluence model.
We disagree.

The data and general approach employed in
the first of these individual-level analyses are
potentially useful in evaluating the confluence
model, but as it stands the RS analysis embodies
some serious deficiencies that should be correct-
ed. First, for reasons already noted, the appropriate
criterion should be the correlation between con-
fluence model predictions and mental age val-
ues, and not absolute numerical correspondence.
Three other comments:

(1) As a comparison of RS’s Figures 1a and 2a
shows, the relationships between mental age (on
the one hand) and birth order X family size (on the

4 A slight amount of the slippage between the RS
graph (reproduced in our Figure 2a) and the simula-
tion output (in Figure 2b) may arise from a flaw in the
former. A handful of individuals who are recorded in
the Wisconsin data, e.g., as “first-born of five chil-
dren” were in fact members of smaller sibships az the
time of testing; the later-born sibling(s) arrived after
the time of testing and could not have had any impact
on the intellectual environment of the tested child.
Hence, some of the values used in calculating the
mean mental age of, e.g., “first-borns of five-child
families,” should properly have been reallocated to
the category of “first-borns of four-child families.”

3 In their footnote 1, RS criticize simulations of the
confluence model (such as the Markus-Zajonc simu-
lation) that contain an intercept term in the posited

difference equation for My, ““since a nonzero intercept

other) are noticeably different in the subset com-
pared with the full data set. By the luck of the
draw, the subset may not be representative of the
larger data set. Since the total set manifests birth-
order patterns while the subset does not, there
must exist another subset of that data with birth-
order effects that are even more pronounced than
those of the total set. Why then was that particular
subset selected to document absence of birth-
order effects? It would be preferable to work
with the latter. If parameter values are fixed (to
values based on prior aggregate-level analysis),
computer time should not be an obstacle to uti-
lizing all the data.

(2) Although the students in the Wisconsin
sample were all tested as high school juniors,
there is some nontrivial variation in age. A quick
inspection of the sample data provided to us indi-
cated birth years ranging from 1938 to 1941. Since
the dependent variable is mental age, this 2 to 3
year variation could well swamp the relatively
fine-grained effects of family configuration fac-
tors. The proper strategy would be to compare
simulation results and observed values separate-
ly for individuals of the same age (or birth year).

(3) We have never asserted that family config-
uration alone accounts substantially for intelli-
gence. We have not found (Berbaum and More-
land 1980, 1985; Berbaum 1985) and would not
expect to find a substantial amount of individual-
level variation in mental age accounted for by
family configuration factors alone. What we have
said is that family configuration effects are real,
but they are subtle and may require very large
samples to be evident.

would make it impossible for mental age to level off in
early adulthood.” Galbraith (1982, p. 189) made a
similar criticism. However, a nonzero intercept in the
simulation model plays exactly the same (unremark-
able) role it does in an ordinary regression equation. It
captures the mean effects of omitted variables on the
dependent variable of interest. (Indeed, the Markus-
Zajonc simulation can be rewritten as a linear regres-
sion with three parameters.) Such variables are omit-
ted for explicit reasons. The confluence modelers have
never assumed that the few factors included in the
confluence model are the only ones (or even the
principal ones) that influence intelligence. To the re-
mark that a nonzero intercept “makes it impossible for
mental age to level off” beyond the developmental
years, our reply is that the model applies to the de-
velopmental years and not to the years beyond. On the
dangers of extrapolating models into domains for which
they were not intended, and in particular on the
senselessness of being too literal in interpreting inter-
cept terms, see Rao and Miller (1971, pp. 5-6).
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With regard to the second of their individual-
level analyses, RS’s examination of sibling pairs
is largely irrelevant to the confluence model. For
one thing, they compare IQ’s of siblings tested at
different ages, but the relevant comparison would
be between siblings tested at the same level of
maturation. The confluence model makes pre-
dictions about the relative levels of absolute in-
telligence for siblings at comparable stages of
development (i.e., at the same age for pre-adults,
or at maturity). It does not make predictions about
IQ’s for siblings measured at different stages of
development.

Second, as the simulation output in Figure 2b
makes clear, the confluence model explicitly does
not predict that intellectual ability will necessar-
ily be correlated, positively or negatively, with
birth order. To the contrary, we consider it a
positive feature of the confluence model that it
leads to (empirically supported) predictions about
the conditions under which the intelligence-birth-
order correlation may be negative, positive, or
nil. We have emphasized repeatedly that birth
order per se is not a causal factor:

Any apparent birth order effects found in a set of
data are hypothesized to be artifactual in that they
may be explained solely by family size and the
spacing of births. With short birth intervals, in-
creasing order of birth will be associated with lower
intelligence levels . . .. With sufficiently long gaps,
however, this pattern may be mitigated or even re-
versed, provided the new child is born at a time
when the average intellectual level of the family is
greater than that when the earlier siblings were born.
(Markus and Zajonc 1977, p. 138)

Other work of ours suggests that the particular
age at which children are tested will confound
any simple hypotheses about necessarily nega-
tive correlations between birth order and intelli-
gence (Zajonc, Markus, and Markus 1979).

It therefore eludes us why a finding of no con-
sistent relationship between birth order and IQ of
siblings should be interpreted as a contradiction
of the confluence model, given that the compari-
sons were made between siblings at possibly dif-
ferent developmental stages and without regard
to birth intervals.

CONCLUSION

We have shown that, if anything, the Wisconsin
data presented by RS lend additional support to
the confluence model. They have performed a
service by pointing out the need for a constant in
one mathematical simulation of the confluence

theory. What they have not done, however, is offer
any alternative theory (beyond that of unspeci-
fied “confounding background variables”) to ac-
count for the observed phenomena that are con-
sistent with the confluence theory: why increas-
ing family size has a generally negative correla-
tion with intelligence (Zajonc 1976); why the only
child departs systematically from that negative
correlation (Zajonc 1976); why birth order tends
to be correlated positively with intelligence at
young ages but negatively at older ages, or why
the birth order and intelligence correlation is me-
diated by the length of inter-birth intervals
(Zajonc, Markus, and Markus 1979; Zajonc 1983);
why twins typically score relatively lower than
average on intelligence tests, and triplets lower
yet (Record, McKeown, and Edwards 1970); why
annual mean SAT scores convary with lagged birth
rate (Zajonc 1986); and so on.

R. B. Zajonc is Charles Horton Cooley Distinguished
Professor of Psychology and Director of the Institute
for Social Research at the University of Michigan. He
received his Ph.D. in Social Psychology at the Uni-
versity of Michigan in 1955. His work has dealt with
social behavior and more recently with the emotions.

GREGORY B. Markus is a Professor of Political Sci-
ence and Research Scientist at the University of
Michigan’s Institute for Social Research. Much of his
research focuses on voting and public opinion. He has
taught in the ICPSR Summer Program in Quantita-
tive Analysis since 1973.

MircHAEL L. BERBAUM received his B.S. (Psychology,
1970) from the University of lllinois Urbana-Cham-
paign and a M S. (Biostatistics, 1978) and Ph.D. (So-
cial Psychology, 1983) from the University of Michi-
gan. In addition, he holds an AM. in International
Relations from the University of Southern California
(1973) and an M.A. in Russian and East European
Studies from the University of Michigan. At present
he is a Research Social Scientist at the University of
Alabama’s Institute for Social Science Research and
an instructor in the ICPSR Summer Program in
Quantitative Methods in the Social Sciences. His re-
search interests include social interaction and decision
making in groups and teams, as well as quantitative
methods.

JoHN A. BARGH is Professor of Psychology, New York
University. His current research focuses on automat-
ic influences in social perception and in the appraisal
of the environment, especially the unintentionality of
these influences. He recently co-edited the book Un-
intended Thought (Guilford 1989) on this issue. In
1989 he received the “Early Career Distinguished
Contribution Award” from the American Psycholog-
ical Association.



A REPLY TO RETHERFORD AND SEWELL

165

RicHARD L. MORELAND is an Associate Professor in the
Department of Psychology at the University of Pitts-
burgh. His research focuses on many aspects of small
groups, but he is especially interested in how such
groups change over time. This interest has led him to
study such topics as group formation and termina-
tion, group development, and socialization processes
in groups.

REFERENCES

Belmont, Lillian and Francis A. Marolla. 1973. “Birth
Order, Family Size, and Intelligence.” Science
182:1096-101.

Berbaum, Michael L. 1985. “Explanation and Predic-
tion: Criteria for Assessing the Confluence Mod-
el.” Child Development 56:781-84.

Berbaum, Michael L. and Richard L. Moreland. 1980.
“Intellectual Development Within the Family: A
New Application of the Confluence Model.” De-
velopmental Psychology 16:506-15.

. 1985. “Intellectual Development Within
Transracial Adoptive Families: Retesting the Con-
fluence Model. Child Development 56:207-16.

Breland, Hunter M. 1974. “Birth Order, Family Con-
figuration, and Verbal Achievement.” Child De-
velopment 45:1011-19.

Davis, Daniel J., Sorel Cahan, and Joseph Bashi. 1977.
“Birth Order and Intellectual Development: The
Confluence Model in the Light of Cross-Cultural
Evidence.” Science 196:1470-72.

Galbraith, Richard C. 1982. “Just One Look Was All
It Took: Reply to Berbaum, Markus, and Zajonc.”

Developmental Psychology 18:181-91.

Markus, Gregory B. and Robert B. Zajonc. 1977.
“Family Configuration and Intellectual Develop-
ment: A Simulation.” Behavioral Science 22:137-
42.

Rao, Potluri and Roger LeRoy Miller. 1971. Applied
Econometrics. Belmont, CA: Wadsworth.

Record, R. G., Thomas McKeown, and J. H. Edwards.
1970. “An Investigation of the Difference in Mea-
sured Intelligence Between Twins and Single
Births.” Annals of Human Genetics 34:11-20.

Retherford, Robert D. and William H. Sewell. 1991.
“Birth Order and Intelligence: Further Tests of the
Confluence Model.” American Sociological Re-
view 56:141-58.

Zajonc, Robert B. 1976. “Family Configuration and
Intelligence.” Science 192:227-36.

. 1983. “Validating the Confluence Mod-
el.” Psychological Bulletin 93:457-80.

. 1986. “The Decline and Rise of Scholas-
tic Aptitude Scores.” American Psychologist
41:862-67.

Zajonc, Robert B. and John A. Bargh. 1980. “The
Confluence Model: Parameter Estimation for Six
Divergent Data Sets on Family Factors and Intelli-
gence.” Intelligence 4:349-61.

Zajonc, Robert B. and Gregory B. Markus. 1975.
“Birth Order and Intellectual Development.” Psy-
chological Review 82:74-88.

Zajonc, Robert B., Hazel Markus, and Gregory B.
Markus. 1979. “The Birth Order Puzzle.” Journal
of Personality and Social Psychology 37:1325-41.

MANUSCRIPTS
FOR THE

ASA ROSE MONOGRAPH SERIES

The ASA Arnold and Caroline Rose Monograph Series
invites authors to submit manuscripts for publication.
The Series welcomes a variety of sociological work:
qualitative or quantitative empirical studies, and
theoretical or methodological treatises. For information,
or to submit a manuscript (four copies, please), contact
the Editor, Professor Teresa A. Sullivan, Rose Monograph
Series, 436 Burdine Hall, Department of Sociology,
University of Texas at Austin, Austin, TX 78712-1088.




	Article Contents
	p.159
	p.160
	p.161
	p.162
	p.163
	p.164
	p.165

	Issue Table of Contents
	American Sociological Review, Vol. 56, No. 2 (Apr., 1991), pp. 141-265+I-XXIV
	Front Matter
	Birth Order and Intelligence: Further Tests of the Confluence Model [pp.141-158]
	One Justified Criticism Plus Three Flawed Analyses Equals Two Unwarranted Conclusions: A Reply to Retherford and Sewell [pp.159-165]
	Social Structure, Stress, and Mental Health: Competing Conceptual and Analytic Models [pp.166-178]
	Status Processes in Enduring Work Groups [pp.179-188]
	The Organizational Context of Tracking in Schools [pp.189-203]
	Beyond "State vs. Society": Theories of the State and New Deal Agricultural Policies [pp.204-220]
	Social Change and Collective Memory: The Democratization of George Washington [pp.221-236]
	Religious Pluralism and Church Membership: A Spatial Diffusion Model [pp.237-249]
	It Happened Here: Political Opportunity, the New Institutionalism, and the Townsend Movement [pp.250-265]
	Back Matter [pp.I-XXIV]



