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Abstract

In 1990, Thomas J. Bouchard Jr. and colleagues published
the widely cited 1990 “Minnesota Study of Twins Reared
Apart” (MISTRA) Science 1Q study. To arrive at the conclusion
that “IQ is strongly affected by genetic factors,” Bouchard
and colleagues omitted their control group reared-apart di-
zygotic twin (DZA) 1Q score correlations. Near-full-sample
correlations published after the study’s 2000 end point show
that the reared-apart monozygotic twin (MZA) and DZA
group IQ correlations did not differ at a statistically signifi-
cant level, suggesting that the study failed the first step in
determining that IQ scores are influenced by heredity. After
bypassing the model-fitting technique they used in most
non-IQ MISTRA studies, the researchers assumed that the
MZA group 1Q score correlation alone “directly estimates
heritability.” This method was based on unsupported as-
sumptions by the researchers, and they largely overlooked
the confounding influence of cohort effects. Bouchard and
colleagues then decided to count most environmental influ-
ences they did recognize as genetic influences. | conclude
that the MISTRA 1Q study failed to discover genetic influenc-

es on 1Q scores and cognitive ability across the studied pop-
ulation, and that the study should be evaluated in the con-
text of psychology’s replication problem.

© 2022 S. Karger AG, Basel

Problems in IQ Studies Based on Reared-Apart Twins

In this article, I will examine the claim that the widely
cited “Minnesota Study of Twins Reared Apart”
(MISTRA) produced evidence that genetic factors play a
role in causing differences in human intelligence (cogni-
tive ability), as supposedly measured by IQ tests and her-
itability estimates. The MISTRA is one of five “twins
reared apart” (TRA) studies that published IQ correla-
tions for what the investigators regarded as reared-apart
twins (Bouchard et al., 1990a; Juel-Nielsen, 1965/1980;
Newman et al., 1937; Pedersen et al., 1992; Shields, 1962).
In a widely covered controversy, British psychologist
Cyril Burt’s IQ TRA study was discredited in the 1970s on
suspicions of fraud, and Burt’s publications are no longer
part of the TRA IQ literature (Bouchard & McGue, 1981;
Hearnshaw, 1979; Kamin, 1974; Lerner, 2018; Tucker,
1997).

There are two types of twin pairs: MZ (monozygotic,
identical), and DZ (dizygotic, fraternal). MZ pairs are
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said to share 100% of their segregating genes, whereas
(like ordinary siblings) DZ pairs are said to share only
50% on average. Reared-apart MZ twins are known as
MZA pairs. Reared-apart DZ twins are known as DZA
pairs. Recent evidence, however, suggests that the long-
running assumption that MZ pairs are genetically identi-
cal to each other might not be true (Charney, 2012; Jons-
son et al., 2021).

Contemporary TRA researchers assume that if the
members of an MZA pair grow up apart in “uncorrelated”
family environments, all behavioral resemblance between
them is caused by their purported 100% genetic similar-
ity (Bouchard, 1984; Pedersen et al., 1992; Segal, 2012). In
2004, leading behavioral geneticist and twin researcher
Robert Plomin (2004) wrote: “If we report correlations
from a study of identical twins reared apart, we implicitly
have a very simple model that posits that resemblance is
due solely to heredity” (p. 59). “How else,” Plomin asked,
“can we explain” the behavioral correlations of “identical
twins adopted apart into uncorrelated environments” (p.
42). T argue in this paper that this assumption is not sup-
ported by the evidence.

Criticism of TRA Studies

Over the years, commentators have described many
biases and problems found in TRA studies, especially
those that, like the MISTRA, Newman et al. (1937), and
Shields (1962) studies, were based on volunteer twins (Jo-
seph, 2015, chapter 3). Psychologist Leon Kamin was a
pioneering analyst of TRA research (Joseph, 2018; Ka-
min, 1974), and psychologist Susan Farber (1981) pub-
lished an exhaustive critical analysis of the three TRA
studies conducted prior to the MISTRA.

Detailed case history information was provided only
by the authors of the first three TRA studies (Juel-Nielsen,
1965/1980; Newman et al., 1937; Shields, 1962). I have
compiled some characteristics of these studies’ com-
bined sample of 75 MZA pairs: (a) in 25/75 (33%) of the
pairs, twins were separated at 12 months of age or later;
(b) in 56/75 (75%) of the pairs, twins had contact with
each other while growing up; (c) in 42/75 (56%) of the
pairs, one or both twins were placed with a family mem-
ber; and (d) in 17/75 (23%) of the pairs, twins lived to-
gether for a period of at least 12 months after separation,
or grew up next door to each other. (For specific exam-
ples of twins’ late/inadequate separation and prestudy
contact found in these 75 case histories, see Joseph, 2015,
Tables 2.1-2.3).
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For these and other reasons, Farber accurately con-
cluded, “the assumption that this is a sample of reared-
apart twins is incorrect. Most were reared apart only par-
tially, and almost all had contact with each other by the
time they were studied” (Farber, 1981, p. 19).

Additional problems, biases, and potential environ-
mental confounds described by critics of TRA research
include (a) the fact that twins share a prenatal environ-
ment (Farber, 1981); (b) the selective placement of
twins and the lack of random assignment (Fancher,
1985; Farber, 1981; Kamin, 1974; Taylor, 1980); (c) that
twins usually grew up in similar socioeconomic and
cultural environments (Farber, 1981; Kamin, 1974;
Rutter, 2006; Taylor, 1980); (d) methodological bias in
favor of the recruitment of the most behaviorally simi-
lar segment of the total population of MZA pairs
(Fancher, 1985; Farber, 1981; Kamin, 1974; Lerner,
2018; Rutter, 2006); (e) that cohort influences, in addi-
tion to twins’ common age and common sex, increase
twins’ IQ correlations and behavioral resemblance in
general (Kamin, 1974; Rose, 1982; Wyatt, 1993); (f) the
potential unreliability of twins’ accounts of their degree
of separation/contact and behavioral similarity (Joseph,
2015; Kamin, 1974; Kamin & Goldberger, 2002); (g) re-
searcher confirmation bias (conscious or unconscious)
in favor of genetic interpretations of the results (Joseph,
2015; Kamin, 1974); (h) problems with the validity of
the tests administered to the twins (Kamin, 1974; Rut-
ter, 2006; Taylor, 1980); (i) that the results might not
apply (generalize) to the nontwin population (Cropan-
zano & James, 1990; Farber, 1981; Lerner, 2018); and (j)
that MZAs will elicit more similar treatment from their
social environments due to their substantial physical
resemblance (Billings et al., 1992; Cropanzano & James,
1990; Ford, 1993).

In 1985, psychologist and historian Raymond Fancher
described what he believed a “definitive” and “ideal” TRA
study would look like:

A definitive study would have to employ twins who represent
a genuinely random sample of the general population, and who
have been randomly placed for adoption in a range of homes
representative of the entire population. A definitive study
would also have to demonstrate that its sample genuinely rep-
resents the full population of separated twins, and is not biased
toward including only certain kinds of cases. Finally, in an ide-
al study all twins should have been completely separated from
each other soon after birth, with no opportunity to communi-
cate with each other or influence each other prior to their test-
ing (Fancher, 1985, p. 165, emphasis in original).

The MISTRA did not come close to meeting this stan-
dard. As the study’s initiator and leader Thomas ].
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Bouchard Jr. recognized in relation to the published TRA
studies, including his own,
Twins are not literally separated at birth, randomly assigned to
homes, and evaluated as adults prior to any social contact. Such
procedures would be necessary if a real experiment were being

conducted, but such an experiment would be unethical.
(Bouchard, 1993, p. 56)

Because a properly performed TRA study would be
unethical, or is virtually impossible to accomplish, does
not mean that science, and the general public informed
by media accounts, must accept the results of a genetic
study if it is based on a research design unable to control
for potential environmental confounds.

I will now focus on the MISTRA 1IQ study, and on how
the researchers arrived at their conclusions in favor of the
“strong heritability” of IQ (Bouchard et al. 1990a, p. 223)
- a conclusion I will challenge. The story I will tell about
this famous study differs greatly from the story usually
told by journalists, textbook authors, leading behavioral
geneticists, and other authoritative authors and sources
(references below).

The Minnesota Study of Twins Reared Apart IQ Study

“The immediate causes of most psychological varia-
tions are probably environmental in nature,” Nancy Se-
gal wrote in Born Together — Reared Apart (2012, p. 111).

Psychologist and MISTRA researcher Nancy L. Segal
summarized the MISTRA findings by concluding that
most human psychological variations are “probably envi-
ronmental in nature.” But because she and her colleagues
concluded in favor of important genetic influences on
variations in IQ, personality, and other areas of human
behavior, she must have followed this statement with a
“but,” or with a “however.” Indeed, she did.

The MISTRA IQ results were published in a 1990 edition
of Science, one of the world’s leading scientific journals
(Bouchard et al., 1990a; according to Google Scholar, as of
January 2022, the article had been cited over 2,200 times).
Although the MISTRA researchers published findings re-
lated to personality and other areas of human behavior,
findings and conclusions about their index of cognitive
ability (IQ) are the focus of the present review. As the re-
searchers recognized, “IQ has been at the center of the na-
ture-nurture debate” (Bouchard et al., 1990a, p. 224).

Bouchard’s MISTRA colleagues included Segal, psy-
chologists David T. Lykken, Auke Tellegen, Matt McGue,
and others. The study was conducted between 1979 and
2000. Additional publications based on the MISTRA data
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appeared after the study’s 2000 end date (e.g., Johnson et
al.,2007).In 2012, Segal published Born Together — Reared
Apart: The Landmark Minnesota Twin Study. This book
provided a detailed description of the study and won the
American Psychological Association’s (Division 1) 2013
“William James Book Award.” The following year, the
American Psychological Foundation presented Bouchard
with its 2014 “Gold Medal Award for Lifetime Achieve-
ment in the Science of Psychology” for his MISTRA work
(Gold medal, 2014).

The 1990 Science article was co-authored by Bouchard,
Lykken, McGue, Segal, and Tellegen. The editor of Sci-
ence, Daniel Koshland, had invited Bouchard to submit
an article about the study and its results to the journal
(Segal, 2012). In Bouchard’s view, this article “legitimated
the study” (quoted in Segal, 2012, p. 104).

The MISTRA Sample

The MISTRA was not a longitudinal twin study, and
like most behavioral genetic investigations it was based
on participants who grew up in environments the re-
searchers were unable to design, control, or observe. For
this reason, they had to make assumptions about twins’
unobserved environments, and their conclusions de-
pended on the validity of these assumptions.

The MISTRA reared-apart twin sample at the study’s
2000 end point consisted of 81 MZA and 56 DZA pairs,
45% of whom were recruited from the USA. The rest grew
up outside of the USA, and 32% came from England (Se-
gal, 2012). Like the studies by Newman et al. (1937) and
Shields (1962) that preceded it, the MISTRA sample was
a “collection of cases” based mainly on volunteer twin
participants who responded to media appeals or media
attention (Segal, 2012, p. 36).

At the time of the 1990 Science publication, the MIS-
TRA sample consisted of 56 MZA and 30 DZA pairs.
The researchers provided very little information about
the twins they studied. Some characteristics of the 1990
MZA sample they chose to publish included “mean
age” = 41 years, mean “time spent together prior to sep-
aration” = 5.1 months, mean “time apart to first
reunion” = 30 years, mean “total contact time” = 112.5
weeks (with a range of 1-1,233 weeks), and a mean IQ
of 108.1 (Bouchard et al., 1990a, p. 224). The research-
ers used the intraclass correlation method to calculate
twin IQ and other psychological test score correlations
(discussed in Segal, 2012).
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Table 1. Reported and nonreported correlations in the 1990 MISTRA Science Article

Measure MZA MZT DZA control group
WAIS full-scale IQ 0.69 0.88 not reported
Raven, Mill-Hill composite I1Q 0.78 0.76 not reported
First principal component IQ 0.78 “not available” not reported
Hawaii Special Mental Abilities 0.45 “not available” not reported
Comprehensive Special Mental Abilities 0.48 “not available” not reported
Multidimensional Personality Questionnaire 0.50 0.49 not reported
California Psychological Inventory (personality) 0.48 0.49 not reported
Strong Campbell Interest Inventory 0.39 0.48 not reported
Religiosity Scales 0.49 0.51 not reported
MPQ Traditionalism Scale 0.53 0.50 not reported

1Q measures are italicized. Intraclass correlations from Bouchard et al. (1990a, p. 226), Table 4. DZA, DZ twins
reared apart; MZA, MZ twins reared apart; MZT, MZ twins reared together; WAIS, Wechsler Adult Intelligence Scale;
MPQ, Multidimensional Personality Questionnaire. The 1990 MISTRA Science sample consisted of 56 MZA and 30
DZA pairs (p. 223). The MISTRA-reported MZA 1Q correlations were based on fewer pairs, ranging from 42 to 48 pairs.
“Not available” status was reported by the researchers. No DZA correlations or results of any kind were reported in

the 1990 MISTRA Science article.

Impact of the Study

“Studies of general intelligence,” Segal wrote, “were a
mainstay of the MISTRA’s research program” (2012, p.
284). Early on, Bouchard saw “intelligence as the major
mental ability” (Bouchard, 1981, p. 22, emphasis in orig-
inal) and later noted that the “study of IQ is paradigmat-
ic of human behavior genetic research” (Bouchard et al.,
1990a, p. 224). The MISTRA IQ study has had a major
impact on the nature-nurture debate in support of nature,
and its authors’ conclusions in support of a major role for
genetic influences on behavioral differences have been
cited, and sometimes celebrated, in textbooks (e.g., Bern-
stein et al., 2000; Hewstone et al., 2005; Myers, 2005; Plo-
min et al., 2013), in popular works (e.g., deBoer, 2020;
Harris, 1998; Mukherjee, 2016; Pinker, 2002; Ridley,
2004; Sapolsky, 2017; Wright, 1997), and in the mass me-
dia (e.g., Angle & Neimark, 1997; Begley, 1987; Brody,
2018; Lewis, 2019).

In Behave: The Biology of Humans at Our Best and
Worst, neuroscientist Robert Sapolsky (2017) referred
enthusiastically to the MISTRA as “the most wonderful,
amazing, like, totally awesome thing ever in behavior ge-
netics, started by Thomas Bouchard of the University of
Minnesota” (p. 235). A critical commentator described
the study as “arguably, the most famous social science
projectin the last quarter of the twentieth century” (Tuck-
er, 2013, p. 337). Segal (2012) believed that Bouchard and
the study “forever changed the way people think about
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the roots of human behavior” (p. 400). The “results from
the Science paper,” Segal (2012) wrote, “appeared in hun-
dreds of newspapers, magazines, and broadcasts across
the country and around the world” (p. 112).

Reported MISTRA 1Q Findings

As Segal (2012) wrote, the MISTRA “Science 1Q pa-
per,” which presented the “long-awaited IQ data” (p.
104), was published in 1990. The three IQ measures used
in the study were the “Wechsler Adult Intelligence Scale”
(WALIS; Wechsler, 1955), the “Raven’s Progressive Matri-
ces/Mill-Hill Vocabulary Scale composite” (Raven, 1986),
and the “First Principal Component of Special Mental
Abilities,” or FPC (Bouchard et al., 1990a, p. 226). The
researchers later published MZA and DZA subsample
cognitive ability correlations drawn from larger samples
than were available in 1990. These subsample correla-
tions were reported in the context of MISTRA studies of
“adult ego development” (Newman et al., 1998), and
“right-wing authoritarianism” (McCourt et al., 1999). Se-
lected MISTRA 1990 Science results are seen in Table 1.

Based on the 1990 Science findings seen in Table 1,
Bouchard et al. estimated the IQ “variance due to genetic
differences” (heritability) at “about 70%,” and concluded
that “genetic factors exert a pronounced and pervasive
influence on behavioral variability” (pp. 223-224). I dis-
cuss below how they arrived at these conclusions.
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Bouchard’s conclusions matched his previously held
IQ-hereditarian view that genes play a major role in de-
termining IQ scores. IQ hereditarianism is the belief that
heredity is the dominant factor influencing individual
and sometimes group differences in intelligence. By his
own account, Bouchard had been an early supporter and
teacher of psychologist Arthur Jensen’s (1969) IQ-hered-
itarian theories, and because of this role he drew protests
from University of Minnesota students in the early 1970s
(Holden & Bouchard, 2009).

Inapre-MISTRA 1976 chapter entitled “Genetic Factors
in Intelligence,” Bouchard argued in IQ-hereditarian fash-
ion that “human intelligence,” as supposedly measured by
1Q tests, “is largely under genetic control,” that social “class
differences in intelligence have an appreciable genetic com-
ponent,” and that due to reproduction patterns, the possi-
bility of a decline in national intelligence “should be subject
to continual scrutiny” (Bouchard, 1976, p. 193). Two de-
cades later, Bouchard (1995, p. 417) and Lykken (1995, pp.
216-217) endorsed Richard Herrnstein and Charles Mur-
ray’s conclusion in The Bell Curve that “both genes and the
environment have something to do with racial differences”
in IQ scores (Herrnstein & Murray, 1994, p. 311).

How the MISTRA Researchers Concluded in Favor of
70% 1Q Heritability

The Science IQ Study Abstract

Before looking at problem areas in the main body of
the 1990 MISTRA Science publication, and with an un-
derstanding that an abstract is necessarily noncompre-
hensive, it is useful to look at the article’s full abstract as
a frame for my comments about it, which will follow.

Since 1979, a continuing study of monozygotic and dizygotic
twins, separated in infancy and reared apart, has subjected more
than 100 sets of reared-apart twins or triplets to a week of intensive
psychological and physiological assessment. Like the prior, small-
er studies of monozygotic twins reared apart, about 70% of the
variance in IQ was found to be associated with genetic variation.
On multiple measures of personality and temperament, occupa-
tional and leisure time interests, and social attitudes, monozygot-
ic twins reared apart are about as similar as are monozygotic twins
reared together. These findings extend and support those from
numerous other twin, family, and adoption studies. Itis a plausible
hypothesis that genetic differences affect psychological differenc-
es largely indirectly, by influencing the effective environment of
the developing child. This evidence for the strong heritability of
most psychological traits, sensibly construed, does not detract
from the value or importance of parenting, education, and other
propaedeutic interventions. (Bouchard et al. 1990a, p. 223)
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In this abstract, Bouchard et al., who framed their con-
clusions in the context of previous behavioral genetic re-
search, did not say how they determined that “about 70%
of the variance in IQ was found to be associated with ge-
netic variation,” or how they concluded in favor of the
“strong heritability of most psychological traits.” In addi-
tion, they did not clearly state what conclusions followed
from the finding that their MZA and MZT (reared-to-
gether MZ twins) behavioral correlations were similar.
Because this result was the only twin-based finding re-
ported in the abstract, a reader might conclude that this
finding led to the researchers’ “strong heritability” con-
clusion, and to their 70% IQ heritability estimate. As we
will see, the researchers did not compare their MZA and
MZT correlations for the purpose of establishing and cal-
culating heritability. Bouchard et al. believed that it is “a
plausible hypothesis” that “genetic differences affect psy-
chological differences largely indirectly,” which suggests
that non-genetic differences affect psychological differ-
ences largely directly, seemingly contradicting their
“strong heritability” conclusion. The abstract stated that
the study tested “more than 100 sets of reared-apart twins
or triplets,” but the article that followed reported IQ cor-
relations for less than half of these sets (WAIS MZA N =
48 pairs, Raven/Mill-Hill MZA N = 42 pairs, FPC MZA
N = 43 pairs; Bouchard et al., 1990a, p. 226; no DZA cor-
relations were reported). Finally, although the abstract
stated that the study’s findings do not “detract from the
value or importance of parenting,” in the main body of
the article, the researchers concluded that their findings
suggested that “common rearing enhances familial re-
semblance during adulthood only slightly and on rela-
tively few behavioral dimensions” (p. 227).

DZAs Were the MISTRA Designated Control Group

Bouchard decided at the beginning of the study in 1979
to use DZA pairs to form the MISTRA control group,
which he planned to compare to the MZA experimental
group to determine whether genetic factors influence hu-
man behavioral differences. According to Nancy Segal
(2012), “The MISTRA was ... the first study of its kind to
include both MZA and DZA twin pairs. Bouchard’s deci-
sion to use DZA twins as controls was made in a very
early [1979] memo to the “Twin Research Team.” This was
an important methodological improvement over past
projects” (p. 12). In a 1986 publication, appearing 4 years
prior to the publication of their 1990 Science IQ study,
Bouchard, Segal, and colleagues affirmed their plan to use
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DZAs as the MISTRA control group to test genetic versus
“competing” nongenetic explanations of TRA study re-
sults:
Our study is the first to have included a control group of dizy-
gotic twins reared apart (DZA). ... DZA twins allow us to test
the two most common competing hypotheses proposed as al-
ternatives to the genetic hypothesis as an explanation of the

similarity between MZA twins: placement bias and recruitment
bias. (Bouchard et al., 1986, p. 300)

Bouchard and colleagues continued this theme in the
opening paragraph of their 1990 Science article. “MZA
and DZA twin pairs,” they wrote, “are a fascinating ex-
periment of nature. They also provide the simplest and
most powerful method for disentangling the influence of
environmental and genetic factors on human character-
istics” (Bouchard et al., 1990a, p. 223). However, although
the 1990 Science article was the main MISTRA IQ publi-
cation, and although the 1990 sample consisted of 56
MZA and 30 DZA pairs, this “fascinating” and “most
powerful” “experiment of nature” did not appear in the
article. No DZA results of any kind were reported in the
1990 Science article, due to what Bouchard and colleagues
said were “space limitations and the smaller size of the
DZA sample (30 sets).” They believed that the “smaller”
DZA sample justified their decision to “focus on the MZA
data (56 sets)” (Bouchard et al., 1990a, p. 223). The re-
searchers arrived at this decision in 1990 despite the fact
that, a few years earlier, Bouchard had submitted a MIS-
TRA 1Q study for publication in Science that included
data from a sample of 29 MZA and only 12 DZA pairs
(Segal, 2012, p. 104).

Interpreting the IQ Study Results

Bouchard and colleagues did not compare the MZA
and MZT correlations seen in Table 1 to assess the role of
genetics. They used this comparison only to determine
whether being reared together in the same family envi-
ronment leads to behavioral similarity (Bouchard et al.,
1990a, pp. 226-227). Their conclusion in favor of the
“strong heritability” of IQ (70%) was based on the MZA
IQ correlations alone (WAIS, Raven/Mill Hill, FPC),
based on the claim that because MZ twins share a 100%
genetic identity, and “under the assumption of no envi-
ronmental similarity,” the MZA correlation “directly es-
timated” IQ heritability (Bouchard et al., 1990a, p. 224).
Segal restated this commonly repeated behavioral genetic
assumption in 2012: “The MZA twin correlation directly
estimates heritability” (p. 190). Focusing on their MZA
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data alone to determine heritability allowed the research-
ers to bypass/omit their DZA control group correlations.

Although the researchers omitted their DZA corre-
lations “due to space limitations and the smaller size of
the DZA sample (30 sets),” in non-1Q MISTRA studies
appearing around the same time, they published their
MZA and full-sample DZA correlations based on simi-
lar DZA sample sizes. Three examples are the MISTRA
1988 personality study, where the researchers published
correlations based on a sample of 27 DZA pairs (Telle-
gen et al., 1988), a 1990 MISTRA study of “religious in-
terests, attitudes, and values” based on 31 DZA pairs
(Waller et al., 1990), and a 1990 MISTRA “special men-
tal abilities” study based on 25 DZA pairs (Bouchard et
al., 1990b).

The MISTRA Model-Fitting Technique Was Not
Used in the 1990 Science Article

When assessing the potential role of genetic factors, ac-
cording to Segal (2012), “most of the MISTRA’s heritability
analyses used biometrical modeling techniques as well as
intraclass correlations” (p. 62). Although prior to the IQ
study Bouchard had written that “a model-fitting approach
to family data ... is far superior to the simple calculation of
heritabilities” (Bouchard, 1984, p. 150), and after the IQ
study that “formal testing of substantive hypotheses via
model fitting has now become the norm in behavior-genet-
icresearch” (Bouchard, 1997, p. 129), the 1990 MISTRA IQ
study did not use the model-fitting technique.

Biometrical model fitting, a technique developed in
the 1970s (Jinks & Fulker, 1970), is widely used in behav-
ioral genetic research. The technique attempts to parti-
tion sources of behavioral variation using the “ACE”
model, which supposedly partitions (A) additive genetic
effects, (C) shared family environment, and (E) unique
(unshared) environment (Purcell, 2013). Heritability es-
timates are based on “A” and range from 0.0 to 1.0, or 0
to 100%. Nevertheless, the validity of heritability esti-
mates, and the claim that sources of behavioral variation
are independent of each other (do not interact) and can
be partitioned have been challenged for decades (Keller,
2010; Lerner, 2018; Lewontin, 1974; Moore & Shenk,
2016). The validity of psychometric IQ testing and the
“general intelligence” concept (“g”) have also been called
into question (Fischer et al., 1996; Gould, 1981; Lewontin
et al., 1984; Mensh & Mensh, 1991; Richardson, 2017).

Because the MISTRA researchers decided against us-
ing their model-fitting procedure in their IQ study, I refer
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The MISTRA: Two Paths to Genetic Findings

STEP 1: MZA correlation > zero

Is the MZA group correlation for IQ, special mental abilities, personality, or
another studied behavior significantly higher than zero? IF NO, THE STUDY
FINDS NO GENETIC INFLUENCE ON THE BEHAVIOR.

IF YES (Non-IQ) IF YES (1Q)
STEP 2: MZA > DZA The 1Q Study
Is the MZA group correlation higher than the DZA Bypassed
group correlation at a statistically significant level? Step 2
IF NO, THE STUDY FINDS NO GENETIC P
INFLUENCE ON THE BEHAVIOR.

and

IF YES Step 3A

\

STEP 3B: Direct estimate of heritability
(IQ, MISTRA 1990 Science article)

STEP 3A: Model-fitting heritability \
(Most non-1Q MISTRA studies)

A model-fitting technique using MZA, DZA control
group, and other data produces a sizable
heritability estimate, based on the assumption
that behavioral resembl among relatives is

caused only by genetic factors, plus other model-

fitting assumptions. )

4

The DZA control group data are omitted. The MZA
group correlation alone is said to “directly
estimate heritability,” based on the assumption
that behavioral resemblance among MZA pairs is
caused only by genetic factors.

(. J

\ 4

STEP 4: Conclusion

BASED ON FINDING “STRONG HERITABILITY”
FOR THE BEHAVIOR IN QUESTION, THE STUDY
FINDS THAT GENETIC FACTORS EXERT A
PRONOUNCED INFLUENCE ON THE
VARIABILITY OF THE BEHAVIOR.

Fig. 1. Diagram of the two paths used to arrive at conclusions in favor of genetics.

readers to publications by authors who questioned basic
model-fitting assumptions (Goldberger, 1979; Joseph,
2015; Lerner, 2018; Lewontin, 1974; Taylor, 1980). Still, it
is worth noting that McGue and Bouchard recognized, in
relation to the MISTRA model-fitting assumptions, that
“several of these assumptions are likely not to hold for
cognitive abilities” (McGue & Bouchard, 1989, p. 23).
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Two Paths to Genetic Conclusions

As we have seen, the two main methods the MISTRA
researchers used to estimate the heritability of psycho-
logical characteristics (traits) were: (a) biometrical mod-
el-fitting techniques, which they used in most of their
non-IQ publications (e.g., Bouchard & McGue, 1990;
Bouchard etal., 1990b; DiLalla et al., 1996; Hur & Boucha-
rd, 1995; Keller et al., 1992; Koenig et al., 2005; Newman

Joseph



etal., 1998; Tellegen et al., 1988; Waller et al., 1990) or (b)
assessing the MZA correlation alone to “directly esti-
mate” heritability (Arvey et al., 1989; Bouchard et al.,
1990a). Figure 1 is a diagram I created to show the two
paths the researchers took to arrive at their conclusions
in favor of genetics.

What we might call the MISTRA “IQ path,” used in the
1990 Science article, is seen on the right side of Figure 1.
Creating this path allowed the researchers to bypass their
control group DZA correlations (step 2) and their model-
fitting procedures (step 3A), and to calculate IQ heritabil-
ity based on the MZA correlation alone (step 3B). What
we might call the MISTRA “non-IQ path,” used in most
non-IQ MISTRA studies, is seen on the left side of Figure
1. When using this path, the researchers based their con-
clusions on the MZA and control group DZA correla-
tions, and on model-fitting procedures.

Like most psychological research of that era, the inves-
tigators’ decisions to create two paths rather than one,
and about which path they would follow in a given pub-
lication, were made behind the scenes with the data and
correlations at hand (more on this point later).

The MZA Correlation Must Significantly Exceed the
DZA Correlation

As stated in aleading behavioral genetics textbook dis-
cussion of model fitting, “simple comparisons between
twin correlations can indicate whether genetic influences
are important for a trait. This is the important first ques-
tion [emphasis added] that any quantitative genetic anal-
ysis must ask” (Purcell, 2013, p. 383). In a 1990 publica-
tion, Plomin and colleagues noted the limitations of mod-
el-fitting analyses when the MZ correlation is not
(significantly) higher than the DZ correlation:

We should not stand too much in awe of model fitting or allow
it to obfuscate the basic simplicity of most behavioral genetic
designs. For example, the twin design estimates genetic influ-
ence on the basis of the difference between MZ and DZ correla-
tions. If the MZ correlation does not exceed the DZ correlation
for a particular trait, there is no genetic influence [emphasis
added] (unless assortative mating approaches unity), and mod-
el-fitting analyses must come to that conclusion or there is
something wrong with the model. (Plomin et al., 1990, p. 235)

As Plomin stressed, a model-fitting analysis finding
genetic influences and estimating heritability would be
wrong if the MZT correlation does not (significantly)
exceed the DZT (reared-together DZ twins) correla-
tion, a conclusion that applies to MZA-DZA compari-
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sons as well (Fig. 1, step 2). If the MZ correlation is not
higher than the DZ correlation, Plomin wrote, “there is
no genetic influence” on the behavioral characteristic
(trait).

In Born Together — Reared Apart, Segal (2012) con-
firmed that comparing the MZA and DZA group correla-
tions is an “important first step” in determining “whether
or not” genetic factors influence a trait: “The simple com-
parison of the MZ (or MZA) and DZ (or DZA) intraclass
correlations is an important first step [emphasis added] in
behavioral-genetic analysis because this demonstrates
whether or not [emphasis added] there is genetic influ-
ence on the trait” (p. 62). Elsewhere in the book, Segal
(2012) wrote: “Genetic effects are shown if [emphasis
added] the correlation for MZ or MZA twins exceeds the
correlation for DZ or DZA twins” (p. 336).

The MISTRA MZA and DZA IQ Correlations Did Not
Differ at a Statistically Significant Level

To the best of my knowledge, Bouchard and colleagues
never published their full-sample DZA control group IQ
correlations (Joseph, 2015, chapter 6; Kamin & Goldberg-
er, 2002). A plausible explanation for why they chose not
to is that the results would have shown that the MZA
group correlation was not significantly higher than the
DZA group correlation for any of the three IQ measures
used in the 1990 IQ study.

The MISTRA near-full-sample MZA and DZA WAIS
IQ correlations were published by Segal in 2012, almost
as an afterthought towards the end of Born Together -
Reared Apart. Segal obtained these correlations “from
Bouchard when I visited Minnesota in October 2009 ... I
imagine that other readers wanted them as well” (pp.
285-286). In a 2007 MISTRA study of the “Verbal-Per-
ceptual-Image Rotation (VPR) model of the structure of
mental abilities,” the researchers published their near-
full-sample Raven’s Progressive Matrices IQ MZA and
DZA correlations in a table, without discussing the mean-
ing of these correlations (Johnson et al., 2007, p. 552, Ta-
ble 3, Test 21).

The reported samples from both Segal (2012) and John-
son et al. (2007) were based on 74 MZA and 52 DZA pairs,
a few pairs short of the final MISTRA sample of 81 MZA
and 56 DZA pairs. Because neither report stated whether
these groups constituted the MISTRA full sample minus
twin pairs who did not complete the IQ test, or whether
some pairs and their IQ scores were not included in the
samples, for the purpose of the present review I refer to the
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Table 2. Near-full-sample MISTRA 1Q correlations at the study’s end: MZA versus DZA twin pairs

MZA pairs DZA pairs Probability
(experimental group)  (control group) value
Wechsler (WAIS) 1Q correlations 0.62 (74 pairs) 0.50 (52 pairs) p=0.17
Not statistically significant at the 0.05 level
Raven'’s Progressive Matrices IQ correlations  0.55 (74 pairs) 0.42 (52 pairs) p=0.18

Not statistically significant at the 0.05 level

Intraclass correlations. One-tailed probability. The final 2000 MISTRA full sample consisted of 81 MZA and 56 DZA pairs. Based on
calculations made at the VassarStats website (http://vassarstats.net/rdiff.html). DZA, DZ twins reared apart; MZA, MZ twins reared apart; p,
one-tailed probability; WAIS, Wechsler Adult Intelligence Scale. Sources: Wechsler (WAIS) correlations from Segal (2012, p. 286), based on
the number of pairs reported on p. 284; Raven correlations from Johnson et al. (2007, p. 552), based on the number of pairs reported on p.
545. The DZA sample contained 18 opposite-sex pairs (Segal, 2012, p. 42). The DZA group correlation for the MISTRA “First Principal
Component of Special Mental Abilities” measure, which was the third of three MISTRA IQ measures, has never been published.

Segal (2012) and Johnson et al. (2007) correlations as being
based on the near-full-sample MISTRA data.

The results reported by Segal and Johnson et al. are
seen in Table 2. To the best of my knowledge the research-
ers never published their DZA FPC correlations, and no
Minnesota FPC DZA correlations were reported in Se-
gal’s (2012) book.

We see in Table 2 that the MISTRA IQ study could not
get past what Segal called the “important first step” (Fig. 1,
step 2) of discovering genetic influences, because there
was no statistically significant difference between the
MISTRA near-full-sample MZA and DZA correlations
for either the WAIS or the Raven IQ tests. These results
indicate that from a statistical and IQ research stand-
point, the MISTRA findings showed that MZAs’ greater
genetic similarity versus DZAs (100 vs. 50%) did not re-
sult in significant differences between the MZA and DZA
correlations. These results lead to a conclusion that the
study found no evidence that differences in IQ scores
across the studied population are consistent with differ-
ences in genetic factors. Instead, all IQ differences across
the studied population are consistent with differences in
nongenetic factors alone. In behavioral genetic terms, the
study did not find any reliable evidence that IQ is heri-
table.

Nevertheless, Bouchard and colleagues concluded that
“general intelligence or IQ is strongly affected by genetic
factors” (Bouchard et al., 1990a, p. 227). Before examin-
ing additional reasons why this conclusion was wrong, in
the following section I will argue that the MISTRA 1Q
study should be evaluated in the context of problem areas
in the psychological research and publication process that
have come to light in recent years.
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Questionable Research Practices

In a 1998 article, Bouchard recognized that although
the DZA correlation “is reported as a control variable” in
the MISTRA, the study’s full-sample DZA IQ “correla-
tions have not yet been fully analyzed,” because he and his
colleagues were “awaiting completion of the study before
conducting a full analysis” (Bouchard, 1998, p. 262; on
page 263 of this article, Bouchard reported a MISTRA 28-
pair DZA subsample WAIS correlation of 0.47). When
TRA study critic Leon Kamin asked Bouchard in 1997 to
share the MISTRA full-sample IQ correlations, Bouchard
responded, “I can’t pass on the IQ results for our MZA’s
or DZA’s [sic] because I have not published them yet. In-
deed, I have not even calculated them” (Kamin & Gold-
berger, 2002, p. 87; see also Joseph, 2015, chapter 6). Per-
haps these closely guarded “not even calculated” high
DZA group correlations would have enabled Kamin and
others to show that the MISTRA results produced no ev-
idence in support of genetic influences on any of the three
MISTRA IQ measures.

p-Hacking

In his book The Seven Deadly Sins of Psychology: A
Manifesto for Reforming the Culture of Scientific Practice,
cognitive neuroscientist Chris Chambers (2017) de-
scribed several major problem areas in the research/pub-
lication process in psychology and other fields. One of
these is “hidden flexibility,” which refers to researchers’
behind-the-scenes ability to change various aspects of
their study after reviewing their data, but before submit-
ting their paper for publication. Under the long-running
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psychology publication system, undetected “questionable
research practices” appear to be common (John et al,
2012), and the field has been shaken in recent years by
study retractions (for example, the work of the famous
psychologist H.J. Eysenck; O’Grady, 2020), “p-hacking”
(Head etal., 2015), fabricated research (Carey, 2011), and
areplication crisis (Baker, 2015; Open Science Collabora-
tion, 2015). These problems were also discussed at length
by psychologist Stuart Ritchie in his 2020 book Science
Fictions: How Fraud, Bias, Negligence, and Hype Under-
mine the Search for Truth.

Both Chambers and Ritchie called for the establish-
ment of research “pre-registration,” where investigators
would have the option or be required to submit their re-
search rationale, hypotheses, design and analytic strategy,
and planned data collection stop point to a journal for
peer review before collecting and analyzing data (see also
Joseph & Baldwin, 2000).

p-hacking is the practice of consciously or uncon-
sciously manipulating data to produce results that fall
below the 0.05 level of statistical significance. As de-
scribed by Megan Head et al. in 2015, the “widespread”
practice of p-hacking occurs “when researchers collect
or select data or statistical analyses until nonsignificant
results become significant” (Head et al., 2015, p. 1),
which is sometimes achieved by continuing to collect
data past the planned stop point if significant compari-
sons are not found. Another p-hacking method “occurs
when researchers try out several statistical analyses
and/or data eligibility specifications and then selective-
ly report those that produce significant results” (Head
etal., 2015, p. 1).

p-Hacking in the 1990 Science IQ Study

In the area of IQ, the MISTRA researchers appear to
have engaged in p-hacking (a) when they failed to publish
and assess their control group DZA IQ correlations at the
1990 Science study stop point; and (b) when in the same
article they selectively reported a method that produced
statistically significant results, while failing to report the
results of the planned method (MZA-DZA comparison
and/or model fitting) which, the evidence suggests, pro-
duced statistically nonsignificant results.

It is also possible that the MISTRA researchers in-
tended to continue withholding their DZA correlations
from publication or independent review until the sam-
ple became large enough to nudge the MZA-DZA com-
parison under the critical 0.05 level of statistical signif-
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icance. Eight years after the publication of the MISTRA
IQ study, Bouchard (1998) claimed that the MISTRA
full-sample DZA IQ correlations “have not yet been ful-
ly analyzed.” The following year, Segal (1999) wrote
that in this 1998 article, “Bouchard cautioned that the
Minnesota [IQ] data are preliminary and require fur-
ther analysis” (p. 136). Neither Segal nor Bouchard,
however, provided a valid reason why the Minnesota
data were preliminary and required further analysis.
Questionable research practices of this type can occur
when researchers are not required to adhere to a stated
data collection stop point, which would be established
and documented in a pre-registered study. In a different
context, Ritchie (2020) noted that “not setting the sam-
ple size beforehand allows ... researchers to continue
collecting data and testing it, collecting data and testing
it, again and again in an open-ended way until they get
their desired p < 0.05” (p. 134).

>«

Psychology’s “Replication Crisis”

Although undoubtedly many researchers in psychol-
ogy did not engage in such practices, we have seen that
the MISTRA was performed and published in an era in
which many of the research practices leading to psychol-
ogy’s “replication crisis” were common. Publications ap-
pearing in peer-reviewed psychology journals were often
presented as neatly packaged articles, with little prior re-
cord of researchers’ intended methods, assumptions, def-
initions, comparisons, and decision-making processes
(Chambers, 2017; Joseph & Baldwin, 2000).

In a 2015 article published in Science (Open Science
Collaboration, 2015), a research team undertaking a
“large-scale, collaborative effort to obtain an initial esti-
mate of the reproducibility of psychological science” (p.
aac4716-1) found that although 97% of the original psy-
chological studies in their sample had reported statisti-
cally significant results (p < 0.05), only 36% could be in-
dependently replicated at a statistically significant level.
Some reasons for this result, according to the investiga-
tors, included procedures that were used in the MISTRA
IQ study: “Selective reporting, selective analysis, and in-
sufficient specification of the conditions necessary or suf-
ficient to obtain the results” (p. aac4716-1).

Three years earlier, Leslie John et al. (2012) surveyed
over 2,000 psychologists about their involvement in
“questionable research practices” such as failing to report
data, and manipulating data and statistics. A “surprising-
ly high” (p. 530) percentage of anonymous respondents
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admitted to having engaged in such practices. John and
colleagues concluded that “some questionable practices
may constitute the prevailing research norm” in the field
of psychology (p. 524).

In the MISTRA researchers’ defense, many investiga-
tors engaging in what we now call p-hacking practices
may not have seen anything particularly egregious in the
practice, because apparently it was part of the accepted
culture in which they operated. As psychologist Joseph
Simmons et al. (2018) wrote, p-hacking was seen by
many of their colleagues as an offense similar to jaywalk-
ing:

After much discussion, our best guess was that so many pub-

lished findings were false because researchers were conducting

many analyses on the same data set and just reporting those
that were statistically significant, a behavior that we later la-
beled “p-hacking” ... We knew many researchers - including
ourselves — who readily admitted to dropping dependent vari-
ables, conditions, or participants to achieve significance. Every-
one knew it was wrong, but they thought it was wrong the way
it is wrong to jaywalk. (p. 255)

As its name suggests, researchers in the field of behav-
ioral genetics expect to find genetic influences on behav-
ior. The main task, as most see it, is to determine the cor-
rect heritability estimate for the behavioral characteristic
in question. Although in 2016, Plomin and colleagues ar-
gued that the findings supposedly produced by their field
of behavioral genetics “have replicated robustly” (Plomin
et al,, 2016, p. 3), the field may soon be approaching not
areplication crisis, but an assumption crisis (Joseph, 2015,
in press).

A Key MISTRA Assumption Is Not Supported by the
Evidence

We have seen that the 1990 Science study 70% IQ her-
itability estimate was based on the idea that the MZA cor-
relation alone “directly estimates heritability,” given the
MISTRA assumption that “all resemblance between
reared apart relatives is because of genetic factors” (Mc-
Gue & Bouchard, 1989, p. 22). This assumption, however,
overlooks the role of cohort influences as a major envi-
ronmental confound in TRA studies.

Even perfectly separated MZA pairs share many nonfa-
milial environmental influences in common. The cohort ef-
fect concept refers to similarities in age-matched people’s
IQ scores, behavior, preferences, beliefs, physical condition,
and other characteristics that are caused not by heredity,
but by experiencing stages of life at the same time in the
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same historical period and cultural milieu (Elder & Shana-
han, 2006; Elder et al., 2015; Rose, 1982; Schaie, 1965).

Hypothetical MZA pairs separated during the first few
months of life, who never met each other, and who spent
their entire lives not knowing they had a twin, share many
of the 15 prenatal and postnatal nonfamilial behavior-in-
fluencing environmental factors seen in Table 3.

Bouchard and colleagues were the first TRA investiga-
tors to recognize, as Kamin (1974) compelled them to rec-
ognize, that “for most psychological, physiological, and
medical variables there are substantial age and sex effects”
(McGue & Bouchard, 1984, p. 325). They devised a ques-
tionable and complicated statistical procedure, which
used a “twin-based approach” to correct their correla-
tions for these effects (p. 325). Apart from these age and
sex corrections, Bouchard and colleagues assumed that
none of the influences seen in Table 3 increased MZA IQ
correlations for nongenetic reasons.

In order to conclude that above-zero MZA IQ test
score correlations are caused only by genetic influences,
TRA researchers must control for the potential environ-
mental confounds and cohort influences seen in Table 3,
or they must assume that these environmental confounds
and cohort influences do not exist. For the most part, the
MISTRA researchers chose the latter course.

The Environment Is Mostly Genetic

We have seen that after bypassing their model-fitting
procedures and their DZA control group data (Fig. 1),
Bouchard and colleagues based their conclusions about IQ
heritability on the claim that the MZA correlation alone
“directly estimates heritability.” However, they reached
their conclusions only because they decided to count most
environmental influences as genetic influences.

The 1990 Science Article

Bouchard and colleagues wrote in their 1990 Science
article that one of the three “implications” of their ge-
netic “findings,” and of behavioral genetic findings in
general, was that MZA behavioral resemblance caused by
the impact of environmental influences “is counted as a
genetic influence,” because MZA pairs’ “identical ge-
nomes” cause them to create more similar environments
for themselves (pp. 227-228). They continued,
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Table 3. Fifteen nonfamilial environmental influences experienced or potentially experienced by monozygotic twin pairs separated near

birth and first reunited when studied

Nonfamilial environment influence(s)

Reference(s)

1. Prenatal, including prenatal exposure to toxins and other
influences

Grandjean and Landrigan (2014), Knopik et al. (2016), and Séguin
et al. (2003)

2. Perinatal-infancy health care, nutrition, and exposure to
environmental toxins

Lanphear (2015), Liu and Lewis (2014), and Reuben et al. (2017)

3. Birth cohort, same age, which in 1Q terms might create more
similar scores based on the “Flynn effect” and exposure to similar
methods of education

Elder et al. (2015), Flynn (1984, 1999): “Massive 1Q gains over time
revealed that the present generation has a huge IQ advantage
over the previous generation” (p. 5); and Schaie (1965)

4. Selective placement status (adoption)

Kamin (1974) and Richardson and Norgate (2006)

5. Gender cohort (same sex)

Maccoby and Jacklin (1975), Reilly (2012), and Zosuls et al. (2011)

6. Developmental stage, maturational change

Elder et al. (2015) and Schaie (1965)

7. Striking physical resemblance, including facial appearance and
height

Cropanzano and James (1990), Hu et al. (2018), and Zebrowitz and
Montepare (2008)

8. Condition of being an adopted child, with accompanying
potential abandonment, attachment, and mental health issues

Keys et al. (2008) and Newman et al. (2015)

9. National, regional, ethnic, religious, and political culture

Elder et al. (2015) and Wuthnow (2007)

10. Socioeconomic status

Bradley and Corwyn (2002), Jednordég et al. (2012), and Moriguchi
and Shinohara (2019)

11. Oppression, racism, discrimination, or privilege on the basis of
common racial or national background, gender, socioeconomic
status, disabilities, etc.

David and Derthick (2018), Pascoe and Smart Richman (2009), and
Rosenkranz and Edwin (2009)

12. Restricted range of adoptive family environments

Cropanzano and James (1990) and Stoolmiller (1999)

13. Shifting gender roles and increased career opportunities for
women; access to birth control

Eccles (1987) and Welling (2013)

14. Exposure to the mass media, Internet, social media, etc.

Firth et al. (2019) and Huesmann et al. (2003)

15. Diet/nutrition

O’'Neil et al. (2014) and Spencer et al. (2017)

MZA twins are so similar in psychological traits because their
identical genomes make it probable that their effective environ-
ments are similar.... Itisa plausible conjecture that a key mech-
anism by which the genes affect the mind is indirect, and that
genetic differences have an important role in determining the
effective psychological environment of the developing child.

(Bouchard et al., 1990a, pp. 227-228)

The above statement is not an “implication” of the re-
searchers’ findings; rather, it is an assumption upon
which they based their findings.

In the 1990 Science I1Q study, the researchers accepted
as “probably” true the “radical environmentalist” posi-
tion that “the proximal cause of most psychological vari-
ance ... involves learning through experience” (p. 227).
However, using an argument that sociologist Aaron Pan-
ofsky (2014) called “clever intellectual jujitsu” (p. 146),
they transformed these environmental causes into genet-
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ic causes based on their claim that exposure to similar
environments is “guided by the steady pressure of the ge-
nome (a more distal cause)” (Bouchard et al., 1990a, p.
227).

Later Statements by Segal and Bouchard

Segal (2012) restated the MISTRA most-environmen-
tal-causes-are-really-genetic-causes position in Born To-
gether — Reared Apart: “The immediate causes of most
psychological variations are probably environmental in
nature. However, the environments of individuals are sig-
nificantly fashioned by their genotypes that selectively
guide them toward certain people, places, and experienc-
es and away from others” (p. 111). In other words, the
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MISTRA researchers assumed the genetic basis of behav-
ioral differences in the process of testing for it.

In Born Together — Reared Apart, Segal (2012) wrote
that the MISTRA IQ study found that “shared genes,
rather than social contact between family members, ex-
plained the twins’ resemblance in measured intelligence
[IQ]” (p. 109). This finding, however, as Segal wrote in
the same book, was based on a MISTRA assumption that
“shared genes underlie similarity between relatives” (p.
63). The paraphrased MISTRA argument went some-
thing like this: Our findings show that shared genes ex-
plain twins’ resemblance in measured intelligence, based
on our assumption that shared genes explain twins’ re-
semblance in measured intelligence. Indeed, Segal (2012)
defended the study’s conclusions on the basis of this argu-
ment, writing that “Bouchard agreed with our critics that
MZA twins probably do have more similar environments

than DZA twins, but they are environments of the twins’

making” (p. 104, emphasis in original).

Looking back on the MISTRA in 2016, Bouchard reaf-
firmed that he and his colleagues “expected that with regard
to psychological traits, monozygotic twins reared apart
were similar because their effective environments were sim-
ilar. This was because their environments were self-selected
and that selection was guided by their genotype”
(Bouchard, 2016, pp. 73-74). Yet we have seen that in 1990,
Bouchard calculated his 70% IQ heritability estimate “un-
der the assumption of no environmental similarity.”

Gladys and Helen

In his 1976 chapter on intelligence (Bouchard, 1976),
published three years prior to initiating the MISTRA,
Bouchard mentioned Newman and colleagues’ 1937
MZA pair “Gladys and Helen.” Gladys had a Stanford-
Binet IQ score of 92, whereas Helen’s score was 116, a
difference of 24 points (Newman et al., 1937). Bouchard
attributed the differing IQ scores between these geneti-
cally identical sisters to the differing environments expe-
rienced by each twin, with no attempt to claim that these
environmental influences should be counted as genetic
influences. “The twenty-four-point IQ difference,”
Bouchard wrote, “can best be understood as a poor gen-
otype-by-environment fit. Gladys’ genotype probably
would have permitted the development of an IQ of 116,
but it was not allowed to develop because of a less-than-
favorable environment” (Bouchard, 1976, p. 175).
Bouchard, in 1976, recognized that being raised in a “less-
than-favorable” environment - as opposed to a favorable
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one — could lower a person’s expected IQ score by 24
points. For the pre-MISTRA Bouchard, environmental
influences were just that — environmental influences -
and at least in this example, for him they had a powerful
effect on determining a person’s IQ score.

The MISTRA researchers arrived at their conclusion
that IQ is “strongly affected by genetic factors” first by
suppressing their control group results, then by denying
or minimizing the impact of cohort influences and other
environmental factors, followed by counting most of the
environmental influences they did recognize as genetic
influences.

Data Kept Secret

Another issue was the Minnesota researchers’ decision
to deny access to critically minded reviewers seeking to
perform independent inspection and analysis of the MIS-
TRA raw data and the twins’ case histories (Dorfman,
1995). Chambers (2017) referred to this practice as “data
hoarding.” Data sharing, on the other hand, “makes it eas-
ier to detect questionable research practices” (Chambers,
2017, p. 77). Granting access to independent reviewers is
especially important in the MISTRA case because, unlike
other types of human behavioral research, TRA studies
are very difficult to reproduce because reared-apart twin
pairs are extremely rare. Due to changing policies, prac-
tices, and social conditions, most likely it will never again
be possible for anyone to collect large enough MZA and
DZA samples to conduct a new TRA study.

Bouchard once told a journalist that he “wouldn’t let
Leon Kamin anywhere near” the MISTRA raw research
material, although he was available to answer a “legitimate
question” (Wright, 1997, p. 69). Bouchard also turned
down separate requests by psychologist William Tucker
and neuroscientist Steven Rose to review the
MISTRA raw data (Rose, 1997; Tucker, 1997). Segal (2012)
believed that the “burden of proof lies with the critics” to
show that the study contained invalidating biases; “bias
must be demonstrated, not assumed,” she wrote (p. 299).
Critics were placed in a classic “catch-22”-like position be-
cause, if they were known to be inclined to look for bias,
the Minnesota researchers denied them access to the raw
data (Joseph, 2015). At the same time, Bouchard and Segal
granted access to the MISTRA raw data to friends and
“trusted” colleagues (Segal, 2012, p. 184).

Because critically minded scholars were not allowed to
inspect and analyze the MISTRA raw data, including
twins’ unpublished case histories and information on
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their degree of separation, by default and until proven
otherwise we must assume that the MISTRA MZA pairs
were no more “reared apart” than were what Farber called
the partially reared-apart MZA samples found in the
original three TRA studies.

Regardless of their reasons for denying access, when
TRA researchers fail to make their unpublished raw data
and the twins’ life history information available for in-
spection and analysis by qualified independent reviewers,
we must evaluate their findings with extreme caution - or
even reject their findings outright — because these find-
ings are based on virtually unreproducible sample popu-
lations. Transparency is even more imperative when re-
searchers’ conclusions have important educational, social
relations, and political policy implications, and when they
are cited and promoted by far-right white-nationalist po-
litical groups (e.g., Taylor, 1993) in support of these
groups’ agendas and actions (Lerner & Chase, 2020). IQ-
hereditarian research is a frequent topic of online discus-
sions among supporters of such groups (Panofsky et al.,
2021). The MISTRA itself was largely financed by the Pi-
oneer Fund (about 60% or USD 1.42 million, roughly
USD 3.5 million in 2022 US dollars; Bouchard et al,
1990a; Segal, 2012), an organization with a history of pro-
moting racial differences research and eugenics (Joseph,
2015; Lombardo, 2002; Tucker, 2002).

More on Genetic Confirmation Bias

In a footnote in the 2007 Johnson et al. MISTRA pub-
lication on mental abilities, the researchers revealed that
their software program was designed to diminish the sta-
tistical weight given to unexpectedly high DZA group test
score correlations. They could have concluded that no ge-
netic influences were detected, but they instead chose to
assume that these high DZA correlations were the result
of “sampling variability.” Clearly referring to their MZA
and DZA pairs, they wrote,

For four tests, DZ correlations actually exceeded MZ correla-

tions, a situation we attribute to sampling variability. In such

situations, [the] Mx [software program] gives greater weight to
the larger MZ than DZ sample, providing estimates of genetic

influence based primarily on the MZ correlations. (Johnson et
al., 2007, p. 551, footnote 4)

It appears that genetic confirmation bias was built into
the MISTRA computer software program (Joseph, 2015).
Once again, the investigators assumed the operation of
genetic influences in the process of testing for it. When
researchers interpret and define most of what they see as
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being caused by genetics - including what they recognize
as “proximal” environmental influences - conclusions in
favor of genetic causes and moderate-to-high heritability
estimates necessarily will follow.

Bouchard and McGue (2003) stated that “behavior ge-
netic methods are unbiased with regard to whether ge-
netic or environmental sources of variance are more im-
portant” (p. 5). And according to Segal (2012), “the
MISTRA investigators were often accused of looking for
genetic factors, emphasizing the twins’ similarities and
ignoring their differences. This was not the case - we were
interested in results of any kind on any topic that was
studied. We did not decide how the data turned out, the
twins did” (p. 244, emphasis in original). However, “the
twins” did not decide (a) to call partially reared-apart
twins “reared-apart twins,” (b) to base the study’s find-
ings on key assumptions “likely not to hold,” (c) to sup-
press the study’s control group IQ correlations, (d) to
conclude that a significantly above-zero MZA behavioral
correlation can only be caused by genetic factors based on
an assumption stating the very same thing, (e) to largely
ignore the confounding influence of cohort effects and
other nongenetic factors, (f) to count most environmen-
tal influences as genetic influences, and (g) to deny inde-
pendent scholars access to the MISTRA raw data - the
researchers did.

Summary and Conclusions

Apart from the controversies surrounding concepts
such as IQ, general intelligence, heritability, and model
fitting, and the questionable status of the MISTRA pairs
as “reared-apart” twins as well as other TRA study prob-
lems discussed earlier, I have attempted to show that the
1990 Science 1Q study conclusion that “general intelli-
gence or IQ is strongly affected by genetic factors” (70%
heritability) was based on several of the researchers’ key
decisions.

1. As seen in Figure 1, they decided to omit and bypass
their step 2 DZA control group IQ score correlations
and to base their conclusions on the unsupported step
3B assumption that heritability “can be directly esti-
mated from the MZA correlation” alone (Bouchard et
al., 1990a, p. 224).

2. Also seen in Figure 1, they decided to bypass their step
3A model-fitting procedure (which used MZA, DZA,
and other data), even though they used this procedure
in most non-IQ MISTRA publications appearing prior
to the 1990 IQ study (e.g., Tellegen et al., 1988), after
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the IQ study (e.g., DiLalla et al., 1996), and continuing
into the 21st century (e.g., Koenig et al., 2005).

3. They decided to assume that numerous potential non-
familial behavior-shaping influences such as prenatal,
adoptee-placement, cultural, religious, similar physi-
cal appearance, and other cohort influences shared by
MZA pairs either do not exist, or that most should be
counted as genetic influences. (The researchers’ age
and sex effect correlation corrections were their only
attempt to address cohort influences.)

I have suggested that even though Bouchard and col-
leagues began their 1990 Science IQ study with a statement
that “MZA and DZA twin pairs ... provide the simplest
and most powerful method for disentangling the influ-
ence of environmental and genetic factors on human
characteristics,” had they chosen to use this “most power-
ful method” they would have had to conclude that they
found no evidence in favor of IQ heritability. Segal (2012)
described a TRA study process in which intraclass “cor-
relations are calculated separately for MZA and DZA twin
pairs and compared” (p. 59). Yet in the MISTRA IQ study,
MZA and DZA twin correlations were not compared.

In 1980, sociologist Howard Taylor described what he
called “The IQ game,” by which he meant IQ-genetic re-
searchers’” “use of assumptions that are implausible as well
as arbitrary to arrive at some numerical value for the ge-
netic heritability of human IQ scores on the grounds that
no heritability calculations could be made without benefit
of such assumptions” (Taylor, 1980, p. 7). The MISTRA IQ
study can be seen as an exemplar of “IQ game” bad science.

Some people might defend the MISTRA IQ study’s
conclusions on the grounds that, as mentioned in the Sci-
ence article abstract, researchers performing other types
of behavioral genetic studies arrived at similar conclu-
sions. There are at least two ways to counter such a point.
(a) A psychological study, test, or method must stand or
fall on its own logic and soundness, and cannot be vali-
dated by supposed “converging evidence” from other
methods (Lilienfeld et al., 2003). (b) Several authors have
challenged the findings of the other TRA studies (e.g.,
Farber, 1981; Joseph, 2001, 2015; Kamin, 1974; Kamin &
Goldberger, 2002; Lerner, 2018; Lewontin et al., 1984;
Taylor, 1980), “twin method” MZT-DZT comparisons
(e.g., Charney, 2012; Joseph, 2015; Richardson & Nor-
gate, 2005), (nontwin) adoption studies (e.g., Joseph,
2004, 2006; Kamin, 1974; Richardson & Norgate, 2006;
Rutter, 2006; Stoolmiller, 1999), and molecular genetic
“genome-wide association” and “polygenic risk score”
studies (e.g., Baverstock, 2019; Richardson & Jones, 2019).
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Although the MISTRA has thus far avoided serious
mainstream academic scrutiny, such scrutiny is long
overdue. Ritchie (2020) described psychology’s “badly
broken” (p. 6) research/publication system and discussed
studies that “involved a scientific ‘finding’ that, upon
closer scrutiny, turned out to be either less solid than it
seemed, or to be completely untrue” (p. 34). Although
Ritchie excluded behavioral genetic twin and adoption
studies from his analysis, upon closer examination, the
MISTRA IQ study failed to discover evidence that genet-
ic factors influence IQ scores and cognitive ability across
the studied population.
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