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Executive Summary

Social and behavioral scientists are increasingly fre-
quently collaborating with geneticists or adapting 
the methods of genetics research to investigate how 

genomic differences are associated with differences in a 
wide variety of behavioral and social phenotypes. The huge 
and varied range of phenotypes investigated in social and 
behavioral genomics (SBG) research, broadly construed, 
includes smoking and eating behavior, schizophrenia, at-
tention deficit-hyperactivity disorder (ADHD), a sense of 
well-being, introversion, risk-taking preferences, income, 
intelligence, and educational attainment. Researchers 
study these phenotypes because they believe that doing so 
can, among other benefits, contribute to more rigorous 

social (and health) science, which can in turn contribute 
to more just social policies. 

Because, as we detail in part 1, there is such a long his-
tory of attempts to use claims about genetic differences in 
such phenotypes to advance unjust social policies—and 
because of the potential of such claims to undercut efforts 
at creating more just social policies—SBG research can 
be deeply controversial. In this report, we seek to convey 
what our working group, composed both of scientists who 
conduct SBG research and of scholars who think critically 
about it (see boxes 1 and 2), learned from three years of 
wrestling with the historical, social, and scientific facts rel-
evant to the ethics of SBG research. More specifically, we 
seek to articulate where a majority of our working group 
did—and did not—achieve consensus about the issues 
with which we wrestled. 

To understand the risks and potential benefits of SBG 
research in more depth, our group first had to wrestle with 
the scientific question, what can genetics tell us about so-
cial outcomes as complex as, for example, educational 
attainment? Addressing that question required us to put 
SBG research in the context of genetics research more 

generally. It is easy to forget today how significant it was in 
the 1960s and ’70s for psychologists and behavioral geneti-
cists to demonstrate that genetic differences were making a 
difference with respect to complex phenotypes like autism 
and schizophrenia. For the rest of the twentieth century 
and into the second decade of the twenty-first, there were 
concerted efforts to identify which genetic variants were 
making a difference and how they were doing that. Many 
of those efforts at explaining how genetic differences were 
making a phenotypic difference were frustrating to those 
who undertook them. Beginning in the late 2000s, how-
ever, a new tool that is the focus of much of our discus-
sion—polygenic indexes (PGIs)—made it possible at least 
to begin making predictions about future outcomes. 

In parts 2 and 3, we suggest that PGIs might not be as 
useful as some enthusiasts suggest; but neither are they use-
less, as some critics suggest. Consider one of the most pre-
dictive PGIs for a social science phenotype that currently 
exists, which is based on the fourth in a series of studies of 
educational attainment, known as “EA4.” The predictive 
power of the EA4 PGI that is attributable to the causal ef-
fects of genetic variants is only about 5 percent of the total 
variance in observed differences among individuals. And 
so, from one perspective, the EA4 PGI explains relatively 
little about the observed differences among individuals 
that are attributable to causal genetic effects. But from an-

other, equally important perspective, the predictive power 
of PGIs can be comparable to environmental variables like 
family income that researchers commonly use. The pre-
dictive power of the EA4 PGI attributable to associations 
between genetic variants and educational attainment is ap-
proximately 15 percent. This predictive power can be use-
ful, for instance, as a relatively strong control variable for 
social and health scientists. 

To discuss the risks and benefits of SBG research, we 
also had to wrestle with the meaning of a key concept that 
geneticists use, whether they are studying heart disease, 
schizophrenia, or educational attainment: the concept of 
a “population.” More specifically, genetics research usu-
ally entails identifying people who are genetically similar 
to some reference population, such as one described in the 
1000 Genomes Project. Researchers deploy this concept 
to increase the likelihood that, when they detect an asso-
ciation between a genetic variant and the phenotype they 
are investigating, the variant is in fact associated with that 
phenotype, as opposed to being an artifact of factors like 
human migration. 

As is obvious from the fact that geneticists themselves 
have conceived of and labeled the populations they study in 
very different ways over the last seventy years, those group-
ings are not written in nature. Indeed, because there is con-
tinuous variation within and between groups, there are no 
clear breaks between populations. Today, the “populations” 
that result from this practice of including or excluding peo-
ple from a given analysis are often, very imperfectly, called 
“genetic ancestries”—whether they are defined at the con-
tinental level (for example, with “European ancestries,” or 
“EUR”) or more granularly (for example, as “the Finnish,” 
or “FIN”). 

Risks and Benefits of SBG Research

Having clarified to some extent what genetic informa-
tion can—and cannot—teach people about complex 

phenotypes and having clarified what geneticists mean by 
“genetic ancestry,” we intend for the reader of the report to 
be better prepared to discuss the risks and potential ben-
efits of SBG research. In part 4, we catalogue risks of SBG 
research (though not only SBG research) at the individual, 
group, and social levels. These risks include stigmatization, 
discrimination in a range of domains, the reification of race 
and ethnicity as biological concepts, scientifically or ethi-
cally inappropriate applications of SBG research, genetic 
fatalism (the generally inaccurate belief that genetic pre-
dispositions make environmental interventions futile), and 
genetic distractionism (the risk that attention and resources 
devoted to genes and genomic research will displace atten-
tion and resources devoted to more effective environmental 
interventions).
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be better prepared to discuss the risks and potential ben-
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research (though not only SBG research) at the individual, 
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cally inappropriate applications of SBG research, genetic 
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By contrast, in part 5, we recognize several potential 
benefits of SBG research, beyond the intrinsic value of bet-
ter understanding the world and humans’ place in it. At 
a broad level, we note that because genetic (and environ-
mental) factors are important for variation in virtually ev-
ery human phenotype, failing to consider the role of genes 
in some way means that the scientific record on important 
phenomena is likely to be incomplete at best and inaccu-
rate at worst. In particular, potential benefits include bet-
ter understanding environmental causes and the limits of 
genomic influence, improving social science and clinical 
trials by using PGIs as control variables, advancing health 
research, and, through these more direct benefits, indirect-
ly improving policies. 

Distinguishing Justifiable and Unjustifiable SBG 
Research

Our assessment of the risks and potential benefits of 
SBG research leads us to conclude that SBG research 

on a wide range of phenotypes can be worth conducting, 
funding, and publishing. However, we also articulate two 
levels of concern in part 6 (for an overview of the working 
group’s findings, see figure 4, “Responsible Behavior in the 
Context of Sociobehavioral Genomics [SBG] Research,” 
on p. S30). First, we consider SBG research involving “sen-
sitive phenotypes” to be SBG research of heightened concern. 
At a minimum, heightened obligations of responsible con-

duct and communication apply to research of heightened 
concern. 

Although nearly any social or behavioral phenotype has 
some potential to be sensitive, we have more concern about 
studying (and creating PGIs for) some phenotypes than 
others. These include phenotypes that can be viewed in a 
society (rightly or wrongly) as being very consequential to 
social status (for example, obesity, substance-use disorders, 
intelligence-test scores, educational attainment, income, 
and criminalized behaviors), phenotypes that are or have 
historically been part of harmful stereotypes about minori-
tized groups and threaten to reify the biologization of social 
identities (such as financial prowess, academic diligence, 
hysteria, hypersexuality, musical beat synchronization, and 
athleticism), and phenotypes that are central to a minori-
tized group’s identity (such as sexual orientation, sexual be-
havior, and gender identity). Recognizing that sensitivity is 
contingent on time and place and that our working group 
is limited by its United States-based perspective, we rec-
ommend that those assessing SBG research phenotypes do 
their best to attend to current and likely near-term future 
factors affecting the sensitivity of phenotypes.

Second, we consider SBG research of the greatest con-
cern to be research (1) on sensitive phenotypes that (2) 
compares groups defined by (a) race, (b) ethnicity, or (c) 
genetic ancestry, where genetic ancestry could easily be 
misunderstood as race or ethnicity (“group-comparison 
research,” for short). All members of the working group 
have serious doubts about the scientific validity of group-
comparison research today regarding SBG phenotypes. 
Such comparisons would be confounded by different allele 
frequencies and linkage disequilibrium patterns and by the 
different environments in which groups live. By “environ-
ments,” we mean not only the differences of living in, say, 
China and Finland, but also the different sociopolitical 
forces even within a geographic area that shape behavioral 
and social phenotypes. And we all agree that—considering 
the social risks of group-comparison research—scientific 
validity should be an ethical precondition of conducting, 
funding, or publishing it.

However, we disagree both about the likelihood that 
group-comparison research will ever be sufficiently valid 
to yield meaningful results and, if it were, about whether 
scientific validity alone would be enough to justify such 
research ethically. We note that, even as they disagree on 
this point, working-group members nevertheless can and 
do marshal the same commitments to improving human 
welfare and justice to support their positions.

For some members of our working group, scientific 
validity is “compelling justification” enough. Those who 
adopt this perspective have different reasons: Some view 
the pursuit of scientific knowledge as an absolute value. 
Others who take the position that scientific validity is jus-

tification enough do so on pragmatic grounds. In other 
words, although these members are open, in theory, to the 
idea that some social science research is too dangerous to 
justify, they believe that, in practice, it would be difficult or 
impossible fairly and reasonably to draw such lines. They 
further suspect that attempts to set limits on research are 
likely to cause more overall harm than good and that jus-
tice will sometimes be advanced by group-comparison re-
search—for instance, by better understanding how groups 
differ genetically so that environmental interventions can 
be tailored to these differences.

A second group of working-group members, while ac-
knowledging the importance of scientific knowledge and 
freedom, emphasizes that these are not absolute values 
but must be balanced with others, including welfare and 
justice. These members think that, in almost all cases, the 
social risks of the research would outweigh the potential 
benefits and that justice would best be served by abstain-
ing from group-comparison research concerning sensitive 
SBG phenotypes. However, they leave open the possibility 
that, in rare cases, the ethical analysis could turn out differ-
ently. Assuming that a study could meet the precondition 
of yielding scientifically valid conclusions, these members 
would require that the study have a sufficiently favorable 
risk-benefit profile. Given the highly contextual nature 
of research risks and potential benefits, a case-by-case as-
sessment would be required, especially in light of the fact 
that research risk is generally assessed not in isolation but, 
rather, in comparison to existing risks (of stigma and dis-
crimination, for example), which are not static. 

In summary, and as depicted in figure 4, we all agree 
that group-comparison research requires a compelling jus-
tification of the study’s scientific validity. While some of 
us believe that researchers should be free to pursue any sci-
entifically valid research, others of us would additionally 
require a compelling justification of the study’s risk-benefit 
profile. We all recommend that, absent the relevant com-
pelling justification(s)—a criterion that some of us think 
will never be met—researchers not conduct, funders not 
fund, and journals not publish research on sensitive phe-
notypes that compares groups defined by race, ethnicity, 
or genetic ancestry, where genetic ancestry could easily be 
misunderstood as race or ethnicity. 

Responsible Conduct and Communication of SBG 
Research

Although all research, especially with human partici-
pants, should be responsibly conducted and com-

municated, in part 7, we call for special attention to these 
matters in SBG research of heightened concern (see figure 
4). Needless to say, stakeholders involved with any SBG 
research of greatest concern—including funders, journal 

editors and reviewers, and the media—should also adopt 
these practices, as applicable. But because researchers are 
central agents in all aspects of research, we direct our rec-
ommendations to them in the first instance. 

With respect to responsible research conduct, we rec-
ommend that researchers engage people about whom the 
study pertains to (including but not limited to those who 
provide study data); be clear in their own minds about why 
they are using membership in a group or “population” as an 
inclusion or exclusion criterion (or otherwise) in their stud-
ies and make sampling choices that reflect that intention; 
justify how they define and measure the phenotypes under 
study; conduct only adequately powered studies; replicate 
their findings in hold-out samples; whenever possible, con-
duct adequately powered within-family analyses; and work 
with the rest of the research community to ensure that any 
benefits of SBG research and PGIs extend to all.

With respect to responsible communication of SBG re-
search in scientific papers, we recommend that research-
ers, in either the main text or, as necessary, a supplement, 
explicitly describe and justify their methods for defining 
any groups or “populations,” including whether (and if so, 
how) the researchers controlled for confounding variables, 
and explicitly distinguish among race, ethnicity, genetic an-
cestry, and other group or population terms; work toward 
language for describing human populations that reflects 
the continuum of genetic diversity and makes these popu-
lations less easily conflated with race or ethnicity; report 
effect sizes in the abstract and avoid graphs that exaggerate 
them; and embed caveats and context in graphs and tables 
to make it more difficult for them to be misappropriated; 
and develop a salient “key-points” box that conveys how 
the results should—and should not—be interpreted and 
used. 

Finally, scientific results are often communicated in oth-
er ways and to other audiences, including via press releases, 
frequently-asked-questions (FAQs) documents, websites, 
videos, and social media. In whatever form dissemination 
takes, research results should not be hyped, and warnings 
should be included against misinterpretation and misuse 
by other scientists and nonscientists, including the media, 
policy-makers, practitioners, and members of the public. 

As difficult as the problems of science literacy and clear 
communication about complex science are, we end part 
7—and our report—by acknowledging a further problem 
that is at least as difficult: different people can and do bring 
different values to the same set of facts. Therefore, once 
researchers have fulfilled their duty of responsibly conduct-
ing and communicating SBG research, there remain the 
potential harms that do not result from a misrepresenta-
tion, misinterpretation, or misunderstanding of facts but 
from invidious values. 

Box 1. About This Project

This consensus report is the result of three years of 
mutual learning, deliberations, and debates among 

nineteen scholars with very diverse views about social 
and behavioral genomics research. The co-principal in-
vestigators chose to include in this working group both 
scholars who conduct social and behavioral genom-
ics research and those who think critically about such 
research. This disciplinary and perspectival diversity 
made consensus more challenging to achieve—and 
indeed, on some points, consensus turned out to be 
out of reach—but the diversity also helped ensure that 
the considerable consensus that the group did achieve 
reflects a sophisticated, multifaceted understanding of 
both the scientific and ethical issues at stake. 

The project was funded by the Robert Wood 
Johnson Foundation, the Russell Sage Foundation, and 
the JPB Foundation. Additional support comes from 
Open Philanthropy and The Gil Omenn and Martha 
Darling Fund for Trusted and Trustworthy Scientific 
Innovation, a Hastings Center fund. The content is sole-
ly the responsibility of the authors and does not neces-
sarily represent the views of any of the funders.
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By contrast, in part 5, we recognize several potential 
benefits of SBG research, beyond the intrinsic value of bet-
ter understanding the world and humans’ place in it. At 
a broad level, we note that because genetic (and environ-
mental) factors are important for variation in virtually ev-
ery human phenotype, failing to consider the role of genes 
in some way means that the scientific record on important 
phenomena is likely to be incomplete at best and inaccu-
rate at worst. In particular, potential benefits include bet-
ter understanding environmental causes and the limits of 
genomic influence, improving social science and clinical 
trials by using PGIs as control variables, advancing health 
research, and, through these more direct benefits, indirect-
ly improving policies. 

Distinguishing Justifiable and Unjustifiable SBG 
Research

Our assessment of the risks and potential benefits of 
SBG research leads us to conclude that SBG research 

on a wide range of phenotypes can be worth conducting, 
funding, and publishing. However, we also articulate two 
levels of concern in part 6 (for an overview of the working 
group’s findings, see figure 4, “Responsible Behavior in the 
Context of Sociobehavioral Genomics [SBG] Research,” 
on p. S30). First, we consider SBG research involving “sen-
sitive phenotypes” to be SBG research of heightened concern. 
At a minimum, heightened obligations of responsible con-

duct and communication apply to research of heightened 
concern. 

Although nearly any social or behavioral phenotype has 
some potential to be sensitive, we have more concern about 
studying (and creating PGIs for) some phenotypes than 
others. These include phenotypes that can be viewed in a 
society (rightly or wrongly) as being very consequential to 
social status (for example, obesity, substance-use disorders, 
intelligence-test scores, educational attainment, income, 
and criminalized behaviors), phenotypes that are or have 
historically been part of harmful stereotypes about minori-
tized groups and threaten to reify the biologization of social 
identities (such as financial prowess, academic diligence, 
hysteria, hypersexuality, musical beat synchronization, and 
athleticism), and phenotypes that are central to a minori-
tized group’s identity (such as sexual orientation, sexual be-
havior, and gender identity). Recognizing that sensitivity is 
contingent on time and place and that our working group 
is limited by its United States-based perspective, we rec-
ommend that those assessing SBG research phenotypes do 
their best to attend to current and likely near-term future 
factors affecting the sensitivity of phenotypes.

Second, we consider SBG research of the greatest con-
cern to be research (1) on sensitive phenotypes that (2) 
compares groups defined by (a) race, (b) ethnicity, or (c) 
genetic ancestry, where genetic ancestry could easily be 
misunderstood as race or ethnicity (“group-comparison 
research,” for short). All members of the working group 
have serious doubts about the scientific validity of group-
comparison research today regarding SBG phenotypes. 
Such comparisons would be confounded by different allele 
frequencies and linkage disequilibrium patterns and by the 
different environments in which groups live. By “environ-
ments,” we mean not only the differences of living in, say, 
China and Finland, but also the different sociopolitical 
forces even within a geographic area that shape behavioral 
and social phenotypes. And we all agree that—considering 
the social risks of group-comparison research—scientific 
validity should be an ethical precondition of conducting, 
funding, or publishing it.

However, we disagree both about the likelihood that 
group-comparison research will ever be sufficiently valid 
to yield meaningful results and, if it were, about whether 
scientific validity alone would be enough to justify such 
research ethically. We note that, even as they disagree on 
this point, working-group members nevertheless can and 
do marshal the same commitments to improving human 
welfare and justice to support their positions.

For some members of our working group, scientific 
validity is “compelling justification” enough. Those who 
adopt this perspective have different reasons: Some view 
the pursuit of scientific knowledge as an absolute value. 
Others who take the position that scientific validity is jus-

tification enough do so on pragmatic grounds. In other 
words, although these members are open, in theory, to the 
idea that some social science research is too dangerous to 
justify, they believe that, in practice, it would be difficult or 
impossible fairly and reasonably to draw such lines. They 
further suspect that attempts to set limits on research are 
likely to cause more overall harm than good and that jus-
tice will sometimes be advanced by group-comparison re-
search—for instance, by better understanding how groups 
differ genetically so that environmental interventions can 
be tailored to these differences.

A second group of working-group members, while ac-
knowledging the importance of scientific knowledge and 
freedom, emphasizes that these are not absolute values 
but must be balanced with others, including welfare and 
justice. These members think that, in almost all cases, the 
social risks of the research would outweigh the potential 
benefits and that justice would best be served by abstain-
ing from group-comparison research concerning sensitive 
SBG phenotypes. However, they leave open the possibility 
that, in rare cases, the ethical analysis could turn out differ-
ently. Assuming that a study could meet the precondition 
of yielding scientifically valid conclusions, these members 
would require that the study have a sufficiently favorable 
risk-benefit profile. Given the highly contextual nature 
of research risks and potential benefits, a case-by-case as-
sessment would be required, especially in light of the fact 
that research risk is generally assessed not in isolation but, 
rather, in comparison to existing risks (of stigma and dis-
crimination, for example), which are not static. 

In summary, and as depicted in figure 4, we all agree 
that group-comparison research requires a compelling jus-
tification of the study’s scientific validity. While some of 
us believe that researchers should be free to pursue any sci-
entifically valid research, others of us would additionally 
require a compelling justification of the study’s risk-benefit 
profile. We all recommend that, absent the relevant com-
pelling justification(s)—a criterion that some of us think 
will never be met—researchers not conduct, funders not 
fund, and journals not publish research on sensitive phe-
notypes that compares groups defined by race, ethnicity, 
or genetic ancestry, where genetic ancestry could easily be 
misunderstood as race or ethnicity. 

Responsible Conduct and Communication of SBG 
Research

Although all research, especially with human partici-
pants, should be responsibly conducted and com-

municated, in part 7, we call for special attention to these 
matters in SBG research of heightened concern (see figure 
4). Needless to say, stakeholders involved with any SBG 
research of greatest concern—including funders, journal 

editors and reviewers, and the media—should also adopt 
these practices, as applicable. But because researchers are 
central agents in all aspects of research, we direct our rec-
ommendations to them in the first instance. 

With respect to responsible research conduct, we rec-
ommend that researchers engage people about whom the 
study pertains to (including but not limited to those who 
provide study data); be clear in their own minds about why 
they are using membership in a group or “population” as an 
inclusion or exclusion criterion (or otherwise) in their stud-
ies and make sampling choices that reflect that intention; 
justify how they define and measure the phenotypes under 
study; conduct only adequately powered studies; replicate 
their findings in hold-out samples; whenever possible, con-
duct adequately powered within-family analyses; and work 
with the rest of the research community to ensure that any 
benefits of SBG research and PGIs extend to all.

With respect to responsible communication of SBG re-
search in scientific papers, we recommend that research-
ers, in either the main text or, as necessary, a supplement, 
explicitly describe and justify their methods for defining 
any groups or “populations,” including whether (and if so, 
how) the researchers controlled for confounding variables, 
and explicitly distinguish among race, ethnicity, genetic an-
cestry, and other group or population terms; work toward 
language for describing human populations that reflects 
the continuum of genetic diversity and makes these popu-
lations less easily conflated with race or ethnicity; report 
effect sizes in the abstract and avoid graphs that exaggerate 
them; and embed caveats and context in graphs and tables 
to make it more difficult for them to be misappropriated; 
and develop a salient “key-points” box that conveys how 
the results should—and should not—be interpreted and 
used. 

Finally, scientific results are often communicated in oth-
er ways and to other audiences, including via press releases, 
frequently-asked-questions (FAQs) documents, websites, 
videos, and social media. In whatever form dissemination 
takes, research results should not be hyped, and warnings 
should be included against misinterpretation and misuse 
by other scientists and nonscientists, including the media, 
policy-makers, practitioners, and members of the public. 

As difficult as the problems of science literacy and clear 
communication about complex science are, we end part 
7—and our report—by acknowledging a further problem 
that is at least as difficult: different people can and do bring 
different values to the same set of facts. Therefore, once 
researchers have fulfilled their duty of responsibly conduct-
ing and communicating SBG research, there remain the 
potential harms that do not result from a misrepresenta-
tion, misinterpretation, or misunderstanding of facts but 
from invidious values. 

Box 1. About This Project

This consensus report is the result of three years of 
mutual learning, deliberations, and debates among 

nineteen scholars with very diverse views about social 
and behavioral genomics research. The co-principal in-
vestigators chose to include in this working group both 
scholars who conduct social and behavioral genom-
ics research and those who think critically about such 
research. This disciplinary and perspectival diversity 
made consensus more challenging to achieve—and 
indeed, on some points, consensus turned out to be 
out of reach—but the diversity also helped ensure that 
the considerable consensus that the group did achieve 
reflects a sophisticated, multifaceted understanding of 
both the scientific and ethical issues at stake. 

The project was funded by the Robert Wood 
Johnson Foundation, the Russell Sage Foundation, and 
the JPB Foundation. Additional support comes from 
Open Philanthropy and The Gil Omenn and Martha 
Darling Fund for Trusted and Trustworthy Scientific 
Innovation, a Hastings Center fund. The content is sole-
ly the responsibility of the authors and does not neces-
sarily represent the views of any of the funders.
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Introduction to the Working Group and the Aims of This Report

Social and behavioral scientists are increasingly fre-
quently collaborating with geneticists, or adapting the 
methods of genetics research, to investigate how ge-

nomic differences are associated with differences in a wide 
variety of behavioral and social phenotypes. We take social 
and behavioral genomics (SBG) research to include not only 
phenotypes such as sense of well-being, introversion, risk-
taking preferences, income, intelligence, and educational 
attainment, but also what some would consider “clinical 
phenotypes” that include substantial social or behavioral 
components or that are defined via behavioral checklists, 
such as smoking and eating behavior, schizophrenia, and 
ADHD.1 Researchers study these phenotypes because they 
believe that doing so can, among other benefits, contribute 
to more rigorous social (and health) science, which can in 
turn contribute to more just social policies.2 

Given the long history of attempts to use claims about 
genetic differences in such phenotypes to deprive people 
of opportunity, liberty, and even life, some readers’ initial 
impulse might be to say that SBG research should sim-
ply be halted. That response, however, is neither practical 
nor wise. First, practically speaking, such research is al-
ready under way across the globe, using the same DNA 
samples and the same methods—including the one we will 
focus on in this report, the polygenic index (PGI),3 also 
known as a polygenic risk score (PRS) or a polygenic score 
(PGS)4—as those used to conduct medical research. Social 
and behavioral phenotypes such as educational attainment 
and income are among the social “determinants” of health; 
understanding these phenotypes, including whether and 
how genes are associated with or partly influence them, 
may therefore be important to understanding health. 
Moreover, educational attainment, intelligence, and per-
sonality reflect (among other things) brain function and 
have genetic and phenotypic correlations with conditions 
such as schizophrenia, neurocognitive disorders, substance 
use, and eating disorders. It is therefore difficult to draw a 
line between medical and SBG phenotypes. Even if some 
biobanks did draw such a line, others would almost cer-
tainly draw it differently, or not at all, leaving avenues open 
for SBG research. Even if all biobanks prohibited the use 

of their data for studying SBG phenotypes, many of the 
major datasets are already in wide circulation, which means 
that SBG research would be left to those who are least likely 
to responsibly (or even competently) conduct or commu-
nicate the results. Nor would an absolutist position against 
any and all SBG research be wise. In addition to using SBG 
PGIs to better understand and predict various health out-
comes, as previously noted, social scientists use PGIs to 
control for genetic differences in research, and they hope 
that such improved research methods can eventually con-
tribute to creating more effective social programs, at less 
cost and in less time. Because saying no to SBG research, 
even if it were practical, would mean forgoing some po-
tential benefits in the context of medical and social science 
research, we should weigh the potential benefits against the 
risks of particular SBG studies. 

To wrestle with both the risks and the potential ben-
efits of SBG research, the co-principal investigators (co-
PIs) (Erik Parens and Michelle Meyer) formed a working 
group made up of scientists who conduct SBG research 
and scholars who think critically about such research (see 
box 2). The co-PIs had reason to hope that, despite the very 
different disciplinary backgrounds and lived experiences of 
the working-group members, it would be possible to en-
gage in a productive dialogue. That hope was anchored in 
the recognition that all of the working-group members, 
despite their different views about the potential risks and 
benefits of the science, shared at least one fundamental po-
litical view: that our society is afflicted by intolerable dis-
crimination and inequality.

Some people in the working group who are critical of 
this science tend to base their critique on the grounds that 
SBG research could exacerbate those conditions. Some 
people in the working group who tend to be enthusiastic 
about the science are supportive, at least in part, on the 
grounds that the science can be used in efforts to better 

understand and perhaps mitigate those conditions. None 
of us agrees with those who appeal to genetics as a justifica-
tion for the status quo or as an excuse for not intervening 
to mitigate the social injustices that plague our society. We 
might have different intuitions about how much genotype 
matters for things like educational attainment, but we all 
agree that many social structures are, to a huge extent, a 
function of the desire of some to advance their own in-
terests over the interests of others, and that, to the extent 
that genetic luck does exert an effect, its effects are refracted 
through, and contingent upon, those structures.

The discussions of our working group gravitated to-
ward one area of SBG research that has been in the pub-
lic eye: the use of PGIs to study educational attainment, 
where “educational attainment” refers to the number of 
years people go to school. Beyond the gravitational pull 
that educational-attainment research had on our attention, 
there were reasons for us to use it as an example throughout 
our discussions. First, among SBG studies, educational at-
tainment is among the most extensively investigated phe-
notypes. Second, it is among the most fundamental social 
science variables, especially for researchers interested in 
social inequality. Finally, because some of the researchers 
who have led the study of educational attainment are mem-
bers of the working group, those working-group members 
who were not SBG researchers could be helped to acquire 
a solid-enough understanding of the research to be able to 
offer an informed analysis of its potential risks and benefits. 

In this report, we seek to convey what our working 
group learned from our three years of wrestling5 with the 
historical, social, and scientific facts relevant to the eth-
ics of SBG research. More specifically, we seek to articu-
late where a majority of our working group did—and did 
not—achieve consensus about the issues that arise in the 
context of SBG research.

Box 2. The Working Group
Co-principal investigators

• Erik Parens 
   The Hastings Center 
• Michelle N. Meyer 
   Geisinger

Steering committee
• Paul S. Appelbaum 
   Columbia University
• Sandra Soo-Jin Lee 
   Columbia University
• Daphne Oluwaseun Martschenko 
   Stanford University

Additional members of the working group
• Daniel J. Benjamin 
   University of California, Los Angeles
• Shawneequa L. Callier 
   George Washington University
• Nathaniel Comfort 
   Johns Hopkins University
• Dalton Conley 
   Princeton University
• Jeremy Freese 
   Stanford University
• Nanibaa’ A. Garrison 
   University of California, Los Angeles
• Evelynn M. Hammonds 
   Harvard University 
• K. Paige Harden
   University of Texas at Austin
• Alicia R. Martin 
   Harvard University
• Benjamin M. Neale 
   Harvard University
• Rohan H. C. Palmer 
   Emory University 
• James Tabery 
   University of Utah
• Patrick Turley 
   University of Southern California
• Eric Turkheimer 
   University of Virginia

Much as we cannot offer a simple algorithm for weigh-
ing the potential harms and benefits of any given SBG 
protocol, we cannot offer a simple solution to the hard 
problem regarding invidious values. But recognizing why 
and how SBG research raises questions that demand to be 
wrestled with is, we think, in itself an important step in 

the right direction. Meanwhile, we hope that our descrip-
tion of the historic, scientific, and ethical terrain and our 
recommendations for the responsible conduct and com-
munication of SBG research will be useful to others as they 
wrestle with social and behavioral genomics research. 
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Introduction to the Working Group and the Aims of This Report

Social and behavioral scientists are increasingly fre-
quently collaborating with geneticists, or adapting the 
methods of genetics research, to investigate how ge-

nomic differences are associated with differences in a wide 
variety of behavioral and social phenotypes. We take social 
and behavioral genomics (SBG) research to include not only 
phenotypes such as sense of well-being, introversion, risk-
taking preferences, income, intelligence, and educational 
attainment, but also what some would consider “clinical 
phenotypes” that include substantial social or behavioral 
components or that are defined via behavioral checklists, 
such as smoking and eating behavior, schizophrenia, and 
ADHD.1 Researchers study these phenotypes because they 
believe that doing so can, among other benefits, contribute 
to more rigorous social (and health) science, which can in 
turn contribute to more just social policies.2 

Given the long history of attempts to use claims about 
genetic differences in such phenotypes to deprive people 
of opportunity, liberty, and even life, some readers’ initial 
impulse might be to say that SBG research should sim-
ply be halted. That response, however, is neither practical 
nor wise. First, practically speaking, such research is al-
ready under way across the globe, using the same DNA 
samples and the same methods—including the one we will 
focus on in this report, the polygenic index (PGI),3 also 
known as a polygenic risk score (PRS) or a polygenic score 
(PGS)4—as those used to conduct medical research. Social 
and behavioral phenotypes such as educational attainment 
and income are among the social “determinants” of health; 
understanding these phenotypes, including whether and 
how genes are associated with or partly influence them, 
may therefore be important to understanding health. 
Moreover, educational attainment, intelligence, and per-
sonality reflect (among other things) brain function and 
have genetic and phenotypic correlations with conditions 
such as schizophrenia, neurocognitive disorders, substance 
use, and eating disorders. It is therefore difficult to draw a 
line between medical and SBG phenotypes. Even if some 
biobanks did draw such a line, others would almost cer-
tainly draw it differently, or not at all, leaving avenues open 
for SBG research. Even if all biobanks prohibited the use 

of their data for studying SBG phenotypes, many of the 
major datasets are already in wide circulation, which means 
that SBG research would be left to those who are least likely 
to responsibly (or even competently) conduct or commu-
nicate the results. Nor would an absolutist position against 
any and all SBG research be wise. In addition to using SBG 
PGIs to better understand and predict various health out-
comes, as previously noted, social scientists use PGIs to 
control for genetic differences in research, and they hope 
that such improved research methods can eventually con-
tribute to creating more effective social programs, at less 
cost and in less time. Because saying no to SBG research, 
even if it were practical, would mean forgoing some po-
tential benefits in the context of medical and social science 
research, we should weigh the potential benefits against the 
risks of particular SBG studies. 

To wrestle with both the risks and the potential ben-
efits of SBG research, the co-principal investigators (co-
PIs) (Erik Parens and Michelle Meyer) formed a working 
group made up of scientists who conduct SBG research 
and scholars who think critically about such research (see 
box 2). The co-PIs had reason to hope that, despite the very 
different disciplinary backgrounds and lived experiences of 
the working-group members, it would be possible to en-
gage in a productive dialogue. That hope was anchored in 
the recognition that all of the working-group members, 
despite their different views about the potential risks and 
benefits of the science, shared at least one fundamental po-
litical view: that our society is afflicted by intolerable dis-
crimination and inequality.

Some people in the working group who are critical of 
this science tend to base their critique on the grounds that 
SBG research could exacerbate those conditions. Some 
people in the working group who tend to be enthusiastic 
about the science are supportive, at least in part, on the 
grounds that the science can be used in efforts to better 

understand and perhaps mitigate those conditions. None 
of us agrees with those who appeal to genetics as a justifica-
tion for the status quo or as an excuse for not intervening 
to mitigate the social injustices that plague our society. We 
might have different intuitions about how much genotype 
matters for things like educational attainment, but we all 
agree that many social structures are, to a huge extent, a 
function of the desire of some to advance their own in-
terests over the interests of others, and that, to the extent 
that genetic luck does exert an effect, its effects are refracted 
through, and contingent upon, those structures.

The discussions of our working group gravitated to-
ward one area of SBG research that has been in the pub-
lic eye: the use of PGIs to study educational attainment, 
where “educational attainment” refers to the number of 
years people go to school. Beyond the gravitational pull 
that educational-attainment research had on our attention, 
there were reasons for us to use it as an example throughout 
our discussions. First, among SBG studies, educational at-
tainment is among the most extensively investigated phe-
notypes. Second, it is among the most fundamental social 
science variables, especially for researchers interested in 
social inequality. Finally, because some of the researchers 
who have led the study of educational attainment are mem-
bers of the working group, those working-group members 
who were not SBG researchers could be helped to acquire 
a solid-enough understanding of the research to be able to 
offer an informed analysis of its potential risks and benefits. 

In this report, we seek to convey what our working 
group learned from our three years of wrestling5 with the 
historical, social, and scientific facts relevant to the eth-
ics of SBG research. More specifically, we seek to articu-
late where a majority of our working group did—and did 
not—achieve consensus about the issues that arise in the 
context of SBG research.

Box 2. The Working Group
Co-principal investigators

• Erik Parens 
   The Hastings Center 
• Michelle N. Meyer 
   Geisinger

Steering committee
• Paul S. Appelbaum 
   Columbia University
• Sandra Soo-Jin Lee 
   Columbia University
• Daphne Oluwaseun Martschenko 
   Stanford University

Additional members of the working group
• Daniel J. Benjamin 
   University of California, Los Angeles
• Shawneequa L. Callier 
   George Washington University
• Nathaniel Comfort 
   Johns Hopkins University
• Dalton Conley 
   Princeton University
• Jeremy Freese 
   Stanford University
• Nanibaa’ A. Garrison 
   University of California, Los Angeles
• Evelynn M. Hammonds 
   Harvard University 
• K. Paige Harden
   University of Texas at Austin
• Alicia R. Martin 
   Harvard University
• Benjamin M. Neale 
   Harvard University
• Rohan H. C. Palmer 
   Emory University 
• James Tabery 
   University of Utah
• Patrick Turley 
   University of Southern California
• Eric Turkheimer 
   University of Virginia

Much as we cannot offer a simple algorithm for weigh-
ing the potential harms and benefits of any given SBG 
protocol, we cannot offer a simple solution to the hard 
problem regarding invidious values. But recognizing why 
and how SBG research raises questions that demand to be 
wrestled with is, we think, in itself an important step in 

the right direction. Meanwhile, we hope that our descrip-
tion of the historic, scientific, and ethical terrain and our 
recommendations for the responsible conduct and com-
munication of SBG research will be useful to others as they 
wrestle with social and behavioral genomics research. 
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Social risks abound when using genetics to understand human  
behavior. Critical history provides a powerful set of tools to orient us 

and to avoid the social dangers as science navigates  
these shoal waters. 

Francis Galton, nineteenth-century polymath and 
half-cousin of Charles Darwin, sought to weigh and 
separate the effects of nature and nurture on human 

social behavior. Galton, a pioneer of population studies, 
and his students made fundamental contributions to im-
portant concepts in statistics still in wide use today, includ-
ing regression, correlation, standard deviation, and tests of 
statistical significance.6 After the publication in 1859 of 
Darwin’s Origin of Species, Galton became fascinated with 
questions of heredity. He was most drawn to what today 
are called “complex”—that is, caused by multiple genetic 
and nongenetic factors—and continuously varying traits: 
the classic example is physical stature, but he considered 
personality traits such as intelligence, talent, and charac-
ter particularly interesting and socially relevant. He was 
among the first to conceive of teasing apart the effects of 
nature from those of nurture—separating heredity and en-
vironment experimentally (or at least statistically). His con-
cept of the “stirp” or “root” of heredity is the origin of the 
contemporary notion of the germline. Hereditary traits, he 
argued, are passed from one generation of gametes to the 
next. Only the “somatic,” or body, tissues are affected by 
the world outside; characteristics acquired during one’s life 
do not enter the stirp and hence are not passed down.7 

Galton is also known as the “father of eugenics.” Like 
many intellectuals in imperial countries, he feared the 
English were “degenerating” in terms of intelligence, cour-
age, leadership, and strength. But whereas his contemporary, 
Herbert Spencer, favored a laissez-faire approach—elimi-
nating social services, safety nets, welfare, and taxes so that 
the “least fit” would be less likely to survive and reproduce 
(an approach called “social Darwinism”)—Galton devised 
a scheme of incentives to encourage society’s “fittest” to re-
produce more. 

In the mid-nineteenth century, the belief became wide-
spread that the healthiest, strongest, brightest, and most 
successful were reproducing at far lower rates than the fee-
ble, foolish, and immoral. Many social thinkers of the time 
worried that, without intervention, society would degener-
ate into mindless, violent chaos. Galton’s solution to this 
was a voluntary program in which society’s wealthiest and 
most brilliant, distinguished, and moral individuals would 
receive incentives to have more children, while those per-
ceived as “unfit” would be discouraged from reproducing. 
In 1883, he called his scheme “eugenics,” from the Greek 
for “well-born.”8 “What an extraordinary effect might be 
produced on our race, if its object was to unite in mar-
riage those who possessed the best and most suitable na-
tures, mental, moral, and physical!” he exclaimed in 1865. 
“What a galaxy of genius might we not create!”9 

It is common to try to separate Galton’s genuinely pio-
neering scientific” work on statistics and heredity from his 
benighted “political” studies on eugenics. But all of Galton’s 

most important work on populations was intimately tied to 
his ideas about eugenics, and vice versa.10 For example, true 
to the colonial British empire of which he was an avid ex-
ponent, Galton believed that there were natural and fixed 
hierarchies between the people of different nations—such 
as between the British and the people they colonized in 
South Asia and Africa. As a young man, he measured and 
counted his way across southern Africa, cataloguing the 
differences he encountered in height, weight, facial and 
body structure, and so forth. He took it as self-evident that 
the British “race” was more intelligent, industrious, gentle, 
and honorable than any other. He took it for granted that 
an educated British gentleman was the pinnacle of human-
ity, as did nearly every other educated British gentleman of 
the time.11

In 1900, the rediscovery of Gregor Mendel’s breeding 
experiments with garden peas was a huge boon for eugen-
ics. It led quickly to the development of a new science of 
heredity, called “genetics” in 1905 by William Bateson.12 
Whereas Galton had studied complex, continuously vary-
ing traits in panmictic (freely interbreeding) human popu-
lations, Mendel studied binary, yes-or-no traits (wrinkled 
seeds or round, yellow seeds or green, and so forth) un-
der conditions of controlled breeding. The discovery of 
Mendelian analysis, wrote Bateson in 1912, “opens up a 
new world of physiology . . . organisms may be regarded 
as composed to a great extent of separate factors, by virtue 
of which they possess their various characters or attributes. 
These factors are detachable and may be recombined in 
various ways. It thus becomes possible to institute a facto-
rial analysis of an individual.”13 Hence, the idea of pars-
ing a human being into its constituent traits, identifying 
the biological substrates of those traits, and constructing a 
quantitative profile of the individual has roots more than 
a century deep.

Mendelian Eugenics in the Progressive Era 

The one gene–one trait idea held enormous appeal for 
those who wanted to apply hereditary science to hu-

man amelioration. It helped to create a zealous new eugenics 
that found fuel in American nativism and Progressive Era 
reform ideals.14 In 1910, the zoologist Charles Davenport 
launched the first scientific research institute for eugen-
ics, the Eugenics Record Office at Cold Spring Harbor, on 
New York’s Long Island.15 Through the 1910s and early 
1920s, many if not most professional geneticists supported 
eugenics as a practical application of their science, as did 
many political progressives, including Teddy Roosevelt, W. 
E. B. DuBois, and Margaret Sanger.16 Eugenics became a 
fad, with exhibits in museums and at exhibitions and “bet-
ter baby” and “fitter family” contests at state fairs. 

Like Galton’s Victorian eugenicists, the Progressive Era 
eugenicists were interested in a broad range of human 
traits, and their greatest interests, like Galton’s, lay in social 
(or rather, antisocial) behavior and, above all, intelligence. 
The IQ test had just been introduced in the United States 
from France, and eugenicists latched onto it. The psycholo-
gist Henry Herbert Goddard concluded that “feeblemind-
edness,” a broad term that covered all degrees of perceived 
subnormal intelligence, was a “unit character”—Bateson’s 
term for a trait with simple Mendelian inheritance. A fixa-
tion with intelligence, spurred in part by the invention and 
spread of IQ tests, made it easy for eugenicists to convince 
themselves that almost all social problems—which for them 
included criminality, poverty, promiscuity, homosexuality, 
drunkenness, and so forth—stemmed from feebleminded-
ness. A concerted effort to eliminate the “feeblemindedness 
gene,” it seemed, would reduce suffering and improve the 
quality of life across American society.17 No federal eugenic 
sterilization law was ever passed in the United States, but 
the 1927 Supreme Court decision in Buck v. Bell established 
the constitutionality of state eugenics laws.18 By the end of 
the 1930s, well over half of American states had eugenics 
laws on the books. A signal feature of most of them was the 
provision for the sexual sterilization, coercively, if necessary, 
of anyone deemed “unfit.” Tens of thousands were sterilized 
under American eugenic laws.19 In the 1920s and 1930s, 
German and American eugenicists admired one another’s 
“progress” in improving the “racial hygiene” of their respec-
tive populaces. Adolf Hitler claimed to have profited from 
the American eugenics literature, and in 1932, he imple-
mented a national law that set up eugenics courts to de-
termine whether a given person was to be sterilized, while 
the Lebensborn program sought to improve the Aryan germ 
plasm. Nazi activity was the apogee of national eugenic ac-
tivism, although eugenic fervor, in its heyday, was surely as 
high in the United States as in Germany.

Hereditarianism after World War II in the United 
States

It is widely believed that American eugenics ended after 
the Second World War, due to repulsion at Nazi eugen-

ics and the development of “legitimate” medical genet-
ics. However, this is far from true. In North Carolina and 

Virginia, for example, sterilization rates increased in the 
1950s.20 Eugenics in the 1950s was fraught with moral 
weight, but there was scarcely a pioneer of the young sci-
ence of medical genetics who did not believe that eugenics 
would be a good thing, in principle, if a moral way could 
be found to go about it.21 

Further, the control of reproduction is not the only way 
to invoke genetics to justify prejudice or subjugate others. 
In 1969, the psychologist Arthur Jensen argued that com-
pensatory education programs, begun in the mid-sixties to 
redress racial inequalities, had “failed.” Black people, he hy-
pothesized, were genetically deficient in powers of abstract 
reasoning.22 This innately lower ability, Jensen argued, led 
to lower achievement, lower income, and lower overall so-
cial status. Hence, Jensen argued that efforts to improve 
the lot of (disproportionately Black) disadvantaged chil-
dren by treating them as if they were “like” (dispropor-
tionately White) more advantaged children were doomed 
to fail. In the 1970s, the psychologist Richard Herrnstein 
made a similar argument about IQ and social class.23 In 
1994, he and the political scientist Charles Murray pub-
lished The Bell Curve: Intelligence and Class Structure in 
American Life.24 “Bell curve” was an unmistakable refer-
ence to Galton, whose work on complex traits presumed 
a “normal,” bell-shaped distribution. Its infamous chap-
ter 13, while acknowledging that racial IQ gaps were not 
solely caused by genetics and that existing evidence did 
not resolve debates over the respective roles of genes and 
environments, engaged in lengthy arguments suggesting a 
partial genetic cause and did not adequately acknowledge 
the profoundly different environments society has created 
for Black and White individuals. Such academic specula-
tion about a partial genetic cause of racial IQ gaps is used 
today by White supremacists.25  

Hence, social risks abound when using genetics to un-
derstand human behavior—particularly when trying to use 
that knowledge to solve social problems. Critical history 
provides a powerful set of tools to orient us and to avoid 
the social dangers as science navigates these shoal waters. 
Although the authors of this report differ in how skeptical 
or enthusiastic we are about the potential social benefits of 
SBG research, we are unanimous in the view that, as the 
research proceeds, it must be accompanied by continual 

PART 1: HISTORICAL BACKGROUND
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Social risks abound when using genetics to understand human  
behavior. Critical history provides a powerful set of tools to orient us 

and to avoid the social dangers as science navigates  
these shoal waters. 

Francis Galton, nineteenth-century polymath and 
half-cousin of Charles Darwin, sought to weigh and 
separate the effects of nature and nurture on human 

social behavior. Galton, a pioneer of population studies, 
and his students made fundamental contributions to im-
portant concepts in statistics still in wide use today, includ-
ing regression, correlation, standard deviation, and tests of 
statistical significance.6 After the publication in 1859 of 
Darwin’s Origin of Species, Galton became fascinated with 
questions of heredity. He was most drawn to what today 
are called “complex”—that is, caused by multiple genetic 
and nongenetic factors—and continuously varying traits: 
the classic example is physical stature, but he considered 
personality traits such as intelligence, talent, and charac-
ter particularly interesting and socially relevant. He was 
among the first to conceive of teasing apart the effects of 
nature from those of nurture—separating heredity and en-
vironment experimentally (or at least statistically). His con-
cept of the “stirp” or “root” of heredity is the origin of the 
contemporary notion of the germline. Hereditary traits, he 
argued, are passed from one generation of gametes to the 
next. Only the “somatic,” or body, tissues are affected by 
the world outside; characteristics acquired during one’s life 
do not enter the stirp and hence are not passed down.7 

Galton is also known as the “father of eugenics.” Like 
many intellectuals in imperial countries, he feared the 
English were “degenerating” in terms of intelligence, cour-
age, leadership, and strength. But whereas his contemporary, 
Herbert Spencer, favored a laissez-faire approach—elimi-
nating social services, safety nets, welfare, and taxes so that 
the “least fit” would be less likely to survive and reproduce 
(an approach called “social Darwinism”)—Galton devised 
a scheme of incentives to encourage society’s “fittest” to re-
produce more. 

In the mid-nineteenth century, the belief became wide-
spread that the healthiest, strongest, brightest, and most 
successful were reproducing at far lower rates than the fee-
ble, foolish, and immoral. Many social thinkers of the time 
worried that, without intervention, society would degener-
ate into mindless, violent chaos. Galton’s solution to this 
was a voluntary program in which society’s wealthiest and 
most brilliant, distinguished, and moral individuals would 
receive incentives to have more children, while those per-
ceived as “unfit” would be discouraged from reproducing. 
In 1883, he called his scheme “eugenics,” from the Greek 
for “well-born.”8 “What an extraordinary effect might be 
produced on our race, if its object was to unite in mar-
riage those who possessed the best and most suitable na-
tures, mental, moral, and physical!” he exclaimed in 1865. 
“What a galaxy of genius might we not create!”9 

It is common to try to separate Galton’s genuinely pio-
neering scientific” work on statistics and heredity from his 
benighted “political” studies on eugenics. But all of Galton’s 

most important work on populations was intimately tied to 
his ideas about eugenics, and vice versa.10 For example, true 
to the colonial British empire of which he was an avid ex-
ponent, Galton believed that there were natural and fixed 
hierarchies between the people of different nations—such 
as between the British and the people they colonized in 
South Asia and Africa. As a young man, he measured and 
counted his way across southern Africa, cataloguing the 
differences he encountered in height, weight, facial and 
body structure, and so forth. He took it as self-evident that 
the British “race” was more intelligent, industrious, gentle, 
and honorable than any other. He took it for granted that 
an educated British gentleman was the pinnacle of human-
ity, as did nearly every other educated British gentleman of 
the time.11

In 1900, the rediscovery of Gregor Mendel’s breeding 
experiments with garden peas was a huge boon for eugen-
ics. It led quickly to the development of a new science of 
heredity, called “genetics” in 1905 by William Bateson.12 
Whereas Galton had studied complex, continuously vary-
ing traits in panmictic (freely interbreeding) human popu-
lations, Mendel studied binary, yes-or-no traits (wrinkled 
seeds or round, yellow seeds or green, and so forth) un-
der conditions of controlled breeding. The discovery of 
Mendelian analysis, wrote Bateson in 1912, “opens up a 
new world of physiology . . . organisms may be regarded 
as composed to a great extent of separate factors, by virtue 
of which they possess their various characters or attributes. 
These factors are detachable and may be recombined in 
various ways. It thus becomes possible to institute a facto-
rial analysis of an individual.”13 Hence, the idea of pars-
ing a human being into its constituent traits, identifying 
the biological substrates of those traits, and constructing a 
quantitative profile of the individual has roots more than 
a century deep.

Mendelian Eugenics in the Progressive Era 

The one gene–one trait idea held enormous appeal for 
those who wanted to apply hereditary science to hu-

man amelioration. It helped to create a zealous new eugenics 
that found fuel in American nativism and Progressive Era 
reform ideals.14 In 1910, the zoologist Charles Davenport 
launched the first scientific research institute for eugen-
ics, the Eugenics Record Office at Cold Spring Harbor, on 
New York’s Long Island.15 Through the 1910s and early 
1920s, many if not most professional geneticists supported 
eugenics as a practical application of their science, as did 
many political progressives, including Teddy Roosevelt, W. 
E. B. DuBois, and Margaret Sanger.16 Eugenics became a 
fad, with exhibits in museums and at exhibitions and “bet-
ter baby” and “fitter family” contests at state fairs. 

Like Galton’s Victorian eugenicists, the Progressive Era 
eugenicists were interested in a broad range of human 
traits, and their greatest interests, like Galton’s, lay in social 
(or rather, antisocial) behavior and, above all, intelligence. 
The IQ test had just been introduced in the United States 
from France, and eugenicists latched onto it. The psycholo-
gist Henry Herbert Goddard concluded that “feeblemind-
edness,” a broad term that covered all degrees of perceived 
subnormal intelligence, was a “unit character”—Bateson’s 
term for a trait with simple Mendelian inheritance. A fixa-
tion with intelligence, spurred in part by the invention and 
spread of IQ tests, made it easy for eugenicists to convince 
themselves that almost all social problems—which for them 
included criminality, poverty, promiscuity, homosexuality, 
drunkenness, and so forth—stemmed from feebleminded-
ness. A concerted effort to eliminate the “feeblemindedness 
gene,” it seemed, would reduce suffering and improve the 
quality of life across American society.17 No federal eugenic 
sterilization law was ever passed in the United States, but 
the 1927 Supreme Court decision in Buck v. Bell established 
the constitutionality of state eugenics laws.18 By the end of 
the 1930s, well over half of American states had eugenics 
laws on the books. A signal feature of most of them was the 
provision for the sexual sterilization, coercively, if necessary, 
of anyone deemed “unfit.” Tens of thousands were sterilized 
under American eugenic laws.19 In the 1920s and 1930s, 
German and American eugenicists admired one another’s 
“progress” in improving the “racial hygiene” of their respec-
tive populaces. Adolf Hitler claimed to have profited from 
the American eugenics literature, and in 1932, he imple-
mented a national law that set up eugenics courts to de-
termine whether a given person was to be sterilized, while 
the Lebensborn program sought to improve the Aryan germ 
plasm. Nazi activity was the apogee of national eugenic ac-
tivism, although eugenic fervor, in its heyday, was surely as 
high in the United States as in Germany.

Hereditarianism after World War II in the United 
States

It is widely believed that American eugenics ended after 
the Second World War, due to repulsion at Nazi eugen-

ics and the development of “legitimate” medical genet-
ics. However, this is far from true. In North Carolina and 

Virginia, for example, sterilization rates increased in the 
1950s.20 Eugenics in the 1950s was fraught with moral 
weight, but there was scarcely a pioneer of the young sci-
ence of medical genetics who did not believe that eugenics 
would be a good thing, in principle, if a moral way could 
be found to go about it.21 

Further, the control of reproduction is not the only way 
to invoke genetics to justify prejudice or subjugate others. 
In 1969, the psychologist Arthur Jensen argued that com-
pensatory education programs, begun in the mid-sixties to 
redress racial inequalities, had “failed.” Black people, he hy-
pothesized, were genetically deficient in powers of abstract 
reasoning.22 This innately lower ability, Jensen argued, led 
to lower achievement, lower income, and lower overall so-
cial status. Hence, Jensen argued that efforts to improve 
the lot of (disproportionately Black) disadvantaged chil-
dren by treating them as if they were “like” (dispropor-
tionately White) more advantaged children were doomed 
to fail. In the 1970s, the psychologist Richard Herrnstein 
made a similar argument about IQ and social class.23 In 
1994, he and the political scientist Charles Murray pub-
lished The Bell Curve: Intelligence and Class Structure in 
American Life.24 “Bell curve” was an unmistakable refer-
ence to Galton, whose work on complex traits presumed 
a “normal,” bell-shaped distribution. Its infamous chap-
ter 13, while acknowledging that racial IQ gaps were not 
solely caused by genetics and that existing evidence did 
not resolve debates over the respective roles of genes and 
environments, engaged in lengthy arguments suggesting a 
partial genetic cause and did not adequately acknowledge 
the profoundly different environments society has created 
for Black and White individuals. Such academic specula-
tion about a partial genetic cause of racial IQ gaps is used 
today by White supremacists.25  

Hence, social risks abound when using genetics to un-
derstand human behavior—particularly when trying to use 
that knowledge to solve social problems. Critical history 
provides a powerful set of tools to orient us and to avoid 
the social dangers as science navigates these shoal waters. 
Although the authors of this report differ in how skeptical 
or enthusiastic we are about the potential social benefits of 
SBG research, we are unanimous in the view that, as the 
research proceeds, it must be accompanied by continual 

PART 1: HISTORICAL BACKGROUND
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Predictions of social and behavioral outcomes might not be as useful 
as enthusiasts sometimes seem to be suggesting, but neither are they 

as useless as critics sometimes seem to be suggesting. 

In part 3 of this report, we will describe how contem-
porary SBG researchers use PGIs to investigate the 
relationships among genetic variants, environments, 

and phenotypic differences in educational attainment. 
First, though, in this second part of the report, we briefly 
describe the history of scientific efforts over the last half 
century that have led to the creation of PGIs. By the time 
we begin to discuss the potential risks and benefits of us-
ing PGIs to study social outcomes in part 4, we intend to 
have given the reader a sense of what it is—and is not—
reasonable to expect PGIs to reveal about the relationship 
between genetic differences and observed differences with 
respect to any trait, from coronary artery disease to educa-
tional attainment.

To help the reader track this historical description lead-
ing up to the creation of PGIs, we should be explicit about 
a pair of temptations we aim to resist. These temptations 
are common but pull in opposite directions. The first, 
to which enthusiasts of SBG research can succumb, is to 
mistakenly slip from evidence that genes have at least some 
causal effects to the conclusion that there is knowledge 
about which genes have those effects or how those genes 
have an effect. In fact, evidence that genes are making a dif-
ference tells people nothing about the mechanism by which 
genes have that effect. 

The second temptation, to which critics of SBG research 
can succumb, is to suggest that the correlations detected by 
the methods we discuss are of little or even no legitimate 
scientific use or, worse, that they are a kind of pseudosci-
ence. In fact, as we will show, although identifying which 
genetic variants are making a difference with respect to out-
comes does not by itself identify the causal mechanism by 
which they matter, it can contribute to the search for causal 

mechanisms responsible for outcomes, and those correla-
tions can also, even with the causal mechanisms unidenti-
fied, help to make predictions of outcomes. 

In a word, predictions might not be as useful as enthusi-
asts sometimes seem to be suggesting, but neither are they 
as useless as critics sometimes seem to be suggesting. 

Finding That Genetic Differences Are Making 
a Difference with Respect to Phenotypic 
Differences

Given that many of our reflections in this report will 
concern the potential risks that attend SBG research, 

it is important to remember a fundamental benefit that ge-
neticists who study complex phenotypes have offered. (By 
definition, a complex phenotype is one that is influenced 
by many genetic and many nongenetic factors.) That con-
tribution—the discovery that not only environments but 
genetic differences, too, matter for complex phenotypes—
is so fundamental that today it is thought of as common 
sense rather than as a fact established by a line of scientific 
research. 

In 1966, the psychologist Leonard Heston published 
a now-famous article on the role of the environment in 
mental health.27 When Heston published his paper, psy-
choanalysis was in its heyday, and many psychiatrists and 
psychologists believed that conditions such as schizophre-
nia and autism were caused by adverse family environ-
ments—in particular, in the case of autism, by withholding 
and cold “refrigerator” mothers (an idea that, in hindsight, 
was obviously and overtly sexist). Heston was one of many 
who poked holes in that theory. 

In his article, Heston compared two groups of adults 
who had been separated permanently from their moth-
ers at birth. The first group of adults was born to mothers 
who had a diagnosis of schizophrenia. The second (con-
trol) group was born to mothers who did not have a schizo-
phrenia diagnosis. Whereas some of the children born to 
mothers with schizophrenia had themselves developed 
schizophrenia, none of the children born to mothers with-
out schizophrenia had developed it. Heston’s results indi-
cated that what was inherited from the biological mothers 
(and, presumably, fathers) seemed to be part of the expla-
nation for why some people developed schizophrenia and 
others did not. More precisely, there seemed to be a cor-
relation, or an “association,” between genetic differences 
and observed differences. (In this report, we use the terms 
“correlation” and “association” interchangeably.)

Twin studies developed the fundamental idea that there 
is an association between genetic and phenotypic differ-
ences across a huge range of phenotypes. Although twin 
studies were first conducted in the 1920s (with precedents 
even earlier), they blossomed in the 1980s and 1990s. 
Twin studies proceeded from the simple fact (unknown to 
Galton) that, whereas identical twins are essentially 100 
percent genetically similar, fraternal twins are on average 
only 50 percent genetically similar. 

The logic of twin studies is simple. A key assumption 
is that the similarity in rearing environment experienced 
by identical twins is on average the same as the similar-
ity in rearing environment experienced by fraternal twins. 
Under this and several other assumptions, if identical twins 
are more phenotypically similar than fraternal twins, there 
is reason to believe that genetic differences are causally 
related to the phenotypic differences—even though, by 
themselves, traditional twin studies cannot reveal anything 
about the details of how those causes operate. And that is 
what twin studies have shown over and over: genetically 
identical twins are phenotypically more similar (or “con-
cordant”) than are fraternal twins with respect to virtually 
any trait, from cardiovascular disease and diabetes to obe-
sity and religiosity.28 

Over the years, there have been myriad efforts to chal-
lenge the assumptions at work in twin studies and thereby 
their conclusions regarding the effects of genetic differences 
on phenotypic differences.29 But researchers as critical of 
behavioral genetics as Eric Turkheimer (a behavioral ge-

neticist and a coauthor of this report), have concluded that 
those assumptions hold well enough to support the most 
basic inference that behavioral geneticists have made for 
more than half a century: that genetic differences are mak-
ing a difference—to varying extents and contingent upon 
environments—with respect to virtually all observed differ-
ences in behavior.30 In other words, as we discuss further in 
part 3, how strongly (or weakly) genes are associated with 
a given complex phenotype depends on the environment.

The informal phrase “genetic differences are making 
a difference” has been distilled into a scientific concept, 
and ultimately a number, called a “heritability coeffi-
cient.” The concept was invented in a 1918 paper by R. 
A. Fisher, which essentially founded the genetic study of 
complex phenotypes.31 Fisher showed that Mendelian 
genetics could be used to calculate the magnitude of the 
phenotypic correlations that should be expected between 
relatives, depending on the extent to which the phenotypic 
differences are caused by genotypic differences. Twenty 
years later, the plant and animal geneticist Jay Lush named 
one of the quantities derived by Fisher a “heritability coef-
ficient” and showed that it is central for understanding how 
quickly and successfully farmers can select for specific plant 
and animal phenotypes.32 The heritability coefficients es-
timated and used by farmers capture causal relationships 
between genetic variants and phenotypes. However, be-
cause estimating heritability coefficients from twin studies 
and other family studies in humans relies on strong ad-
ditional assumptions, there has been debate about how 
well heritability coefficients estimated in humans capture 
causal associations. Moreover, because there is no ethical 
way to selectively breed or raise human beings under con-
trolled conditions, there has been debate, ever since Lush’s 
work, about the usefulness of heritability coefficients for 
understanding phenotypic differences among human be-
ings.33 Regardless of debates about the assumptions and 
ultimate usefulness of estimating heritability coefficients in 
humans, the finding from twin (and adoption and family) 
studies—that genetic differences are correlated with (and 
might or might not be causing) at least some portion of 
the phenotypic differences—is so basic that Turkheimer 
enshrined it as the “first law of behavioral genetics”: “All 
behavior is heritable.”34 Indeed, he might have called it the 
“first law of genetics,” insofar as virtually all phenotypes are 
heritable, whether they are matters of anthropometry (such 

PART 2: FROM TWIN STUDIES TO POLYGENIC INDEXES (PGIs):  
Seeking to Understand the Relationship between Genetic Differences  

and Phenotypic Differences

reflection and critical discussion to maximize the benefits 
and minimize the risks. 

We wish to be clear that studying the genetic aspects of 
human behavior is not an inherently status quo-justifying 
activity.26 Nor does the desire to understand the genetic 
contribution to behavior entail a belief that genes are what 
matter most. Before we offer our analysis of the potential 
risks and benefits associated with SBG research (in parts 
4 and 5), in the next two parts we will describe, in broad 

strokes, how geneticists and social scientists today go about 
trying to understand the nature of the relationship between 
genes and behavior—and even social outcomes like educa-
tional attainment. This will include a very brief introduc-
tion to twin studies, which do not include analyses at the 
level of DNA, through to genome-wide association studies 
and the creation of PGIs, which do include analyses at the 
level of DNA. 
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Predictions of social and behavioral outcomes might not be as useful 
as enthusiasts sometimes seem to be suggesting, but neither are they 

as useless as critics sometimes seem to be suggesting. 

In part 3 of this report, we will describe how contem-
porary SBG researchers use PGIs to investigate the 
relationships among genetic variants, environments, 

and phenotypic differences in educational attainment. 
First, though, in this second part of the report, we briefly 
describe the history of scientific efforts over the last half 
century that have led to the creation of PGIs. By the time 
we begin to discuss the potential risks and benefits of us-
ing PGIs to study social outcomes in part 4, we intend to 
have given the reader a sense of what it is—and is not—
reasonable to expect PGIs to reveal about the relationship 
between genetic differences and observed differences with 
respect to any trait, from coronary artery disease to educa-
tional attainment.

To help the reader track this historical description lead-
ing up to the creation of PGIs, we should be explicit about 
a pair of temptations we aim to resist. These temptations 
are common but pull in opposite directions. The first, 
to which enthusiasts of SBG research can succumb, is to 
mistakenly slip from evidence that genes have at least some 
causal effects to the conclusion that there is knowledge 
about which genes have those effects or how those genes 
have an effect. In fact, evidence that genes are making a dif-
ference tells people nothing about the mechanism by which 
genes have that effect. 

The second temptation, to which critics of SBG research 
can succumb, is to suggest that the correlations detected by 
the methods we discuss are of little or even no legitimate 
scientific use or, worse, that they are a kind of pseudosci-
ence. In fact, as we will show, although identifying which 
genetic variants are making a difference with respect to out-
comes does not by itself identify the causal mechanism by 
which they matter, it can contribute to the search for causal 

mechanisms responsible for outcomes, and those correla-
tions can also, even with the causal mechanisms unidenti-
fied, help to make predictions of outcomes. 

In a word, predictions might not be as useful as enthusi-
asts sometimes seem to be suggesting, but neither are they 
as useless as critics sometimes seem to be suggesting. 

Finding That Genetic Differences Are Making 
a Difference with Respect to Phenotypic 
Differences

Given that many of our reflections in this report will 
concern the potential risks that attend SBG research, 

it is important to remember a fundamental benefit that ge-
neticists who study complex phenotypes have offered. (By 
definition, a complex phenotype is one that is influenced 
by many genetic and many nongenetic factors.) That con-
tribution—the discovery that not only environments but 
genetic differences, too, matter for complex phenotypes—
is so fundamental that today it is thought of as common 
sense rather than as a fact established by a line of scientific 
research. 

In 1966, the psychologist Leonard Heston published 
a now-famous article on the role of the environment in 
mental health.27 When Heston published his paper, psy-
choanalysis was in its heyday, and many psychiatrists and 
psychologists believed that conditions such as schizophre-
nia and autism were caused by adverse family environ-
ments—in particular, in the case of autism, by withholding 
and cold “refrigerator” mothers (an idea that, in hindsight, 
was obviously and overtly sexist). Heston was one of many 
who poked holes in that theory. 

In his article, Heston compared two groups of adults 
who had been separated permanently from their moth-
ers at birth. The first group of adults was born to mothers 
who had a diagnosis of schizophrenia. The second (con-
trol) group was born to mothers who did not have a schizo-
phrenia diagnosis. Whereas some of the children born to 
mothers with schizophrenia had themselves developed 
schizophrenia, none of the children born to mothers with-
out schizophrenia had developed it. Heston’s results indi-
cated that what was inherited from the biological mothers 
(and, presumably, fathers) seemed to be part of the expla-
nation for why some people developed schizophrenia and 
others did not. More precisely, there seemed to be a cor-
relation, or an “association,” between genetic differences 
and observed differences. (In this report, we use the terms 
“correlation” and “association” interchangeably.)

Twin studies developed the fundamental idea that there 
is an association between genetic and phenotypic differ-
ences across a huge range of phenotypes. Although twin 
studies were first conducted in the 1920s (with precedents 
even earlier), they blossomed in the 1980s and 1990s. 
Twin studies proceeded from the simple fact (unknown to 
Galton) that, whereas identical twins are essentially 100 
percent genetically similar, fraternal twins are on average 
only 50 percent genetically similar. 

The logic of twin studies is simple. A key assumption 
is that the similarity in rearing environment experienced 
by identical twins is on average the same as the similar-
ity in rearing environment experienced by fraternal twins. 
Under this and several other assumptions, if identical twins 
are more phenotypically similar than fraternal twins, there 
is reason to believe that genetic differences are causally 
related to the phenotypic differences—even though, by 
themselves, traditional twin studies cannot reveal anything 
about the details of how those causes operate. And that is 
what twin studies have shown over and over: genetically 
identical twins are phenotypically more similar (or “con-
cordant”) than are fraternal twins with respect to virtually 
any trait, from cardiovascular disease and diabetes to obe-
sity and religiosity.28 

Over the years, there have been myriad efforts to chal-
lenge the assumptions at work in twin studies and thereby 
their conclusions regarding the effects of genetic differences 
on phenotypic differences.29 But researchers as critical of 
behavioral genetics as Eric Turkheimer (a behavioral ge-

neticist and a coauthor of this report), have concluded that 
those assumptions hold well enough to support the most 
basic inference that behavioral geneticists have made for 
more than half a century: that genetic differences are mak-
ing a difference—to varying extents and contingent upon 
environments—with respect to virtually all observed differ-
ences in behavior.30 In other words, as we discuss further in 
part 3, how strongly (or weakly) genes are associated with 
a given complex phenotype depends on the environment.

The informal phrase “genetic differences are making 
a difference” has been distilled into a scientific concept, 
and ultimately a number, called a “heritability coeffi-
cient.” The concept was invented in a 1918 paper by R. 
A. Fisher, which essentially founded the genetic study of 
complex phenotypes.31 Fisher showed that Mendelian 
genetics could be used to calculate the magnitude of the 
phenotypic correlations that should be expected between 
relatives, depending on the extent to which the phenotypic 
differences are caused by genotypic differences. Twenty 
years later, the plant and animal geneticist Jay Lush named 
one of the quantities derived by Fisher a “heritability coef-
ficient” and showed that it is central for understanding how 
quickly and successfully farmers can select for specific plant 
and animal phenotypes.32 The heritability coefficients es-
timated and used by farmers capture causal relationships 
between genetic variants and phenotypes. However, be-
cause estimating heritability coefficients from twin studies 
and other family studies in humans relies on strong ad-
ditional assumptions, there has been debate about how 
well heritability coefficients estimated in humans capture 
causal associations. Moreover, because there is no ethical 
way to selectively breed or raise human beings under con-
trolled conditions, there has been debate, ever since Lush’s 
work, about the usefulness of heritability coefficients for 
understanding phenotypic differences among human be-
ings.33 Regardless of debates about the assumptions and 
ultimate usefulness of estimating heritability coefficients in 
humans, the finding from twin (and adoption and family) 
studies—that genetic differences are correlated with (and 
might or might not be causing) at least some portion of 
the phenotypic differences—is so basic that Turkheimer 
enshrined it as the “first law of behavioral genetics”: “All 
behavior is heritable.”34 Indeed, he might have called it the 
“first law of genetics,” insofar as virtually all phenotypes are 
heritable, whether they are matters of anthropometry (such 

PART 2: FROM TWIN STUDIES TO POLYGENIC INDEXES (PGIs):  
Seeking to Understand the Relationship between Genetic Differences  

and Phenotypic Differences

reflection and critical discussion to maximize the benefits 
and minimize the risks. 

We wish to be clear that studying the genetic aspects of 
human behavior is not an inherently status quo-justifying 
activity.26 Nor does the desire to understand the genetic 
contribution to behavior entail a belief that genes are what 
matter most. Before we offer our analysis of the potential 
risks and benefits associated with SBG research (in parts 
4 and 5), in the next two parts we will describe, in broad 

strokes, how geneticists and social scientists today go about 
trying to understand the nature of the relationship between 
genes and behavior—and even social outcomes like educa-
tional attainment. This will include a very brief introduc-
tion to twin studies, which do not include analyses at the 
level of DNA, through to genome-wide association studies 
and the creation of PGIs, which do include analyses at the 
level of DNA. 
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Some members of our working group are skeptical that GWASs will 
ever yield much knowledge about genetic causal mechanisms for 
behavioral or social phenotypes. Others of us are more optimistic.

as height), physical health (such as coronary artery disease), 
mental health (such as schizophrenia), behavior (such as 
impulsivity), or social experience (such as educational at-
tainment). 

Seeking to Identify Which Genes Are Making a 
Difference 

The twin, adoption, and family studies of the mid- and 
late-twentieth century indicated that genetic differ-

ences somehow were correlated with differences in pheno-
types. Again, however, estimates of heritability coefficients 
by themselves neither rule in nor rule out a causal relation-
ship between genetic and phenotypic differences. Whether 
a given estimate of a heritability coefficient implies causa-
tion depends on the validity of the statistical assumptions 
made in a particular context; other evidence, from experi-
mental work in model organisms, for instance, might also 
be brought to bear. To begin to try to specify which—and 
ultimately how—differences in genomes were responsible 
for the phenotypic variation would require the arrival of 
molecular techniques.

Several developments in the 1990s gave human geneti-
cists reason to be optimistic about the search for the spe-
cific genes responsible for various human traits. First, an 
international team of scientists collaborated on the Human 
Genome Project, which set out to provide a full sequence 
of the human genome. Having that sequence could provide 
a firm foundation for geneticists to determine how many 
genes humans carried, where they were located, and which 
locations were the sites of naturally occurring genetic varia-
tion. Second, medical geneticists managed to successfully 
identify a number of single genes or gene deletions that 
caused rare traits, such as cystic fibrosis, neurofibromatosis, 
and Huntington’s disease.35 

That gave scientists reason to think that more complex 
traits, such as depression and diabetes and maybe even gen-
eral intelligence and criminal behavior, could have equally 
identifiable genetic causes. And, indeed, the 1990s were 
marked by a series of genetic studies hailed in the press 
for finding the “gay gene,”36 the “intelligence gene,”37 and 
the “warrior gene.”38 Some of these putative findings were 
based on “candidate-gene” studies, which often started by 
selecting a gene with a known neurochemical activity hy-
pothesized to be relevant to the trait under scrutiny. For 
example, a gene involved in serotonin regulation, it was 
hypothesized, could account for variation in who develops 
depression, and so geneticists set out to see if people with 
depression were more likely to have a variant of that gene 
in comparison to people without depression. When they 
reported a positive result, the “depression gene” was added 
to the list of exciting findings.39 

By the start of the 2000s, however, it became clear that 
(with some exceptions, including rare forms of common 
diseases like breast cancer and Parkinson’s) many of those 
original positive findings about strong associations between 
single candidate genes and common phenotypes were illu-
sions. The initial findings routinely failed to replicate when 
different teams of scientists went looking for the same as-
sociation.40 What was initially cast as a series of triumphant 
discoveries came to be seen as systemic publication bias that 
favored positive results generated by underpowered studies 
(that is, from samples with too few individuals). As a result, 
another strategy was needed to better understand the rela-
tionship between genetic variants and complex traits, one 
that was not so prone to the methodological errors of the 
candidate-gene approach.

From GWASs to PGIs 

In the 2000s, after the disappointing results of those 
early candidate-gene studies, a new molecular approach 

emerged: the genome-wide association study (GWAS). 
The advent of GWASs relied upon the success of the 
Human Genome Project in sequencing human genomes: 
that is, in specifying the sequence of each of the three bil-
lion nucleotide base pairs—those As, Cs, Ts, and Gs that 
together constitute the chromosomes, which together con-
stitute the human genome. It also relied on the success of 
research that built on the Human Genome Project, most 
notably the HapMap Project, which identified the millions 
of places in the genome where there are “common” variants 
called “single nucleotide polymorphisms” (“SNPs”), which 
are defined as variants appearing in at least 1 percent of the 
world’s population.41 Instead of a C, for example, there is a 
T, or instead of an A there is a G. 

Different from the early candidate-gene studies, which 
proceeded from a hypothesis about an association between 
a single gene and a phenotype or outcome, GWASs did 
not proceed from hypotheses about any given SNP being 
correlated with an observed difference. Indeed, being “hy-
pothesis free” was one of the virtues hailed by scientists who 
used the methodology. It was soon discovered that many 
of the early GWASs,42 involving relatively small samples 
of individuals, turned out to have been too underpowered 
to produce replicable findings.43 But geneticists then be-
gan using much larger sample sizes and were able to detect 
myriad replicable associations between SNPs and observed 
differences. GWASs with several thousand participants 
were augmented with tens of thousands and then hundreds 
of thousands, and those larger samples provided finer reso-
lution to identify smaller effects, which turned out to be 
numerous. This success gave to rise to what Christopher 
Chabris and colleagues called, in 2015, the “Fourth Law 
of Behavior Genetics”: “A typical human behavioral trait is 

associated with very many genetic variants, each of which 
accounts for a very small percentage of the behavioral vari-
ability.”44  

Many researchers believe that GWAS findings can pro-
vide important clues about causal pathways, which subse-
quent work can further investigate. Moreover, GWASs have 
been of enormous value to pharmaceutical companies in 
identifying promising targets for drug development45 and 
repurposing46 and are routinely used to generate hypoth-
eses about causal pathways. There has been some limited 
success in learning about causal pathways from GWASs 
of disease phenotypes. Even fewer insights about causal 
mechanisms have emerged from GWASs of psychiatric 
phenotypes and fewer still from GWASs of nonpsychiatric 
behavioral phenotypes.47 Some members of our working 
group are skeptical that GWASs (even with much improved 
data and methods) will ever yield much knowledge about 
genetic causal mechanisms for behavioral or social pheno-
types. In their view, behavioral and social phenotypes seem 
likely to be too far removed from the biology that is directly 
influenced by genetic variation. Others of us are more op-
timistic, believing that the length of the causal chain varies 
across phenotypes and expecting that, as science advances, 
at least some phenotypes currently understood as “social” 
or “behavioral” (such as schizophrenia or substance abuse) 
may, with greater understanding of their genetic basis, turn 
out to have at least some genetic causal pathways that can 
be well understood.

Quite aside from the question whether GWASs will 
yield insights about genetic causal mechanisms, the 
method by itself permits researchers to identify only cor-
relations between SNPs and phenotypes; GWASs alone do 
not guarantee that the identified SNPs cause the pheno-
type. In most cases, even when SNPs are causally related 
to observed differences, geneticists do not yet understand 
those relationships any better than they did when the twin 
researchers established that genetic differences in general 
matter for phenotypic differences—although researchers 
using GWASs do have a more focused idea about where 
to look in the human genome for such causal information. 

To respond to the fact that GWASs were detecting 
SNPs with small effects that, per the fourth law, could 
each account for only a very small percentage of the ob-
served variation within a population, geneticists undertook 
a new approach that could make use of those SNPs. As 
mentioned above, this new approach, which took off in 

the 2010s, entails the creation of what we are referring to 
as “polygenic indexes” (“PGIs”) and what others have re-
ferred to by other labels, including “polygenic risk scores” 
(“PRSs”) and “polygenic scores” (“PGSs”). 

Although the technological and statistical tools for cre-
ating PGIs are complex, the basic idea is simple. Essentially, 
to create a PGI, researchers assess the magnitude of the cor-
relation between each SNP and the phenotype of interest, 
as detected in a GWAS, and then add up the magnitudes 
associated with each of the SNPs.48 

Correlations, Causal Effects, and Causal 
Mechanisms

Before we turn to discussing PGIs and their potential 
for predicting educational attainment, here we want 

to clarify the language we use in this report to distinguish 
cases in which there can be said to be a causal relationship 
between SNPs and phenotypes from cases in which there 
can be said to be only a correlation between them. Notice, 
however, that there is nothing “mere” about the potential 
use of correlations to make predictions or to hypothesize 
about causes. 

Researchers, including those who work with SNPs, 
sometimes reserve the term “effect” for when they mean 
a causal relationship, but sometimes they offhandedly use 
the term when they really mean a correlational relation-
ship, which is not necessarily causal. To avoid eliding the 
difference between causal relationships and correlations, we 
will reserve the term “causal effect” to refer to causal rela-
tionships, and we will avoid using the term “effect” when 
referring to correlations. 

When we say that a genetic variant has a “causal effect,” 
we are using the term in a way that is standard across the 
sciences. By definition, in a given environment, a genetic 
variant has a causal effect if the phenotype would have been 
different had the genetic variant been different. Since re-
searchers cannot run experiments that compare two human 
individuals who are the same with respect to every genetic 
variant except one, this counterfactual cannot be observed 
for a given individual, and it is thus impossible to know 
the causal effect of a genetic variant on a given individual. 
However, the average causal effect across individuals in a 
population could be estimated by comparing the aver-
age phenotype across two groups of individuals when one 
group randomly inherited the genetic variant and the other 
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Some members of our working group are skeptical that GWASs will 
ever yield much knowledge about genetic causal mechanisms for 
behavioral or social phenotypes. Others of us are more optimistic.

as height), physical health (such as coronary artery disease), 
mental health (such as schizophrenia), behavior (such as 
impulsivity), or social experience (such as educational at-
tainment). 

Seeking to Identify Which Genes Are Making a 
Difference 

The twin, adoption, and family studies of the mid- and 
late-twentieth century indicated that genetic differ-

ences somehow were correlated with differences in pheno-
types. Again, however, estimates of heritability coefficients 
by themselves neither rule in nor rule out a causal relation-
ship between genetic and phenotypic differences. Whether 
a given estimate of a heritability coefficient implies causa-
tion depends on the validity of the statistical assumptions 
made in a particular context; other evidence, from experi-
mental work in model organisms, for instance, might also 
be brought to bear. To begin to try to specify which—and 
ultimately how—differences in genomes were responsible 
for the phenotypic variation would require the arrival of 
molecular techniques.

Several developments in the 1990s gave human geneti-
cists reason to be optimistic about the search for the spe-
cific genes responsible for various human traits. First, an 
international team of scientists collaborated on the Human 
Genome Project, which set out to provide a full sequence 
of the human genome. Having that sequence could provide 
a firm foundation for geneticists to determine how many 
genes humans carried, where they were located, and which 
locations were the sites of naturally occurring genetic varia-
tion. Second, medical geneticists managed to successfully 
identify a number of single genes or gene deletions that 
caused rare traits, such as cystic fibrosis, neurofibromatosis, 
and Huntington’s disease.35 

That gave scientists reason to think that more complex 
traits, such as depression and diabetes and maybe even gen-
eral intelligence and criminal behavior, could have equally 
identifiable genetic causes. And, indeed, the 1990s were 
marked by a series of genetic studies hailed in the press 
for finding the “gay gene,”36 the “intelligence gene,”37 and 
the “warrior gene.”38 Some of these putative findings were 
based on “candidate-gene” studies, which often started by 
selecting a gene with a known neurochemical activity hy-
pothesized to be relevant to the trait under scrutiny. For 
example, a gene involved in serotonin regulation, it was 
hypothesized, could account for variation in who develops 
depression, and so geneticists set out to see if people with 
depression were more likely to have a variant of that gene 
in comparison to people without depression. When they 
reported a positive result, the “depression gene” was added 
to the list of exciting findings.39 

By the start of the 2000s, however, it became clear that 
(with some exceptions, including rare forms of common 
diseases like breast cancer and Parkinson’s) many of those 
original positive findings about strong associations between 
single candidate genes and common phenotypes were illu-
sions. The initial findings routinely failed to replicate when 
different teams of scientists went looking for the same as-
sociation.40 What was initially cast as a series of triumphant 
discoveries came to be seen as systemic publication bias that 
favored positive results generated by underpowered studies 
(that is, from samples with too few individuals). As a result, 
another strategy was needed to better understand the rela-
tionship between genetic variants and complex traits, one 
that was not so prone to the methodological errors of the 
candidate-gene approach.

From GWASs to PGIs 

In the 2000s, after the disappointing results of those 
early candidate-gene studies, a new molecular approach 

emerged: the genome-wide association study (GWAS). 
The advent of GWASs relied upon the success of the 
Human Genome Project in sequencing human genomes: 
that is, in specifying the sequence of each of the three bil-
lion nucleotide base pairs—those As, Cs, Ts, and Gs that 
together constitute the chromosomes, which together con-
stitute the human genome. It also relied on the success of 
research that built on the Human Genome Project, most 
notably the HapMap Project, which identified the millions 
of places in the genome where there are “common” variants 
called “single nucleotide polymorphisms” (“SNPs”), which 
are defined as variants appearing in at least 1 percent of the 
world’s population.41 Instead of a C, for example, there is a 
T, or instead of an A there is a G. 

Different from the early candidate-gene studies, which 
proceeded from a hypothesis about an association between 
a single gene and a phenotype or outcome, GWASs did 
not proceed from hypotheses about any given SNP being 
correlated with an observed difference. Indeed, being “hy-
pothesis free” was one of the virtues hailed by scientists who 
used the methodology. It was soon discovered that many 
of the early GWASs,42 involving relatively small samples 
of individuals, turned out to have been too underpowered 
to produce replicable findings.43 But geneticists then be-
gan using much larger sample sizes and were able to detect 
myriad replicable associations between SNPs and observed 
differences. GWASs with several thousand participants 
were augmented with tens of thousands and then hundreds 
of thousands, and those larger samples provided finer reso-
lution to identify smaller effects, which turned out to be 
numerous. This success gave to rise to what Christopher 
Chabris and colleagues called, in 2015, the “Fourth Law 
of Behavior Genetics”: “A typical human behavioral trait is 

associated with very many genetic variants, each of which 
accounts for a very small percentage of the behavioral vari-
ability.”44  

Many researchers believe that GWAS findings can pro-
vide important clues about causal pathways, which subse-
quent work can further investigate. Moreover, GWASs have 
been of enormous value to pharmaceutical companies in 
identifying promising targets for drug development45 and 
repurposing46 and are routinely used to generate hypoth-
eses about causal pathways. There has been some limited 
success in learning about causal pathways from GWASs 
of disease phenotypes. Even fewer insights about causal 
mechanisms have emerged from GWASs of psychiatric 
phenotypes and fewer still from GWASs of nonpsychiatric 
behavioral phenotypes.47 Some members of our working 
group are skeptical that GWASs (even with much improved 
data and methods) will ever yield much knowledge about 
genetic causal mechanisms for behavioral or social pheno-
types. In their view, behavioral and social phenotypes seem 
likely to be too far removed from the biology that is directly 
influenced by genetic variation. Others of us are more op-
timistic, believing that the length of the causal chain varies 
across phenotypes and expecting that, as science advances, 
at least some phenotypes currently understood as “social” 
or “behavioral” (such as schizophrenia or substance abuse) 
may, with greater understanding of their genetic basis, turn 
out to have at least some genetic causal pathways that can 
be well understood.

Quite aside from the question whether GWASs will 
yield insights about genetic causal mechanisms, the 
method by itself permits researchers to identify only cor-
relations between SNPs and phenotypes; GWASs alone do 
not guarantee that the identified SNPs cause the pheno-
type. In most cases, even when SNPs are causally related 
to observed differences, geneticists do not yet understand 
those relationships any better than they did when the twin 
researchers established that genetic differences in general 
matter for phenotypic differences—although researchers 
using GWASs do have a more focused idea about where 
to look in the human genome for such causal information. 

To respond to the fact that GWASs were detecting 
SNPs with small effects that, per the fourth law, could 
each account for only a very small percentage of the ob-
served variation within a population, geneticists undertook 
a new approach that could make use of those SNPs. As 
mentioned above, this new approach, which took off in 

the 2010s, entails the creation of what we are referring to 
as “polygenic indexes” (“PGIs”) and what others have re-
ferred to by other labels, including “polygenic risk scores” 
(“PRSs”) and “polygenic scores” (“PGSs”). 

Although the technological and statistical tools for cre-
ating PGIs are complex, the basic idea is simple. Essentially, 
to create a PGI, researchers assess the magnitude of the cor-
relation between each SNP and the phenotype of interest, 
as detected in a GWAS, and then add up the magnitudes 
associated with each of the SNPs.48 

Correlations, Causal Effects, and Causal 
Mechanisms

Before we turn to discussing PGIs and their potential 
for predicting educational attainment, here we want 

to clarify the language we use in this report to distinguish 
cases in which there can be said to be a causal relationship 
between SNPs and phenotypes from cases in which there 
can be said to be only a correlation between them. Notice, 
however, that there is nothing “mere” about the potential 
use of correlations to make predictions or to hypothesize 
about causes. 

Researchers, including those who work with SNPs, 
sometimes reserve the term “effect” for when they mean 
a causal relationship, but sometimes they offhandedly use 
the term when they really mean a correlational relation-
ship, which is not necessarily causal. To avoid eliding the 
difference between causal relationships and correlations, we 
will reserve the term “causal effect” to refer to causal rela-
tionships, and we will avoid using the term “effect” when 
referring to correlations. 

When we say that a genetic variant has a “causal effect,” 
we are using the term in a way that is standard across the 
sciences. By definition, in a given environment, a genetic 
variant has a causal effect if the phenotype would have been 
different had the genetic variant been different. Since re-
searchers cannot run experiments that compare two human 
individuals who are the same with respect to every genetic 
variant except one, this counterfactual cannot be observed 
for a given individual, and it is thus impossible to know 
the causal effect of a genetic variant on a given individual. 
However, the average causal effect across individuals in a 
population could be estimated by comparing the aver-
age phenotype across two groups of individuals when one 
group randomly inherited the genetic variant and the other 
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did not. (As we discuss below, within-family, as opposed 
to population, GWASs approximate such a comparison.) 
When we refer to a genetic variant’s causal effect, we are 
referring to this average effect. 

Notice that the definition of a causal effect is complete-
ly silent on the mechanism through which changing the 
genetic variant would have changed the phenotype. In a 
famous example of a causal effect that operates through 
a mechanism that involves genes but is not “genetic” or 
“biological” in the intuitive sense of those terms, consider 
a genetic variant that causes a person’s hair to be red.49 In 
a society in which people with red hair are discriminated 
against, that genetic variant could have a (negative) causal 
effect on many phenotypes, including how much education 
a person gets. In the standard framework used by behavior 
geneticists, this would be counted as a causal effect, even 
though it operates largely through a social or environmen-
tal, rather than biological, mechanism (the redness of the 
hair is biological, while the response is social or environ-
mental). Some causal effects of genetic variants likely oper-
ate through biological mechanisms in the intuitive sense of 
“biological,” but many others, perhaps especially but not 
only for SBG phenotypes, likely operate through environ-
mental mechanisms, much as a causal effect is imagined to 
operate in the red hair example. In other words, environ-
mental mechanisms can be baked into the causal effects of 
genetic variants (and into the causal effects of PGIs that we 
discuss later). 

Population GWASs versus Within-Family GWASs

To appreciate the distinction between what we are re-
ferring to as “causal” and “correlational” relationships 

between SNPs and phenotypes, it is important to recog-
nize the difference between traditional population GWASs, 
which include people who are not members of the same 
families, and within-family GWASs, which include at least 
two members of each family. 

Until recently, most GWASs have included people who 
are not members of the same families and have focused on 
identifying correlations between genetic variants and phe-
notypes. This is to say that, as we mentioned above, these 
studies identify genetic variants that are more common in 
individuals with higher (or lower) values of some pheno-
typic measure. This study design, by its nature, does not 
necessarily identify the genetic variants that cause the phe-
notypic differences, because third factors (including, as we 
will explain below, human migration patterns) could affect 
both the frequency of genetic variants and the phenotype. 
GWAS studies typically use sophisticated approaches to 

try to “control for” such potential confounds, but the con-
founds cannot be entirely ruled out. 

However, as the cost of measuring genetic variation has 
continued to fall, it has become possible to conduct GWAS 
not only on individuals who are not part of the same fami-
lies but also on individuals who are part of the same fam-
ilies.50 Since the parents’ genetic variants can be directly 
identified (or inferred) in these within-family GWASs, it 
is possible to identify genetic variants that are randomly 
inherited by individuals in the same family. Because the ge-
netic variants are effectively randomly assigned, this “natu-
ral experiment” study design holds constant other factors. 
It therefore makes it possible to infer (average) causal ef-
fects of SNPs on the phenotype of interest. 

Parenthetically, some researchers today refer to what 
we are calling “causal effects” by the term “direct effects.” 
We are avoiding the latter term based on our concern 
that it gives the misleading impression that something is 
known about how these SNPs are involved in the emer-
gence of the phenotype—as opposed to having reason to 
believe that these SNPs are involved in likely staggeringly 
complex causal chains that give rise to the phenotype of 
interest. (For example, in the hypothetical example we de-
scribed above, SNPs that cause reduced educational attain-
ment due to their effects on red hair would be described 
as having “direct effects” on educational attainment—even 
though the effects are not at all direct in the usual meaning 
of that word.) Again, knowing that these SNPs are causally 
related is not to know anything about the mechanism that 
explains how genetic variants have the effects they do. That 
is not to minimize the fact that there are researchers today 
who believe that some of the SNPs identified in GWASs 
have led to, and will continue to lead to, insights regarding 
mechanisms.

Although the family samples available for GWASs are 
becoming larger (for example, Laurence J. Howe et al. ana-
lyze approximately 100,000 sibling pairs51), they are still 
much smaller than the population samples available for 
GWASs (for example, the educational attainment study by 
Aysu Okbay et al. that we will discuss in the next section an-
alyzes approximately three million individuals). Moreover, 
for relatively uncommon conditions (such as schizophre-
nia), the family samples available for GWASs remain small. 
Consequently, now and at least for the next few years, the 
causal effects of genetic variants are and will be identified 
much less precisely than the genetic correlations. For this 
reason, the polygenic indexes that we discuss in the next 
section, which are derived from population GWASs, are 
currently based on correlations of genetic variants with the 
phenotype, rather than causal effects. 

PART 3: POLYGENIC INDEXES:  
General Principles and Application to Educational Attainment

As discussed in part 2, for the PGIs that are com-
monly used today, the “effects” of SNPs that are 
added up to create PGIs are statistical correla-

tions—and by themselves prove nothing about causation. 
As we alluded to there, it is equally crucial to notice that, 
although such effects cannot, by themselves, indicate any-
thing about whether or how a given SNP is causally re-
lated to a given phenotype, adding up their (usually) tiny 
weighted correlations can contribute to making predictions 
about the likelihood that someone with a given genomic 
profile will develop or exhibit a phenotype of interest. 

We need to explain here the term from statistics that 
researchers use when they talk about prediction: R2 con-
cerns the proportion of the variation in the dependent (or 
response) variable of a study (such as an outcome of interest 
like a phenotype) that is statistically accounted for by the 
independent variable (such as the weighted sum of SNPs 
captured by a PGI). The value of R2 ranges between 0 and 
1. It is used ubiquitously in the social (and other) sciences 
to indicate, for instance, the percentage of the observed 
variance between adults who do and do not exhibit aggres-
sion that can be predicted (or “explained”) by an abusive 
childhood environment. This kind of predictive power is 
not the kind that crystal balls are said to have: indepen-
dent variables can be better or worse predictors (indeed, 
the R2 indicates how weak or strong the predictive power 
is). Moreover, the prediction is not even necessarily about 
the future; it can be simply about a current state of affairs 
(about an independent sample, for instance). 

In this statistical sense, PGIs, like environmental vari-
ables, can be “predictive.” For medical researchers, PGIs are 
of interest as potentially useful risk indicators in conjunc-
tion with other risk indicators to identify patients for whom 
certain treatments may be more effective or who need more 
preventive care.52 In part 6, we will discuss at greater length 
why some social scientists are interested in PGIs. In this 
section, however, we are seeking to explain what it means 
to speak of a PGI for educational attainment. 

Beyond the fact that, in general, PGIs today are almost 
always based on genetic correlations (rather than known 
causal genetic effects), it is also important to recognize that 
PGIs created by studying one “genetic ancestral popula-
tion” cannot be generalized or applied to another genetic 
ancestral population to make predictions about that popu-
lation.53 Understanding this is important for discussions 
in parts 5 and 6 about the potential risks and benefits of 
creating PGIs. To explain the generalizability or portability 
problem, we need to briefly wade into the complex ques-
tion concerning what geneticists mean when they refer to 

genetic ancestral populations, a concept that can be cor-
related with, but is distinct from and often confused with, 
race or ethnicity.  

Genetic Similarity, Genetic Ancestry, and the 
Problem of Misleading Associations

The scientific term “genetic ancestry” describes how 
genetic variants are passed down through generations 

from ancestors to their offspring (notably, if someone trac-
es their lineage back far enough, they find that they have 
many ancestors from whom they have not inherited any 
chunks of chromosomes). It is meant to reflect how ge-
netically similar individuals within a group are, and how 
genetically dissimilar members of that group are to those 
outside of it, with respect to specific genetic variants, or 
alleles. Genetic ancestry is usually inferred, often based on 
individuals’ having similar allele frequencies and linkage 
disequilibrium patterns compared to some reference popu-
lation, such as the 1000 Genomes populations.54 (Linkage 
disequilibrium is the nonrandom association of alleles at 
different loci in a given population; different evolutionary 
histories produce different patterns of those nonrandom 
associations.55) People who are genetically similar to that 
reference population are grouped together into a popula-
tion, typically called a “genetic ancestry.” Although human 
genetic similarities and dissimilarities are facts of nature, 
populations—including genetic ancestries—also entail 
an element of social construction: although population 
groupings are informed by the statistical aim of balancing 
sample size and power, researchers also choose the reference 
populations based on contemporary geographic classifica-
tions and who can be conveniently sampled, and research-
ers make choices about how similar is “similar enough” to 
comprise a “population.” Indeed, the lack of clear and dis-
tinct breaks between the frequency of the appearance of 
gene variants is at least part of why it has been possible to 
carve up the world’s populations in such radically different 
ways over the last seventy years.56 The population geneticist 
Molly Przeworski, recalling the adage that “[a]n academic 
discipline is a set of individuals who agree not to question 
the same assumption,” has noted that for population genet-
ics, at least, “that assumption is a population.”57

Geneticists ubiquitously group people into relatively ge-
netically similar populations, or genetic ancestries, whether 
they are studying heart disease, schizophrenia, or educa-
tional attainment. They do so, despite the imprecision of 
such grouping, to try to reduce the number of associations 
they might otherwise find (and incorporate into their 

wrestling with SBG report text.indd   14-15wrestling with SBG report text.indd   14-15 4/14/2023   3:16:26 PM4/14/2023   3:16:26 PM

 1552146x, 2023, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hast.1477, W

iley O
nline L

ibrary on [26/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



S14   March-April 2023/HASTINGS CENTER REPORT      S15SPECIAL REPORT: The Ethical Implications of Social and Behavioral Genomics

did not. (As we discuss below, within-family, as opposed 
to population, GWASs approximate such a comparison.) 
When we refer to a genetic variant’s causal effect, we are 
referring to this average effect. 

Notice that the definition of a causal effect is complete-
ly silent on the mechanism through which changing the 
genetic variant would have changed the phenotype. In a 
famous example of a causal effect that operates through 
a mechanism that involves genes but is not “genetic” or 
“biological” in the intuitive sense of those terms, consider 
a genetic variant that causes a person’s hair to be red.49 In 
a society in which people with red hair are discriminated 
against, that genetic variant could have a (negative) causal 
effect on many phenotypes, including how much education 
a person gets. In the standard framework used by behavior 
geneticists, this would be counted as a causal effect, even 
though it operates largely through a social or environmen-
tal, rather than biological, mechanism (the redness of the 
hair is biological, while the response is social or environ-
mental). Some causal effects of genetic variants likely oper-
ate through biological mechanisms in the intuitive sense of 
“biological,” but many others, perhaps especially but not 
only for SBG phenotypes, likely operate through environ-
mental mechanisms, much as a causal effect is imagined to 
operate in the red hair example. In other words, environ-
mental mechanisms can be baked into the causal effects of 
genetic variants (and into the causal effects of PGIs that we 
discuss later). 

Population GWASs versus Within-Family GWASs

To appreciate the distinction between what we are re-
ferring to as “causal” and “correlational” relationships 

between SNPs and phenotypes, it is important to recog-
nize the difference between traditional population GWASs, 
which include people who are not members of the same 
families, and within-family GWASs, which include at least 
two members of each family. 

Until recently, most GWASs have included people who 
are not members of the same families and have focused on 
identifying correlations between genetic variants and phe-
notypes. This is to say that, as we mentioned above, these 
studies identify genetic variants that are more common in 
individuals with higher (or lower) values of some pheno-
typic measure. This study design, by its nature, does not 
necessarily identify the genetic variants that cause the phe-
notypic differences, because third factors (including, as we 
will explain below, human migration patterns) could affect 
both the frequency of genetic variants and the phenotype. 
GWAS studies typically use sophisticated approaches to 

try to “control for” such potential confounds, but the con-
founds cannot be entirely ruled out. 

However, as the cost of measuring genetic variation has 
continued to fall, it has become possible to conduct GWAS 
not only on individuals who are not part of the same fami-
lies but also on individuals who are part of the same fam-
ilies.50 Since the parents’ genetic variants can be directly 
identified (or inferred) in these within-family GWASs, it 
is possible to identify genetic variants that are randomly 
inherited by individuals in the same family. Because the ge-
netic variants are effectively randomly assigned, this “natu-
ral experiment” study design holds constant other factors. 
It therefore makes it possible to infer (average) causal ef-
fects of SNPs on the phenotype of interest. 

Parenthetically, some researchers today refer to what 
we are calling “causal effects” by the term “direct effects.” 
We are avoiding the latter term based on our concern 
that it gives the misleading impression that something is 
known about how these SNPs are involved in the emer-
gence of the phenotype—as opposed to having reason to 
believe that these SNPs are involved in likely staggeringly 
complex causal chains that give rise to the phenotype of 
interest. (For example, in the hypothetical example we de-
scribed above, SNPs that cause reduced educational attain-
ment due to their effects on red hair would be described 
as having “direct effects” on educational attainment—even 
though the effects are not at all direct in the usual meaning 
of that word.) Again, knowing that these SNPs are causally 
related is not to know anything about the mechanism that 
explains how genetic variants have the effects they do. That 
is not to minimize the fact that there are researchers today 
who believe that some of the SNPs identified in GWASs 
have led to, and will continue to lead to, insights regarding 
mechanisms.

Although the family samples available for GWASs are 
becoming larger (for example, Laurence J. Howe et al. ana-
lyze approximately 100,000 sibling pairs51), they are still 
much smaller than the population samples available for 
GWASs (for example, the educational attainment study by 
Aysu Okbay et al. that we will discuss in the next section an-
alyzes approximately three million individuals). Moreover, 
for relatively uncommon conditions (such as schizophre-
nia), the family samples available for GWASs remain small. 
Consequently, now and at least for the next few years, the 
causal effects of genetic variants are and will be identified 
much less precisely than the genetic correlations. For this 
reason, the polygenic indexes that we discuss in the next 
section, which are derived from population GWASs, are 
currently based on correlations of genetic variants with the 
phenotype, rather than causal effects. 

PART 3: POLYGENIC INDEXES:  
General Principles and Application to Educational Attainment

As discussed in part 2, for the PGIs that are com-
monly used today, the “effects” of SNPs that are 
added up to create PGIs are statistical correla-

tions—and by themselves prove nothing about causation. 
As we alluded to there, it is equally crucial to notice that, 
although such effects cannot, by themselves, indicate any-
thing about whether or how a given SNP is causally re-
lated to a given phenotype, adding up their (usually) tiny 
weighted correlations can contribute to making predictions 
about the likelihood that someone with a given genomic 
profile will develop or exhibit a phenotype of interest. 

We need to explain here the term from statistics that 
researchers use when they talk about prediction: R2 con-
cerns the proportion of the variation in the dependent (or 
response) variable of a study (such as an outcome of interest 
like a phenotype) that is statistically accounted for by the 
independent variable (such as the weighted sum of SNPs 
captured by a PGI). The value of R2 ranges between 0 and 
1. It is used ubiquitously in the social (and other) sciences 
to indicate, for instance, the percentage of the observed 
variance between adults who do and do not exhibit aggres-
sion that can be predicted (or “explained”) by an abusive 
childhood environment. This kind of predictive power is 
not the kind that crystal balls are said to have: indepen-
dent variables can be better or worse predictors (indeed, 
the R2 indicates how weak or strong the predictive power 
is). Moreover, the prediction is not even necessarily about 
the future; it can be simply about a current state of affairs 
(about an independent sample, for instance). 

In this statistical sense, PGIs, like environmental vari-
ables, can be “predictive.” For medical researchers, PGIs are 
of interest as potentially useful risk indicators in conjunc-
tion with other risk indicators to identify patients for whom 
certain treatments may be more effective or who need more 
preventive care.52 In part 6, we will discuss at greater length 
why some social scientists are interested in PGIs. In this 
section, however, we are seeking to explain what it means 
to speak of a PGI for educational attainment. 

Beyond the fact that, in general, PGIs today are almost 
always based on genetic correlations (rather than known 
causal genetic effects), it is also important to recognize that 
PGIs created by studying one “genetic ancestral popula-
tion” cannot be generalized or applied to another genetic 
ancestral population to make predictions about that popu-
lation.53 Understanding this is important for discussions 
in parts 5 and 6 about the potential risks and benefits of 
creating PGIs. To explain the generalizability or portability 
problem, we need to briefly wade into the complex ques-
tion concerning what geneticists mean when they refer to 

genetic ancestral populations, a concept that can be cor-
related with, but is distinct from and often confused with, 
race or ethnicity.  

Genetic Similarity, Genetic Ancestry, and the 
Problem of Misleading Associations

The scientific term “genetic ancestry” describes how 
genetic variants are passed down through generations 

from ancestors to their offspring (notably, if someone trac-
es their lineage back far enough, they find that they have 
many ancestors from whom they have not inherited any 
chunks of chromosomes). It is meant to reflect how ge-
netically similar individuals within a group are, and how 
genetically dissimilar members of that group are to those 
outside of it, with respect to specific genetic variants, or 
alleles. Genetic ancestry is usually inferred, often based on 
individuals’ having similar allele frequencies and linkage 
disequilibrium patterns compared to some reference popu-
lation, such as the 1000 Genomes populations.54 (Linkage 
disequilibrium is the nonrandom association of alleles at 
different loci in a given population; different evolutionary 
histories produce different patterns of those nonrandom 
associations.55) People who are genetically similar to that 
reference population are grouped together into a popula-
tion, typically called a “genetic ancestry.” Although human 
genetic similarities and dissimilarities are facts of nature, 
populations—including genetic ancestries—also entail 
an element of social construction: although population 
groupings are informed by the statistical aim of balancing 
sample size and power, researchers also choose the reference 
populations based on contemporary geographic classifica-
tions and who can be conveniently sampled, and research-
ers make choices about how similar is “similar enough” to 
comprise a “population.” Indeed, the lack of clear and dis-
tinct breaks between the frequency of the appearance of 
gene variants is at least part of why it has been possible to 
carve up the world’s populations in such radically different 
ways over the last seventy years.56 The population geneticist 
Molly Przeworski, recalling the adage that “[a]n academic 
discipline is a set of individuals who agree not to question 
the same assumption,” has noted that for population genet-
ics, at least, “that assumption is a population.”57

Geneticists ubiquitously group people into relatively ge-
netically similar populations, or genetic ancestries, whether 
they are studying heart disease, schizophrenia, or educa-
tional attainment. They do so, despite the imprecision of 
such grouping, to try to reduce the number of associations 
they might otherwise find (and incorporate into their 
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in poverty or in privilege, going to poorly or well-resourced 
schools, and being able or unable to stay in school when 
a family crisis arises. Equally obviously, success in school 
is correlated with a large range of abilities—including the 
ability to sit still and focus, to tolerate frustration, and to 
be agreeable with peers and teachers—that are also influ-
enced by both genetic factors and nongenetic factors (and 
their interactions). As we noted in part 2, the strength of 
an association between particular genetic variants and a 
complex phenotype—and hence the extent of a PGI’s pre-
dictive power—depends on these and other environmen-
tal factors. For instance, some genetic variants are likely 
associated with educational attainment due to their as-
sociation with numerous individual and societal factors, 
from personality traits to education laws. Changes to any 
of those pathways—changes in the length of compulsory 
school, for example, or a pedagogical shift from didactic to 
experiential learning that is more suited to some personal-
ity types—may affect which genetic variants are associated 
with how much education someone receives, the effect size 
of each variant, and the overall heritability of a complex 
phenotype like educational attainment.

Finally, although we are emphasizing that educational 
attainment reflects myriad social and emotional skills and 
is not at all identical to intelligence, it is correlated with 
it. By the term “intelligence”—or “general intelligence” or 
“cognitive ability”—psychologists refer specifically to the 
ability “to reason, plan, solve problems, think abstractly, 
comprehend complex ideas, learn quickly and learn from 
experience.”67 With that term they are not referring to many 
other abilities that are valued in our society, including what 
some call “interpersonal intelligence” or “emotional intel-
ligence.”68 Nor should it need to be said that being high in 
“general intelligence” is very different from being thought-
ful, empathic, or wise. Nor does being high in intelligence 
have anything to do with the fundamental assumption that 
all human beings have equal moral worth. According to a 
comprehensive review of the literature, by scholars fiercely 
critical of putting the genetics of intelligence to regressive 
political purposes, general intelligence is one of the most 
valid and reliable constructs that psychologists use69—that 
is, they can say what “it” is with more clarity and can mea-
sure it more accurately than they can define or measure 
virtually any other trait they study, from emotional intel-
ligence to extroversion. Thus, in contrast to those who 
would seek to resist regressive political actors by disputing 

the validity of the intelligence construct, we seek to resist 
regressive political actors by pointing out the unscientific 
and unethical ways in which they deploy that construct. 

So, again, the most predictive PGIs that have been con-
structed thus far pertain to educational attainment, which 
is correlated with, but distinct from, intelligence. Before 
we say what the PGIs for educational attainment have 
shown, we should reiterate that these PGIs have been cre-
ated by analyzing the DNA of people of European genetic 
ancestries—and therefore would, per above, have substan-
tially reduced predictive power to explain variation among 
people of other genetic ancestries. At least for today, PGIs 
created in one genetic ancestral group cannot be used to 
make scientifically valid comparisons between that group 
and another one. 

Considering Educational Attainment PGIs from 
Two Different Perspectives 

With all the preceding caveats in mind, it can be use-
ful to consider, from at least two perspectives, the 

most recent of the four major educational attainment 
GWASs from which PGIs were created.70 We will refer to 
this fourth educational attainment study as “EA4.” Figure 
1 provides a highly simplified way of thinking about what 
EA4 did and did not detect about the relationship between 
genetic differences and educational attainment. 

Suppose geneticists could identify all the genetic vari-
ants (common SNPs, rare SNPs, copy number variants, 
and so on) that have causal effects on educational attain-
ment and could know their effect sizes with full accuracy. 
Then twin studies predict that, taken together, these ge-
netic variants would have an R2 of approximately .40, on 
average, across populations.71 (Here and below, in our dis-
cussion of twin heritability, “correlational SNP heritabil-
ity,” and “causal-effect heritability,” we are offering specific 
numbers, rounded to increments of .05. Also, to avoid ad-
ditional complexity in the exposition, we are ignoring ad-
justments for factors such as assortative mating, gene-gene 
interactions, and gene-environment correlation (includ-
ing “genetic nurture”72) that would affect these numbers.) 
Another way of saying that twin studies predict an R2 of 
.40 is to say that the causal effects of these genetic variants 
would account for approximately 40 percent of the total 
variation in educational attainment among individuals 
within a population. (The remainder—approximately 60 

GWASs and PGIs) that are misleading with respect to the 
trait they are studying. 

This potential risk of detecting misleading associations 
when studying people with relatively different allele fre-
quencies and linkage disequilibrium patterns results from 
the fact that genetic variants can appear with different 
frequencies in groups of people who have been separated 
by time and geographical barriers. That is, allele frequen-
cies can change over time due to the random process of 
genetic drift that occurs when genes are passed from one 
generation to the next.58 (Natural selection, too, could 
play a substantial role in linkage disequilibrium and, for 
less polygenic phenotypes, allele frequency differences. The 
evidence to date, however, suggests that natural selection 
plays a limited role for the polygenic phenotypes that re-
searchers have studied.59) When groups are geographically 
or socially separated with limited opportunities for gene 
flow, these chance changes in allele frequencies are not 
shared, and more distinct variations in allele frequencies 
between groups emerge over time. Of course, such groups 
may also differ in terms of their environments or cultures. 
So, if geneticists do not control for these differences, such 
as by excluding relatively genetically dissimilar participants 
from their samples, they are at risk of identifying associa-
tions between genetic variants (whose allele frequencies 
randomly drifted apart) and complex traits that are actually 
due to environmental or cultural differences. In more tech-
nical terms, they are at risk of being misled by the fact of 
“population stratification.” That is, if they do not control 
for population stratification, they are at risk of detecting 
SNPs that are systematically associated with a given popu-
lation, but not with the trait within a population.60

Today, as we have said, the “populations” that result 
from this sample inclusion-and-exclusion practice are of-
ten called “genetic ancestries.”61 As others have noted,62 
continental-level genetic ancestry, especially, is imperfect 
as a proxy for genetic similarity. It is also problematic be-
cause these populations do not reliably map onto, yet they 
are easily and erroneously conflated with, social groupings 
such as race and ethnicity. We call on the genomics com-
munity to continue to work toward better human-popula-
tion descriptors.

The Need to Specify Genetic Populations Cuts in 
Two Ethical Directions

We should note that this need to specify the genetic an-
cestral population under study when creating a PGI 

can both produce and allay ethical concerns. On the one 
hand, to the extent that PGIs are population-specific and 
not portable from one genetic ancestral group to another, 
the creation of PGIs creates the ethical concern that any 
benefits of such research will not be equitably distributed 

among all people. This concern arises because creating PGIs 
depends upon analyzing DNA samples from biobanks, and 
the largest biobanks today include overrepresentation of 
people of “European genetic ancestry”—or, more precisely, 
“European genetic ancestries.”63 This means, as those who 
are hopeful about the future of precision medicine point 
out, that if benefits accrue from PGIs, those benefits will 
disproportionately benefit such people.64 That is why there 
are such strong calls to develop repositories with more di-
verse and more representative DNA samples.65 

On the other hand, the fact that PGIs are not portable 
or generalizable can be of some help in allaying the ethical 
concern that PGIs will be used for the sake of trying to cre-
ate invidious comparisons between some groups. At least 
today, absent strong (and extremely difficult-to-test) as-
sumptions, it is simply not scientifically legitimate to take a 
PGI created by studying members of one genetic ancestral 
group and use it to make a comparison between that group 
and a different genetic ancestral group. (We will return to 
this crucial issue in part 6.)

And, despite any solace one might find in the scientific 
illegitimacy of using PGIs to compare groups, it remains 
true that the creation of PGIs for complex traits that are as 
valorized as educational attainment raises concerns based 
on the history recounted in part 1 of this report. Thus, 
in the next section, we will take a closer look at research 
into PGIs for educational attainment, which does not en-
tail comparisons between genetic ancestral groups but does 
entail comparisons of individuals within a continental-level 
genetic ancestry group.

PGIs for Educational Attainment

Of the PGIs that are available today for anthropometric, 
medical, behavioral, and social traits, one of the most 

predictive (one having the highest R2) is that for education-
al attainment.66 The main reason the PGI for educational 
attainment—typically measured as the number of years of 
school someone has completed—is among the most pre-
dictive PGIs created so far is that the GWASs of educa-
tional attainment have had among the largest sample sizes 
to analyze. The simple reason for those large sample sizes 
is that the people who contribute their DNA samples to 
biobanks are far more likely to include information about 
how many years they went to school than they are to con-
tribute information about virtually any other phenotype. 
Moreover, education is strongly correlated with many other 
phenotypes that are of interest to a wide range of research-
ers, and therefore information about it is ubiquitously col-
lected in research, including biobank studies. 

Obviously, in the contemporary United States (and in 
most societies), educational attainment is associated with a 
huge range of environmental differences, including living 

For the PGIs that are commonly used today, the “effects” of SNPs 
that are added up to create PGIs are statistical correlations—and by 

themselves prove nothing about causation. 
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in poverty or in privilege, going to poorly or well-resourced 
schools, and being able or unable to stay in school when 
a family crisis arises. Equally obviously, success in school 
is correlated with a large range of abilities—including the 
ability to sit still and focus, to tolerate frustration, and to 
be agreeable with peers and teachers—that are also influ-
enced by both genetic factors and nongenetic factors (and 
their interactions). As we noted in part 2, the strength of 
an association between particular genetic variants and a 
complex phenotype—and hence the extent of a PGI’s pre-
dictive power—depends on these and other environmen-
tal factors. For instance, some genetic variants are likely 
associated with educational attainment due to their as-
sociation with numerous individual and societal factors, 
from personality traits to education laws. Changes to any 
of those pathways—changes in the length of compulsory 
school, for example, or a pedagogical shift from didactic to 
experiential learning that is more suited to some personal-
ity types—may affect which genetic variants are associated 
with how much education someone receives, the effect size 
of each variant, and the overall heritability of a complex 
phenotype like educational attainment.

Finally, although we are emphasizing that educational 
attainment reflects myriad social and emotional skills and 
is not at all identical to intelligence, it is correlated with 
it. By the term “intelligence”—or “general intelligence” or 
“cognitive ability”—psychologists refer specifically to the 
ability “to reason, plan, solve problems, think abstractly, 
comprehend complex ideas, learn quickly and learn from 
experience.”67 With that term they are not referring to many 
other abilities that are valued in our society, including what 
some call “interpersonal intelligence” or “emotional intel-
ligence.”68 Nor should it need to be said that being high in 
“general intelligence” is very different from being thought-
ful, empathic, or wise. Nor does being high in intelligence 
have anything to do with the fundamental assumption that 
all human beings have equal moral worth. According to a 
comprehensive review of the literature, by scholars fiercely 
critical of putting the genetics of intelligence to regressive 
political purposes, general intelligence is one of the most 
valid and reliable constructs that psychologists use69—that 
is, they can say what “it” is with more clarity and can mea-
sure it more accurately than they can define or measure 
virtually any other trait they study, from emotional intel-
ligence to extroversion. Thus, in contrast to those who 
would seek to resist regressive political actors by disputing 

the validity of the intelligence construct, we seek to resist 
regressive political actors by pointing out the unscientific 
and unethical ways in which they deploy that construct. 

So, again, the most predictive PGIs that have been con-
structed thus far pertain to educational attainment, which 
is correlated with, but distinct from, intelligence. Before 
we say what the PGIs for educational attainment have 
shown, we should reiterate that these PGIs have been cre-
ated by analyzing the DNA of people of European genetic 
ancestries—and therefore would, per above, have substan-
tially reduced predictive power to explain variation among 
people of other genetic ancestries. At least for today, PGIs 
created in one genetic ancestral group cannot be used to 
make scientifically valid comparisons between that group 
and another one. 

Considering Educational Attainment PGIs from 
Two Different Perspectives 

With all the preceding caveats in mind, it can be use-
ful to consider, from at least two perspectives, the 

most recent of the four major educational attainment 
GWASs from which PGIs were created.70 We will refer to 
this fourth educational attainment study as “EA4.” Figure 
1 provides a highly simplified way of thinking about what 
EA4 did and did not detect about the relationship between 
genetic differences and educational attainment. 

Suppose geneticists could identify all the genetic vari-
ants (common SNPs, rare SNPs, copy number variants, 
and so on) that have causal effects on educational attain-
ment and could know their effect sizes with full accuracy. 
Then twin studies predict that, taken together, these ge-
netic variants would have an R2 of approximately .40, on 
average, across populations.71 (Here and below, in our dis-
cussion of twin heritability, “correlational SNP heritabil-
ity,” and “causal-effect heritability,” we are offering specific 
numbers, rounded to increments of .05. Also, to avoid ad-
ditional complexity in the exposition, we are ignoring ad-
justments for factors such as assortative mating, gene-gene 
interactions, and gene-environment correlation (includ-
ing “genetic nurture”72) that would affect these numbers.) 
Another way of saying that twin studies predict an R2 of 
.40 is to say that the causal effects of these genetic variants 
would account for approximately 40 percent of the total 
variation in educational attainment among individuals 
within a population. (The remainder—approximately 60 

GWASs and PGIs) that are misleading with respect to the 
trait they are studying. 

This potential risk of detecting misleading associations 
when studying people with relatively different allele fre-
quencies and linkage disequilibrium patterns results from 
the fact that genetic variants can appear with different 
frequencies in groups of people who have been separated 
by time and geographical barriers. That is, allele frequen-
cies can change over time due to the random process of 
genetic drift that occurs when genes are passed from one 
generation to the next.58 (Natural selection, too, could 
play a substantial role in linkage disequilibrium and, for 
less polygenic phenotypes, allele frequency differences. The 
evidence to date, however, suggests that natural selection 
plays a limited role for the polygenic phenotypes that re-
searchers have studied.59) When groups are geographically 
or socially separated with limited opportunities for gene 
flow, these chance changes in allele frequencies are not 
shared, and more distinct variations in allele frequencies 
between groups emerge over time. Of course, such groups 
may also differ in terms of their environments or cultures. 
So, if geneticists do not control for these differences, such 
as by excluding relatively genetically dissimilar participants 
from their samples, they are at risk of identifying associa-
tions between genetic variants (whose allele frequencies 
randomly drifted apart) and complex traits that are actually 
due to environmental or cultural differences. In more tech-
nical terms, they are at risk of being misled by the fact of 
“population stratification.” That is, if they do not control 
for population stratification, they are at risk of detecting 
SNPs that are systematically associated with a given popu-
lation, but not with the trait within a population.60

Today, as we have said, the “populations” that result 
from this sample inclusion-and-exclusion practice are of-
ten called “genetic ancestries.”61 As others have noted,62 
continental-level genetic ancestry, especially, is imperfect 
as a proxy for genetic similarity. It is also problematic be-
cause these populations do not reliably map onto, yet they 
are easily and erroneously conflated with, social groupings 
such as race and ethnicity. We call on the genomics com-
munity to continue to work toward better human-popula-
tion descriptors.

The Need to Specify Genetic Populations Cuts in 
Two Ethical Directions

We should note that this need to specify the genetic an-
cestral population under study when creating a PGI 

can both produce and allay ethical concerns. On the one 
hand, to the extent that PGIs are population-specific and 
not portable from one genetic ancestral group to another, 
the creation of PGIs creates the ethical concern that any 
benefits of such research will not be equitably distributed 

among all people. This concern arises because creating PGIs 
depends upon analyzing DNA samples from biobanks, and 
the largest biobanks today include overrepresentation of 
people of “European genetic ancestry”—or, more precisely, 
“European genetic ancestries.”63 This means, as those who 
are hopeful about the future of precision medicine point 
out, that if benefits accrue from PGIs, those benefits will 
disproportionately benefit such people.64 That is why there 
are such strong calls to develop repositories with more di-
verse and more representative DNA samples.65 

On the other hand, the fact that PGIs are not portable 
or generalizable can be of some help in allaying the ethical 
concern that PGIs will be used for the sake of trying to cre-
ate invidious comparisons between some groups. At least 
today, absent strong (and extremely difficult-to-test) as-
sumptions, it is simply not scientifically legitimate to take a 
PGI created by studying members of one genetic ancestral 
group and use it to make a comparison between that group 
and a different genetic ancestral group. (We will return to 
this crucial issue in part 6.)

And, despite any solace one might find in the scientific 
illegitimacy of using PGIs to compare groups, it remains 
true that the creation of PGIs for complex traits that are as 
valorized as educational attainment raises concerns based 
on the history recounted in part 1 of this report. Thus, 
in the next section, we will take a closer look at research 
into PGIs for educational attainment, which does not en-
tail comparisons between genetic ancestral groups but does 
entail comparisons of individuals within a continental-level 
genetic ancestry group.

PGIs for Educational Attainment

Of the PGIs that are available today for anthropometric, 
medical, behavioral, and social traits, one of the most 

predictive (one having the highest R2) is that for education-
al attainment.66 The main reason the PGI for educational 
attainment—typically measured as the number of years of 
school someone has completed—is among the most pre-
dictive PGIs created so far is that the GWASs of educa-
tional attainment have had among the largest sample sizes 
to analyze. The simple reason for those large sample sizes 
is that the people who contribute their DNA samples to 
biobanks are far more likely to include information about 
how many years they went to school than they are to con-
tribute information about virtually any other phenotype. 
Moreover, education is strongly correlated with many other 
phenotypes that are of interest to a wide range of research-
ers, and therefore information about it is ubiquitously col-
lected in research, including biobank studies. 

Obviously, in the contemporary United States (and in 
most societies), educational attainment is associated with a 
huge range of environmental differences, including living 

For the PGIs that are commonly used today, the “effects” of SNPs 
that are added up to create PGIs are statistical correlations—and by 

themselves prove nothing about causation. 
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percent—would be accounted for by nongenetic factors, 
including environmental variation that is not itself affected 
by an individual’s genes, as well as noise in the measure-
ment of educational attainment.)

If the geneticists identified every common SNP (the 
sort currently used to create PGIs, which does not include 
rare SNPs) and could know their causal effects with full 
accuracy, the R2 would be approximately .15 on average 
across populations,73 predicting approximately 15 percent 
of the variance; this is called the “causal-effect SNP herita-
bility.”74 The drop from .40 to .15 is, to a large extent, due 
to the fact that twin studies pick up the effects not just of 
common SNPs but of all genetic variants (including, for 
example, rare SNPs and CNVs).75 

If the geneticists identified every common SNP and 
could know their correlations with the educational attain-
ment phenotype with full accuracy, the R2 would be ap-
proximately .20,76 predicting approximately 20 percent of 
the variance; we are calling this quantity the “correlational 
SNP heritability.” The difference between this .20 and the 
.15 is, to a large extent, attributable to the fact that cor-
relational SNP heritability includes not only the causal ef-
fects of the SNPs but also their associations that are due 
to gene-environment correlation (including “genetic nur-
ture”). Assortative mating is another factor that makes the 
correlational SNP heritability larger than the causal effect 
SNP heritability. 

The educational attainment PGI that can account for 
the highest percent of the total variance (or the PGI with 
the highest R2) so far has in fact accounted for approxi-
mately 15 percent of the total variation among individuals 
in education attainment, with only about a third of that, or 
5 percentage points, associated with causal effects. (These 
are the effects that can be detected within sibling pairs and 
therefore are plausibly causal.) The remaining approxi-
mately 10 percentage points are due to an unspecified mix 
of environmental confounds, including population strati-
fication, various types of gene-environment correlation 
(including “genetic nurture”), and assortative mating. The 
correlational SNP heritability detected by EA4—15 per-
cent—is smaller than the predicted ceiling of 20 percent, 
partly because GWAS samples are not yet large enough to 
estimate the SNP correlations with educational attainment 
with sufficient accuracy.77 Relatedly, the R2 of the PGI that 
is due to causal effects is expected to grow beyond 5 percent 
as GWAS samples get larger and especially if large GWAS 
are conducted in family samples (eventually getting close 
to the ceiling causal-effect SNP heritability of 15 percent). 
Moreover, the ceilings of 20 percent for correlational SNP 
heritability and 15 percent for causal-effect SNP heritabil-
ity are expected by some members of our working group 
to grow larger in the future, when other types of genetic 
variants that are currently excluded from PGIs are incorpo-
rated into the data used to create PGIs.

Being able to account 
for 5 percent of the total 
variance among siblings 
raised in the same family 
in terms of causal effects of 
genetic variants can seem 
to some observers so small 
as to be a waste of time to 
discuss. From their per-
spective, even accounting 
for 15 percent of the vari-
ance in terms of SNPs can 
seem too little to warrant 
attention. 

But from another per-
spective, accounting for 
15 percent of the variance 
among individuals raised 
in different families is of 
significant interest, even if 
only some of this predictive 
power is based on causal 
effects. (Figure 2 indicates 
that the PGI is a stronger 
predictor than income and 
marital status, about the 
same as either parent’s EA 
or performance on cogni-
tive tests, and not as strong 
as using both parents’ EA.) 
In the world of social sci-
ence research—which day 
in and day out seeks to 
identify meaningful corre-
lations—identifying a variable that might account for up 
to 15 percent of the observed variation is indeed worthy of 
attention. For a causal variable, even 5 percent of the vari-
ance is worthy of attention in the world of social science 
research. For example, it would be considered moderately 
large in experimental social psychology, and it is very large 
compared with most causal effects of environmental inter-
ventions that have been identified by field experiments in 
economics.

Moving from the Educational Attainment PGIs to 
the Risks and Benefits of PGIs in General

SBG research is about many more phenotypes than 
educational attainment and about more methods than 

GWASs and PGIs. We restricted our discussion to the case 
of PGIs for educational attainment because that is the case 
that, for good reason, exerted a gravitational pull on our 
working group’s attention. As we have noted, there is rea-

son to fear that, despite the best intentions of the research-
ers in our working group, results from SBG research will 
be used to reinforce the status quo.78 Yet results from SBG 
research can also be used to advance social science research, 
with a view to producing benefits in basic understanding 
and, as some of the social scientists in our working group 
hope, benefits in the form of more effective social policies. 

In the next two parts of the report, we will turn to a 
more in-depth consideration of what our working group 
sees as the potential risks and benefits associated with SBG 
research. In the end, we cannot offer an algorithm for 
weighing those risks and benefits, but we believe that an 
honest accounting of where our working group agreed and 
disagreed can be helpful to others who, in the future, face 
questions concerning the funding, conduct, and commu-
nication of SBG research. 
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Figure 1.  
Share of Predictive Power of EA4 PGI That Is Attributable to Correlations  
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Figure 2.
Predictive Value of EA4 PGI in Comparison to Predictive Value 

of Nongenetic Controls

The EA PGI is from EA4 (A. Okbay et al., “Polygenic Prediction of Educational Attainment within and between Families 
from Genome-Wide Association Analyses in 3 Million Individuals,” Nature Genetics 54, no. 4 [2022]: 437-49). The 
nongenetic predictors are from EA3 (J. J. Lee et al., “Gene Discovery and Polygenic Prediction from a Genome-Wide 
Association Study of Educational Attainment in 1.1 Million Individuals,” Nature Genetics 50, no. 8 [2018]: 1112-21). 
(The R2s depicted are technically incremental R2s, which reflect the gain in the R2 when the score is added as a covari-
ate to a regression of the phenotype on a set of baseline controls [sex, birth year, their interaction, and ten principal 
components of the genetic-relatedness matrix].)
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percent—would be accounted for by nongenetic factors, 
including environmental variation that is not itself affected 
by an individual’s genes, as well as noise in the measure-
ment of educational attainment.)

If the geneticists identified every common SNP (the 
sort currently used to create PGIs, which does not include 
rare SNPs) and could know their causal effects with full 
accuracy, the R2 would be approximately .15 on average 
across populations,73 predicting approximately 15 percent 
of the variance; this is called the “causal-effect SNP herita-
bility.”74 The drop from .40 to .15 is, to a large extent, due 
to the fact that twin studies pick up the effects not just of 
common SNPs but of all genetic variants (including, for 
example, rare SNPs and CNVs).75 

If the geneticists identified every common SNP and 
could know their correlations with the educational attain-
ment phenotype with full accuracy, the R2 would be ap-
proximately .20,76 predicting approximately 20 percent of 
the variance; we are calling this quantity the “correlational 
SNP heritability.” The difference between this .20 and the 
.15 is, to a large extent, attributable to the fact that cor-
relational SNP heritability includes not only the causal ef-
fects of the SNPs but also their associations that are due 
to gene-environment correlation (including “genetic nur-
ture”). Assortative mating is another factor that makes the 
correlational SNP heritability larger than the causal effect 
SNP heritability. 

The educational attainment PGI that can account for 
the highest percent of the total variance (or the PGI with 
the highest R2) so far has in fact accounted for approxi-
mately 15 percent of the total variation among individuals 
in education attainment, with only about a third of that, or 
5 percentage points, associated with causal effects. (These 
are the effects that can be detected within sibling pairs and 
therefore are plausibly causal.) The remaining approxi-
mately 10 percentage points are due to an unspecified mix 
of environmental confounds, including population strati-
fication, various types of gene-environment correlation 
(including “genetic nurture”), and assortative mating. The 
correlational SNP heritability detected by EA4—15 per-
cent—is smaller than the predicted ceiling of 20 percent, 
partly because GWAS samples are not yet large enough to 
estimate the SNP correlations with educational attainment 
with sufficient accuracy.77 Relatedly, the R2 of the PGI that 
is due to causal effects is expected to grow beyond 5 percent 
as GWAS samples get larger and especially if large GWAS 
are conducted in family samples (eventually getting close 
to the ceiling causal-effect SNP heritability of 15 percent). 
Moreover, the ceilings of 20 percent for correlational SNP 
heritability and 15 percent for causal-effect SNP heritabil-
ity are expected by some members of our working group 
to grow larger in the future, when other types of genetic 
variants that are currently excluded from PGIs are incorpo-
rated into the data used to create PGIs.

Being able to account 
for 5 percent of the total 
variance among siblings 
raised in the same family 
in terms of causal effects of 
genetic variants can seem 
to some observers so small 
as to be a waste of time to 
discuss. From their per-
spective, even accounting 
for 15 percent of the vari-
ance in terms of SNPs can 
seem too little to warrant 
attention. 

But from another per-
spective, accounting for 
15 percent of the variance 
among individuals raised 
in different families is of 
significant interest, even if 
only some of this predictive 
power is based on causal 
effects. (Figure 2 indicates 
that the PGI is a stronger 
predictor than income and 
marital status, about the 
same as either parent’s EA 
or performance on cogni-
tive tests, and not as strong 
as using both parents’ EA.) 
In the world of social sci-
ence research—which day 
in and day out seeks to 
identify meaningful corre-
lations—identifying a variable that might account for up 
to 15 percent of the observed variation is indeed worthy of 
attention. For a causal variable, even 5 percent of the vari-
ance is worthy of attention in the world of social science 
research. For example, it would be considered moderately 
large in experimental social psychology, and it is very large 
compared with most causal effects of environmental inter-
ventions that have been identified by field experiments in 
economics.

Moving from the Educational Attainment PGIs to 
the Risks and Benefits of PGIs in General

SBG research is about many more phenotypes than 
educational attainment and about more methods than 

GWASs and PGIs. We restricted our discussion to the case 
of PGIs for educational attainment because that is the case 
that, for good reason, exerted a gravitational pull on our 
working group’s attention. As we have noted, there is rea-

son to fear that, despite the best intentions of the research-
ers in our working group, results from SBG research will 
be used to reinforce the status quo.78 Yet results from SBG 
research can also be used to advance social science research, 
with a view to producing benefits in basic understanding 
and, as some of the social scientists in our working group 
hope, benefits in the form of more effective social policies. 

In the next two parts of the report, we will turn to a 
more in-depth consideration of what our working group 
sees as the potential risks and benefits associated with SBG 
research. In the end, we cannot offer an algorithm for 
weighing those risks and benefits, but we believe that an 
honest accounting of where our working group agreed and 
disagreed can be helpful to others who, in the future, face 
questions concerning the funding, conduct, and commu-
nication of SBG research. 
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Figure 2.
Predictive Value of EA4 PGI in Comparison to Predictive Value 

of Nongenetic Controls

The EA PGI is from EA4 (A. Okbay et al., “Polygenic Prediction of Educational Attainment within and between Families 
from Genome-Wide Association Analyses in 3 Million Individuals,” Nature Genetics 54, no. 4 [2022]: 437-49). The 
nongenetic predictors are from EA3 (J. J. Lee et al., “Gene Discovery and Polygenic Prediction from a Genome-Wide 
Association Study of Educational Attainment in 1.1 Million Individuals,” Nature Genetics 50, no. 8 [2018]: 1112-21). 
(The R2s depicted are technically incremental R2s, which reflect the gain in the R2 when the score is added as a covari-
ate to a regression of the phenotype on a set of baseline controls [sex, birth year, their interaction, and ten principal 
components of the genetic-relatedness matrix].)
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Several companies sell individual PGI reports, including for social 
and behavioral phenotypes and phenotypes for which PGIs are only 
very weakly predictive, without any meaningful attempt to explain 
the very substantial limitations of these PGI reports to consumers.

PART 4: THE RISKS OF SOCIAL AND BEHAVIORAL GENOMICS (SBG) RESEARCH

Figure 3.  
Risks of Sociobehavioral Genomics Research

SBG research has the potential to harm individuals, 
groups, and societies in a variety of ways. People can 
be harmed by research even if they are not research 

participants.79 Risks can arise at any stage in the conduct of 
SBG research, from how—and from whom—data are col-
lected, to the research questions that are asked of the data, 
to how outcomes are characterized or measured, to how the 
data are analyzed. Harms can also arise from how SBG re-
search is disseminated or interpreted or from downstream 
applications of its results (see figure 3). SBG research that 
is poorly conducted, poorly communicated by researchers 
or media, or misinterpreted by others carries clear and pres-
ent dangers. But even well-conducted, well-communicat-
ed, well-understood SBG research has the potential to do 
harm. Here, we do not provide a comprehensive discussion 
of all possible risks of SBG research but, rather, briefly de-
scribe some of the primary forms that harms from SBG 
research (and other research) might take. 

Many—though not all80—of what we are calling the 
“risks of SBG research” are in fact risks that people will 
erroneously ascribe to genes properties that they do not in 
fact possess, especially with respect to social and behavioral 

phenotypes—for instance, that people will describe or re-
gard genes as determining immutable outcomes or defin-
ing races or human worth. To the extent that SBG research 
suggests such things directly or fails to do enough to dis-
abuse readers of these long-standing myths while empha-
sizing the importance of genetics, SBG research is partly 
to blame. As we note in the next part, however, responsible 
SBG research not only can avoid causing some of these 
harms but is in some cases essential to refuting existing 
harmful stereotypes based on theories of the relationship 
between genes and social and behavioral outcomes. 

Racism and Reification of Race as a Biological 
Category

As part 2 mentioned, one of the foundational methods 
of much contemporary genomics research—includ-

ing but not limited to SBG research—is including and 
excluding participants based on their genetic ancestry or at-
tempting to control for genetic ancestry during analysis. As 
we discuss in more detail in part 6, genetic ancestry is not 
identical to race or ethnicity. Nevertheless, there is a risk 

that continental-level genetic ancestries, in particular, will 
be mistaken for racial or ethnic groups, and therefore help 
reify the erroneous, dangerous notion of race and ethnicity 
as biological concepts. This result is much more likely than 
it might otherwise be because current standards for labeling 
these groups overlap considerably with labels used to self-
identify race and ethnicity. 

For instance, the 1000 Genomes Project’s “superpopula-
tions”—African ancestry (AFR), East Asian ancestry (EAS), 
South Asian ancestry (SAS), European ancestry (EUR), 
and (admixed) American ancestry (AMR), which is some-
times reported in research papers as “Latin American”81 or 
“Native American”82—are very easily conflated with U.S. 
race and ethnicity census categories, such as “Black or 
African American,” “Asian,” “American Indian or Alaska 
Native,” and “Hispanic or Latino.”83 Historically, shift-
ing from notions of biological “race” to biological “popu-
lations” did little to combat the mistaken view of race as 
biological, and there is little reason to believe that append-
ing words like “ancestry,” “ancestries,” or “population” after 
“EUR,” “AFR,” and the like will prevent the conflation of 
these concepts with races or ethnicities today.84 This means 
that SBG research findings, in turn, have the potential to 
be racialized and used in racist ways—whether this takes 
the form of stigmatization, discrimination, or fatalism. 

Stigmatization, Discrimination, and Fatalism

SBG research that associates certain outcomes or traits 
with particular kinds of people or that enables individu-

als or groups to be “scored” according to their likelihood 
of experiencing a particular outcome or exhibiting a par-
ticular trait has the potential to contribute to stigmatiza-
tion, discrimination, and fatalism. Genetic stigmatization 
involves regarding an individual or a group as less valuable, 
less capable, or less favorable in some other way, compared 
to others, because of their genes. Genetic discrimination 
entails taking an adverse action against someone on the 
basis of their genetic or genomic information. Finally, ge-
netic fatalism involves the erroneous belief that some social 
or behavioral outcome that is associated with genes is un-
avoidable; as we explain in the introduction and parts 2 
and 7 of this report, genes alone do not determine complex 
social or behavioral outcomes. 

Stigma and fatalism can each be externalized toward oth-
ers or internalized and directed toward the self. Exposure to 
some SBG research or its products could cause or contrib-
ute to damaging self-conceptions by individuals or mem-
bers of some groups or to damaging conceptions by others, 
perhaps leading to negative self-fulfilling prophecies. For 
example, someone who learns that they have a “low” PGI 
for educational attainment might mistakenly decide on 
that basis that there is no point in their attempting to pur-
sue additional education, in which case they may indeed 
turn out to have relatively low educational attainment. A 
dystopian system in which PGIs are used to exclude those 
with “low” PGIs from educational opportunities could 
have a similarly self-fulfilling effect.

Policy Fatalism and Distractionism

SBG research also has the potential to harm societies. By 
definition, SBG research investigates outcomes that are 

powerfully shaped by environments as well as being influ-
enced by genes. One risk of investigating genomic contri-
butions is policy fatalism: results from SBG research could 
be miscommunicated or misunderstood by policy-makers 
or other decision-makers through the familiar and errone-
ous lens of genetic determinism and then used to justify 
the status quo—that is, to argue that observed individual 
or group differences are biologically caused and immu-
table and, hence, that environmental interventions would 
be futile. For example, policy-makers could misinterpret 
research on genomic contributions to educational attain-
ment in such a way as to conclude—as Arthur Jensen hy-
pothesized—that environmental interventions to improve 
educational attainment were not worth investing in. 

Even in the absence of a fatalistic attitude to change, 
giving attention and allocating resources to SBG research 
could lead to genetic distractionism. Material and human 
resources that otherwise might have been devoted to other 
kinds of research might be diverted instead to SBG research, 
to a harmful degree. This could happen, for instance, if 
genomics is viewed as a “harder” or more cutting-edge sci-
ence. SBG research might similarly distract policy atten-
tion from more effective or cost-effective interventions to 
address social problems. 

Self-fatalism: An individual’s belief that their actual or predicted phenotype is determined, 
fixed, or inevitable.

Self-stigmatization: An individual’s belief that they are less capable or worthy.

Stigmatization of others: The belief that other individuals are less capable or worthy.

Discrimination against individuals: Adverse actions taken against individuals in various  
domains (e.g., in education, employment, health, insurance, immigration, reproduction, or 
criminal justice).

Group stigmatization: The belief that certain groups are less capable or worthy.

Race or ethnicity biologizing and racism: Reification of race and ethnicity as biological con-
cepts and—in combination with one of the other risks listed here—possible resulting racism.

Harmful or inequitably distributed policy applications: Scientifically invalid or ethically  
inappropriate applications of SBG research, or beneficial applications to which not all have  
access.

Genetic distractionism: Devoting resources to SBG research or applications could distract from 
more effective ways of understanding or addressing the same phenotype or phenomena.

Policy fatalism: Results from SBG research—even despite excellent science communication—
could be understood through the lens of genetic determinism and used to justify the status quo 
as inevitable and environmental interventions as futile.

Note: Each of the above should be understood as occurring on the basis of genetic  
information.
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Several companies sell individual PGI reports, including for social 
and behavioral phenotypes and phenotypes for which PGIs are only 
very weakly predictive, without any meaningful attempt to explain 
the very substantial limitations of these PGI reports to consumers.

PART 4: THE RISKS OF SOCIAL AND BEHAVIORAL GENOMICS (SBG) RESEARCH

Figure 3.  
Risks of Sociobehavioral Genomics Research

SBG research has the potential to harm individuals, 
groups, and societies in a variety of ways. People can 
be harmed by research even if they are not research 

participants.79 Risks can arise at any stage in the conduct of 
SBG research, from how—and from whom—data are col-
lected, to the research questions that are asked of the data, 
to how outcomes are characterized or measured, to how the 
data are analyzed. Harms can also arise from how SBG re-
search is disseminated or interpreted or from downstream 
applications of its results (see figure 3). SBG research that 
is poorly conducted, poorly communicated by researchers 
or media, or misinterpreted by others carries clear and pres-
ent dangers. But even well-conducted, well-communicat-
ed, well-understood SBG research has the potential to do 
harm. Here, we do not provide a comprehensive discussion 
of all possible risks of SBG research but, rather, briefly de-
scribe some of the primary forms that harms from SBG 
research (and other research) might take. 

Many—though not all80—of what we are calling the 
“risks of SBG research” are in fact risks that people will 
erroneously ascribe to genes properties that they do not in 
fact possess, especially with respect to social and behavioral 

phenotypes—for instance, that people will describe or re-
gard genes as determining immutable outcomes or defin-
ing races or human worth. To the extent that SBG research 
suggests such things directly or fails to do enough to dis-
abuse readers of these long-standing myths while empha-
sizing the importance of genetics, SBG research is partly 
to blame. As we note in the next part, however, responsible 
SBG research not only can avoid causing some of these 
harms but is in some cases essential to refuting existing 
harmful stereotypes based on theories of the relationship 
between genes and social and behavioral outcomes. 

Racism and Reification of Race as a Biological 
Category

As part 2 mentioned, one of the foundational methods 
of much contemporary genomics research—includ-

ing but not limited to SBG research—is including and 
excluding participants based on their genetic ancestry or at-
tempting to control for genetic ancestry during analysis. As 
we discuss in more detail in part 6, genetic ancestry is not 
identical to race or ethnicity. Nevertheless, there is a risk 

that continental-level genetic ancestries, in particular, will 
be mistaken for racial or ethnic groups, and therefore help 
reify the erroneous, dangerous notion of race and ethnicity 
as biological concepts. This result is much more likely than 
it might otherwise be because current standards for labeling 
these groups overlap considerably with labels used to self-
identify race and ethnicity. 

For instance, the 1000 Genomes Project’s “superpopula-
tions”—African ancestry (AFR), East Asian ancestry (EAS), 
South Asian ancestry (SAS), European ancestry (EUR), 
and (admixed) American ancestry (AMR), which is some-
times reported in research papers as “Latin American”81 or 
“Native American”82—are very easily conflated with U.S. 
race and ethnicity census categories, such as “Black or 
African American,” “Asian,” “American Indian or Alaska 
Native,” and “Hispanic or Latino.”83 Historically, shift-
ing from notions of biological “race” to biological “popu-
lations” did little to combat the mistaken view of race as 
biological, and there is little reason to believe that append-
ing words like “ancestry,” “ancestries,” or “population” after 
“EUR,” “AFR,” and the like will prevent the conflation of 
these concepts with races or ethnicities today.84 This means 
that SBG research findings, in turn, have the potential to 
be racialized and used in racist ways—whether this takes 
the form of stigmatization, discrimination, or fatalism. 

Stigmatization, Discrimination, and Fatalism

SBG research that associates certain outcomes or traits 
with particular kinds of people or that enables individu-

als or groups to be “scored” according to their likelihood 
of experiencing a particular outcome or exhibiting a par-
ticular trait has the potential to contribute to stigmatiza-
tion, discrimination, and fatalism. Genetic stigmatization 
involves regarding an individual or a group as less valuable, 
less capable, or less favorable in some other way, compared 
to others, because of their genes. Genetic discrimination 
entails taking an adverse action against someone on the 
basis of their genetic or genomic information. Finally, ge-
netic fatalism involves the erroneous belief that some social 
or behavioral outcome that is associated with genes is un-
avoidable; as we explain in the introduction and parts 2 
and 7 of this report, genes alone do not determine complex 
social or behavioral outcomes. 

Stigma and fatalism can each be externalized toward oth-
ers or internalized and directed toward the self. Exposure to 
some SBG research or its products could cause or contrib-
ute to damaging self-conceptions by individuals or mem-
bers of some groups or to damaging conceptions by others, 
perhaps leading to negative self-fulfilling prophecies. For 
example, someone who learns that they have a “low” PGI 
for educational attainment might mistakenly decide on 
that basis that there is no point in their attempting to pur-
sue additional education, in which case they may indeed 
turn out to have relatively low educational attainment. A 
dystopian system in which PGIs are used to exclude those 
with “low” PGIs from educational opportunities could 
have a similarly self-fulfilling effect.

Policy Fatalism and Distractionism

SBG research also has the potential to harm societies. By 
definition, SBG research investigates outcomes that are 

powerfully shaped by environments as well as being influ-
enced by genes. One risk of investigating genomic contri-
butions is policy fatalism: results from SBG research could 
be miscommunicated or misunderstood by policy-makers 
or other decision-makers through the familiar and errone-
ous lens of genetic determinism and then used to justify 
the status quo—that is, to argue that observed individual 
or group differences are biologically caused and immu-
table and, hence, that environmental interventions would 
be futile. For example, policy-makers could misinterpret 
research on genomic contributions to educational attain-
ment in such a way as to conclude—as Arthur Jensen hy-
pothesized—that environmental interventions to improve 
educational attainment were not worth investing in. 

Even in the absence of a fatalistic attitude to change, 
giving attention and allocating resources to SBG research 
could lead to genetic distractionism. Material and human 
resources that otherwise might have been devoted to other 
kinds of research might be diverted instead to SBG research, 
to a harmful degree. This could happen, for instance, if 
genomics is viewed as a “harder” or more cutting-edge sci-
ence. SBG research might similarly distract policy atten-
tion from more effective or cost-effective interventions to 
address social problems. 

Self-fatalism: An individual’s belief that their actual or predicted phenotype is determined, 
fixed, or inevitable.

Self-stigmatization: An individual’s belief that they are less capable or worthy.

Stigmatization of others: The belief that other individuals are less capable or worthy.

Discrimination against individuals: Adverse actions taken against individuals in various  
domains (e.g., in education, employment, health, insurance, immigration, reproduction, or 
criminal justice).

Group stigmatization: The belief that certain groups are less capable or worthy.

Race or ethnicity biologizing and racism: Reification of race and ethnicity as biological con-
cepts and—in combination with one of the other risks listed here—possible resulting racism.

Harmful or inequitably distributed policy applications: Scientifically invalid or ethically  
inappropriate applications of SBG research, or beneficial applications to which not all have  
access.

Genetic distractionism: Devoting resources to SBG research or applications could distract from 
more effective ways of understanding or addressing the same phenotype or phenomena.

Policy fatalism: Results from SBG research—even despite excellent science communication—
could be understood through the lens of genetic determinism and used to justify the status quo 
as inevitable and environmental interventions as futile.

Note: Each of the above should be understood as occurring on the basis of genetic  
information.
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Scientifically Invalid and Unethical Applications 
in Policy or Practice

Finally, SBG research results or their products (such as 
PGIs) might be used to support harmful policies or 

practices—for instance, ones that deprive people of liberty, 
property, or educational, professional, or other opportuni-
ties or that subject them to other adverse actions on the 
basis of genomic information. In the United States, the 
Genetic Information Non-Discrimination Act85 prohibits 
discrimination on the basis of an individual’s genetic in-
formation in health insurance and in most employment, 
but does not cover life, disability, long-term care, or other 
insurance, much less many other important domains, such 
as education, employment, health care, immigration, re-
production, or criminal justice. Although it is possible, and 
some have argued, that genomic information can be ethi-
cally used in some of these contexts86—a debate that is be-
yond the scope of our report—the lack of legal protection 
over the use of genomic information in at least some of 
these contexts raises ethical issues. And, of course, whatever 

legal protections exist in one jurisdiction do not necessarily 
extend to other jurisdictions. Yet the basic deliverable of 
SBG research (like most research) is information, which 
knows no geopolitical bounds. Even well-intentioned poli-
cies that aim to help individuals or groups—say, offering an 
environmental intervention as compensation for genes that 
predispose one to a disadvantageous phenotype—could 
have the potential to do more harm than good. The in-
tervention could be ineffective (because, say, it is based on 
poor or misinterpreted SBG research), could cause people 
to stigmatize themselves or others (or otherwise harmful), 
or both ineffective and harmful.

Industry research and commercial applications of SBG 
research raise concerns (as do commercial applications 
of many other kinds of research) for many, including 
members of our working group’s “community sounding 
board.”87 For instance, to the extent that SBG research can 
contribute to beneficial policies or practices, there is a risk 
that, in the hands of commercial entities, these benefits 
will not be equally accessible to all or that SBG research 

will enrich companies without compensating research par-
ticipants. For many, commercial entities are, all else equal, 
more worrisome than other actors because they are driven 
by the profit motive and typically lack meaningful over-
sight or other checks and balances.88 For instance, several 
companies sell individual PGI reports, including for social 
and behavioral phenotypes and phenotypes for which PGIs 
are only very weakly predictive, without any meaningful 
attempt to explain the very substantial limitations of these 
PGI reports to consumers, and with no evidence that they 

have any concern that these reports may have negative psy-
chosocial effects.89 Companies now also offer polygenic 
scores for embryos.90

Although the working group agrees that SBG research 
has the potential to be used in scientifically invalid and 
morally unacceptable ways in policy or practice, we do 
not always agree on whether particular potential uses (for 
examples, see box 3) would meet either or both of these 
criteria.

PART 5: THE POTENTIAL BENEFITS OF SBG RESEARCH

A. Predicting disease risk in patients. Many large 
research studies are currently investigating the clini-
cal use of disease PGIs. Adding sociobehavioral PGIs 
to these composite scores could be used in clinical 
practice to improve disease prediction and, potentially, 
morbidity and mortality. Those at high risk could be 
recommended for more frequent screenings or preven-
tative behaviors.

B. Polygenic embryo screening. A few companies 
recently began offering polygenic scoring of in vitro 
fertilization embryos, and in addition to screening for 
polygenic disease, at least one company has explored 
using an educational attainment PGI to screen for intel-
lectual disability, defined as having an IQ of 70 or below, 
or screening for the full range of educational attainment 
and other “experimental” sociobehavioral phenotypes, 
like income, cognitive ability, and subjective well-being.1 
Sociobehavioral PGIs could also be used, as in example 
A, to more accurately screen for disease in embryos. 

C. Better prognoses of developmental disorders. If 
educational attainment or IQ PGIs turn out to more 
precisely predict how specific genetic variants will be 
expressed, parents of newly diagnosed children could 
be given a more precise prognosis instead of merely 
being told, for instance, that 30 percent of people with 
22q11.2 deletion syndrome have intellectual disability. 

Similarly, if research shows that IQ and/or schizophrenia 
PGIs help predict the odds that a patient with 22q dele-
tion syndrome will also have schizophrenia, this could 
be used for early intervention.

D. Disability benefits. Under section 504 of the U.S. 
Rehabilitation Act, students with disabilities can receive 
accommodations, modifications, and learning aids. 
Eligibility is determined on the basis of a school evalua-
tion that takes into account “any medical diagnosis from 
a physician, aptitude and achievement tests, teacher 
recommendations, physical condition, social and cultur-
al background, and adaptive behavior.” A high PGI for 
a qualifying condition like attention deficit-hyperactivity 
disorder could serve as an additional piece of informa-
tion helping to secure access to these benefits.

E. Pupil premiums. In the United Kingdom, schools 
receive a so-called pupil premium of £1345 per year 
for each student who is of low socioeconomic status, 
which is associated with poorer educational outcomes. 
The premium reflects a recognition that disadvantaged 
children generally face additional challenges in reaching 
their potential at school, and its purpose is to improve 
educational outcomes for disadvantaged students. 
Schools could receive additional premiums for each 
student with a sufficiently low educational attainment 
PGI.

Box 3. Some Potential Uses of Sociobehavioral PGIs in Medicine and Education

1 P. Turley et al., “Problems with Using Polygenic Scores to Select Embryos,” New England Journal of Medicine 385, no. 1 (2021): 
78-86. 

We now turn to what we see as the potential bene-
fits of SBG research—again, largely focusing on 
GWASs and PGIs. Because both environmental 

and genetic factors are important for human variation in 
virtually any human trait, SBG research is in principle rele-
vant for understanding humans. Indeed, failing to consider 
the role of genes in some way means that the scientific re-
cord on important phenomena is likely to be incomplete at 
best and possibly wrong. That said, in studying the causes 
of social and behavioral outcomes, understanding how 
nature and nurture combine is a formidable—sometimes 
impossible—task. Nevertheless, not all beneficial research 
seeks to understand causation—many value its ability to 
predict outcomes—and some argue that SBG research has 
potential even there. 

Better Understanding Environmental Causes and 
the Limits of Genomic Influence

SBG research can also help identify and illuminate envi-
ronmental causes of social and behavioral outcomes. For 

instance, research has found strong associations between 
the PGIs of parents and the outcomes of their children.91 
However, these associations are not necessarily causal. 
Recent work using parental siblings to estimate the causal 
effect of the parental PGI on children’s outcomes has found 
only insignificant and imprecise results.92 Nevertheless, 
with more data, in the future, researchers may be able to 
evaluate whether and in what ways parental genes influence 
their children. 

Similarly, SBG research can help demonstrate the limits 
of genetic influences. For instance, some researchers had 
hypothesized that genetic influences on the X chromosome 
are an important source of differences in the variance in 
cognitive phenotypes across the sexes. But SBG research 
found no such evidence for this version of the sex-differ-

ences claim.93 Other discriminatory claims might similarly 
be refuted with the aid of GWASs. 

SBG research can help identify heterogeneous effects of 
environmental exposures on different people. For instance, 
even if it is the case that, on average, education has a posi-
tive effect on income, it is likely that the effect is different 
for different people. And it might be important, for policy 
reasons, to understand that heterogeneity: for instance, it 
would be important to know if education’s effect on in-
come on average is largely driven by its effect in high socio-
economic groups who are already advantaged. Work that 
investigates gene-environment interactions is likely the 
most active area of SBG research. For instance, in general, 
losing one’s job is associated with a decrease in body mass 
index (BMI), but researchers have found that people with 
low BMI variance PGIs94 experienced greater BMI reduc-
tions following job loss than those with high BMI PGIs.95 
However, although most current work uses population-
level data, again, much of the most interesting work of this 
type will require within-family data.

Finally, genetics can help when phenotypes are con-
founded with one another. Consider the paradoxical as-
sociations of different levels of alcohol consumption with 
health outcomes. Many readers will have been introduced 
through the popular media to research showing that both 
abstainers and heavy drinkers are at higher risk for stroke 
compared to moderate drinkers. However, this U-shaped 
curve for the effect of alcohol on stroke using self-reported 
alcohol consumption might be confounded; for instance, 
those who know they are at increased risk for stroke for 
other reasons might eliminate alcohol, helping to explain 
why abstinence is associated on average with higher stroke 
risk. There are two genetic variants that are common in 
people of East Asian genetic ancestries (but rare in people 
of European genetic ancestries) that cause individuals with 
those variants to become very ill with any alcohol use and 
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Scientifically Invalid and Unethical Applications 
in Policy or Practice

Finally, SBG research results or their products (such as 
PGIs) might be used to support harmful policies or 

practices—for instance, ones that deprive people of liberty, 
property, or educational, professional, or other opportuni-
ties or that subject them to other adverse actions on the 
basis of genomic information. In the United States, the 
Genetic Information Non-Discrimination Act85 prohibits 
discrimination on the basis of an individual’s genetic in-
formation in health insurance and in most employment, 
but does not cover life, disability, long-term care, or other 
insurance, much less many other important domains, such 
as education, employment, health care, immigration, re-
production, or criminal justice. Although it is possible, and 
some have argued, that genomic information can be ethi-
cally used in some of these contexts86—a debate that is be-
yond the scope of our report—the lack of legal protection 
over the use of genomic information in at least some of 
these contexts raises ethical issues. And, of course, whatever 

legal protections exist in one jurisdiction do not necessarily 
extend to other jurisdictions. Yet the basic deliverable of 
SBG research (like most research) is information, which 
knows no geopolitical bounds. Even well-intentioned poli-
cies that aim to help individuals or groups—say, offering an 
environmental intervention as compensation for genes that 
predispose one to a disadvantageous phenotype—could 
have the potential to do more harm than good. The in-
tervention could be ineffective (because, say, it is based on 
poor or misinterpreted SBG research), could cause people 
to stigmatize themselves or others (or otherwise harmful), 
or both ineffective and harmful.

Industry research and commercial applications of SBG 
research raise concerns (as do commercial applications 
of many other kinds of research) for many, including 
members of our working group’s “community sounding 
board.”87 For instance, to the extent that SBG research can 
contribute to beneficial policies or practices, there is a risk 
that, in the hands of commercial entities, these benefits 
will not be equally accessible to all or that SBG research 

will enrich companies without compensating research par-
ticipants. For many, commercial entities are, all else equal, 
more worrisome than other actors because they are driven 
by the profit motive and typically lack meaningful over-
sight or other checks and balances.88 For instance, several 
companies sell individual PGI reports, including for social 
and behavioral phenotypes and phenotypes for which PGIs 
are only very weakly predictive, without any meaningful 
attempt to explain the very substantial limitations of these 
PGI reports to consumers, and with no evidence that they 

have any concern that these reports may have negative psy-
chosocial effects.89 Companies now also offer polygenic 
scores for embryos.90

Although the working group agrees that SBG research 
has the potential to be used in scientifically invalid and 
morally unacceptable ways in policy or practice, we do 
not always agree on whether particular potential uses (for 
examples, see box 3) would meet either or both of these 
criteria.

PART 5: THE POTENTIAL BENEFITS OF SBG RESEARCH

A. Predicting disease risk in patients. Many large 
research studies are currently investigating the clini-
cal use of disease PGIs. Adding sociobehavioral PGIs 
to these composite scores could be used in clinical 
practice to improve disease prediction and, potentially, 
morbidity and mortality. Those at high risk could be 
recommended for more frequent screenings or preven-
tative behaviors.

B. Polygenic embryo screening. A few companies 
recently began offering polygenic scoring of in vitro 
fertilization embryos, and in addition to screening for 
polygenic disease, at least one company has explored 
using an educational attainment PGI to screen for intel-
lectual disability, defined as having an IQ of 70 or below, 
or screening for the full range of educational attainment 
and other “experimental” sociobehavioral phenotypes, 
like income, cognitive ability, and subjective well-being.1 
Sociobehavioral PGIs could also be used, as in example 
A, to more accurately screen for disease in embryos. 

C. Better prognoses of developmental disorders. If 
educational attainment or IQ PGIs turn out to more 
precisely predict how specific genetic variants will be 
expressed, parents of newly diagnosed children could 
be given a more precise prognosis instead of merely 
being told, for instance, that 30 percent of people with 
22q11.2 deletion syndrome have intellectual disability. 

Similarly, if research shows that IQ and/or schizophrenia 
PGIs help predict the odds that a patient with 22q dele-
tion syndrome will also have schizophrenia, this could 
be used for early intervention.

D. Disability benefits. Under section 504 of the U.S. 
Rehabilitation Act, students with disabilities can receive 
accommodations, modifications, and learning aids. 
Eligibility is determined on the basis of a school evalua-
tion that takes into account “any medical diagnosis from 
a physician, aptitude and achievement tests, teacher 
recommendations, physical condition, social and cultur-
al background, and adaptive behavior.” A high PGI for 
a qualifying condition like attention deficit-hyperactivity 
disorder could serve as an additional piece of informa-
tion helping to secure access to these benefits.

E. Pupil premiums. In the United Kingdom, schools 
receive a so-called pupil premium of £1345 per year 
for each student who is of low socioeconomic status, 
which is associated with poorer educational outcomes. 
The premium reflects a recognition that disadvantaged 
children generally face additional challenges in reaching 
their potential at school, and its purpose is to improve 
educational outcomes for disadvantaged students. 
Schools could receive additional premiums for each 
student with a sufficiently low educational attainment 
PGI.

Box 3. Some Potential Uses of Sociobehavioral PGIs in Medicine and Education

1 P. Turley et al., “Problems with Using Polygenic Scores to Select Embryos,” New England Journal of Medicine 385, no. 1 (2021): 
78-86. 

We now turn to what we see as the potential bene-
fits of SBG research—again, largely focusing on 
GWASs and PGIs. Because both environmental 

and genetic factors are important for human variation in 
virtually any human trait, SBG research is in principle rele-
vant for understanding humans. Indeed, failing to consider 
the role of genes in some way means that the scientific re-
cord on important phenomena is likely to be incomplete at 
best and possibly wrong. That said, in studying the causes 
of social and behavioral outcomes, understanding how 
nature and nurture combine is a formidable—sometimes 
impossible—task. Nevertheless, not all beneficial research 
seeks to understand causation—many value its ability to 
predict outcomes—and some argue that SBG research has 
potential even there. 

Better Understanding Environmental Causes and 
the Limits of Genomic Influence

SBG research can also help identify and illuminate envi-
ronmental causes of social and behavioral outcomes. For 

instance, research has found strong associations between 
the PGIs of parents and the outcomes of their children.91 
However, these associations are not necessarily causal. 
Recent work using parental siblings to estimate the causal 
effect of the parental PGI on children’s outcomes has found 
only insignificant and imprecise results.92 Nevertheless, 
with more data, in the future, researchers may be able to 
evaluate whether and in what ways parental genes influence 
their children. 

Similarly, SBG research can help demonstrate the limits 
of genetic influences. For instance, some researchers had 
hypothesized that genetic influences on the X chromosome 
are an important source of differences in the variance in 
cognitive phenotypes across the sexes. But SBG research 
found no such evidence for this version of the sex-differ-

ences claim.93 Other discriminatory claims might similarly 
be refuted with the aid of GWASs. 

SBG research can help identify heterogeneous effects of 
environmental exposures on different people. For instance, 
even if it is the case that, on average, education has a posi-
tive effect on income, it is likely that the effect is different 
for different people. And it might be important, for policy 
reasons, to understand that heterogeneity: for instance, it 
would be important to know if education’s effect on in-
come on average is largely driven by its effect in high socio-
economic groups who are already advantaged. Work that 
investigates gene-environment interactions is likely the 
most active area of SBG research. For instance, in general, 
losing one’s job is associated with a decrease in body mass 
index (BMI), but researchers have found that people with 
low BMI variance PGIs94 experienced greater BMI reduc-
tions following job loss than those with high BMI PGIs.95 
However, although most current work uses population-
level data, again, much of the most interesting work of this 
type will require within-family data.

Finally, genetics can help when phenotypes are con-
founded with one another. Consider the paradoxical as-
sociations of different levels of alcohol consumption with 
health outcomes. Many readers will have been introduced 
through the popular media to research showing that both 
abstainers and heavy drinkers are at higher risk for stroke 
compared to moderate drinkers. However, this U-shaped 
curve for the effect of alcohol on stroke using self-reported 
alcohol consumption might be confounded; for instance, 
those who know they are at increased risk for stroke for 
other reasons might eliminate alcohol, helping to explain 
why abstinence is associated on average with higher stroke 
risk. There are two genetic variants that are common in 
people of East Asian genetic ancestries (but rare in people 
of European genetic ancestries) that cause individuals with 
those variants to become very ill with any alcohol use and 
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can therefore be used to predict a phenotype of alcohol 
abstinence. When researchers investigated the extent to 
which genotype-predicted mean alcohol consumption pre-
dicts stroke incidence, they found that the apparent pro-
tective effect of alcohol on stroke is largely noncausal and 
any alcohol consumption is associated with at least some 
increased risk of stroke.96 Although this is a promising ex-
ample of using genetic epidemiology to overturn incorrect 
assumptions based on traditional epidemiology, this kind 
of work requires strong assumptions that may not be met 
in many cases.97

Improving Randomized Controlled Trials

One of the highest-potential uses of PGIs is as a simple 
variable in other research—which may have noth-

ing to do with genetics—to control for the influence of 
genes on the outcome being studied.98 In a randomized 
controlled trial or natural experiment, statistical power is 
increased by including control variables with significant 
predictive power. Boosting power, in turn, means that 
fewer participants are needed, which can save time and 
money, leading to faster discoveries. The precise value of 
using PGIs as control variables will depend on several fac-
tors, including the availability and comparative predictive 

power of other, nongenetic predictors and the marginal 
costs of including additional research participants (see box 
4). Sociobehavioral PGIs can also be used to increase the 
comparability of the people who do and do not receive an 
intervention in an experiment, thus similarly enabling tri-
als to be powered with fewer participants. 

Although the PGIs created by most SBG research are 
very weak predictors of individual outcomes, some PGIs 
(as explained in part 3) have predictive power that rivals 
or exceeds nongenetic predictors that are already routinely 
used in research. For instance, researchers conducting a 
field experiment of an innovative curriculum might want to 
control for heterogeneity in participants’ propensity to suc-
ceed in school even apart from the experimental interven-
tion. These researchers might use the father’s educational 
attainment, mother’s educational attainment, or household 
income, since these all correlate with an individual’s even-
tual educational attainment. The current best PGI for edu-
cational attainment (EA4,99 discussed in part 3) has more 
predictive power (with an R2 of about 15 percent) than 
household income (6 percent), mother’s education (15 
percent), or father’s education (15 percent)—though not 
as much as mother’s and father’s educational attainment 
combined (19 percent).100 

The first GWAS of educational attainment (EA1), 
published in 2013, explained only 2 percent of the vari-
ance among individuals. As predicted, the R2 has grown 
with sample size. By 2018, the best PGI for educational 
attainment (EA3) had explained 11 percent of the variance 
among individuals. And, as mentioned, the most recent 
PGI (EA4), in 2022, predicts about 15 percent. Notably, 
the jump in four years from 11 percent to 15 percent was 
achieved only by tripling the GWAS sample size.101 This 
shows that sociobehavioral PGIs with relatively low R2s can 
increase in meaningfulness to researchers as sample sizes 
grow, as well as that substantially larger sample sizes can 
become available relatively quickly. But it also makes clear 
that growth is not infinite. On average, the SNP herita-
bility of educational attainment in a single, relatively ge-
netically homogenous sample is estimated to be about 20 
percent102 (see figure 1). Each sociobehavioral PGI should 
be evaluated on its own terms, and in the present day, to 
determine whether it has the potential to improve social sci-
ence. Although larger GWASs have produced and in some 

cases will continue to produce substantially more powerful 
PGIs, for some sociobehavioral phenotypes (such as those 
for which the SNP heritability is substantially lower than 
20 percent), PGIs will serve as substantially less power-
ful control variables (although a PGI with an R2 of only 
1 percent that is created for “free” from already-genotyped 
samples may nevertheless be marginally useful).

Only about one-third of the current PGI’s explanatory 
power regarding educational attainment (an R2 of approxi-
mately 5 percent) is due to the causal effect of genes that 
differ within sibling pairs. Depending on the purpose to 
which the PGI is being put, however, that may be irrel-
evant. For instance, if the PGI is being used only to predict 
an outcome, no matter the cause, the R2 of approximately 
15 percent will be the appropriate measure of the PGI’s 
predictive power. Moreover, it is unclear what portion of 
the predictive power of nongenetic predictors like parental 
education is causal—and that is, in fact, another advantage 
of genomic predictors: because they are randomly assigned 
among siblings, it is possible, at least in within-family stud-
ies, to estimate the causal effect. 

As discussed in part 3, neither demographic variables 
(like income) nor PGIs have a necessary relationship with 
years of education. Rather, both kinds of predictors reflect 
the contingencies and policy choices of the society where 
the correlations were measured—such as the facts that post-
secondary education is often expensive, that any education 
beyond what is compulsory carries opportunity costs that 
not all can bear equally, and that wealth is inherited—and 
so may be meaningful only in the time and place they were 
measured. Nevertheless, if one wants to develop policy in-
terventions that produce fairer outcomes in the future, it 
is important to be able to understand the factors that gave 
rise to current outcomes, notwithstanding the unfairness of 
some of the factors that produced them. On the one hand, 
one difference between demographic and genomic index 
predictors is that the latter are likely perceived as innate, 
while the former are not. On the other hand, as explained 
in box 5, genes have several advantages compared to non-
genetic predictors of the same phenotype—or to simply 
measuring the actual phenotype directly. 

Although we cannot currently point to examples of so-
ciobehavioral PGIs being incorporated into trials, existing 
PGIs with the predictive power to serve in this role (such as 

Although the PGIs created by most SBG research are very weak  
predictors of individual outcomes, some PGIs have predictive  

power that rivals or exceeds nongenetic predictors that are already 
routinely used in research.

One potential use of PGIs is to increase statistical 
power in randomized controlled trials and natu-

ral experiments to determine the effectiveness of in-
terventions—including, as in the examples we pres-
ent here, environmental interventions. By accounting 
for uninformative noise in data, PGIs can allow re-
searchers to perform well-powered studies in small-
er samples, saving researcher dollars and potentially 
reducing recruitment time. This would lead to faster, 
more-efficient social (and health) science. Here we 
present a back-of-the-envelope calculation showing 
how much money could be saved in two well-known 
early-life education interventions if those studies 
were run today, using PGIs as a control variable and 
reducing the sample size such that the study was 
equally powered. The two interventions considered 
are the Perry preschool study1 and the Abecedarian 
program study.2 The Perry preschool program was 
a trial that randomly assigned some disadvantaged 
preschool children to high-quality preschool educa-
tion. The program cost roughly $27,000 per partici-
pant (here and below in 2022 USD). The Abecedarian 
study was a larger comprehensive Intervention from 
infancy through age five that provided a high-quality 
educational program over several years to disad-
vantaged children. The program cost approximately 
$116,000 per participant.

The gains in statistical power by including a PGI 
as a control variable are a function of the predictive 
power (measured in R2) of the nongenetic control 
variables available versus the predictive power of 
the control variables with the PGI included. For this 

example, we assume that the predictive power of 
a set of relevant nongenetic controls (IQ, parental 
education, and household income) is 19 percent and 
that the predictive power of the controls after add-
ing the PGI for EA increases to 23.6 percent. These 
values come from the 2018 study, EA3. The predic-
tive power of the educational attainment PGI has 
improved since that study was published, but we use 
these lower, outdated values in this calculation to 
produce conservative estimates of the value of con-
trolling for PGIs. We further assume that genotyping 
costs $50 per participant, which is comparable to the 
price of genotyping today, but this cost has fallen 
quickly over the past several years due to improving 
technology and competitive forces, and we antici-
pate that it will continue to fall in the future.

Based on the predictive power of the control 
variables and the PGI, we calculate that, if the Perry 
preschool or Abecedarian study were launched 
today but also included a PGI as a control vari-
able, it could recruit a sample that was 6.7 percent 
smaller than the original samples and still be equally 
powered. For the Perry preschool study, this would 
amount to a savings of $1483 per participant. For 
Abecedarian, it would amount to $6564 per partici-
pant. Part of the reason for the large savings is the 
high cost of the interventions. However, we calculate 
that there are expected cost savings for any study 
that costs more than $881 per participant. This 
threshold will fall as the predictive power of PGIs 
improves and as the cost of genotyping falls.

Box 4. How PGIs Could Improve Trials of Environmental Interventions

1 “Perry Preschool Project,” Social Programs That Work, accessed January 17, 2023, https://evidencebasedprograms.org/pro-
grams/perry-preschool-project/. 
2 “Abecedarian Project,” Social Programs That Work, accessed January 17, 2023, https://evidencebasedprograms.org/programs/
abecedarian-project/; J. J. Lee et al., “Gene Discovery and Polygenic Prediction from a Genome-Wide Association Study of 
Educational Attainment in 1.1 Million Individuals,” Nature Genetics 50, no. 8 (2018): 1112-21. 
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can therefore be used to predict a phenotype of alcohol 
abstinence. When researchers investigated the extent to 
which genotype-predicted mean alcohol consumption pre-
dicts stroke incidence, they found that the apparent pro-
tective effect of alcohol on stroke is largely noncausal and 
any alcohol consumption is associated with at least some 
increased risk of stroke.96 Although this is a promising ex-
ample of using genetic epidemiology to overturn incorrect 
assumptions based on traditional epidemiology, this kind 
of work requires strong assumptions that may not be met 
in many cases.97

Improving Randomized Controlled Trials

One of the highest-potential uses of PGIs is as a simple 
variable in other research—which may have noth-

ing to do with genetics—to control for the influence of 
genes on the outcome being studied.98 In a randomized 
controlled trial or natural experiment, statistical power is 
increased by including control variables with significant 
predictive power. Boosting power, in turn, means that 
fewer participants are needed, which can save time and 
money, leading to faster discoveries. The precise value of 
using PGIs as control variables will depend on several fac-
tors, including the availability and comparative predictive 

power of other, nongenetic predictors and the marginal 
costs of including additional research participants (see box 
4). Sociobehavioral PGIs can also be used to increase the 
comparability of the people who do and do not receive an 
intervention in an experiment, thus similarly enabling tri-
als to be powered with fewer participants. 

Although the PGIs created by most SBG research are 
very weak predictors of individual outcomes, some PGIs 
(as explained in part 3) have predictive power that rivals 
or exceeds nongenetic predictors that are already routinely 
used in research. For instance, researchers conducting a 
field experiment of an innovative curriculum might want to 
control for heterogeneity in participants’ propensity to suc-
ceed in school even apart from the experimental interven-
tion. These researchers might use the father’s educational 
attainment, mother’s educational attainment, or household 
income, since these all correlate with an individual’s even-
tual educational attainment. The current best PGI for edu-
cational attainment (EA4,99 discussed in part 3) has more 
predictive power (with an R2 of about 15 percent) than 
household income (6 percent), mother’s education (15 
percent), or father’s education (15 percent)—though not 
as much as mother’s and father’s educational attainment 
combined (19 percent).100 

The first GWAS of educational attainment (EA1), 
published in 2013, explained only 2 percent of the vari-
ance among individuals. As predicted, the R2 has grown 
with sample size. By 2018, the best PGI for educational 
attainment (EA3) had explained 11 percent of the variance 
among individuals. And, as mentioned, the most recent 
PGI (EA4), in 2022, predicts about 15 percent. Notably, 
the jump in four years from 11 percent to 15 percent was 
achieved only by tripling the GWAS sample size.101 This 
shows that sociobehavioral PGIs with relatively low R2s can 
increase in meaningfulness to researchers as sample sizes 
grow, as well as that substantially larger sample sizes can 
become available relatively quickly. But it also makes clear 
that growth is not infinite. On average, the SNP herita-
bility of educational attainment in a single, relatively ge-
netically homogenous sample is estimated to be about 20 
percent102 (see figure 1). Each sociobehavioral PGI should 
be evaluated on its own terms, and in the present day, to 
determine whether it has the potential to improve social sci-
ence. Although larger GWASs have produced and in some 

cases will continue to produce substantially more powerful 
PGIs, for some sociobehavioral phenotypes (such as those 
for which the SNP heritability is substantially lower than 
20 percent), PGIs will serve as substantially less power-
ful control variables (although a PGI with an R2 of only 
1 percent that is created for “free” from already-genotyped 
samples may nevertheless be marginally useful).

Only about one-third of the current PGI’s explanatory 
power regarding educational attainment (an R2 of approxi-
mately 5 percent) is due to the causal effect of genes that 
differ within sibling pairs. Depending on the purpose to 
which the PGI is being put, however, that may be irrel-
evant. For instance, if the PGI is being used only to predict 
an outcome, no matter the cause, the R2 of approximately 
15 percent will be the appropriate measure of the PGI’s 
predictive power. Moreover, it is unclear what portion of 
the predictive power of nongenetic predictors like parental 
education is causal—and that is, in fact, another advantage 
of genomic predictors: because they are randomly assigned 
among siblings, it is possible, at least in within-family stud-
ies, to estimate the causal effect. 

As discussed in part 3, neither demographic variables 
(like income) nor PGIs have a necessary relationship with 
years of education. Rather, both kinds of predictors reflect 
the contingencies and policy choices of the society where 
the correlations were measured—such as the facts that post-
secondary education is often expensive, that any education 
beyond what is compulsory carries opportunity costs that 
not all can bear equally, and that wealth is inherited—and 
so may be meaningful only in the time and place they were 
measured. Nevertheless, if one wants to develop policy in-
terventions that produce fairer outcomes in the future, it 
is important to be able to understand the factors that gave 
rise to current outcomes, notwithstanding the unfairness of 
some of the factors that produced them. On the one hand, 
one difference between demographic and genomic index 
predictors is that the latter are likely perceived as innate, 
while the former are not. On the other hand, as explained 
in box 5, genes have several advantages compared to non-
genetic predictors of the same phenotype—or to simply 
measuring the actual phenotype directly. 

Although we cannot currently point to examples of so-
ciobehavioral PGIs being incorporated into trials, existing 
PGIs with the predictive power to serve in this role (such as 

Although the PGIs created by most SBG research are very weak  
predictors of individual outcomes, some PGIs have predictive  

power that rivals or exceeds nongenetic predictors that are already 
routinely used in research.

One potential use of PGIs is to increase statistical 
power in randomized controlled trials and natu-

ral experiments to determine the effectiveness of in-
terventions—including, as in the examples we pres-
ent here, environmental interventions. By accounting 
for uninformative noise in data, PGIs can allow re-
searchers to perform well-powered studies in small-
er samples, saving researcher dollars and potentially 
reducing recruitment time. This would lead to faster, 
more-efficient social (and health) science. Here we 
present a back-of-the-envelope calculation showing 
how much money could be saved in two well-known 
early-life education interventions if those studies 
were run today, using PGIs as a control variable and 
reducing the sample size such that the study was 
equally powered. The two interventions considered 
are the Perry preschool study1 and the Abecedarian 
program study.2 The Perry preschool program was 
a trial that randomly assigned some disadvantaged 
preschool children to high-quality preschool educa-
tion. The program cost roughly $27,000 per partici-
pant (here and below in 2022 USD). The Abecedarian 
study was a larger comprehensive Intervention from 
infancy through age five that provided a high-quality 
educational program over several years to disad-
vantaged children. The program cost approximately 
$116,000 per participant.

The gains in statistical power by including a PGI 
as a control variable are a function of the predictive 
power (measured in R2) of the nongenetic control 
variables available versus the predictive power of 
the control variables with the PGI included. For this 

example, we assume that the predictive power of 
a set of relevant nongenetic controls (IQ, parental 
education, and household income) is 19 percent and 
that the predictive power of the controls after add-
ing the PGI for EA increases to 23.6 percent. These 
values come from the 2018 study, EA3. The predic-
tive power of the educational attainment PGI has 
improved since that study was published, but we use 
these lower, outdated values in this calculation to 
produce conservative estimates of the value of con-
trolling for PGIs. We further assume that genotyping 
costs $50 per participant, which is comparable to the 
price of genotyping today, but this cost has fallen 
quickly over the past several years due to improving 
technology and competitive forces, and we antici-
pate that it will continue to fall in the future.

Based on the predictive power of the control 
variables and the PGI, we calculate that, if the Perry 
preschool or Abecedarian study were launched 
today but also included a PGI as a control vari-
able, it could recruit a sample that was 6.7 percent 
smaller than the original samples and still be equally 
powered. For the Perry preschool study, this would 
amount to a savings of $1483 per participant. For 
Abecedarian, it would amount to $6564 per partici-
pant. Part of the reason for the large savings is the 
high cost of the interventions. However, we calculate 
that there are expected cost savings for any study 
that costs more than $881 per participant. This 
threshold will fall as the predictive power of PGIs 
improves and as the cost of genotyping falls.

Box 4. How PGIs Could Improve Trials of Environmental Interventions

1 “Perry Preschool Project,” Social Programs That Work, accessed January 17, 2023, https://evidencebasedprograms.org/pro-
grams/perry-preschool-project/. 
2 “Abecedarian Project,” Social Programs That Work, accessed January 17, 2023, https://evidencebasedprograms.org/programs/
abecedarian-project/; J. J. Lee et al., “Gene Discovery and Polygenic Prediction from a Genome-Wide Association Study of 
Educational Attainment in 1.1 Million Individuals,” Nature Genetics 50, no. 8 (2018): 1112-21. 
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Learning which SNPs are jointly associated with a sociobehavioral 
phenotype and a disease and which are uniquely associated with the 

disease can help advance understanding of both the biology of the 
disease and the effect of the sociobehavioral phenotype. 

PGIs for educational attainment and for body mass index 
[BMI]) are relatively few in number. Incorporating genom-
ics into traditional social science studies is also relatively 
novel and therefore unfamiliar to most social science re-
searchers. Some clinical geneticists are focusing on the po-
tential of clinical-phenotype PGIs to expedite clinical trials 
in this way—say, by using PGIs to select participants in 
preventive drug trials who are at substantially higher risk 
for a particular health outcome—and this exploration, too, 
is just beginning.103

Understanding Heterogeneity in Treatment 
Effects

Most trials are powered to identify, and report, aver-
age treatment effects. But often, a treatment that is 

ineffective on average is effective for a minority of partici-
pants—or differentially effective across participants. For 
example, a brief mindset intervention—an intervention 
aimed at increasing participants’ belief that intellectual 
ability can grow over time—has been shown to increase 
enrollment in higher math courses, on average, but the in-
tervention is stronger in students from schools with lower 
test scores. Implementing the intervention would therefore 
promote equity, which many policy-makers would consider 
important to know when allocating resources.104 One could 
imagine an extension where a PGI that predicts enrollment 
in math class, the target outcome of the intervention, is 
tested as a moderator: does the mindset intervention effect 
everyone equally, or is there heterogeneity across the PGI? 
(Researchers might also ask, conversely, whether changing 
students’ mindsets attenuates the association between the 
PGI and enrollment in high math courses, which would 
tell something about a psychological mechanism through 
which the PGI is associated with enrollment in higher 
math courses.)

Advancing Health Research

Not surprisingly, many social scientists who develop 
PGIs are primarily motivated by the prospect that 

these tools will be helpful in their own disciplines, such 
as sociology,105 psychology,106 economics,107 and demog-
raphy.108 But because social and behavioral phenotypes 
often correlate with other outcomes, such as health, SBG 

research and the PGIs they sometimes produce have the 
potential to accelerate progress in those areas as well. 

Since sociobehavioral phenotypes and health out-
comes are often highly correlated and because some so-
ciobehavioral PGIs (such as for educational attainment) 
are substantially more predictive than some disease PGIs, 
sociobehavioral PGIs have the potential to improve the 
prediction of disease or disease phenotype. The educa-
tional attainment PGI, for instance, is correlated with hy-
pertension, ischemic heart disease, myocardial infarction, 
hypercholesterolemia, type 2 diabetes, asthma, osteoporo-
sis, rheumatoid arthritis, migraine, and major depression. 
Although PGIs have been created for each of these diseases, 
adding the educational attainment PGI to them predicts 
these diseases substantially better than using either PGI 
alone.109 This makes sociobehavioral GWASs, PGIs, and 
other SBG research potentially useful not only in social sci-
ence research but also in medical research (we address be-
low the clinical use of sociobehavioral PGIs). For instance, 
researchers recently used the educational attainment PGI 
to investigate risk factors for autism spectrum disorder.110

Moreover, it is not only that sociobehavioral and health 
phenotypes are correlated; learning which SNPs are jointly 
associated with a sociobehavioral phenotype and a disease 
and which are uniquely associated with the disease can 
help advance understanding of both the biology of the 
disease and the effect of the sociobehavioral phenotype. 
For instance, the SNP profile of educational attainment 
looks somewhat like—but is far from identical to—that 
of schizophrenia and Alzheimer’s disease; some but not all 
SNPs that are associated with educational attainment are 
also associated with one or both of these diseases. And so, 
for example, researchers have used SNPs identified in an 
earlier GWAS as being associated with educational attain-
ment to propose subtypes of schizophrenia.111 In principle, 
comparing SNPs that are not shared by educational attain-
ment and these diseases might help illuminate biological 
pathways of the diseases. Some SBG researchers are most 
excited about their work’s potential to advance medical re-
search (including medical genetics). 

PGIs can also be used to provide more precise predic-
tions of how, if at all, a disease caused by a monogenic vari-
ant will express itself in an individual. For instance, some 
developmental disorders caused by copy-number variation 
(CNV, a circumstance in which the number of copies of 

In practice, PGIs are typically used in combina-
tion with other predictors, not in lieu of them. 

But a common question is, what is the advantage 
of incorporating genomic information in any way, 
compared to relying solely on nongenetic predictors 
of the same phenotype, or simply measuring the 
actual phenotype directly? First, as mentioned in part 
1 and discussed in more detail below, some PGIs 
have predictive power on par with that of nongenetic 
predictors and, when combined with those nonge-
netic predictors, can sometimes improve predictions 
beyond the latter alone. 

Second, because genes are randomly assigned 
(conditional on the biological parents’ genes), stud-
ies of genetic variation within families are especially 
useful in research for illuminating what in parts 2 and 
3 we called “causal effects.” And because genetic-
based study designs allow researchers to observe 
the genetic differences among family members, 
they have an advantage over traditional twin stud-
ies, in which genetic differences are not directly 
observed. Genetic data also have the advantage of 
having greater external validity. Not everyone has a 
twin (and those that do are a special population), but 
everyone has genes and parents, which is sufficient 
to estimate causal effects.

Third, sometimes the phenotype of interest is 
either not observable or unavailable. Even when the 
phenotype is both observable and available, it can 
be more expensive or more difficult in other ways to 
measure than genetic data. For instance, participants 
who are not sampled, who die, or who are lost to 
follow-up—substantial problems in most human sub-
jects research—cannot be measured, and these par-
ticipants may differ from those who are included in 
research samples in ways that bias research results. 
(Because biobank samples are not representative of 
the general population, if biobanks were the source 
of the genomic information, incorporating genomic 
information might introduce its own form of bias. 
However, biobanks are not the only source of ge-
nomic information. For instance, if PGIs were used as 
a covariate in a clinical trial, presumably researchers 
would compute PGIs for all participants directly.) As 
for using nongenetic phenotype predictors, paren-
tal demographics are often strong predictors of the 
child’s eventual phenotype, but not everyone knows 

this information about their biological parents. And 
although genotyping may seem like an expensive 
method compared to surveys, it can now be done 
for less than $50 per person (and costs will continue 
to fall), and that genotyping can serve a potentially 
very large number of studies. 

Fourth, phenotypes can be confounded by other 
phenotypes. For instance, economists have long 
been interested in the effects of smoking or drink-
ing on social or labor market outcomes, but in our 
society, these outcomes are correlated for myriad 
reasons, and so even direct measurements of one 
phenotype will always be confounded by the other. 
As discussed further below, researchers can use 
genes to help untangle the causal portion of phe-
notypic relationships using so-called Mendelian 
randomization (under strong assumptions and in 
specific cases). 

Fifth, a person’s DNA sequence doesn’t change 
over time, which means that it can be used to travel 
back in time. Researchers can collect genetic infor-
mation on people who participated in a study (such 
as a randomized controlled trial of a preschool cur-
riculum) or who were exposed to an environmental 
change of interest (such as a policy reform) years 
or even decades ago. In contrast, most forms of 
phenotypic data collected after the fact are subject to 
biases and errors due to retrospective recall or could 
have been affected by the environmental exposures 
of interest.  

Finally, sometimes phenotypic relationships are 
confounded by genes. For example, a researcher 
who observes an effect of parenting style on child 
outcomes cannot be sure that the outcomes are 
directly influenced by the parenting style as opposed 
to by genes that are influencing both the parenting 
style and the outcome. Ignoring the latter possibility 
risks getting the wrong empirical answer. 

Each of the above reasons does not necessar-
ily apply to every choice to incorporate genes into a 
study. Moreover, as research tools, genes have their 
own drawbacks (for example, PGIs are themselves 
confounded in various ways). But collectively, they 
suggest several advantages to incorporating genes 
into research and triangulating among them and the 
environment, compared to not including them.

Box 5. Why Use Genes, and Not Other Variables, to Study or Predict Phenotypes?
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Learning which SNPs are jointly associated with a sociobehavioral 
phenotype and a disease and which are uniquely associated with the 

disease can help advance understanding of both the biology of the 
disease and the effect of the sociobehavioral phenotype. 

PGIs for educational attainment and for body mass index 
[BMI]) are relatively few in number. Incorporating genom-
ics into traditional social science studies is also relatively 
novel and therefore unfamiliar to most social science re-
searchers. Some clinical geneticists are focusing on the po-
tential of clinical-phenotype PGIs to expedite clinical trials 
in this way—say, by using PGIs to select participants in 
preventive drug trials who are at substantially higher risk 
for a particular health outcome—and this exploration, too, 
is just beginning.103

Understanding Heterogeneity in Treatment 
Effects

Most trials are powered to identify, and report, aver-
age treatment effects. But often, a treatment that is 

ineffective on average is effective for a minority of partici-
pants—or differentially effective across participants. For 
example, a brief mindset intervention—an intervention 
aimed at increasing participants’ belief that intellectual 
ability can grow over time—has been shown to increase 
enrollment in higher math courses, on average, but the in-
tervention is stronger in students from schools with lower 
test scores. Implementing the intervention would therefore 
promote equity, which many policy-makers would consider 
important to know when allocating resources.104 One could 
imagine an extension where a PGI that predicts enrollment 
in math class, the target outcome of the intervention, is 
tested as a moderator: does the mindset intervention effect 
everyone equally, or is there heterogeneity across the PGI? 
(Researchers might also ask, conversely, whether changing 
students’ mindsets attenuates the association between the 
PGI and enrollment in high math courses, which would 
tell something about a psychological mechanism through 
which the PGI is associated with enrollment in higher 
math courses.)

Advancing Health Research

Not surprisingly, many social scientists who develop 
PGIs are primarily motivated by the prospect that 

these tools will be helpful in their own disciplines, such 
as sociology,105 psychology,106 economics,107 and demog-
raphy.108 But because social and behavioral phenotypes 
often correlate with other outcomes, such as health, SBG 

research and the PGIs they sometimes produce have the 
potential to accelerate progress in those areas as well. 

Since sociobehavioral phenotypes and health out-
comes are often highly correlated and because some so-
ciobehavioral PGIs (such as for educational attainment) 
are substantially more predictive than some disease PGIs, 
sociobehavioral PGIs have the potential to improve the 
prediction of disease or disease phenotype. The educa-
tional attainment PGI, for instance, is correlated with hy-
pertension, ischemic heart disease, myocardial infarction, 
hypercholesterolemia, type 2 diabetes, asthma, osteoporo-
sis, rheumatoid arthritis, migraine, and major depression. 
Although PGIs have been created for each of these diseases, 
adding the educational attainment PGI to them predicts 
these diseases substantially better than using either PGI 
alone.109 This makes sociobehavioral GWASs, PGIs, and 
other SBG research potentially useful not only in social sci-
ence research but also in medical research (we address be-
low the clinical use of sociobehavioral PGIs). For instance, 
researchers recently used the educational attainment PGI 
to investigate risk factors for autism spectrum disorder.110

Moreover, it is not only that sociobehavioral and health 
phenotypes are correlated; learning which SNPs are jointly 
associated with a sociobehavioral phenotype and a disease 
and which are uniquely associated with the disease can 
help advance understanding of both the biology of the 
disease and the effect of the sociobehavioral phenotype. 
For instance, the SNP profile of educational attainment 
looks somewhat like—but is far from identical to—that 
of schizophrenia and Alzheimer’s disease; some but not all 
SNPs that are associated with educational attainment are 
also associated with one or both of these diseases. And so, 
for example, researchers have used SNPs identified in an 
earlier GWAS as being associated with educational attain-
ment to propose subtypes of schizophrenia.111 In principle, 
comparing SNPs that are not shared by educational attain-
ment and these diseases might help illuminate biological 
pathways of the diseases. Some SBG researchers are most 
excited about their work’s potential to advance medical re-
search (including medical genetics). 

PGIs can also be used to provide more precise predic-
tions of how, if at all, a disease caused by a monogenic vari-
ant will express itself in an individual. For instance, some 
developmental disorders caused by copy-number variation 
(CNV, a circumstance in which the number of copies of 

In practice, PGIs are typically used in combina-
tion with other predictors, not in lieu of them. 

But a common question is, what is the advantage 
of incorporating genomic information in any way, 
compared to relying solely on nongenetic predictors 
of the same phenotype, or simply measuring the 
actual phenotype directly? First, as mentioned in part 
1 and discussed in more detail below, some PGIs 
have predictive power on par with that of nongenetic 
predictors and, when combined with those nonge-
netic predictors, can sometimes improve predictions 
beyond the latter alone. 

Second, because genes are randomly assigned 
(conditional on the biological parents’ genes), stud-
ies of genetic variation within families are especially 
useful in research for illuminating what in parts 2 and 
3 we called “causal effects.” And because genetic-
based study designs allow researchers to observe 
the genetic differences among family members, 
they have an advantage over traditional twin stud-
ies, in which genetic differences are not directly 
observed. Genetic data also have the advantage of 
having greater external validity. Not everyone has a 
twin (and those that do are a special population), but 
everyone has genes and parents, which is sufficient 
to estimate causal effects.

Third, sometimes the phenotype of interest is 
either not observable or unavailable. Even when the 
phenotype is both observable and available, it can 
be more expensive or more difficult in other ways to 
measure than genetic data. For instance, participants 
who are not sampled, who die, or who are lost to 
follow-up—substantial problems in most human sub-
jects research—cannot be measured, and these par-
ticipants may differ from those who are included in 
research samples in ways that bias research results. 
(Because biobank samples are not representative of 
the general population, if biobanks were the source 
of the genomic information, incorporating genomic 
information might introduce its own form of bias. 
However, biobanks are not the only source of ge-
nomic information. For instance, if PGIs were used as 
a covariate in a clinical trial, presumably researchers 
would compute PGIs for all participants directly.) As 
for using nongenetic phenotype predictors, paren-
tal demographics are often strong predictors of the 
child’s eventual phenotype, but not everyone knows 

this information about their biological parents. And 
although genotyping may seem like an expensive 
method compared to surveys, it can now be done 
for less than $50 per person (and costs will continue 
to fall), and that genotyping can serve a potentially 
very large number of studies. 

Fourth, phenotypes can be confounded by other 
phenotypes. For instance, economists have long 
been interested in the effects of smoking or drink-
ing on social or labor market outcomes, but in our 
society, these outcomes are correlated for myriad 
reasons, and so even direct measurements of one 
phenotype will always be confounded by the other. 
As discussed further below, researchers can use 
genes to help untangle the causal portion of phe-
notypic relationships using so-called Mendelian 
randomization (under strong assumptions and in 
specific cases). 

Fifth, a person’s DNA sequence doesn’t change 
over time, which means that it can be used to travel 
back in time. Researchers can collect genetic infor-
mation on people who participated in a study (such 
as a randomized controlled trial of a preschool cur-
riculum) or who were exposed to an environmental 
change of interest (such as a policy reform) years 
or even decades ago. In contrast, most forms of 
phenotypic data collected after the fact are subject to 
biases and errors due to retrospective recall or could 
have been affected by the environmental exposures 
of interest.  

Finally, sometimes phenotypic relationships are 
confounded by genes. For example, a researcher 
who observes an effect of parenting style on child 
outcomes cannot be sure that the outcomes are 
directly influenced by the parenting style as opposed 
to by genes that are influencing both the parenting 
style and the outcome. Ignoring the latter possibility 
risks getting the wrong empirical answer. 

Each of the above reasons does not necessar-
ily apply to every choice to incorporate genes into a 
study. Moreover, as research tools, genes have their 
own drawbacks (for example, PGIs are themselves 
confounded in various ways). But collectively, they 
suggest several advantages to incorporating genes 
into research and triangulating among them and the 
environment, compared to not including them.

Box 5. Why Use Genes, and Not Other Variables, to Study or Predict Phenotypes?
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a specific segment of DNA varies among individuals, for 
instance, due to insertions, deletions, or duplications) pro-
duce phenotypes that vary widely across individuals—from 
intellectual disability (defined as having an IQ two or more 
standard deviations below average) requiring considerable 
interventions to IQ in the standard range. Prior research 
has found that parental mean IQ predicts the phenotype 
of a child with a CNV disorder, suggesting that although 
the same CNV “shifts” IQ down by approximately the 
same amount in all children, those whose polygenic in-
dexes for intelligence are higher than average can end up 
with average intelligence despite the CNV.112 Research is 
now investigating whether the child’s PGI for intelligence 
or educational attainment can even more precisely predict 
the variable expression of these CNVs.113 Similarly, 22q 
deletion syndrome, which occurs when someone is miss-
ing a small part of chromosome 22, is associated with a 25 
percent risk of schizophrenia—twenty-five times the risk 
for the average person. Because schizophrenia and IQ are 
positively correlated, researchers might use IQ and schizo-
phrenia PGIs to better understand why some 22q patients 
have schizophrenia and others do not.

Uses of SBG Research and Its Products (Such As 
PGIs) in Practice and Policy

Because social science research can inform policy and 
practice, improving the precision, speed, and cost of 

social science research could indirectly lead to any number 
of policy and practice benefits.114 Some of the most vo-
cal proponents of SBG research, however, tout its poten-
tial to be directly incorporated into policy or practice.115 
As noted in the last part, working-group members do not 
agree about whether various applications of SBG research 
in practice or policy (see box 3) would be appropriate and 
hence count as potential downstream benefits of basic SBG 
research. For some members, at least some of these appli-
cations would be inappropriate and should be considered 
downstream risks of SBG research. 

A few inflection points underlie this lack of consen-
sus. With respect to scenario A, “Predicting disease risk 
in patients,” in box 3, for instance, some working-group 
members believe that it is ethically inappropriate to make 
predictions without any understanding of mechanisms—
or without at least being able to rule out indirect effects 
that reflect social factors—and these working-group mem-

bers also believe that these requirements will never be met 
for social or behavioral phenotypes. In response, some oth-
er working-group members say they are optimistic about 
the potential of SBG research to illuminate mechanisms (in 
psychiatric conditions, for example). Yet others point out 
that many medical-risk predictions are informed by cor-
relations whose underlying mechanisms are either opaque 
or known to reflect social injustices and that offering an ac-
curate, actionable prediction can be ethically appropriate, 
sometimes more so than withholding that prediction while 
awaiting knowledge of mechanisms.116 In the domain of 
education (consider scenarios D, “Disability benefits,” and 
E, “Pupil premiums”), some argue that, since resources are 
allocated to students and schools whose individual or mean 
environments are associated with disadvantage, consistency 
and fairness suggest that resources also be allocated to stu-
dents and schools whose individual or mean PGIs are as-
sociated with disadvantage. Others are skeptical that any 
benefits would be worth the price of the stigmatization that 
is likely to result.

Despite these disagreements, we agree that, for multiple 
reasons, it would rarely be straightforward to translate SBG 
research and the PGIs they produce into scientifically and 
ethically acceptable practices or policies. We urge propo-
nents of such applications to calibrate their enthusiasm 
accordingly. Most SBG research results would need to be 
translated into plausible interventions. For instance, the 
GWASs that have identified SNPs associated with edu-
cational attainment do not themselves explain why those 
SNPs are associated with more or fewer years of education. 
As a result, no one knows from these GWASs alone how to 
intervene to help those with a low educational-attainment 
PGI; just because a PGI predicts educational attainment 
does not necessarily imply that it will also predict the ef-
fectiveness of an intervention aimed to increase educational 
attainment. Moreover, most scientifically and ethically ac-
ceptable uses of PGIs in practice or policy would first re-
quire research to validate these uses and to measure any 
negative psychosocial or other effects of using PGIs. For 
instance, responsible innovation might call for a pragmatic 
trial of PGI use in some practice context under a research 
protocol, with both the primary outcome (such as increased 
educational attainment) and psychosocial outcomes com-
pared to a control group. Such translational research would 
allow careful, evidence-based consideration of risks and ex-
pected benefits prior to implementation at scale.

PART 6: JUSTIFIABLE AND UNJUSTIFIABLE SBG RESEARCH

Before describing two categories of SBG research that 
deserve greater scrutiny—which we call “SBG re-
search of heightened concern” and “SBG research 

of greatest concern”—we describe some of the working 
group’s general conclusions. First, research that advances 
understanding of the world and humans’ place in it is valu-
able, even if that knowledge never translates into concrete 
improvements in anyone’s welfare. If that were not the case, 
large quantities of research in the arts and sciences—and 
perhaps some entire fields—would have to be deemed a 
waste of time and other resources.

Second, and relatedly, a majority of working-group 
members agree that, as a general matter, researchers—in-
cluding SBG researchers—should not be expected to iden-
tify in advance specific potential benefits of their work for 
human welfare before beginning it. Even if research should, 
in theory, be justified primarily in terms of the benefits it 
might yield rather than by its intrinsic value—a position 
that a majority of working-group members reject—in prac-
tice, it is often impossible to accurately anticipate the spe-
cific benefits of research, especially of basic science.  

Third, we note that there is considerable value in allow-
ing scientists and other scholars “to pursue lines of inquiry 
and the communication of knowledge and ideas without 
fear of repression or censorship.”117 The freedom to ask 
questions, use the scientific method to try to answer them, 
and then share one’s findings is critical to a healthy civil 
society. 

Fourth, we agree that SBG research on a wide range of 
phenotypes can be worth conducting, funding, and pub-
lishing.118

Fifth, notwithstanding the above, much SBG research 
entails risks, and researchers have an ethical obligation to 
anticipate and take reasonable measures to avoid prevent-
able harms or mitigate risks that may arise from their work 
or its communication.119 We reiterate that research can 
impose risks not only on research participants but also on 
individuals and groups who were not in a study, or on so-
ciety at large.120 These obligations increase in proportion 
to the riskiness of the research. The greater the risks posed 
by a line of research or a particular study, the more confi-
dent researchers should be in their results before publishing 
or disseminating them.121 Similarly, the more vigilant they 
should be about heading off foreseeable misinterpretations 
when they communicate them. We elaborate some of these 
obligations in part 7 below. 

These considerations lead us to articulate two levels 
of concern, which we more fully describe in the next two 
subsections of the report. First, we consider SBG research 
involving sensitive phenotypes to be SBG research of 

heightened concern. At a minimum, heightened obliga-
tions of responsible conduct and communication of this 
research apply; we articulate these in part 7. 

Second, we consider SBG research of the greatest con-
cern to be research on sensitive phenotypes that compares 
groups defined by race, ethnicity, or genetic ancestry 
where—due to similarities in how races, ethnicities, and 
genetic ancestral populations are typically identified—ge-
netic ancestry could easily be misunderstood as race or 
ethnicity (“group-comparison research,” for short). As de-
picted in figure 4, we all agree that such research requires 
a compelling justification of the study’s scientific validity. 
While some of us believe that researchers should be free to 
pursue any scientifically valid research, others of us would 
additionally require a compelling justification of the study’s 
risk-benefit profile. We all hold that, absent a compelling 
justification—a criterion that some of us think will never 
be met—researchers should not conduct, funders should 
not fund, and journals should not publish such research.

SBG Research of Heightened Concern: Sensitive 
Phenotypes

Some kinds of SBG research are more ethically fraught 
than others. In particular, we have more concern about 

studying (and creating PGIs) for some phenotypes than for 
others. Nearly any social or behavioral phenotype has some 
potential to be sensitive. For instance, a PGI that predicts 
television consumption could be viewed as predicting peo-
ple who are more or less likely to enjoy low-brow pleasures. 
But there are at least some social and behavioral pheno-
types—for instance, introversion or religiosity—for which 
that risk seems lower. It is worth distinguishing phenotypes 
that pose lesser versus greater risks, of the sort described in 
part 4. Because we recognize not only the potential ben-
efits of SBG research (see part 5) but also its potential risks 
(part 4), heightened obligations of responsible conduct and 
communication of this science apply to conducting, fund-
ing, and publishing this research.

What makes a phenotype of greater concern? We have 
in mind several criteria, and some phenotypes will fit more 
than one criterion that would heighten concern about re-
search investigating it. First, phenotypes that are viewed in 
a society (rightly or wrongly) as being very consequential 
to social status are of heightened concern. This criterion 
is likely met if (but not only if ) the phenotype can affect 
reputation, employability, financial standing, educational 
advancement, or legal risk.122 Examples in contemporary 
U.S. society include obesity, substance-use disorders, in-
telligence-test scores, educational attainment, income, and 
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a specific segment of DNA varies among individuals, for 
instance, due to insertions, deletions, or duplications) pro-
duce phenotypes that vary widely across individuals—from 
intellectual disability (defined as having an IQ two or more 
standard deviations below average) requiring considerable 
interventions to IQ in the standard range. Prior research 
has found that parental mean IQ predicts the phenotype 
of a child with a CNV disorder, suggesting that although 
the same CNV “shifts” IQ down by approximately the 
same amount in all children, those whose polygenic in-
dexes for intelligence are higher than average can end up 
with average intelligence despite the CNV.112 Research is 
now investigating whether the child’s PGI for intelligence 
or educational attainment can even more precisely predict 
the variable expression of these CNVs.113 Similarly, 22q 
deletion syndrome, which occurs when someone is miss-
ing a small part of chromosome 22, is associated with a 25 
percent risk of schizophrenia—twenty-five times the risk 
for the average person. Because schizophrenia and IQ are 
positively correlated, researchers might use IQ and schizo-
phrenia PGIs to better understand why some 22q patients 
have schizophrenia and others do not.

Uses of SBG Research and Its Products (Such As 
PGIs) in Practice and Policy

Because social science research can inform policy and 
practice, improving the precision, speed, and cost of 

social science research could indirectly lead to any number 
of policy and practice benefits.114 Some of the most vo-
cal proponents of SBG research, however, tout its poten-
tial to be directly incorporated into policy or practice.115 
As noted in the last part, working-group members do not 
agree about whether various applications of SBG research 
in practice or policy (see box 3) would be appropriate and 
hence count as potential downstream benefits of basic SBG 
research. For some members, at least some of these appli-
cations would be inappropriate and should be considered 
downstream risks of SBG research. 

A few inflection points underlie this lack of consen-
sus. With respect to scenario A, “Predicting disease risk 
in patients,” in box 3, for instance, some working-group 
members believe that it is ethically inappropriate to make 
predictions without any understanding of mechanisms—
or without at least being able to rule out indirect effects 
that reflect social factors—and these working-group mem-

bers also believe that these requirements will never be met 
for social or behavioral phenotypes. In response, some oth-
er working-group members say they are optimistic about 
the potential of SBG research to illuminate mechanisms (in 
psychiatric conditions, for example). Yet others point out 
that many medical-risk predictions are informed by cor-
relations whose underlying mechanisms are either opaque 
or known to reflect social injustices and that offering an ac-
curate, actionable prediction can be ethically appropriate, 
sometimes more so than withholding that prediction while 
awaiting knowledge of mechanisms.116 In the domain of 
education (consider scenarios D, “Disability benefits,” and 
E, “Pupil premiums”), some argue that, since resources are 
allocated to students and schools whose individual or mean 
environments are associated with disadvantage, consistency 
and fairness suggest that resources also be allocated to stu-
dents and schools whose individual or mean PGIs are as-
sociated with disadvantage. Others are skeptical that any 
benefits would be worth the price of the stigmatization that 
is likely to result.

Despite these disagreements, we agree that, for multiple 
reasons, it would rarely be straightforward to translate SBG 
research and the PGIs they produce into scientifically and 
ethically acceptable practices or policies. We urge propo-
nents of such applications to calibrate their enthusiasm 
accordingly. Most SBG research results would need to be 
translated into plausible interventions. For instance, the 
GWASs that have identified SNPs associated with edu-
cational attainment do not themselves explain why those 
SNPs are associated with more or fewer years of education. 
As a result, no one knows from these GWASs alone how to 
intervene to help those with a low educational-attainment 
PGI; just because a PGI predicts educational attainment 
does not necessarily imply that it will also predict the ef-
fectiveness of an intervention aimed to increase educational 
attainment. Moreover, most scientifically and ethically ac-
ceptable uses of PGIs in practice or policy would first re-
quire research to validate these uses and to measure any 
negative psychosocial or other effects of using PGIs. For 
instance, responsible innovation might call for a pragmatic 
trial of PGI use in some practice context under a research 
protocol, with both the primary outcome (such as increased 
educational attainment) and psychosocial outcomes com-
pared to a control group. Such translational research would 
allow careful, evidence-based consideration of risks and ex-
pected benefits prior to implementation at scale.

PART 6: JUSTIFIABLE AND UNJUSTIFIABLE SBG RESEARCH

Before describing two categories of SBG research that 
deserve greater scrutiny—which we call “SBG re-
search of heightened concern” and “SBG research 

of greatest concern”—we describe some of the working 
group’s general conclusions. First, research that advances 
understanding of the world and humans’ place in it is valu-
able, even if that knowledge never translates into concrete 
improvements in anyone’s welfare. If that were not the case, 
large quantities of research in the arts and sciences—and 
perhaps some entire fields—would have to be deemed a 
waste of time and other resources.

Second, and relatedly, a majority of working-group 
members agree that, as a general matter, researchers—in-
cluding SBG researchers—should not be expected to iden-
tify in advance specific potential benefits of their work for 
human welfare before beginning it. Even if research should, 
in theory, be justified primarily in terms of the benefits it 
might yield rather than by its intrinsic value—a position 
that a majority of working-group members reject—in prac-
tice, it is often impossible to accurately anticipate the spe-
cific benefits of research, especially of basic science.  

Third, we note that there is considerable value in allow-
ing scientists and other scholars “to pursue lines of inquiry 
and the communication of knowledge and ideas without 
fear of repression or censorship.”117 The freedom to ask 
questions, use the scientific method to try to answer them, 
and then share one’s findings is critical to a healthy civil 
society. 

Fourth, we agree that SBG research on a wide range of 
phenotypes can be worth conducting, funding, and pub-
lishing.118

Fifth, notwithstanding the above, much SBG research 
entails risks, and researchers have an ethical obligation to 
anticipate and take reasonable measures to avoid prevent-
able harms or mitigate risks that may arise from their work 
or its communication.119 We reiterate that research can 
impose risks not only on research participants but also on 
individuals and groups who were not in a study, or on so-
ciety at large.120 These obligations increase in proportion 
to the riskiness of the research. The greater the risks posed 
by a line of research or a particular study, the more confi-
dent researchers should be in their results before publishing 
or disseminating them.121 Similarly, the more vigilant they 
should be about heading off foreseeable misinterpretations 
when they communicate them. We elaborate some of these 
obligations in part 7 below. 

These considerations lead us to articulate two levels 
of concern, which we more fully describe in the next two 
subsections of the report. First, we consider SBG research 
involving sensitive phenotypes to be SBG research of 

heightened concern. At a minimum, heightened obliga-
tions of responsible conduct and communication of this 
research apply; we articulate these in part 7. 

Second, we consider SBG research of the greatest con-
cern to be research on sensitive phenotypes that compares 
groups defined by race, ethnicity, or genetic ancestry 
where—due to similarities in how races, ethnicities, and 
genetic ancestral populations are typically identified—ge-
netic ancestry could easily be misunderstood as race or 
ethnicity (“group-comparison research,” for short). As de-
picted in figure 4, we all agree that such research requires 
a compelling justification of the study’s scientific validity. 
While some of us believe that researchers should be free to 
pursue any scientifically valid research, others of us would 
additionally require a compelling justification of the study’s 
risk-benefit profile. We all hold that, absent a compelling 
justification—a criterion that some of us think will never 
be met—researchers should not conduct, funders should 
not fund, and journals should not publish such research.

SBG Research of Heightened Concern: Sensitive 
Phenotypes

Some kinds of SBG research are more ethically fraught 
than others. In particular, we have more concern about 

studying (and creating PGIs) for some phenotypes than for 
others. Nearly any social or behavioral phenotype has some 
potential to be sensitive. For instance, a PGI that predicts 
television consumption could be viewed as predicting peo-
ple who are more or less likely to enjoy low-brow pleasures. 
But there are at least some social and behavioral pheno-
types—for instance, introversion or religiosity—for which 
that risk seems lower. It is worth distinguishing phenotypes 
that pose lesser versus greater risks, of the sort described in 
part 4. Because we recognize not only the potential ben-
efits of SBG research (see part 5) but also its potential risks 
(part 4), heightened obligations of responsible conduct and 
communication of this science apply to conducting, fund-
ing, and publishing this research.

What makes a phenotype of greater concern? We have 
in mind several criteria, and some phenotypes will fit more 
than one criterion that would heighten concern about re-
search investigating it. First, phenotypes that are viewed in 
a society (rightly or wrongly) as being very consequential 
to social status are of heightened concern. This criterion 
is likely met if (but not only if ) the phenotype can affect 
reputation, employability, financial standing, educational 
advancement, or legal risk.122 Examples in contemporary 
U.S. society include obesity, substance-use disorders, in-
telligence-test scores, educational attainment, income, and 
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Because we recognize not only the potential benefits of SBG research 
but also its potential risks, heightened obligations of responsible  

conduct and communication of this science apply to conducting, 
funding, and publishing this research. 

criminalized behaviors, all of which are associated with, or 
have implications for, socioeconomic status, social mobil-
ity, or both. As discussed in part 1, this category of pheno-
types was also of keen interest to eugenicists and continues 
to be a focus of racists today. 

Second, even if a phenotype is not strongly tied to social 
status, and in isolation is only moderately—or not at all—
favored or disfavored, phenotypes that are or have histori-
cally been part of harmful stereotypes about minoritized 
groups123 are of increased concern because they threaten to 

reify the biologization of social identities. Examples include 
athleticism, musical beat synchronization,124 hypersexual-
ity, hysteria, and financial prowess.125 Even when research 
on such phenotypes is conducted in a nonminoritized pop-
ulation, it may carry this risk. For instance, even if genetic 
research on athleticism is, as is typical, conducted only in 
people of European genetic ancestries, it has the clear po-
tential to be misinterpreted in ways that help reify both the 
erroneous notion of race as a biological category and the 

stereotype that those who identify as Black are genetically 
predisposed to athleticism.126

Third, phenotypes that are central to a minoritized 
group’s identity are of heightened concern. Examples in-
clude sexual orientation, sexual behavior, and gender iden-
tity.

Notably, the above criteria are socially contingent. In 
particular, they have both a geopolitical and a temporal 
dimension. Some phenotypes that were central to social 
status or lack thereof in the Progressive Era—for instance, 
“promiscuity”—remain disfavored in some circles but no 
longer play that central role today. Similarly, some groups 
are minoritized in some times and places but not (or at least 
less so) in others. For instance, although gay, lesbian, and 
bisexual people remain minoritized in many ways, both the 
social status and legal protections afforded these individu-
als in the United States are dramatically better than they 
were a relatively short time ago. Yet these protections were 
denied to sexual minorities in the United States in living 
memory (and are once again under threat127), and they re-
main denied today in other locations around the world, 
where being a member of a sexual minority is criminalized. 
Researchers and other decision-makers should therefore 
bear in mind geopolitical diversity both within their own 
country and across the world when assessing the risks of 
SBG research: studies that are not especially fraught in the 
researchers’ or participants’ region may be highly fraught 
in another region, where research results will inevitably be 
disseminated and potentially used in the creation of dan-
gerous policies or practices. 

Researchers and other decision-makers should also bear 
in mind the possibility of temporal changes: groups not mi-
noritized today might be so in the future, stereotypes that 
don’t exist or are not prevalent today could become so in 
the future, and phenotypes that are not of fundamental val-
ue today could be in the future as societies evolve. Indeed, 
SBG research itself has the potential to help usher in any 
of these future developments. For instance, a phenotype 
can become newly sensitive when groups are compared ac-
cording to it, and genomic research can also create newly 
defined groups for favor or disfavor. Although, in principle, 
any phenotype could become problematic in some possible 
future, we do not suggest that all phenotypes therefore be 
treated as of equal concern today. Rather, we recommend 
that those assessing SBG research phenotypes do their best 

to attend to current and likely near-term future factors af-
fecting the sensitivity of phenotypes, although we acknowl-
edge that the difficulty of anticipating future developments 
is a limitation of the effectiveness of this approach.

Before describing what we mean by research of greatest 
concern, we need to acknowledge that the line between re-
search of heightened and greatest concern is not bright and 
that it thus will be up to human beings to decide whether 
a given study should be subject to our recommendations. 
An example of a difficult border case is a study done in 
2018 that investigated correlations between educational 
attainment PGIs and levels of socioeconomic success.128 
The researchers analyzed those correlations after they had 
separated the participants in the educational attainment 
study (which we discussed in part 3) into three groups: 
those who started out with low, middle, and high socioeco-
nomic status (SES). Because this study was about sensitive 
phenotypes (educational attainment and social mobility), 
it is clearly of heightened concern. The fact that it com-
pares groups with respect to SES heightens the concern. 
This study does not, however, reach the level of greatest 
concern because it compares only members of SES groups 
within the larger group of people of European genetic an-
cestries; although class is certainly a fraught social division 
and genetics has historically been misused in class oppres-
sion, the study does not attempt to compare people in the 
most fraught social divisions of the contemporary United 
States—race or ethnicity—nor does it compare genetic an-
cestral groups that could be easily conflated with racial or 
ethnic groups. We turn now to that most fraught kind of 
SBG research. 

SBG Research of Greatest Concern 

As noted above, we consider SBG research of the great-
est concern to be research on sensitive phenotypes that 

compares two or more groups defined by race, ethnicity, or 
genetic ancestry, where—due to similarities in how races, 
ethnicities, and genetic ancestral populations are typically 
identified—genetic ancestry could easily be misunderstood 
as race or ethnicity. Examples of group-comparison re-
search would include an attempt to compare participants 
who identify as Black with those who identify as White 
(a race-based comparison), an attempt to compare partici-
pants who identify as Ashkenazi Jews with those who iden-

Figure 4.
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but also its potential risks, heightened obligations of responsible  

conduct and communication of this science apply to conducting, 
funding, and publishing this research. 

criminalized behaviors, all of which are associated with, or 
have implications for, socioeconomic status, social mobil-
ity, or both. As discussed in part 1, this category of pheno-
types was also of keen interest to eugenicists and continues 
to be a focus of racists today. 

Second, even if a phenotype is not strongly tied to social 
status, and in isolation is only moderately—or not at all—
favored or disfavored, phenotypes that are or have histori-
cally been part of harmful stereotypes about minoritized 
groups123 are of increased concern because they threaten to 

reify the biologization of social identities. Examples include 
athleticism, musical beat synchronization,124 hypersexual-
ity, hysteria, and financial prowess.125 Even when research 
on such phenotypes is conducted in a nonminoritized pop-
ulation, it may carry this risk. For instance, even if genetic 
research on athleticism is, as is typical, conducted only in 
people of European genetic ancestries, it has the clear po-
tential to be misinterpreted in ways that help reify both the 
erroneous notion of race as a biological category and the 

stereotype that those who identify as Black are genetically 
predisposed to athleticism.126

Third, phenotypes that are central to a minoritized 
group’s identity are of heightened concern. Examples in-
clude sexual orientation, sexual behavior, and gender iden-
tity.

Notably, the above criteria are socially contingent. In 
particular, they have both a geopolitical and a temporal 
dimension. Some phenotypes that were central to social 
status or lack thereof in the Progressive Era—for instance, 
“promiscuity”—remain disfavored in some circles but no 
longer play that central role today. Similarly, some groups 
are minoritized in some times and places but not (or at least 
less so) in others. For instance, although gay, lesbian, and 
bisexual people remain minoritized in many ways, both the 
social status and legal protections afforded these individu-
als in the United States are dramatically better than they 
were a relatively short time ago. Yet these protections were 
denied to sexual minorities in the United States in living 
memory (and are once again under threat127), and they re-
main denied today in other locations around the world, 
where being a member of a sexual minority is criminalized. 
Researchers and other decision-makers should therefore 
bear in mind geopolitical diversity both within their own 
country and across the world when assessing the risks of 
SBG research: studies that are not especially fraught in the 
researchers’ or participants’ region may be highly fraught 
in another region, where research results will inevitably be 
disseminated and potentially used in the creation of dan-
gerous policies or practices. 

Researchers and other decision-makers should also bear 
in mind the possibility of temporal changes: groups not mi-
noritized today might be so in the future, stereotypes that 
don’t exist or are not prevalent today could become so in 
the future, and phenotypes that are not of fundamental val-
ue today could be in the future as societies evolve. Indeed, 
SBG research itself has the potential to help usher in any 
of these future developments. For instance, a phenotype 
can become newly sensitive when groups are compared ac-
cording to it, and genomic research can also create newly 
defined groups for favor or disfavor. Although, in principle, 
any phenotype could become problematic in some possible 
future, we do not suggest that all phenotypes therefore be 
treated as of equal concern today. Rather, we recommend 
that those assessing SBG research phenotypes do their best 

to attend to current and likely near-term future factors af-
fecting the sensitivity of phenotypes, although we acknowl-
edge that the difficulty of anticipating future developments 
is a limitation of the effectiveness of this approach.

Before describing what we mean by research of greatest 
concern, we need to acknowledge that the line between re-
search of heightened and greatest concern is not bright and 
that it thus will be up to human beings to decide whether 
a given study should be subject to our recommendations. 
An example of a difficult border case is a study done in 
2018 that investigated correlations between educational 
attainment PGIs and levels of socioeconomic success.128 
The researchers analyzed those correlations after they had 
separated the participants in the educational attainment 
study (which we discussed in part 3) into three groups: 
those who started out with low, middle, and high socioeco-
nomic status (SES). Because this study was about sensitive 
phenotypes (educational attainment and social mobility), 
it is clearly of heightened concern. The fact that it com-
pares groups with respect to SES heightens the concern. 
This study does not, however, reach the level of greatest 
concern because it compares only members of SES groups 
within the larger group of people of European genetic an-
cestries; although class is certainly a fraught social division 
and genetics has historically been misused in class oppres-
sion, the study does not attempt to compare people in the 
most fraught social divisions of the contemporary United 
States—race or ethnicity—nor does it compare genetic an-
cestral groups that could be easily conflated with racial or 
ethnic groups. We turn now to that most fraught kind of 
SBG research. 

SBG Research of Greatest Concern 

As noted above, we consider SBG research of the great-
est concern to be research on sensitive phenotypes that 

compares two or more groups defined by race, ethnicity, or 
genetic ancestry, where—due to similarities in how races, 
ethnicities, and genetic ancestral populations are typically 
identified—genetic ancestry could easily be misunderstood 
as race or ethnicity. Examples of group-comparison re-
search would include an attempt to compare participants 
who identify as Black with those who identify as White 
(a race-based comparison), an attempt to compare partici-
pants who identify as Ashkenazi Jews with those who iden-
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While some of us believe that researchers should be free to pursue 
any scientifically valid research, others of us would additionally  

require a compelling justification of the study’s risk-benefit profile.

tify as Sephardi Jews (an ethnicity-based comparison), and 
an attempt to compare participants of European genetic 
ancestries to those of Asian genetic ancestries (a compari-
son of genetic ancestral populations that could easily be 
misunderstood as a racial comparison). Although we are 
referring to such research as “group-comparison research,” 
we emphasize that, in this subsection, we are talking about 
particular kinds of group comparisons, with respect to 
genes and “sensitive” phenotypes.

As depicted in figure 4, we all agree that such research 
requires a compelling justification of the study’s scientific 
validity. While some of us believe that researchers should 
be free to pursue any scientifically valid research, others of 
us would additionally require a compelling justification of 
the study’s risk-benefit profile. We all recommend that, ab-
sent a compelling justification—a criterion that some of us 
think will never be met—researchers not conduct, funders 
not fund, and journals not publish such research. We make 
this recommendation because of the following problems 
regarding the science and ethics of such comparisons.

As we explain below, we do not entirely agree about 
what kind of justification would be sufficiently compelling 
to support such “group-comparison” research (see figure 4). 
In brief, we do all agree that group-comparison research 
must employ methods that allow researchers to arrive at 
scientifically valid conclusions and that such methods 
are currently unavailable for complex SBG phenotypes. 
Assuming that valid methods will be available in the future 
(a point about which working-group members have dif-
ferent intuitions), we disagree about whether additional, 
nonscientific justifications (beyond assurances of respon-
sible conduct and communication) will be needed for such 
research to proceed.

Again, whereas genetic ancestry is a biological concept, 
neither race nor ethnicity is. The reason we include some 
genetic ancestral group comparisons in our default rule is 
that, in practice, “race,” “ethnicity,” and “ancestry” are so 
frequently used interchangeably. This conflation is due in 
part to the fact that the labels used to describe people of dif-
ferent genetic ancestries—for instance, the 1000 Genomes 
Project’s five superpopulations (EUR, AMR, SAS, EAS, 
and AFR) and twenty-six populations (such as the Han 
Chinese in Beijing, China, or CHB)—are very similar to 
labels that people use to describe (and governments use to 
track) racial or ethnic identity. As a result, genomics re-
search that attempts to compare people of many different 
genetic ancestries will very likely be misunderstood as en-
tailing comparisons of racial or ethnic groups, and such 
attempted comparisons will also face the same profound 
challenges to scientific validity. 

Many identities besides race and ethnicity are mi-
noritized, of course, and in the previous section, we call 
out genetic research that implicates these identities as of 

heightened concern. In the contemporary United States, 
however, no type of identity is more fraught in genetics 
research than race and ethnicity. We emphasize, however, 
that although we recommend against comparing groups 
defined by race, ethnicity, or genetic ancestries that can 
easily be mistaken for races or ethnicities, we join others 
in urging that racially, ethnically, and genetically diverse 
people be included in genomic studies; to the extent that 
SBG research has benefits, it is imperative that such studies 
be available to everyone.

Next, we note some common cases of sociobehavioral 
and population genetics research that do not reach the level 
of research of greatest concern. For instance, researchers 
may want to investigate whether there is heterogeneity in 
schizophrenia symptoms among different groups, such as 
“negative” symptoms like becoming socially withdrawn or 
nonresponsive versus “positive” symptoms like hallucina-
tions. Schizophrenia is a sensitive phenotype, and so a study 
attempting to compare the prevalence of schizophrenia in 
groups defined by race, ethnicity, or genetic ancestries that 
can easily be mistaken for races or ethnicities should be 
justified before it is conducted, funded, or published. But 
the kind of schizophrenia symptoms that people are more 
likely to experience may not be a sensitive phenotype. As 
a result, comparing symptom profiles between racial, eth-
nic, or genetic ancestral groups falls outside our category 
of research of greatest concern (and, if valid, the potential 
clinical benefits of such a study’s results are clear). 

Another example of research that does not reach the level 
of greatest concern is the investigation of R2 “shrinkage” in 
cross-ancestry use of PGIs. As discussed above, the greater 
the genetic distance between people in the GWAS training 
set from whom a PGI is created, on the one hand, and the 
individuals to whom a PGI is applied, on the other hand, 
the lower the predictive power the PGI will have. Alicia R. 
Martin et al. demonstrated and quantified the extent of 
this “portability problem,” and thus the urgency of includ-
ing more diverse participants in biobanks and GWASs, by 
comparing the R2 of PGIs for seventeen phenotypes among 
the five 1000 Genome Project superpopulations.129 Even 
when the phenotypes included in such a study are sensi-
tive, the analysis does not involve comparing mean PGIs 
for sensitive phenotypes among groups—only the varying 
predictive power.

We now turn to the reasoning behind our recommenda-
tion against conducting some other kinds of studies. Today, 
typically, predicting phenotypic differences across genetic 
ancestral groups (whether or not those groups reside in the 
same geographic region) is not scientifically meaningful be-
cause such predictions are confounded due to population 
stratification, differences in linkage disequilibrium, and the 
effects of different environments, gene-environment cor-
relation (including genetic nurture), gene-environment in-

teractions, gene-gene interactions, assortative mating, and 
other methodological problems. Because it is a foundation-
al principle of human subjects research ethics that studies 
should be conducted only when they are validly designed to 
answer a meaningful question,130 when this criterion is not 
met, there is no need for additional scientific and ethical 
analysis. All working-group members agree that, especially 
in light of the fraught nature of such work, SBG research 
on sensitive phenotypes that seeks to compare groups de-
fined by race, ethnicity, or genetic ancestry, where genetic 
ancestry could easily be misunderstood as race or ethnicity, 
but whose study designs prevent valid conclusions, should 
not be conducted, funded, or published. 

However, today’s scientific infeasibility should not be a 
source of comfort to those who are concerned about genet-
ics and pernicious group comparisons. Although we dif-
fer on how likely we believe that this is, none of us can 
guarantee that future research methodologies will never ad-
dress enough of these methodological problems to render 
research of this sort as valid and robust as many other kinds 
of research. Therefore, although it is tempting to avoid the 
thorny question whether scientifically valid research should 
be avoided because of its social risks, it is too easy to simply 
conclude that between-group analyses will forever be sci-
entifically meaningless; societies must confront the trade-
off between social risk and the value of pursuing scientific 
understanding. And here, members of the working group 
part ways (see figure 4). 

For a first group of members, scientific conclusions 
about the world—including human-group differences—
that result from valid, robust study designs and that are re-
sponsibly communicated are ethically permissible, without 
further justification. The “compelling justification” these 
members seek, therefore, is justification that a study design 
could or has overcome the very substantial methodologi-
cal obstacles associated with comparing different racial, 
ethnic, or some genetic ancestral groups. Even among the 
working-group members in this first group, there is dis-
agreement. For instance, some view the pursuit of scientific 
knowledge as an absolute freedom; these members might 
acknowledge legitimate limits on the free pursuit of sci-
ence in certain areas—say, gain-of-function research that 
could be weaponized to kill countless humans—but do not 
recognize a reasonable analogy to such exceptionally dan-
gerous research in social and behavioral genomics. Others 

are open in theory to the idea that some social science re-
search is too dangerous to justify (perhaps especially with 
the considerable benefit of hindsight) but believe that fair, 
reasonable methods of implementing such limits are not 
possible in practice and that attempts to do so are likely to 
cause more overall harm than good to human welfare and 
even justice.131

A second group of working-group members follows a 
different path. While acknowledging the importance of sci-
entific knowledge and freedom, they emphasize that these 
are not absolute values but must be balanced with others, 
including welfare and justice. Assuming that a study could 
yield scientifically valid conclusions, these members would 
therefore require an additional “compelling justification”—
namely, that the researchers demonstrate that the study has 
a sufficiently favorable risk-benefit profile. These members 
think that, in almost all cases, the social risks of the research 
would outweigh the potential benefits (whether in terms of 
basic or translational research). However, they leave open 
the possibility that, in rare cases, the ethical analysis could 
turn out differently. 

Given the highly contextual nature of research risks and 
potential benefits, a case-by-case assessment is required, es-
pecially in light of the fact that research risk is generally as-
sessed not in isolation but, rather, in comparison to existing 
risk,132 which is not static. Here, we offer a nonexhaustive 
list of factors that some working-group members believe 
might—alone or in combination—tend to make the risk-
benefit profile of group-comparison research more favor-
able than it otherwise would be and that these members 
think may be sufficiently favorable to justify the research.

For instance, if ethically or scientifically problematic 
group-comparison research were already being conducted 
and taken seriously, that could be one factor in allowing 
responsible, better-skilled scientists to engage in and show 
the limitations of similar research; arguably, that would 
not entail unacceptable incremental risk and might indeed 
mitigate harm from others’ work.133 

Similarly, in some cases where observed phenotypic dif-
ferences between groups are already well-known, a genom-
ic explanation might be more likely to be destigmatizing 
than stigmatizing—say, if the prevailing explanation over-
emphasizes personal responsibility. For instance, although 
obesity is not disfavored in all social groups, in many, it is 
often assumed to be the result of weak character (for ex-
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While some of us believe that researchers should be free to pursue 
any scientifically valid research, others of us would additionally  

require a compelling justification of the study’s risk-benefit profile.

tify as Sephardi Jews (an ethnicity-based comparison), and 
an attempt to compare participants of European genetic 
ancestries to those of Asian genetic ancestries (a compari-
son of genetic ancestral populations that could easily be 
misunderstood as a racial comparison). Although we are 
referring to such research as “group-comparison research,” 
we emphasize that, in this subsection, we are talking about 
particular kinds of group comparisons, with respect to 
genes and “sensitive” phenotypes.

As depicted in figure 4, we all agree that such research 
requires a compelling justification of the study’s scientific 
validity. While some of us believe that researchers should 
be free to pursue any scientifically valid research, others of 
us would additionally require a compelling justification of 
the study’s risk-benefit profile. We all recommend that, ab-
sent a compelling justification—a criterion that some of us 
think will never be met—researchers not conduct, funders 
not fund, and journals not publish such research. We make 
this recommendation because of the following problems 
regarding the science and ethics of such comparisons.

As we explain below, we do not entirely agree about 
what kind of justification would be sufficiently compelling 
to support such “group-comparison” research (see figure 4). 
In brief, we do all agree that group-comparison research 
must employ methods that allow researchers to arrive at 
scientifically valid conclusions and that such methods 
are currently unavailable for complex SBG phenotypes. 
Assuming that valid methods will be available in the future 
(a point about which working-group members have dif-
ferent intuitions), we disagree about whether additional, 
nonscientific justifications (beyond assurances of respon-
sible conduct and communication) will be needed for such 
research to proceed.

Again, whereas genetic ancestry is a biological concept, 
neither race nor ethnicity is. The reason we include some 
genetic ancestral group comparisons in our default rule is 
that, in practice, “race,” “ethnicity,” and “ancestry” are so 
frequently used interchangeably. This conflation is due in 
part to the fact that the labels used to describe people of dif-
ferent genetic ancestries—for instance, the 1000 Genomes 
Project’s five superpopulations (EUR, AMR, SAS, EAS, 
and AFR) and twenty-six populations (such as the Han 
Chinese in Beijing, China, or CHB)—are very similar to 
labels that people use to describe (and governments use to 
track) racial or ethnic identity. As a result, genomics re-
search that attempts to compare people of many different 
genetic ancestries will very likely be misunderstood as en-
tailing comparisons of racial or ethnic groups, and such 
attempted comparisons will also face the same profound 
challenges to scientific validity. 

Many identities besides race and ethnicity are mi-
noritized, of course, and in the previous section, we call 
out genetic research that implicates these identities as of 

heightened concern. In the contemporary United States, 
however, no type of identity is more fraught in genetics 
research than race and ethnicity. We emphasize, however, 
that although we recommend against comparing groups 
defined by race, ethnicity, or genetic ancestries that can 
easily be mistaken for races or ethnicities, we join others 
in urging that racially, ethnically, and genetically diverse 
people be included in genomic studies; to the extent that 
SBG research has benefits, it is imperative that such studies 
be available to everyone.

Next, we note some common cases of sociobehavioral 
and population genetics research that do not reach the level 
of research of greatest concern. For instance, researchers 
may want to investigate whether there is heterogeneity in 
schizophrenia symptoms among different groups, such as 
“negative” symptoms like becoming socially withdrawn or 
nonresponsive versus “positive” symptoms like hallucina-
tions. Schizophrenia is a sensitive phenotype, and so a study 
attempting to compare the prevalence of schizophrenia in 
groups defined by race, ethnicity, or genetic ancestries that 
can easily be mistaken for races or ethnicities should be 
justified before it is conducted, funded, or published. But 
the kind of schizophrenia symptoms that people are more 
likely to experience may not be a sensitive phenotype. As 
a result, comparing symptom profiles between racial, eth-
nic, or genetic ancestral groups falls outside our category 
of research of greatest concern (and, if valid, the potential 
clinical benefits of such a study’s results are clear). 

Another example of research that does not reach the level 
of greatest concern is the investigation of R2 “shrinkage” in 
cross-ancestry use of PGIs. As discussed above, the greater 
the genetic distance between people in the GWAS training 
set from whom a PGI is created, on the one hand, and the 
individuals to whom a PGI is applied, on the other hand, 
the lower the predictive power the PGI will have. Alicia R. 
Martin et al. demonstrated and quantified the extent of 
this “portability problem,” and thus the urgency of includ-
ing more diverse participants in biobanks and GWASs, by 
comparing the R2 of PGIs for seventeen phenotypes among 
the five 1000 Genome Project superpopulations.129 Even 
when the phenotypes included in such a study are sensi-
tive, the analysis does not involve comparing mean PGIs 
for sensitive phenotypes among groups—only the varying 
predictive power.

We now turn to the reasoning behind our recommenda-
tion against conducting some other kinds of studies. Today, 
typically, predicting phenotypic differences across genetic 
ancestral groups (whether or not those groups reside in the 
same geographic region) is not scientifically meaningful be-
cause such predictions are confounded due to population 
stratification, differences in linkage disequilibrium, and the 
effects of different environments, gene-environment cor-
relation (including genetic nurture), gene-environment in-

teractions, gene-gene interactions, assortative mating, and 
other methodological problems. Because it is a foundation-
al principle of human subjects research ethics that studies 
should be conducted only when they are validly designed to 
answer a meaningful question,130 when this criterion is not 
met, there is no need for additional scientific and ethical 
analysis. All working-group members agree that, especially 
in light of the fraught nature of such work, SBG research 
on sensitive phenotypes that seeks to compare groups de-
fined by race, ethnicity, or genetic ancestry, where genetic 
ancestry could easily be misunderstood as race or ethnicity, 
but whose study designs prevent valid conclusions, should 
not be conducted, funded, or published. 

However, today’s scientific infeasibility should not be a 
source of comfort to those who are concerned about genet-
ics and pernicious group comparisons. Although we dif-
fer on how likely we believe that this is, none of us can 
guarantee that future research methodologies will never ad-
dress enough of these methodological problems to render 
research of this sort as valid and robust as many other kinds 
of research. Therefore, although it is tempting to avoid the 
thorny question whether scientifically valid research should 
be avoided because of its social risks, it is too easy to simply 
conclude that between-group analyses will forever be sci-
entifically meaningless; societies must confront the trade-
off between social risk and the value of pursuing scientific 
understanding. And here, members of the working group 
part ways (see figure 4). 

For a first group of members, scientific conclusions 
about the world—including human-group differences—
that result from valid, robust study designs and that are re-
sponsibly communicated are ethically permissible, without 
further justification. The “compelling justification” these 
members seek, therefore, is justification that a study design 
could or has overcome the very substantial methodologi-
cal obstacles associated with comparing different racial, 
ethnic, or some genetic ancestral groups. Even among the 
working-group members in this first group, there is dis-
agreement. For instance, some view the pursuit of scientific 
knowledge as an absolute freedom; these members might 
acknowledge legitimate limits on the free pursuit of sci-
ence in certain areas—say, gain-of-function research that 
could be weaponized to kill countless humans—but do not 
recognize a reasonable analogy to such exceptionally dan-
gerous research in social and behavioral genomics. Others 

are open in theory to the idea that some social science re-
search is too dangerous to justify (perhaps especially with 
the considerable benefit of hindsight) but believe that fair, 
reasonable methods of implementing such limits are not 
possible in practice and that attempts to do so are likely to 
cause more overall harm than good to human welfare and 
even justice.131

A second group of working-group members follows a 
different path. While acknowledging the importance of sci-
entific knowledge and freedom, they emphasize that these 
are not absolute values but must be balanced with others, 
including welfare and justice. Assuming that a study could 
yield scientifically valid conclusions, these members would 
therefore require an additional “compelling justification”—
namely, that the researchers demonstrate that the study has 
a sufficiently favorable risk-benefit profile. These members 
think that, in almost all cases, the social risks of the research 
would outweigh the potential benefits (whether in terms of 
basic or translational research). However, they leave open 
the possibility that, in rare cases, the ethical analysis could 
turn out differently. 

Given the highly contextual nature of research risks and 
potential benefits, a case-by-case assessment is required, es-
pecially in light of the fact that research risk is generally as-
sessed not in isolation but, rather, in comparison to existing 
risk,132 which is not static. Here, we offer a nonexhaustive 
list of factors that some working-group members believe 
might—alone or in combination—tend to make the risk-
benefit profile of group-comparison research more favor-
able than it otherwise would be and that these members 
think may be sufficiently favorable to justify the research.

For instance, if ethically or scientifically problematic 
group-comparison research were already being conducted 
and taken seriously, that could be one factor in allowing 
responsible, better-skilled scientists to engage in and show 
the limitations of similar research; arguably, that would 
not entail unacceptable incremental risk and might indeed 
mitigate harm from others’ work.133 

Similarly, in some cases where observed phenotypic dif-
ferences between groups are already well-known, a genom-
ic explanation might be more likely to be destigmatizing 
than stigmatizing—say, if the prevailing explanation over-
emphasizes personal responsibility. For instance, although 
obesity is not disfavored in all social groups, in many, it is 
often assumed to be the result of weak character (for ex-
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ample, laziness, lack of impulse control, or lower intelli-
gence). Somewhat as sexual minorities who have embraced 
that they were “born this way,” rather than making a “life-
style choice,” and have found this new understanding des-
tigmatizing, a finding that genes make it harder for some 
individuals—or, potentially, for some genetic ancestral 
groups—than others to maintain a healthy weight could 
reduce body-size stigmatization by both those who struggle 
with their weight and others. There are still myriad ways 
for such a study to go awry: for example, its results could 
lead to fatalism or to stigmatization. As with research on 
any sensitive phenotype, the results of such a study would 
therefore need to be carefully communicated. Researchers 
should also engage people with obesity in each group to be 
compared before proceeding (we discuss such engagement 
more in part 7).

Other factors that might tend to render a group-com-
parison study’s risk-benefit profile more favorable include 
comparison of only nonminoritized groups, comparison 
of minoritized but comparable-status groups, comparison 
regarding an only marginally sensitive phenotype, strong 
potential for concrete benefits to the groups under study 
arising from the research, and support for the research 
among group members. 

Notably, all members of the working group treat group-
comparison SBG research differently, in one way or an-
other, from how we treat within-group SBG research. 
Some working-group members view the risk-benefit pro-
file of between-group SBG research—but not within-
group research—as presumptively insufficient to justify 
the research. And all working-group members view be-
tween-group SBG research—but not within-group SBG 
research—as presumptively scientifically invalid. In resting 
on such assumptions, we want to acknowledge a challenge: 
some people might question the coherence—conceptually, 
and in terms of both scientific validity and risk-benefit pro-
files—of distinguishing between-group and within-group 
analyses. We recognize that both within-group analyses 
(in which members of only one group are compared) and 
between-group analyses depend on the concept of a group. 
And we recognize that, although genetic ancestry is a scien-
tific concept, it is, as we emphasized above, constructed by 
human beings, so it is by no means “written in nature” or 
necessarily unproblematic.134 Moreover, we recognize that 
even within-group analyses have methodological challeng-
es. Nevertheless, the nature and magnitude of the ethical, 
social, conceptual, and methodological difficulties associ-
ated with group-comparison research demand even greater 
scrutiny than research that investigates within-group dif-
ferences. We note, again, that although we agree about this 
overall conclusion, some working-group members empha-
size the greater methodological difficulties inherent in anal-
yses between groups (as compared to within groups), while 

others emphasize the increased social risks. We discuss each 
of these in turn.

First, we address the comparative scientific validity and 
value of between- versus within-group SBG research. The 
value of any research is limited by the extent to which it 
can yield scientifically reliable conclusions.135 Although 
within-group comparisons might always be confounded, 
the magnitude of the confounding  will be vastly greater 
(but not necessarily forever insurmountable) in between-
group comparisons. The confounding will be so great that 
it is hard to imagine between-group comparisons having 
substantial  scientific  value. Working-group members dis-
agree both about how much causal or mechanistic knowl-
edge can result from within-group SBG research, and 
about how valuable prediction without causal or mecha-
nistic knowledge can be, but we agree that, in principle, 
within-group analyses are more likely than between-group 
analyses to generate causal and/or mechanistic knowledge 
and to generate predictions that are less confounded by in-
fluences other than genetic effects are. For instance, when 
conducting a within-group analysis, comparing the DNA 
of individuals in the same family (conducting within-fam-
ily analyses) can allow researchers to attempt to explain the 
effects of genetic variants. In families, each sibling, during 
gamete formation and conception, is randomly assigned to 
receive one each of two parental alleles at each place in the 
genome. Approximating this method in between-group 
analyses is not feasible. Although, in families where parents 
have different genetic ancestries, the proportion of admix-
ture is randomly assigned, generalizing from the results of 
such admixed family studies to draw conclusions about 
genetic ancestral groups as a whole would raise concerns 
about external validity, gene-environment interactions, and 
genetic effects operating through environmental mecha-
nisms. In particular, any finding of an association between 
genes and observed differences between groups defined by 
race, ethnicity, or (in most cases) genetic ancestry would 
continue to be confounded by, and reflect, postrandom-
ization environmental mechanisms like racial and ethnic 
discrimination. 

Second, we address the comparative potential harms 
and benefits of between- versus within-group SBG re-
search. We do not deny that some will find between-group 
comparisons with respect to sensitive traits of inherent in-
terest, nor that there is some intrinsic value in affirming the 
free pursuit of any research. However, although we recog-
nize rare cases in which such research might entail specific 
benefits, we think the likelihood that any potential ben-
efits will outweigh the scientific weakness and social risks 
is exceedingly low (yet, as noted above, we disagree about 
whether a favorable risk-benefit is required to justify scien-
tifically valid, responsibly conducted and communicated 
research). If it were possible, someday, to conduct scientifi-

cally valid between-group comparisons, the social costs of 
anything other than a null result—and, in particular, the 
costs of a result that confirms existing stereotypes against 
already-minoritized groups—would be vast. And in the 
meantime (which may be forever), the social costs of exag-
gerating what we can learn from SBG research are different 
in within- versus between-group analyses.

Balancing these considerations of scientific validity and 
potential benefit and individual and social risk, we con-
clude that, today, the combination of the dubious (at best) 
scientific validity and the acute social risks of between-
group SBG research means that—one way or the other—
there should be a very strong presumption against its being 
conducted, funded, or published, absent the overriding 
justifications discussed above. 

As much as we worry about group-comparison research, 
however, we are all highly averse to the idea of policing 
the production of knowledge. Yet researchers, funders, 
journal editors and reviewers, and journalists—most of 
whom we imagine share these competing worries (even if, 
like us, some of them worry a bit more about one than the 
other) —do not have the commentator’s luxury of remain-
ing paralyzed between them; agents in all these categories 
must make decisions about group-comparison research. 

We acknowledge that our attempt here to provide action-
able guidance to these actors—by recommending a default 
rule against group-comparison research involving sensitive 
phenotypes that is defeasible with a “compelling justifica-
tion”—is highly imperfect. As we have noted, critical fac-
tors in our default rule, such as the sensitivity of phenotypes 
and whether a group is minoritized, are contingent on time 
and place, including on future circumstances that are not 
always easily anticipated and in any case cannot be known 
with certainty. Nor can we typically know in advance what 
research will find (for example, substantial average group 
differences—or not) or what the societal effects of those 
results might be (for instance, reducing—or increasing—
stigma). Like most genomic information itself, these fac-
tors are all highly probabilistic. We are not the only ones 
to struggle with these issues.136 A 2022 Nature Human 
Behaviour editorial137 announcing a new Springer Nature 
ethics policy about research involving human groups138 re-
ceived considerable backlash,139 and editors soon published 
a second editorial clarifying the first.140 We do not imagine 
that our own attempt at addressing these complex issues 
has remotely solved them, but we hope it contributes help-
fully to the conversation.

In some cases where observed phenotypic differences between 
groups are already well known, a genomic explanation might be 

more likely to be destigmatizing than stigmatizing—say, if the  
prevailing explanation overemphasizes personal responsibility. 
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ample, laziness, lack of impulse control, or lower intelli-
gence). Somewhat as sexual minorities who have embraced 
that they were “born this way,” rather than making a “life-
style choice,” and have found this new understanding des-
tigmatizing, a finding that genes make it harder for some 
individuals—or, potentially, for some genetic ancestral 
groups—than others to maintain a healthy weight could 
reduce body-size stigmatization by both those who struggle 
with their weight and others. There are still myriad ways 
for such a study to go awry: for example, its results could 
lead to fatalism or to stigmatization. As with research on 
any sensitive phenotype, the results of such a study would 
therefore need to be carefully communicated. Researchers 
should also engage people with obesity in each group to be 
compared before proceeding (we discuss such engagement 
more in part 7).

Other factors that might tend to render a group-com-
parison study’s risk-benefit profile more favorable include 
comparison of only nonminoritized groups, comparison 
of minoritized but comparable-status groups, comparison 
regarding an only marginally sensitive phenotype, strong 
potential for concrete benefits to the groups under study 
arising from the research, and support for the research 
among group members. 

Notably, all members of the working group treat group-
comparison SBG research differently, in one way or an-
other, from how we treat within-group SBG research. 
Some working-group members view the risk-benefit pro-
file of between-group SBG research—but not within-
group research—as presumptively insufficient to justify 
the research. And all working-group members view be-
tween-group SBG research—but not within-group SBG 
research—as presumptively scientifically invalid. In resting 
on such assumptions, we want to acknowledge a challenge: 
some people might question the coherence—conceptually, 
and in terms of both scientific validity and risk-benefit pro-
files—of distinguishing between-group and within-group 
analyses. We recognize that both within-group analyses 
(in which members of only one group are compared) and 
between-group analyses depend on the concept of a group. 
And we recognize that, although genetic ancestry is a scien-
tific concept, it is, as we emphasized above, constructed by 
human beings, so it is by no means “written in nature” or 
necessarily unproblematic.134 Moreover, we recognize that 
even within-group analyses have methodological challeng-
es. Nevertheless, the nature and magnitude of the ethical, 
social, conceptual, and methodological difficulties associ-
ated with group-comparison research demand even greater 
scrutiny than research that investigates within-group dif-
ferences. We note, again, that although we agree about this 
overall conclusion, some working-group members empha-
size the greater methodological difficulties inherent in anal-
yses between groups (as compared to within groups), while 

others emphasize the increased social risks. We discuss each 
of these in turn.

First, we address the comparative scientific validity and 
value of between- versus within-group SBG research. The 
value of any research is limited by the extent to which it 
can yield scientifically reliable conclusions.135 Although 
within-group comparisons might always be confounded, 
the magnitude of the confounding  will be vastly greater 
(but not necessarily forever insurmountable) in between-
group comparisons. The confounding will be so great that 
it is hard to imagine between-group comparisons having 
substantial  scientific  value. Working-group members dis-
agree both about how much causal or mechanistic knowl-
edge can result from within-group SBG research, and 
about how valuable prediction without causal or mecha-
nistic knowledge can be, but we agree that, in principle, 
within-group analyses are more likely than between-group 
analyses to generate causal and/or mechanistic knowledge 
and to generate predictions that are less confounded by in-
fluences other than genetic effects are. For instance, when 
conducting a within-group analysis, comparing the DNA 
of individuals in the same family (conducting within-fam-
ily analyses) can allow researchers to attempt to explain the 
effects of genetic variants. In families, each sibling, during 
gamete formation and conception, is randomly assigned to 
receive one each of two parental alleles at each place in the 
genome. Approximating this method in between-group 
analyses is not feasible. Although, in families where parents 
have different genetic ancestries, the proportion of admix-
ture is randomly assigned, generalizing from the results of 
such admixed family studies to draw conclusions about 
genetic ancestral groups as a whole would raise concerns 
about external validity, gene-environment interactions, and 
genetic effects operating through environmental mecha-
nisms. In particular, any finding of an association between 
genes and observed differences between groups defined by 
race, ethnicity, or (in most cases) genetic ancestry would 
continue to be confounded by, and reflect, postrandom-
ization environmental mechanisms like racial and ethnic 
discrimination. 

Second, we address the comparative potential harms 
and benefits of between- versus within-group SBG re-
search. We do not deny that some will find between-group 
comparisons with respect to sensitive traits of inherent in-
terest, nor that there is some intrinsic value in affirming the 
free pursuit of any research. However, although we recog-
nize rare cases in which such research might entail specific 
benefits, we think the likelihood that any potential ben-
efits will outweigh the scientific weakness and social risks 
is exceedingly low (yet, as noted above, we disagree about 
whether a favorable risk-benefit is required to justify scien-
tifically valid, responsibly conducted and communicated 
research). If it were possible, someday, to conduct scientifi-

cally valid between-group comparisons, the social costs of 
anything other than a null result—and, in particular, the 
costs of a result that confirms existing stereotypes against 
already-minoritized groups—would be vast. And in the 
meantime (which may be forever), the social costs of exag-
gerating what we can learn from SBG research are different 
in within- versus between-group analyses.

Balancing these considerations of scientific validity and 
potential benefit and individual and social risk, we con-
clude that, today, the combination of the dubious (at best) 
scientific validity and the acute social risks of between-
group SBG research means that—one way or the other—
there should be a very strong presumption against its being 
conducted, funded, or published, absent the overriding 
justifications discussed above. 

As much as we worry about group-comparison research, 
however, we are all highly averse to the idea of policing 
the production of knowledge. Yet researchers, funders, 
journal editors and reviewers, and journalists—most of 
whom we imagine share these competing worries (even if, 
like us, some of them worry a bit more about one than the 
other) —do not have the commentator’s luxury of remain-
ing paralyzed between them; agents in all these categories 
must make decisions about group-comparison research. 

We acknowledge that our attempt here to provide action-
able guidance to these actors—by recommending a default 
rule against group-comparison research involving sensitive 
phenotypes that is defeasible with a “compelling justifica-
tion”—is highly imperfect. As we have noted, critical fac-
tors in our default rule, such as the sensitivity of phenotypes 
and whether a group is minoritized, are contingent on time 
and place, including on future circumstances that are not 
always easily anticipated and in any case cannot be known 
with certainty. Nor can we typically know in advance what 
research will find (for example, substantial average group 
differences—or not) or what the societal effects of those 
results might be (for instance, reducing—or increasing—
stigma). Like most genomic information itself, these fac-
tors are all highly probabilistic. We are not the only ones 
to struggle with these issues.136 A 2022 Nature Human 
Behaviour editorial137 announcing a new Springer Nature 
ethics policy about research involving human groups138 re-
ceived considerable backlash,139 and editors soon published 
a second editorial clarifying the first.140 We do not imagine 
that our own attempt at addressing these complex issues 
has remotely solved them, but we hope it contributes help-
fully to the conversation.

In some cases where observed phenotypic differences between 
groups are already well known, a genomic explanation might be 

more likely to be destigmatizing than stigmatizing—say, if the  
prevailing explanation overemphasizes personal responsibility. 
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Social and behavioral genomics research is very likely 
to remain a part of mainstream genetics and social sci-
ence research, and it is sure to remain an active area 

of research by some at the edges of mainstream science. 
As a result, we believe that efforts should be redoubled to 
promote the responsible conduct of research and to com-
municate SBG research in ways that proactively mitigate 
the risks of its misinterpretation and misuse. 

In this section, although we cannot provide an exhaus-
tive list of all the actions that responsible conduct and 
communication of SBG research entails, we offer some rec-
ommendations. In so doing, we consider the entire time 
line of research, from the decision whether to conduct a 
study; to study design, data collection, and analysis; to dis-
semination.141 Because researchers themselves are central to 
each of these decision points, we focus on this group of 
agents. However, other parties, including funders, journal 
reviewers and editors, and the media, have an important 
hand in how this research is conducted and communicat-
ed. We encourage all these stakeholders to consider how a 
particular study was conceived, conducted, and (as appli-
cable) communicated when considering whether and how 
to fund, publish, or report on it.

Responsible Behavior before and during 
Research142

First, researchers should reflect on the considerations 
noted in this report (and by other commentators on 

SBG research) and consider whether they want to conduct 
a particular SBG study or embark on a particular line of 
SBG research at all. By this statement, we do not mean to 
put a thumb on the scale against SBG research. Rather, we 
simply mean to encourage reflection on questions about, 
for example what risks the study poses, what its potential 
benefits might be, and whether it constitutes a good use 
of resources in light of the risk-benefit profile and other 
research opportunities the same researchers might pursue 
instead.143 Indeed, researchers in all disciplines would ben-
efit from such reflection and deliberation. 

Second, assuming that researchers believe the study to 
be worth conducting, they should engage the people with 
the most at stake in the study, at least if it is a novel line of 
research about which the relevant communities have not 
been engaged by other researchers. Engagement can take a 
variety of forms, from informal conversations to participa-
tion on formal advisory boards or in mixed-methods re-
search about population attitudes toward the research and 
from time-limited, pre-research consultation to an ongoing 
relationship as advisors to, or even investigators in, the re-

search.144 For instance, before publishing the largest GWAS 
of same-sex sexual behavior to date,145 the research team 
(which included one working-group member, Benjamin 
Neale) engaged LGBTQ outreach and advocacy groups 
and dozens of LGBTQ rights advocates and community 
members and subsequently held workshops where repre-
sentatives of the public, activists, and researchers discussed 
the results of the study.146 The study team leads also in-
cluded multiple members of the LGBTQ community.147 
There are benefits to diverse study teams; for example, it is 
less likely (though not impossible) that a study team with 
relevant forms of diversity will design or communicate re-
search in ways that are culturally insensitive. If the research 
team does not include members of the groups under study, 
the researchers should take care to “be reflective of their 
authorial perspective.”148

We recognize that many forms of engagement (especially 
if done well) can be costly and time-consuming, and we do 
not insist on any one form of engagement over another. We 
also emphasize that members of the same community will 
often have different views, that most people are members 
of multiple communities, and that there is rarely someone 
with the political, moral, or other authority to speak on 
behalf of an entire community. Deliberate efforts should 
therefore be made to engage diverse members of relevant 
communities, and the fact that community engagement 
may have gone well should not be viewed as moral license 
to cease considering the viewpoints and interests of the full 
community. These limitations aside, however, individual 
members of relevant communities can offer helpful input 
throughout the research life cycle, including the formula-
tion of research questions, data collection and analysis, and 
dissemination. Of course, researchers should also be open 
to the possibility that community members may recom-
mend that the study not be conducted at all, and indeed 
researchers should explicitly solicit their views about this 
question. 

Third, as some genetics researchers themselves have 
recently argued, “geneticists should  think more  careful-
ly about what data [they] select for [their] analysis—and 
how [their]  choices could lead to misappropriation of 
[their] work.”149  In particular, if researchers use member-
ship in a group or population as an inclusion or exclusion 
criterion (or otherwise) in their studies, they should be clear 
in their own minds about why they are doing so. The social 
constructs of race and ethnicity should never be used as 
proxies for genetic similarity or diversity unless absolutely 
necessary (and then, only with exquisitely careful explana-
tion during dissemination).150 If, instead of social identities 
like race and ethnicity, it is the degree of genetic similarity 

among individuals that actually matters to study inclusion 
and exclusion (or to other aspects of the study), research-
ers should make sampling choices that reflect (and, as dis-
cussed below, use language that reflects) that intention, as 
discussed in part 3. This should entail thinking in advance 
about how what degree of genetic similarity is sufficient 
for their purposes (for instance, is similarity to a 1000 
Genomes Project reference superpopulation sufficient, or 
should the study use more granular, subcontinental popu-
lations, reflecting relatively more genetic similarity?) and 
how they will measure genetic similarity. Researchers often 
receive data from large biobanks that are precategorized 
and prelabeled; we call on data repositories to do their part 
to more carefully characterize their data subjects and how 
they were assigned to groups. 

Fourth, researchers should be able to justify how they 
define and measure the phenotypes under study (and, as 
we discuss below, describe the limitations of this measure-
ment). 

Fifth, researchers should conduct only adequately pow-
ered studies and replicate their findings in hold-out sam-
ples.

Sixth, researchers should, whenever possible and as-
suming doing so would be adequately powered, conduct 
within-family analyses (and, as discussed below, report the 
corresponding effect size).

Seventh, the research community should work to ensure 
that any benefits of SBG research and PGIs extend to all 
and do not exacerbate existing disparities.151 Among other 
things, this will require diversifying biobanks through eq-
uitable global partnerships152 and developing new statistical 
methods of analyzing genomic data.153

Dissemination via Scientific Papers

A study conducted responsibly can nevertheless be irre-
sponsibly communicated. This, of course, is true of 

any study, not only of SBG research. The goals of responsi-
bly communicating any scientific study are to be clear, ac-
curate, and sensitive to the relevant stakeholders (including 
research participants and other individuals and groups who 
may be affected); to be appropriately sober about and to 
contextualize the research results; and to proactively miti-
gate the risks of misinterpretation and misuse of research. 
Such communication occurs through not only traditional 
research dissemination via peer-reviewed scientific articles 

and conference presentations but also via press releases and, 
increasingly often, websites, videos, and social media. We 
first discuss aspects of responsible communication of SBG 
research in scientific papers and then turn to these other 
forms of dissemination. However, recommendations that 
we make about the content that should appear in one form 
of communication (for example, content disabusing read-
ers of any belief in genetic determinism) will often apply 
to other forms. Which messages belong in which modes of 
communication will depend on the space constraints and 
intended audience of each mode.

First, assuming that groups or populations are used in 
any way in the study, we agree with the research ethics 
policy of the portfolio of Nature journals that, in scien-
tific publications, researchers should (in either the main 
text or, if necessary, the supplement) “[e]xplicitly de-
scribe their methods of categorizing human populations”;  
“[d]efine categories in as much detail as the study protocol 
allows”; “[j]ustify their choices of definitions and catego-
ries, including . . . whether any rules of categorization were 
required by their funding agency”; and “[e]xplain whether 
(and if so, how) they controlled for confounding variables 
in their analyses.”154 In particular, in genomics research, it 
is important to explicitly distinguish among “race,” “eth-
nicity,” “genetic ancestry,” and other group or population 
terms. 

When using a genetic ancestry concept, it is important 
both to say that this is neither race nor ethnicity and to af-
firmatively specify what genetic similarity is and how it is 
being operationalized in the study. A recent investigation 
found that scientists use “genetic ancestry” in a variety of 
ways, including in ways they themselves cannot fully ar-
ticulate or explain; while some of them view ancestry as 
closely related to genetics, others view it as only tangen-
tially related.155 For instance, researchers might explain that 
their high-level goal (for scientific reasons they explain) 
was to include people in their study who were relatively 
genetically similar to one another and to exclude those 
who exceeded some threshold of dissimilarity, that one way 
of thinking about genetic similarity is the time since two 
people shared a common genetic ancestor, and that they 
operationalized that by using participants’ report that all 
four biological grandparents hailed from the same conti-
nent (or did not). 

Because continental-level genetic ancestry labels espe-
cially encourage the conflation of genetic ancestry with 
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Social and behavioral genomics research is very likely 
to remain a part of mainstream genetics and social sci-
ence research, and it is sure to remain an active area 

of research by some at the edges of mainstream science. 
As a result, we believe that efforts should be redoubled to 
promote the responsible conduct of research and to com-
municate SBG research in ways that proactively mitigate 
the risks of its misinterpretation and misuse. 

In this section, although we cannot provide an exhaus-
tive list of all the actions that responsible conduct and 
communication of SBG research entails, we offer some rec-
ommendations. In so doing, we consider the entire time 
line of research, from the decision whether to conduct a 
study; to study design, data collection, and analysis; to dis-
semination.141 Because researchers themselves are central to 
each of these decision points, we focus on this group of 
agents. However, other parties, including funders, journal 
reviewers and editors, and the media, have an important 
hand in how this research is conducted and communicat-
ed. We encourage all these stakeholders to consider how a 
particular study was conceived, conducted, and (as appli-
cable) communicated when considering whether and how 
to fund, publish, or report on it.

Responsible Behavior before and during 
Research142

First, researchers should reflect on the considerations 
noted in this report (and by other commentators on 

SBG research) and consider whether they want to conduct 
a particular SBG study or embark on a particular line of 
SBG research at all. By this statement, we do not mean to 
put a thumb on the scale against SBG research. Rather, we 
simply mean to encourage reflection on questions about, 
for example what risks the study poses, what its potential 
benefits might be, and whether it constitutes a good use 
of resources in light of the risk-benefit profile and other 
research opportunities the same researchers might pursue 
instead.143 Indeed, researchers in all disciplines would ben-
efit from such reflection and deliberation. 

Second, assuming that researchers believe the study to 
be worth conducting, they should engage the people with 
the most at stake in the study, at least if it is a novel line of 
research about which the relevant communities have not 
been engaged by other researchers. Engagement can take a 
variety of forms, from informal conversations to participa-
tion on formal advisory boards or in mixed-methods re-
search about population attitudes toward the research and 
from time-limited, pre-research consultation to an ongoing 
relationship as advisors to, or even investigators in, the re-

search.144 For instance, before publishing the largest GWAS 
of same-sex sexual behavior to date,145 the research team 
(which included one working-group member, Benjamin 
Neale) engaged LGBTQ outreach and advocacy groups 
and dozens of LGBTQ rights advocates and community 
members and subsequently held workshops where repre-
sentatives of the public, activists, and researchers discussed 
the results of the study.146 The study team leads also in-
cluded multiple members of the LGBTQ community.147 
There are benefits to diverse study teams; for example, it is 
less likely (though not impossible) that a study team with 
relevant forms of diversity will design or communicate re-
search in ways that are culturally insensitive. If the research 
team does not include members of the groups under study, 
the researchers should take care to “be reflective of their 
authorial perspective.”148

We recognize that many forms of engagement (especially 
if done well) can be costly and time-consuming, and we do 
not insist on any one form of engagement over another. We 
also emphasize that members of the same community will 
often have different views, that most people are members 
of multiple communities, and that there is rarely someone 
with the political, moral, or other authority to speak on 
behalf of an entire community. Deliberate efforts should 
therefore be made to engage diverse members of relevant 
communities, and the fact that community engagement 
may have gone well should not be viewed as moral license 
to cease considering the viewpoints and interests of the full 
community. These limitations aside, however, individual 
members of relevant communities can offer helpful input 
throughout the research life cycle, including the formula-
tion of research questions, data collection and analysis, and 
dissemination. Of course, researchers should also be open 
to the possibility that community members may recom-
mend that the study not be conducted at all, and indeed 
researchers should explicitly solicit their views about this 
question. 

Third, as some genetics researchers themselves have 
recently argued, “geneticists should  think more  careful-
ly about what data [they] select for [their] analysis—and 
how [their]  choices could lead to misappropriation of 
[their] work.”149  In particular, if researchers use member-
ship in a group or population as an inclusion or exclusion 
criterion (or otherwise) in their studies, they should be clear 
in their own minds about why they are doing so. The social 
constructs of race and ethnicity should never be used as 
proxies for genetic similarity or diversity unless absolutely 
necessary (and then, only with exquisitely careful explana-
tion during dissemination).150 If, instead of social identities 
like race and ethnicity, it is the degree of genetic similarity 

among individuals that actually matters to study inclusion 
and exclusion (or to other aspects of the study), research-
ers should make sampling choices that reflect (and, as dis-
cussed below, use language that reflects) that intention, as 
discussed in part 3. This should entail thinking in advance 
about how what degree of genetic similarity is sufficient 
for their purposes (for instance, is similarity to a 1000 
Genomes Project reference superpopulation sufficient, or 
should the study use more granular, subcontinental popu-
lations, reflecting relatively more genetic similarity?) and 
how they will measure genetic similarity. Researchers often 
receive data from large biobanks that are precategorized 
and prelabeled; we call on data repositories to do their part 
to more carefully characterize their data subjects and how 
they were assigned to groups. 

Fourth, researchers should be able to justify how they 
define and measure the phenotypes under study (and, as 
we discuss below, describe the limitations of this measure-
ment). 

Fifth, researchers should conduct only adequately pow-
ered studies and replicate their findings in hold-out sam-
ples.

Sixth, researchers should, whenever possible and as-
suming doing so would be adequately powered, conduct 
within-family analyses (and, as discussed below, report the 
corresponding effect size).

Seventh, the research community should work to ensure 
that any benefits of SBG research and PGIs extend to all 
and do not exacerbate existing disparities.151 Among other 
things, this will require diversifying biobanks through eq-
uitable global partnerships152 and developing new statistical 
methods of analyzing genomic data.153

Dissemination via Scientific Papers

A study conducted responsibly can nevertheless be irre-
sponsibly communicated. This, of course, is true of 

any study, not only of SBG research. The goals of responsi-
bly communicating any scientific study are to be clear, ac-
curate, and sensitive to the relevant stakeholders (including 
research participants and other individuals and groups who 
may be affected); to be appropriately sober about and to 
contextualize the research results; and to proactively miti-
gate the risks of misinterpretation and misuse of research. 
Such communication occurs through not only traditional 
research dissemination via peer-reviewed scientific articles 

and conference presentations but also via press releases and, 
increasingly often, websites, videos, and social media. We 
first discuss aspects of responsible communication of SBG 
research in scientific papers and then turn to these other 
forms of dissemination. However, recommendations that 
we make about the content that should appear in one form 
of communication (for example, content disabusing read-
ers of any belief in genetic determinism) will often apply 
to other forms. Which messages belong in which modes of 
communication will depend on the space constraints and 
intended audience of each mode.

First, assuming that groups or populations are used in 
any way in the study, we agree with the research ethics 
policy of the portfolio of Nature journals that, in scien-
tific publications, researchers should (in either the main 
text or, if necessary, the supplement) “[e]xplicitly de-
scribe their methods of categorizing human populations”;  
“[d]efine categories in as much detail as the study protocol 
allows”; “[j]ustify their choices of definitions and catego-
ries, including . . . whether any rules of categorization were 
required by their funding agency”; and “[e]xplain whether 
(and if so, how) they controlled for confounding variables 
in their analyses.”154 In particular, in genomics research, it 
is important to explicitly distinguish among “race,” “eth-
nicity,” “genetic ancestry,” and other group or population 
terms. 

When using a genetic ancestry concept, it is important 
both to say that this is neither race nor ethnicity and to af-
firmatively specify what genetic similarity is and how it is 
being operationalized in the study. A recent investigation 
found that scientists use “genetic ancestry” in a variety of 
ways, including in ways they themselves cannot fully ar-
ticulate or explain; while some of them view ancestry as 
closely related to genetics, others view it as only tangen-
tially related.155 For instance, researchers might explain that 
their high-level goal (for scientific reasons they explain) 
was to include people in their study who were relatively 
genetically similar to one another and to exclude those 
who exceeded some threshold of dissimilarity, that one way 
of thinking about genetic similarity is the time since two 
people shared a common genetic ancestor, and that they 
operationalized that by using participants’ report that all 
four biological grandparents hailed from the same conti-
nent (or did not). 

Because continental-level genetic ancestry labels espe-
cially encourage the conflation of genetic ancestry with 
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capture and share (potentially virally) snapshots of such dis-
play items that are therefore removed from the context of 
the manuscript.160 To the extent possible, therefore, caveats 
and context should be embedded in graphs and tables—at 
minimum, in the figure captions, but at best, in the figures 
themselves—so that true manipulation of the image, not 
mere cropping (which might not be ill intended), would be 
required to share the display item without important con-
text. Again, empirical research should investigate optimal 
ways of presenting genomic research results that give genes 
their due, but no more than their due. 

Fourth, at many journals, scientific articles contain not 
only abstracts but also something like key points, which 
typically appear on the first page of the article, set off in 
a box or in some other salient way. We encourage SBG 
researchers to use at least some of their allotted key-point 
space to warn readers against misinterpretations and mis-
use. A similar approach is to devote one display item to a 
text box noting the ethical, legal, and social implications of 
the study.161 The most important potential misinterpreta-
tions and misuses to warn readers away from, of course, 
will depend on the research, including the phenotype 
and the population(s) under study, but our point is that, 
given SBG research’s propensity to be misinterpreted, the 
limitations of such research should not be pointed out or 
discussed merely in the standard paragraph near the end 
of the manuscript. We also encourage journals to expand 
the space researchers are allotted for key points, display 
items, and sections discussing limitations, as necessary. 
Researchers should not face a trade-off between highlight-
ing their scientific contributions (important for citations 
and career advancement) and doing their part to discour-
age misinterpretation and misuse, and decades of behav-
ioral science shows that making it easy to do the right thing 
substantially increases the odds that the right thing will be 
done. To that end, we also encourage journals that do not 
already use key-points sections to adopt them, at least for 
easily misinterpreted research. 

Dissemination beyond Scientific Papers: Press 
Releases, FAQs, and So Forth

Although the core of research dissemination consists 
of scientific articles and presentations, scientific re-

sults can be, and are, disseminated in other ways and to 
other audiences, including via press releases, frequently-
asked-questions (FAQs) documents, websites designed to 
showcase a significant study, videos, and social media.162 
Many of the concerns about SBG research pertain to how 
the results might be misinterpreted or misused by nonsci-
entists, including the media, policy-makers, practitioners, 
and members of the public. As a result, it will often be 
important for SBG researchers to engage in at least some 
of these nontraditional forms of dissemination—and ex-
tremely important to do so responsibly. Because these ad-
ditional materials about how a study should and should not 
be interpreted or used are helpful only to the extent that 
they are accessible, the associated scientific paper should, 
as prominently as possible, tell readers where they can find 
such materials. Similarly, if a researcher, lab, or research 
consortium maintains a website where articles in scientific 
journals are cross-posted or linked to, these other materi-
als should also be cross-posted or linked to, much as open 
data, code, and materials are linked to papers.

Researchers who are engaged in easily misunderstood, 
socially risky research like SBG research should think care-
fully about whether they want to issue a press release. On 
the one hand, the traditional purpose of issuing a press re-
lease for an academic paper is to increase press coverage 
of the paper, and, given how bad some media coverage of 
genetics research has been, it is worth asking whether invit-
ing media coverage of easily misunderstood, easily misap-
propriated research is a good idea, especially if the results 
are preliminary. On the other hand, another purpose of 
issuing a press release is to help shape whatever media cov-
erage of the paper may emerge anyway. To the extent that 
an SBG research paper is likely to receive media attention 
(say, because it is published in a high-profile journal), issu-
ing a very careful press release (along with FAQs or other 
products we discuss below) may, on balance, be wise. Like 
all press releases, any SBG research press release should stu-
diously avoid hyping or exaggerating research results. But 
SBG press releases should go beyond that by affirmatively 
seeking to anticipate and bust common myths about social 
and behavioral genomics and to contextualize the findings. 

FAQs can play a similar role in myth busting and in 
contextualizing SBG research. To our knowledge, FAQs 
accompanying SBG research publications were pioneered 

race and ethnicity and because, as part 2 mentions, genetic 
variation is continuous156 and highly diverse within conti-
nents (especially Africa), the genetics community should 
move as quickly as possible away from continental-level 
genetic ancestry groupings and labels and toward practices 
and corresponding labels that reflect this continuum and 
are less easily conflated with race or ethnicity.157 We recog-
nize that no ideal alternative to traditional categories such 
as 1000 Genomes Project “populations” and “superpopula-
tions” exists today, and we call on the field to work together 
to make progress. Empirical research should explore which 
ways of describing human groups are least likely to be con-
flated with race and ethnicity.

Second, social and behavioral genomics researchers, like 
all researchers, should not exaggerate their effect sizes, ei-
ther in the text of a paper or by how they display results in 
graphs. For instance, empirical studies have found that the 
same results can be interpreted very differently by both lay-
people and relevant professionals, depending on whether 
researchers display the full distribution of individual out-
comes, on the one hand, or provide only summary statistics 
or means, on the other hand.158 In the case of PGIs, as K. 
Paige Harden and Daniel Belsky have suggested,159 quintile 
and decile plots, which show the mean phenotype in each 
quintile or decile, may suggest more genetic determinism 
than scatter plots, which show the often-wide range of in-

dividual outcomes associated with each quintile or decile. 
Consider figure 5, which shows the same EA4 data as a 
decile plot and as a scatter plot. Although studies should 
be conducted to confirm this, it is plausible that providing 
only a decile plot, as opposed to both kinds of plots, may 
exaggerate a PGI’s predictive power.

Moreover, effect sizes—including not only those of pop-
ulation analyses but also of any within-family analyses—
should be reported in a paper’s abstract. If within-family 
analyses were infeasible or impossible to conduct—as they 
currently often will be, due to insufficient family samples to 
adequately power such analyses—this should be explained 
in the manuscript, along with the fact that within-family 
effect sizes are typically smaller than population-level ef-
fect sizes. Any speculation about what effect sizes might be 
in the future (with larger sample sizes, for example), such 
as those based on statistical models, should be clearly ac-
knowledged as resting on assumptions. Finally, researchers 
should be clear that between-family (population-level) as-
sociations cannot be interpreted as causal because they are 
confounded by gene-environment correlation and assorta-
tive mating.

Third, researchers should think carefully about graphs 
and tables, which are (along with abstracts) among the 
most salient and disseminated portions of scientific articles. 
For instance, researchers should anticipate that readers will 

Many of the concerns about SBG research pertain to how the results 
might be misinterpreted or misused by nonscientists. It will often be 

important for SBG researchers to engage in some nontraditional 
forms of dissemination.

Figure 5.
Two Different Ways of Displaying PGI Data
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capture and share (potentially virally) snapshots of such dis-
play items that are therefore removed from the context of 
the manuscript.160 To the extent possible, therefore, caveats 
and context should be embedded in graphs and tables—at 
minimum, in the figure captions, but at best, in the figures 
themselves—so that true manipulation of the image, not 
mere cropping (which might not be ill intended), would be 
required to share the display item without important con-
text. Again, empirical research should investigate optimal 
ways of presenting genomic research results that give genes 
their due, but no more than their due. 

Fourth, at many journals, scientific articles contain not 
only abstracts but also something like key points, which 
typically appear on the first page of the article, set off in 
a box or in some other salient way. We encourage SBG 
researchers to use at least some of their allotted key-point 
space to warn readers against misinterpretations and mis-
use. A similar approach is to devote one display item to a 
text box noting the ethical, legal, and social implications of 
the study.161 The most important potential misinterpreta-
tions and misuses to warn readers away from, of course, 
will depend on the research, including the phenotype 
and the population(s) under study, but our point is that, 
given SBG research’s propensity to be misinterpreted, the 
limitations of such research should not be pointed out or 
discussed merely in the standard paragraph near the end 
of the manuscript. We also encourage journals to expand 
the space researchers are allotted for key points, display 
items, and sections discussing limitations, as necessary. 
Researchers should not face a trade-off between highlight-
ing their scientific contributions (important for citations 
and career advancement) and doing their part to discour-
age misinterpretation and misuse, and decades of behav-
ioral science shows that making it easy to do the right thing 
substantially increases the odds that the right thing will be 
done. To that end, we also encourage journals that do not 
already use key-points sections to adopt them, at least for 
easily misinterpreted research. 

Dissemination beyond Scientific Papers: Press 
Releases, FAQs, and So Forth

Although the core of research dissemination consists 
of scientific articles and presentations, scientific re-

sults can be, and are, disseminated in other ways and to 
other audiences, including via press releases, frequently-
asked-questions (FAQs) documents, websites designed to 
showcase a significant study, videos, and social media.162 
Many of the concerns about SBG research pertain to how 
the results might be misinterpreted or misused by nonsci-
entists, including the media, policy-makers, practitioners, 
and members of the public. As a result, it will often be 
important for SBG researchers to engage in at least some 
of these nontraditional forms of dissemination—and ex-
tremely important to do so responsibly. Because these ad-
ditional materials about how a study should and should not 
be interpreted or used are helpful only to the extent that 
they are accessible, the associated scientific paper should, 
as prominently as possible, tell readers where they can find 
such materials. Similarly, if a researcher, lab, or research 
consortium maintains a website where articles in scientific 
journals are cross-posted or linked to, these other materi-
als should also be cross-posted or linked to, much as open 
data, code, and materials are linked to papers.

Researchers who are engaged in easily misunderstood, 
socially risky research like SBG research should think care-
fully about whether they want to issue a press release. On 
the one hand, the traditional purpose of issuing a press re-
lease for an academic paper is to increase press coverage 
of the paper, and, given how bad some media coverage of 
genetics research has been, it is worth asking whether invit-
ing media coverage of easily misunderstood, easily misap-
propriated research is a good idea, especially if the results 
are preliminary. On the other hand, another purpose of 
issuing a press release is to help shape whatever media cov-
erage of the paper may emerge anyway. To the extent that 
an SBG research paper is likely to receive media attention 
(say, because it is published in a high-profile journal), issu-
ing a very careful press release (along with FAQs or other 
products we discuss below) may, on balance, be wise. Like 
all press releases, any SBG research press release should stu-
diously avoid hyping or exaggerating research results. But 
SBG press releases should go beyond that by affirmatively 
seeking to anticipate and bust common myths about social 
and behavioral genomics and to contextualize the findings. 

FAQs can play a similar role in myth busting and in 
contextualizing SBG research. To our knowledge, FAQs 
accompanying SBG research publications were pioneered 

race and ethnicity and because, as part 2 mentions, genetic 
variation is continuous156 and highly diverse within conti-
nents (especially Africa), the genetics community should 
move as quickly as possible away from continental-level 
genetic ancestry groupings and labels and toward practices 
and corresponding labels that reflect this continuum and 
are less easily conflated with race or ethnicity.157 We recog-
nize that no ideal alternative to traditional categories such 
as 1000 Genomes Project “populations” and “superpopula-
tions” exists today, and we call on the field to work together 
to make progress. Empirical research should explore which 
ways of describing human groups are least likely to be con-
flated with race and ethnicity.

Second, social and behavioral genomics researchers, like 
all researchers, should not exaggerate their effect sizes, ei-
ther in the text of a paper or by how they display results in 
graphs. For instance, empirical studies have found that the 
same results can be interpreted very differently by both lay-
people and relevant professionals, depending on whether 
researchers display the full distribution of individual out-
comes, on the one hand, or provide only summary statistics 
or means, on the other hand.158 In the case of PGIs, as K. 
Paige Harden and Daniel Belsky have suggested,159 quintile 
and decile plots, which show the mean phenotype in each 
quintile or decile, may suggest more genetic determinism 
than scatter plots, which show the often-wide range of in-

dividual outcomes associated with each quintile or decile. 
Consider figure 5, which shows the same EA4 data as a 
decile plot and as a scatter plot. Although studies should 
be conducted to confirm this, it is plausible that providing 
only a decile plot, as opposed to both kinds of plots, may 
exaggerate a PGI’s predictive power.

Moreover, effect sizes—including not only those of pop-
ulation analyses but also of any within-family analyses—
should be reported in a paper’s abstract. If within-family 
analyses were infeasible or impossible to conduct—as they 
currently often will be, due to insufficient family samples to 
adequately power such analyses—this should be explained 
in the manuscript, along with the fact that within-family 
effect sizes are typically smaller than population-level ef-
fect sizes. Any speculation about what effect sizes might be 
in the future (with larger sample sizes, for example), such 
as those based on statistical models, should be clearly ac-
knowledged as resting on assumptions. Finally, researchers 
should be clear that between-family (population-level) as-
sociations cannot be interpreted as causal because they are 
confounded by gene-environment correlation and assorta-
tive mating.

Third, researchers should think carefully about graphs 
and tables, which are (along with abstracts) among the 
most salient and disseminated portions of scientific articles. 
For instance, researchers should anticipate that readers will 

Many of the concerns about SBG research pertain to how the results 
might be misinterpreted or misused by nonscientists. It will often be 

important for SBG researchers to engage in some nontraditional 
forms of dissemination.

Figure 5.
Two Different Ways of Displaying PGI Data
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between 2011 and 2013 by the Social Science Genetic 
Association Consortium, including working-group mem-
bers Daniel Benjamin and Patrick Turley, and their ad-
visors, including working-group co-PI Meyer.163 FAQs 
(and similar materials) should be distributed to journal-
ists consistent with journal embargo practices and when-
ever a journalist asks to interview a researcher, as they can 
help ensure responsible media coverage. For instance, the 
SSGAC’s FAQs on their educational-attainment studies 
have been explicitly discussed or linked to in coverage of 
the research by NBC News,164 PBS,165 Wired,166 and the 
Atlantic,167 and many more media outlets paraphrased key 
messages in the FAQs, such as that environment plays a 
more important role in outcomes like educational attain-
ment than do genes and that most sociobehavioral PGIs 
are poor predictors of individual outcomes.168 These FAQs 
have been praised as a best practice that other researchers 
should emulate by the editors of Nature169 and by bioethi-
cists.170 Since the emergence of FAQs in the field of SBG 
research in 2013, a number of other research teams have 
joined the SSGAC in writing them to give the context, 
scope, and limitations of SBG research. FAQs are quick-
ly becoming standard in the field of SBG research and a 
recognized-enough bioethics tool that they are collected in 
a repository hosted by The Hastings Center and curated 
by bioethicists (including working-group member Daphne 
Oluwaseun Martschenko).171 Because SBG research can be 
quite complex to explain to nonspecialists, FAQs must bal-
ance comprehensiveness and length, but tables of contents 
and digital FAQs with collapsing and expanding content 
for those want to learn more (or less) can help. Especially 
relevant portions of FAQs can be screenshot and embed-
ded in social media, where study questions, concerns, or 
misinterpretations frequently arise.

Short videos (animated or otherwise) can be a more 
engaging way to convey important information, espe-
cially to lay audiences, and they can be easily embedded 
in social media. For instance, researchers who conducted 
the recent large GWAS of same-sex behavior (including 
working-group member Neale) created a website devot-
ed to explaining and contextualizing the study. In addi-
tion to FAQs about who the researchers and funders are, 
why the researchers conducted the study, where the data 
came from, what the researchers did, what they found, and 
what the study’s limitations were, the researchers created 
an animated video that, in less than three minutes, covers 
many of these points (and likely encouraged some website 
visitors to take a deeper dive by reading the more detailed 
FAQs).172 The Broad Institute, academic home to several 
of the lead authors of this GWAS (as well as some of the 
study’s critics), hosted several blog posts from affiliates that 
were either supportive or critical of the study, as well as 
five additional brief videos featuring senior author Neale 

explaining what the study found, why the researchers con-
ducted the study, how they engaged relevant communities, 
and his views about the potential for the results to be mis-
interpreted and about the study’s central messages.173

Myth Busting and Contextualization

We have said that responsible dissemination of SBG 
research in scientific papers, press releases, FAQs, 

videos, and the like should bust myths and contextualize, 
but what, precisely, does that entail? As noted above, the 
most important potential misinterpretations and misuses 
to warn readers away from will depend on the study. We 
encourage interested readers to peruse the FAQs in the 
Hastings Center repository for examples of messages that a 
range of SBG researchers felt were important to emphasize 
as part of responsibly communicating their science. With 
that said, here we describe a handful of important points 
that are relevant to most or all SBG research studies.

First, many laypeople are puzzled by the very idea of a 
study of genomic influences on a social or behavioral phe-
notype because they believe that genes have nothing to do 
with such phenotypes. They may therefore benefit from an 
introduction to the first law of behavioral genetics: all hu-
man behavioral traits are heritable.174 Similarly, many will 
be skeptical of the motivations of researchers who study 
sensitive phenotypes, especially in research that yields PGIs 
for these phenotypes, and will want to know the purpose 
of the research.

Most messages, however, should be devoted to trying to 
ensure that genes are not overemphasized. For instance, al-
though many laypeople may not be genetic determinists,175 
it is important to say explicitly that genes contribute to 
but do not determine social and behavioral phenotypes. 
Instead, for these and other complex phenotypes (including 
many medical phenotypes), the environment—including 
one’s family, friends, and community; the physical spaces 
where one lives and works; and one’s income, education, 
and more—generally has more influence. Moreover, genes 
and environments interact with one another in myriad 
complex ways that scientists are far from having sorted out. 

Nor, audiences should be reminded, are genetic influ-
ences on behavioral traits immutable. Genes that predis-
pose someone to a disadvantage can be overcome through 
environmental interventions (such as eyeglasses for near-
sightedness), while, conversely, genes that predispose some-
one to an advantage may be undermined or completely 
mooted by environmental interference (such as malnutri-
tion and height). 

The mechanisms through which genetic variants are 
associated with social and behavioral outcomes are poorly 
understood and cannot be divorced from environmental or 
social processes.

Standard scientific jargon used in the peer-reviewed pa-
per reporting the results of a study may mislead nonsci-
entists and benefit from explanation. For instance, PGIs 
for social and behavioral traits are not “predictors” in the 
fortune-teller sense that laypeople may understand that 
term. As scientists use that term, it is perfectly consistent 
to say that a PGI “predicts” an outcome and also that the 
prediction is only marginally better at predicting a binary 
outcome than is a coin flip. 

Lay audiences will also need help understanding SBG 
research effect sizes. On average, laypeople estimate that 
PGIs, including social and behavioral PGIs, have much 
more predictive power than they do.176 For most social and 
behavioral traits, PGIs alone are not currently useful pre-
dictors of individual outcomes, and for many such traits, 
they will never be good individual predictors. PGIs can in-
crease predictive accuracy for individuals when combined 
with other predictors,177 and they can be useful in research. 

Finally, even when an SBG study concerns only peo-
ple of European genetic ancestries, researchers should an-
ticipate that nonspecialists—both well-intentioned and 
not—may believe that these results speak both to race or 
ethnicity and to racial or ethnic differences. They should be 
reminded, therefore, that PGIs created from one group of 
genetically similar people cannot be meaningfully extrapo-
lated to other groups, for reasons that are not yet fully un-
derstood. Alleles associated with an outcome in one genetic 
ancestral group may not be as strongly associated with that 
outcome in another group, may not be associated with that 
outcome at all, or may be associated with the opposite out-
come. It is therefore scientifically invalid to identify vari-
ants as associated with an outcome in one genetic ancestral 
group and then compare the frequency with which these 
alleles appear in different such groups (much less different 
races or ethnicities), as White supremacists and others have 
often done. 

The Hard Problem beyond Scientific Literacy and 
Clear Communication

As difficult as the problems of science literacy and clear 
communication about complex science are, another 

at-least-as-difficult problem is that different people can and 
do bring different values to the same set of facts.178 In the 
case of genetics, as suggested in part 4, some people may 
interpret the fact that genetic differences can make a dif-
ference for social and behavioral phenotypes as evidence 
that certain policies are futile or that societies should not 
invest in some people because of their genomic profile. But 
others argue that the same facts are evidence that society 
should redouble its efforts in enriching the environment of 
those people. Similarly, around the world, White and other 
supremacists and separatists interpret the fact of genetic 

diversity to mean that each group is essentially different 
and that these diverse groups should be kept “pure” so that 
each group’s essential attributes—and, in particular, those 
of the “superior” (in the United States, White) group—are 
preserved. The rest of us reject not only the scientifically 
inaccurate assumptions that discrete groups of genetically 
similar people exist and that groups have essential natures 
but also the idea that some groups are morally or culturally 
superior to others.179 To the extent that what separates these 
dramatically different perspectives is values rather than sci-
ence, the many well-intentioned calls by geneticists, jour-
nal editors, and others (including our own working group) 
for more genetics education and clearer communication 
about genetics research—with a view to resisting its mis-
understanding, misuse, or misrepresentation180—will only 
partially address this problem. 

Much as we cannot offer a simple algorithm for weigh-
ing the potential harms and benefits of any given SBG 
protocol, we cannot offer a simple solution to the hard 
problem regarding invidious values. But recognizing why 
and how SBG research raises questions that demand to be 
wrestled with is, we think, in itself an important step in 
the right direction. Meanwhile, we hope that our descrip-
tion of the historic, scientific, and ethical terrain and our 
recommendations for the responsible conduct and com-
munication of SBG research will be useful to others as they 
wrestle with social and behavioral genomics research. 
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between 2011 and 2013 by the Social Science Genetic 
Association Consortium, including working-group mem-
bers Daniel Benjamin and Patrick Turley, and their ad-
visors, including working-group co-PI Meyer.163 FAQs 
(and similar materials) should be distributed to journal-
ists consistent with journal embargo practices and when-
ever a journalist asks to interview a researcher, as they can 
help ensure responsible media coverage. For instance, the 
SSGAC’s FAQs on their educational-attainment studies 
have been explicitly discussed or linked to in coverage of 
the research by NBC News,164 PBS,165 Wired,166 and the 
Atlantic,167 and many more media outlets paraphrased key 
messages in the FAQs, such as that environment plays a 
more important role in outcomes like educational attain-
ment than do genes and that most sociobehavioral PGIs 
are poor predictors of individual outcomes.168 These FAQs 
have been praised as a best practice that other researchers 
should emulate by the editors of Nature169 and by bioethi-
cists.170 Since the emergence of FAQs in the field of SBG 
research in 2013, a number of other research teams have 
joined the SSGAC in writing them to give the context, 
scope, and limitations of SBG research. FAQs are quick-
ly becoming standard in the field of SBG research and a 
recognized-enough bioethics tool that they are collected in 
a repository hosted by The Hastings Center and curated 
by bioethicists (including working-group member Daphne 
Oluwaseun Martschenko).171 Because SBG research can be 
quite complex to explain to nonspecialists, FAQs must bal-
ance comprehensiveness and length, but tables of contents 
and digital FAQs with collapsing and expanding content 
for those want to learn more (or less) can help. Especially 
relevant portions of FAQs can be screenshot and embed-
ded in social media, where study questions, concerns, or 
misinterpretations frequently arise.

Short videos (animated or otherwise) can be a more 
engaging way to convey important information, espe-
cially to lay audiences, and they can be easily embedded 
in social media. For instance, researchers who conducted 
the recent large GWAS of same-sex behavior (including 
working-group member Neale) created a website devot-
ed to explaining and contextualizing the study. In addi-
tion to FAQs about who the researchers and funders are, 
why the researchers conducted the study, where the data 
came from, what the researchers did, what they found, and 
what the study’s limitations were, the researchers created 
an animated video that, in less than three minutes, covers 
many of these points (and likely encouraged some website 
visitors to take a deeper dive by reading the more detailed 
FAQs).172 The Broad Institute, academic home to several 
of the lead authors of this GWAS (as well as some of the 
study’s critics), hosted several blog posts from affiliates that 
were either supportive or critical of the study, as well as 
five additional brief videos featuring senior author Neale 

explaining what the study found, why the researchers con-
ducted the study, how they engaged relevant communities, 
and his views about the potential for the results to be mis-
interpreted and about the study’s central messages.173

Myth Busting and Contextualization

We have said that responsible dissemination of SBG 
research in scientific papers, press releases, FAQs, 

videos, and the like should bust myths and contextualize, 
but what, precisely, does that entail? As noted above, the 
most important potential misinterpretations and misuses 
to warn readers away from will depend on the study. We 
encourage interested readers to peruse the FAQs in the 
Hastings Center repository for examples of messages that a 
range of SBG researchers felt were important to emphasize 
as part of responsibly communicating their science. With 
that said, here we describe a handful of important points 
that are relevant to most or all SBG research studies.

First, many laypeople are puzzled by the very idea of a 
study of genomic influences on a social or behavioral phe-
notype because they believe that genes have nothing to do 
with such phenotypes. They may therefore benefit from an 
introduction to the first law of behavioral genetics: all hu-
man behavioral traits are heritable.174 Similarly, many will 
be skeptical of the motivations of researchers who study 
sensitive phenotypes, especially in research that yields PGIs 
for these phenotypes, and will want to know the purpose 
of the research.

Most messages, however, should be devoted to trying to 
ensure that genes are not overemphasized. For instance, al-
though many laypeople may not be genetic determinists,175 
it is important to say explicitly that genes contribute to 
but do not determine social and behavioral phenotypes. 
Instead, for these and other complex phenotypes (including 
many medical phenotypes), the environment—including 
one’s family, friends, and community; the physical spaces 
where one lives and works; and one’s income, education, 
and more—generally has more influence. Moreover, genes 
and environments interact with one another in myriad 
complex ways that scientists are far from having sorted out. 

Nor, audiences should be reminded, are genetic influ-
ences on behavioral traits immutable. Genes that predis-
pose someone to a disadvantage can be overcome through 
environmental interventions (such as eyeglasses for near-
sightedness), while, conversely, genes that predispose some-
one to an advantage may be undermined or completely 
mooted by environmental interference (such as malnutri-
tion and height). 

The mechanisms through which genetic variants are 
associated with social and behavioral outcomes are poorly 
understood and cannot be divorced from environmental or 
social processes.

Standard scientific jargon used in the peer-reviewed pa-
per reporting the results of a study may mislead nonsci-
entists and benefit from explanation. For instance, PGIs 
for social and behavioral traits are not “predictors” in the 
fortune-teller sense that laypeople may understand that 
term. As scientists use that term, it is perfectly consistent 
to say that a PGI “predicts” an outcome and also that the 
prediction is only marginally better at predicting a binary 
outcome than is a coin flip. 

Lay audiences will also need help understanding SBG 
research effect sizes. On average, laypeople estimate that 
PGIs, including social and behavioral PGIs, have much 
more predictive power than they do.176 For most social and 
behavioral traits, PGIs alone are not currently useful pre-
dictors of individual outcomes, and for many such traits, 
they will never be good individual predictors. PGIs can in-
crease predictive accuracy for individuals when combined 
with other predictors,177 and they can be useful in research. 

Finally, even when an SBG study concerns only peo-
ple of European genetic ancestries, researchers should an-
ticipate that nonspecialists—both well-intentioned and 
not—may believe that these results speak both to race or 
ethnicity and to racial or ethnic differences. They should be 
reminded, therefore, that PGIs created from one group of 
genetically similar people cannot be meaningfully extrapo-
lated to other groups, for reasons that are not yet fully un-
derstood. Alleles associated with an outcome in one genetic 
ancestral group may not be as strongly associated with that 
outcome in another group, may not be associated with that 
outcome at all, or may be associated with the opposite out-
come. It is therefore scientifically invalid to identify vari-
ants as associated with an outcome in one genetic ancestral 
group and then compare the frequency with which these 
alleles appear in different such groups (much less different 
races or ethnicities), as White supremacists and others have 
often done. 

The Hard Problem beyond Scientific Literacy and 
Clear Communication

As difficult as the problems of science literacy and clear 
communication about complex science are, another 

at-least-as-difficult problem is that different people can and 
do bring different values to the same set of facts.178 In the 
case of genetics, as suggested in part 4, some people may 
interpret the fact that genetic differences can make a dif-
ference for social and behavioral phenotypes as evidence 
that certain policies are futile or that societies should not 
invest in some people because of their genomic profile. But 
others argue that the same facts are evidence that society 
should redouble its efforts in enriching the environment of 
those people. Similarly, around the world, White and other 
supremacists and separatists interpret the fact of genetic 

diversity to mean that each group is essentially different 
and that these diverse groups should be kept “pure” so that 
each group’s essential attributes—and, in particular, those 
of the “superior” (in the United States, White) group—are 
preserved. The rest of us reject not only the scientifically 
inaccurate assumptions that discrete groups of genetically 
similar people exist and that groups have essential natures 
but also the idea that some groups are morally or culturally 
superior to others.179 To the extent that what separates these 
dramatically different perspectives is values rather than sci-
ence, the many well-intentioned calls by geneticists, jour-
nal editors, and others (including our own working group) 
for more genetics education and clearer communication 
about genetics research—with a view to resisting its mis-
understanding, misuse, or misrepresentation180—will only 
partially address this problem. 

Much as we cannot offer a simple algorithm for weigh-
ing the potential harms and benefits of any given SBG 
protocol, we cannot offer a simple solution to the hard 
problem regarding invidious values. But recognizing why 
and how SBG research raises questions that demand to be 
wrestled with is, we think, in itself an important step in 
the right direction. Meanwhile, we hope that our descrip-
tion of the historic, scientific, and ethical terrain and our 
recommendations for the responsible conduct and com-
munication of SBG research will be useful to others as they 
wrestle with social and behavioral genomics research. 
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Notes

1. See R. Plomin et al., eds., Behavioral Genetics in the Postgenomic 
Era (Washington, DC: American Psychological Association, 2002).

2. Roughly the same field has been described elsewhere as “geno-
economics” (D. J. Benjamin et al., “The Promises and Pitfalls of 
Genoeconomics,” Annual Review of Economics 4, no. 1 [September 
1, 2012]: 627-62), “social genomics” (D. Conley and J. Fletcher, 
The Genome Factor: What the Social Genomics Revolution Reveals 
about Ourselves, Our History, and the Future [Princeton: Princeton 
University Press, 2017]), “sociogenomics” (C. Bliss, Social by Nature: 
The Promise and Peril of Sociogenomics [Stanford: Stanford University 
Press, 2018]), and “social science genomics” (A. Angers et al., Genome-
Wide Association Studies, Polygenic Scores, and Social Science Genetics: 
Overview and Policy Implications [Luxembourg: Publications Office 
of the European Union, 2019]). In our multidisciplinary project, we 
preferred to use a term that is not limited to a single discipline (such 
as “genoeconomics”) and that does not imply a limitation to either 
social or behavioral phenotypes.

3. The earliest paper constructing a PGI was S. M. Purcell et al., 
“Common Polygenic Variation Contributes to Risk of Schizophrenia 
and Bipolar Disorder,” Nature 460 (2009): 748-52. But the idea 
(as applied to humans) was described earlier in P. D. Pharoah et 
al., “Polygenic Susceptibility to Breast Cancer and Implications for 
Prevention,” Nature Genetics 31, no. 1 (2002): 33-36, and in N. R. 
Wray, M. E. Goddard, and P. M. Visscher, “Prediction of Individual 
Genetic Risk to Disease from Genome-Wide Association Studies,” 
Genome Research 17 (2007): 1520-28.

4. We are using “PGI,” following an observation from legal scholar 
Martha Minow that “score” may connote a judgment that is not nec-
essarily intended in social and behavioral phenotypes. See the box in 
J. Becker et al., “Resource Profile and User Guide of the Polygenic 
Index Repository,” Nature Human Behavior 5, no. 12 (2021): 1744-
58.

5. For earlier efforts at a similar sort of wrestling, see E. Parens, 
A. Chapman, and N. Press, eds., Wrestling with Behavioral Genetics: 
Science, Ethics, and Public Conversation (Baltimore, MD: Johns 
Hopkins University Press, 2006), and E. Parens, “Genetic Differences 
and Human Identities: Why Talking about Behavioral Genetics Is 
Important and Difficult,” Hastings Center Report 34, no. 1 (2004): 
S1-S36.

6. On Galton’s life, see C. P. Blacker, Eugenics: Galton and After 
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ing Patrick Turley) and Open Philanthropy (through grant 
010623-00001, supporting Benjamin, Turley, and Meyer).  

Of course, the usual caveat applies: none of these individu-
als or funding organizations necessarily shares the perspectives 
reported here.  
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