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FIGURE 1.1. ​ Inequalities in rates of college completion in the US based on differences in family 
income versus differences in measured genetics. Data on college completion by income drawn 
from Margaret W. Cahalan et al., Indicators of Higher Education Equity in the United States: 2020 
Historical Trend Report (Washington, DC: The Pell Institute for the Study of Opportunity in 
Higher Education, Council for Opportunity in Education (COE), and Alliance for Higher Edu-
cation and Democracy of the University of Pennsylvania (PennAHEAD), 2020), https://eric​
.ed​.gov​/​?id​=ED606010. Data on college completion by polygenic index from James J. Lee et al., 
“Gene Discovery and Polygenic Prediction from a Genome-Wide Association Study of Educa-
tional Attainment in 1.1 Million Individuals,” Nature Genetics 50, no. 8 (August 2018): 1112–21, 
https://doi​.org​/10​.1038​/s41588​-018​-0147​-3; additional analyses courtesy of Robbee Wedow. 
Polygenic index analyses include only individuals who share genetic ancestry characteristic of 
people whose recent ancestors all resided in Europe; in the US, these people are very likely 
to be racially identified as White. The distinction between race and genetic ancestry will be 
described in more detail in chapter 4.
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phd, student, genetics, genomics, research, biology, university, science, lab,
scientist, postdoc, bioinformatics, biologist, data, molecular, researcher, 
cancer, fellow, candidate, professor, computational, studying, human,      ,…

health, md, medical, healthcare, medicine, care, research, dr, phd, public, 
physician, director, professor, science, clinical, author, education, family,
nutrition, patient, news, researcher, passionate, advocate, services,… 

,      , #maga,      , white, nationalist, american, trump, conservative, vida,       ,
world, god, christian, people, america,        , free, truth,      , amo, media, news,

proud,      , time, country,      , music, catholic 

research, professor, health, phd, sociology, university, policy, sociologist, 
science, researcher, prof, assistant, student, data, public, inequality, fellow,

population, family, demography, education, associate, political,…

economics, phd, economist, professor, research, development, student,
university, policy, assistant, econ, health, candidate, public, education, data,

fellow, political, economic, prof, associate, labor, science, researcher,…

phd, research, psychology, genetics, science, university, health, student,
professor, psychologist, researcher, neuroscience, cognitive, mental, clinical,

dr, brain, scientist, fellow, human, postdoc, assistant, data, studying,…

FIGURE 1.2. ​ Top 6 largest social media audiences for scientific paper on genetics and non-
cognitive skills. Audience analysis methods reported in Jedidiah Carlson and Kelley Harris, 
“Quantifying and Contextualizing the Impact of bioRxiv Preprints through Automated Social 
Media Audience Segmentation,” PLOS Biology 18, no. 9 (September 22, 2020): e3000860, 
https://doi​.org​/10​.1371​/journal​.pbio​.3000860. Audiences are presented for preprint of Perline 
Demange et al., “Investigating the Genetic Architecture of Noncognitive Skills Using GWAS-
by-Subtraction,” Nature Genetics 53, no. 1 ( January 2021): 35–44, https://doi​.org​/10​.1038​
/s41588​-020​-00754​-2.



Lay estimate of genetic influence

Pu
bl

is
he

d 
he

rit
ab

ili
ty

 e
st

im
at

e
1.0

0.9

0.8

Blood group

Eye color

Height
Schizophrenia

Bipolar disorder

Intelligence

Diabetes

Violent behavior Musical talent Heart disease
Athleticism

Blood pressure
Depression

Alcoholism

Breast cancer

Sexual orientation 

Political beliefs

Personality

ADHD

Obesity

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

FIGURE 2.1. ​ People’s estimates of how much genetic factors contribute to human differences 
(horizontal axis) versus scientific estimates of heritability from twin studies (vertical axis). 
The correspondence between lay estimates and scientific estimates is r = .77. Figure reprinted 
by permission of Springer Nature from Emily A. Willoughby et al., “Free Will, Determinism, 
and Intuitive Judgments about the Heritability of Behavior,” Behavior Genetics 49, no. 2 
(March 2019): 136–53, https://doi​.org​/10​.1007​/s10519​-018​-9931​-1.



FIGURE 2.2. ​ A Galton board, showing how a normal distribution results 
from the accumulation of many random events. Photo by Mark Hebner.



FIGURE 2.3. ​ Height-increasing genetic variants in an individual of extreme 
height. On the right is a photo of Shawn Bradley next to a ruler showing that 
he is 7′6″ tall. On the left is the distribution of “genetic scores” (i.e., polygenic 
indices) constructed from 2,910 genetic variants associated with human height. 
Mr. Bradley’s score was 10.32, whereas the average score in the sample of people 
being studied was 0.98, with a standard deviation of 2.22. Mr. Bradley’s score 
was 4.2 standard deviations above the mean. Figure adapted from Corinne E. 
Sexton et al., “Common DNA Variants Accurately Rank an Individual of 
Extreme Height,” International Journal of Genomics 2018 (September 4, 2018): 
5121540, https://doi​.org​/10​.1155​/2018​/5121540.
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FIGURE 3.1. ​ Creating a polygenic index. Figure reproduced from Daniel W. Belsky and K. 
Paige Harden, “Phenotypic Annotation: Using Polygenic Scores to Translate Discoveries from 
Genome-Wide Association Studies from the Top Down,” Current Directions in Psychological 
Science 28, no. 1 (February 2019): 82–90, https://doi​.org​/10​.1177​/0963721418807729. Correla-
tions between individual SNPs and a phenotype are estimated in a “Discovery GWAS” with a 
large sample size. Many GWAS have samples that exceed millions of people. Then, a new 
person’s DNA is measured. The number of minor alleles (0, 1, or 2) in this individual’s genome 
is counted for each SNP, and this number is weighted by the GWAS estimate of the correlation 
between the SNP and the phenotype, yielding a polygenic index. This polygenic index will be 
normally distributed: most people will have an average polygenic index, but a few people will 
have very low or very high scores. Reprinted by permission of SAGE Publications, Inc.
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FIGURE 3.2. ​ Hypothetical polygenic index that captures 10% of the variance in a life course 
outcome. Polygenic index on the horizontal axis; hypothetical life outcome, such as educational 
attainment, on the vertical axis. Each dot represents an individual person. For each value of the 
polygenic index, there is considerable variability in people’s life outcomes.
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FIGURE 6.1. ​ Identity-by-descent sharing of segments of 23 chromosomes between a pair of full 
siblings. Image from author’s 23andMe® profile. The author and her brother share segments 
of DNA that have a total length of 3321 centimorgans (cMs), which is 44.6% of the author’s 
genome.
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FIGURE 6.2. ​ Expected distribution of heights in the general popula-
tion (top) versus within potential offspring of a single pair of parents 
(bottom). Population distribution is based on mean of 70 inches with 
a standard deviation of 3 inches. Within-family distribution, i.e., the 
distribution of heights among all possible offspring of a single pair of 
parents, based on heritability of 0.8. Example and calculations adapted 
from Peter M. Visscher, William G. Hill, and Naomi R. Wray, “Heritabil-
ity in the Genomics Era—Concepts and Misconceptions,” Nature Reviews 
Genetics 9, no. 4 (April 2008): 255–66, https://doi​.org​/10​.1038​/nrg2322.
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FIGURE 6.3. ​ Identical and fraternal twin correlations for seven domains of inequality. Author’s 
analysis of data from Tinca J. C. Polderman et al., “Meta-Analysis of the Heritability of Human 
Traits Based on Fifty Years of Twin Studies,” Nature Genetics 47, no. 7 ( July 2015): 702–9, 
https://doi​.org​/10​.1038​/ng​.3285.



FIGURE 6.4. ​ The case of the missing heritability. Image reproduced by permission of Springer 
Nature from Brendan Maher, “Personal Genomes: The Case of the Missing Heritability,” Nature 
456, no. 7218 (November 1, 2008): 18–21, https://doi​.org​/10​.1038​/456018a.

Heritability estimates from measured
DNA studies might be too low
• DNA studies don’t have enough people to 

reliably estimate the small e�ects of genes?
• DNA studies don’t measure every genetic 

variant, and unmeasured variants might have  
big(ger) e�ects?

Heritability estimates from twin studies might
be too high
• Genes and environments are correlated in ways that 

are di�cult to measure and account for? 
• Identical twins might be treated more similarly than 

fraternal twins?

The case of the missing heritability
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FIGURE 6.5. ​ Heritability estimates for four human phenotypes from three different methods. 
“Education” = educational attainment (years of formal schooling). “Age first birth” = women’s 
age at first childbirth. “BMI” = body mass index. “Height” = height in adulthood. “Twin” 
method estimates heritability by comparing similarity of monozygotic twins reared together 
to similarity of dizygotic twins reared together. “Sib-regression” method estimates heritability 
by leveraging random variation among sibling pairs in extent of identity-by-descent sharing. 
“RDR” (relatedness disequilibrium regression) method extends the sib-regression method to 
other pairs of relatives, where the relatedness of the pair is conditioned on the relatedness of 
their parents. Error bars represent standard errors. All heritability estimates drawn from Alex-
ander I. Young et al., “Relatedness Disequilibrium Regression Estimates Heritability without 
Environmental Bias,” Nature Genetics 50, no. 9 (September 2018): 1304–10, https://doi​.org​/10​
.1038​/s41588​-018​-0178​-9, except for twin estimate of heritability for educational attainment, 
which is drawn from Amelia R. Branigan, Kenneth J. McCallum, and Jeremy Freese, “Variation 
in the Heritability of Educational Attainment: An International Meta-Analysis,” Social Forces 
92, no. 1 (2013): 109–140; and twin estimate of heritability for age at first birth in women, 
which is drawn from Felix C. Tropf et al., “Genetic Influence on Age at First Birth of Female 
Twins Born in the UK, 1919–68,” Population Studies 69, no. 2 (May 4, 2015): 129–45, https://
doi​.org​/10​.1080​/00324728​.2015​.1056823.



Discrimination
Societies

Organisms

Cells

Molecules

Atoms

Sub-atomic particles

Red-headed

Pheomelanin

MC1R gene

FIGURE 7.1. ​ Levels of scientific analysis. Figure incorporates ideas from Carl F. Craver, Explain­
ing the Brain: Mechanisms and the Mosaic Unity of Neuroscience (Oxford: Oxford University 
Press, 2007); Paul Oppenheim and Hilary Putnam, “Unity of Science as a Working Hypoth-
esis,” 1958, http://conservancy​.umn​.edu​/handle​/11299​/184622; and Christopher Jencks et al., 
Inequality: A Reassessment of the Effect of Family and Schooling in America (New York: Basic 
Books, 1972).
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Switching:
Learn to do a task according to
one rule and then switch to a
di�erent rule. For example, learn
to match objects based on color
and then match based on shape.

Inhibition:
Learn to do a task and then stop
yourself from doing it. For example, 
press the direction of the arrow 
unless there’s a sound.

Updating:
Replace old information with new
information. For example, tell
whether the current symbol
matches a previous symbol.

Rules

Response
choices
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Task rule cued
(color)

Match target to
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Go Go Stop
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FIGURE 7.2. ​ Examples of tests of executive functions in children. Described in Laura E. Engel-
hardt et al., “Genes Unite Executive Functions in Childhood,” Psychological Science 26, no. 8 
(August 1, 2015): 1151–63, https://doi​.org​/10​.1177​/0956797615577209.
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FIGURE 7.3. ​ Different types of non-cognitive skills. Described in Elliot M. Tucker-Drob et al., 
“Genetically Mediated Associations between Measures of Childhood Character and Academic 
Achievement,” Journal of Personality and Social Psychology 111, no. 5 (2016): 790–815, https://
doi​.org​/10​.1037​/pspp0000098.



FIGURE 7.4. ​ Flow of students through the high school math curriculum by educational attain-
ment polygenic index. Width of the line represents number of students enrolled in each math 
course in each year of high school (secondary school). Darkness of the line represents the 
average education polygenic index of students enrolled in that course. Values of the polygenic 
index are in standard deviation units. Data are from European-ancestry students from the 
National Longitudinal Study of Adolescent Health who were enrolled in US high schools in the 
mid-1990s. Reproduced from K. Paige Harden et al., “Genetic Associations with Mathematics 
Tracking and Persistence in Secondary School,” Npj Science of Learning 5 (February 5, 2020): 
1–8, https://doi​.org​/10​.1038​/s41539​-020​-0060​-2.

FIGURE 8.1. ​ Equality versus equity. Image from Interaction Institute for Social Change.  
Artist: Angus Maguire.



FIGURE 8.2. ​ Pre-kindergarten classroom sign about fairness.  
Photo by author.
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FIGURE 8.3. ​ Distribution of educational outcomes for people with different genotypes in alter-
native environments. The circle and triangle represent two hypothetical individuals with two 
different genotypes. Relative to the current situation, the environment that is equity-promoting 
(alternative #1) improves the educational outcome of the individual represented by the circle, 
but makes little difference for the individual represented by the triangle, reducing inequality 
of outcome. In contrast, the environment that is performance-maximizing (alternative #2) 
improves the educational outcome of the individual represented by the triangle but not the 
individual represented by the circle, thus increasing the inequality of outcome between them 
but also leading to the highest individual outcome achieved across alternatives.
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FIGURE 9.1. ​ College graduation rates in White Americans born between 1905 and 1964, by 
paternal income and by polygenic index created from GWAS of educational attainment. Data 
courtesy of Nicholas Papageorge and Kevin Thom; results described in Nicholas W. Papa-
george and Kevin Thom, “Genes, Education, and Labor Market Outcomes: Evidence from 
the Health and Retirement Study,” NBER Working Paper 25114 (National Bureau of Economic 
Research, September 2018), https://doi​.org​/10​.3386​/w25114.
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FIGURE 10.1. ​ Rates of criminal justice system involvement and antisocial behavior by polygenic 
index created from GWAS of externalizing in 1.5 million people. Figure adapted from Richard 
Karlsson Linnér et al., “Multivariate Genomic Analysis of 1.5 Million People Identifies Genes 
Related to Addiction, Antisocial Behavior, and Health,” bioRxiv, October 16, 2020, https://doi​
.org​/10​.1101​/2020​.10​.16​.342501.



FIGURE 10.2. ​ Genetic explanation of behavior. Image and text provided to participants in Mat-
thew S. Lebowitz, Kathryn Tabb, and Paul S. Appelbaum, “Asymmetrical Genetic Attributions 
for Prosocial versus Antisocial Behaviour,” Nature Human Behaviour 3, no. 9 (September 2019): 
940–49, https://doi​.org​/10​.1038​/s41562​-019​-0651​-1; image originally from Nicholas Scurich 
and Paul Appelbaum, “The Blunt-Edged Sword: Genetic Explanations of Misbehavior Neither 
Mitigate nor Aggravate Punishment,” Journal of Law and the Biosciences 3, no. 1 (April 2016): 
140–57, https://doi​.org​/10​.1093​/jlb​/lsv053, by permission of Oxford University Press.

"Scientists have found that people can have genes that lead them to behave this way. Here is a 
graphic that illustrates the area of the genome where these genes are found. According to 
recent testing, Jane has these genes. In other words, Jane's genetic makeup—the DNA that 
she inherited from her parents—leads her to behave the way she does in situations like these."
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