Social Science & Medicine 278 (2021) 113924

Contents lists available at ScienceDirect

Social Science & Medicine
journal homepage: http://www.elsevier.com/locate/socscimed

The double helix at school: Behavioral genetics, disability, and
precision education
Maya Sabatello a, b, *, Beverly J. Insel c, Thomas Corbeil d, Bruce G. Link e, Paul S. Appelbaum f
a

Center for Precision Medicine & Genomics, Department of Medicine, Columbia University, New York, USA
Division of Ethics, Department of Medical Humanities and Ethics, Columbia University, New York, USA
c
Research Foundation for Mental Hygiene (RFMH), New York, USA
d
Division of Mental Health Data Science, New York State Psychiatric Institute, New York, USA
e
School of Public Policy, University of California, Riverside, CA, USA
f
Center for Research on Ethical, Legal & Social Implications of Psychiatric, Neurologic & Behavioral Genetics, Department of Psychiatry, Columbia University, New York,
USA
b

A R T I C L E I N F O

A B S T R A C T

Keywords:
Behavioral genetics
Precision education
ADHD
Genetic testing
Special education services

The prospect of using behavioral genetic data in schools is gaining momentum in the U.S., with some scholars
advocating for the tailoring of educational interventions to students’ genetic makeup (“precision education”).
Public perspectives on testing for and using behavioral genetic data in schools can affect policies but are un
known. We explored public views in the U.S. (n = 419) on key issues in precision education. The introduction of
a child’s behavioral genetic information regarding Attention-Deficit/Hyperactivity-Disorder was associated with
beliefs that such data should be considered in educational planning for the child and increased medicalization,
but also a belief in treatment efficacy. Most participants expressed interest in learning about children’s behav
ioral genetic predispositions but would disapprove of testing without parental consent. Differences by partici
pants’ race, ethnicity and educational attainment were observed. Our findings indicate the public’s complex
understanding of genetic information and the challenges for wide implementation of precision education in the
U.S.

1. Introduction
The prospect of using behavioral genetic data in school settings is
gaining momentum in the U.S. and elsewhere. Despite a troubled history
of misuse of genetic information to justify racial, social and socioeco
nomic inequality (Nelkin and Tancredi 1991), studies are ongoing to
identify genes that impact learning abilities and educational attainment
and to generate polygenic risk scores (PRS) that could predict those
outcomes (Belsky et al., 2016). Beyond molecular analysis, researchers
increasingly call for a “personalized” or “precision education” model
that would tailor educational interventions to children’s behavioral and
psychiatric genetic makeup (Grigorenko 2007; Reilly et al., 2015; Plo
min et al., 2007; Haworth and Plomin 2012). To date, most of these
efforts have focused on children with conditions that have a known
genetic etiology (e.g., Down Syndrome, Fragile X syndrome, learning

disabilities (Hart 2016; Erbeli, 2019)), though proponents of precision
education suggest this approach could be used more broadly (Rothstein
2007). Studies have found that teachers and educational staff express
interest in tailoring education to a child’s behavioral genetic makeup
(Walker and Plomin 2005; Martschenko 2019). Some proponents of
precision education are promoting the involvement of educational
psychologists in these discussions and seeking to incorporate genomic
expertise in school-related decisions by including genetic experts in
education committees that determine eligibility for special education
services (Grigorenko 2007; Haworth and Plomin 2012). Despite the
importance of public views regarding appropriate policies and practices
for the use of genetic information in non-clinical settings, there is little
research on public perspectives on testing for and using behavioral ge
netic data in schools.
In some ways, precision education may seem to be a natural

* Corresponding author. Center for Precision Medicine and Genomics, Columbia University Irving Medical Center , 1150 St. Nicholas Avenue, Rm 413, New York,
NY, 10032, USA.
E-mail addresses: ms4075@cumc.columbia.edu (M. Sabatello), bji1@caa.columbia.edu (B.J. Insel), Thomas.Corbeil@nyspi.columbia.edu (T. Corbeil), brucel@
ucr.edu (B.G. Link), psa21@cumc.columbia.edu (P.S. Appelbaum).
https://doi.org/10.1016/j.socscimed.2021.113924
Received in revised form 17 March 2021; Accepted 8 April 2021
Available online 20 April 2021
0277-9536/© 2021 Elsevier Ltd. All rights reserved.

M. Sabatello et al.

Social Science & Medicine 278 (2021) 113924

continuation of the increased geneticization of pediatric care. Over the
past 2 decades, the use of genetic testing to identify the causes of syn
dromal behavioral and cognitive disabilities in children has become an
integral part of clinical practice, and children showing developmental
delays routinely undergo genetic testing for neuropsychiatric syndromes
(Moeschler 2008). Parents express strong interest in genetic testing of
their children for a variety of behavioral and psychiatric conditions,
including predisposition for autism (Narcisa et al., 2013), mood disor
ders (Lawrence and Appelbaum 2011; Erickson et al., 2014), and
Attention-Deficit/Hyperactivity Disorder (ADHD)(Borgelt et al., 2014);
the primary justifications are parental desires to gain better insight into
a child’s behaviors and improve care, or to allow prevention and early
intervention among asymptomatic children.
Public receptivity to the introduction of behavioral genetic infor
mation in schools may similarly be grounded in “clinical” rationales of
prevention and treatment to achieve better mental health and educa
tional outcomes. Proponents of precision education contend that
ignoring genetics in education is unjustifiable at a time when genetics
occupies an increasing role in research and clinical treatment, including
its patient-centered approach (Asbury et al., 2017; Little et al., 2017).
These justifications may find further support in the increasingly com
mon perception of genomic data as information that individuals,
including parents, have a responsibility to learn and act on (Leefmann
et al., 2017). Studies show that children with behavioral and emotional
problems are often not provided with necessary educational supports in
mainstream classrooms, and that they are underserved in school settings
when compared to children from other disability groups (Buchanan
et al., 2016). This may be particularly pivotal for racial and ethnic mi
nority children. Studies show that due to clinicians’ and educators’
biases, such children (especially African Americans) are less likely than
non-Hispanic white children to be diagnosed with disruptive behavior
disorder rather than ADHD and therefore to be deprived of supports such
as access to medication, behavioral interventions and educational ac
commodation (Fadus et al., 2020). Insofar as behavioral genetic data can
confirm a child’s diagnosis and faciliate the determination of eligiblity
for special education services (Borgelt et al., 2014), testing of children
may be viewed as useful for promoting a child’s interests and academic
achievement.
However, there are differences between clinical and educational
settings that may impact public views on behavioral genetic testing of
children and use of these data in education. Although teachers are often
the first to observe and suggest a diagnosis for a child’s behaviors (Sax
and Kautz 2003), they are non-medical experts, whose knowledge of the
genetic basis or heritability and treatment of childhood behavioral
conditions, including more prevalent ones such as ADHD, is limited
(Mohr-Jensen et al., 2019). Schools are also not entities designed to
provide clinical services and their privacy regulations are not as
comprehensive as those in clinical settings (Sabatello 2018). Opponents
of genetic testing in schools also reiterate the contentious history of
misuse of behavioral genetics to devalue and segregate individuals from
society (Nelkin and Tancredi 1991; Stein 2010; Callier 2012; Hodapp
and Fidler 1999) and highlight the potentially coercive nature of genetic
testing in schools, where students may constitute a “captive audience”
(Rothstein 1997). These concerns may be further augmented by the
stigma associated with child mental health conditions such as ADHD
(Kellison et al., 2010). Testing children following a teacher’s recom
mendation (rather than a pediatrician’s) or allowing for children’s
behavioral genetic data to be used in educational settings may thus raise
legitimate concerns.
The question of children’s testing for behavioral conditions is further
complicated. Even if we accept that a genomically informed education
systen could be useful, there is need to consider who should be entrusted
with the decision about testing children for behavioral traits in school
settings. A libertarian view holds that genetic testing should be a matter
of individual choice, and that, as in any other child-related decision,
parents have the prerogative to make genomic decisions on behalf of

their child (Wilfond and Ross 2009). However, it is also well-established
that parental decision-making is not absolute, and it can be rejected if it
contravenes the child’s best interests. The 2004 Individuals with Dis
abilities Education Act (IDEA), for example, establishes “child-find”
mandates that require states actively to seek out and find all children
eligible for special education services (National Dissemination Center
for Children with Disabilities 2004). Although parents’ consent for their
child’s medical evaluation is needed, if they refuse such evaluation, the
school may pursue its mandate with appropriate due process protections
(e.g., due process hearing or use of mediation as stipulated in state law)
(Weber 2008).
The conceptualization of precision education as a matter of signifi
cant public interest may further call for a utilitarian approach to testing
in schools, allowing the state to act under the doctrine of parens patriae
to protect children against future harm (Fulda and Lykens 2006). Studies
show that children with behavioral problems have lower graduation
rates, and later experience higher unemployment rates and more en
counters with the criminal justice system (Wagner 1995; Snyder and
Dillow 2013; Burrell and Warboys 2000). Insofar as precision education
is viewed increasingly as consonant with both children’s and broader
societal interests, compulsory testing of children may become integral to
schools’ responsibilities to identify children at risk and to work towards
improving the students’ educational trajectories (Sabatello 2018).
Whether genetic knowledge will ever be ready for implementation
through precision education has been contested. Notwithstanding some
hype around efforts to generate and validate PRS that are associated
with educational attainment (Belsky et al., 2016; Plomin and von Stumm
2018) and even calls to establish schools as sites for collaborative efforts
among educators, clinicians, and researchers (Fisher 2009), the feasi
bility of this scientific endeavor is raising significant concerns (Saba
tello, 2018). One issue relates to PRS transferability: existing datasets
comprise mostly European-ancestry participants, making PRS biased
and less accurate for other populations (Martin et al., 2017; Torkamani
et al. 2018). Others highlight that the predictive accuracy of PRS de
pends not only on ancestry group, but also on the algorithm used and
factors within ancestry groups, such as socioeconomic status, age, sex,
and cultural variables (Mostafavi et al., 2020). Nonetheless, some
scholars believe that these issues can be remedied through increased
cohort diversity and analytic techniques that address the transferability
challenge (Cavazos and Witte, 2020; Kullo and Dikilitas, 2020; ), and
proponents of precision education insist that such research is both
important and unavoidable in the effort to improve societal outcomes
(Plomin and von Stumm 2018; Torkamani et al. 2018). Better under
standing of public views on precision education may indicate the extent
of support for this scientific endeavor and help shape policies and
allocation decisions related to students’ educational success.
This paper reports findings from a large national survey of adults
from the general public exploring the prospects and pitfalls of precision
education. Our study focused on (hypothetical) genetic testing for a
child who may have ADHD and assessed the impact of a child’s
behavioral genetic predispositions on education and other related de
cisions. It is part of a larger study that explored the impact of psychiatric
genetic data on nonclinical settings. ADHD was selected because it is a
behavioral condition highly associated with academic outcomes (Ronald
et al. 2021). ADHD is also the most common psychiatric diagnosis
among children aged 2–17 years (estimated at 9.4%) (Perou et al., 2013;
CDC 2020), and it is included within the scope of the IDEA.
2. Materials and methods
2.1. Participants and procedures
We conducted an anonymous, 20-min online survey of adults from
the general public (≥18 years old; n = 419) to explore interest in genetic
testing and views about how behavioral genetic information should
impact education-related decisions. Participants were identified and
2

M. Sabatello et al.

Social Science & Medicine 278 (2021) 113924

recruited by YouGov, a research company that operates an Internetbased panel drawn from the general public. YouGov constructed a
sample that was representative of the adult US population (based on
variables of gender, age, race/ethnicity, education and geographical
region), adjusted to oversample Blacks/African Americans (AA) (30%)
to increase the power to detect differences between White and Black/AA
racial groups. These racial groups were selected because of a high
prevalence of ADHD diagnoses among White and Black/AA, nonHispanic children (Perou et al., 2013; CDC 2020) and as Black/AA
children 6–21 years old are twice as likely as White children to be served
in special education programs (Moeschler 2008; National Center for
Education Statistics 2012; Aud and Fox 2010). YouGov collected other
demographic data (e.g., gender, income, education), administered the
online survey, and offered participants “Polling Points” redeemable for
small gifts (equivalent of $1) for their participation. Participants’ de
mographic characteristics are in Table 1. The New York State Psychiatric
Institute IRB approved the study.

(genetic test results: positive; negative) x 2 (child race: AA; White) x 2
(evaluator of child behavior: pediatrician; teacher) fully crossed,
between-participants factorial design. Participants read a vignette about
parents who registered their five-year-old son (described as either White
or AA) for a public-school kindergarten, and were required, as part of the
admission process, to submit information about the child’s development
and involvement in pre-K class activities. The child’s initial evaluation,
randomly assigned to be provided by either a pediatrician or a teacher,
stated that he was “very active, has difficulty concentrating or sitting
still, and has a hard time getting along with his peers.” The child’s
parents were offered the possibility of testing the child for a gene that
increases the risk of developing ADHD and were told that “early iden
tification and intervention can significantly improve symptoms of inat
tention, hyperactivity and impulsivity and reduce a child’s behavioral
problems”.
The different types of genetic evidence (family history, genetic test
results) were introduced sequentially. Specifically, participants were
randomly assigned to be told that the father was previously diagnosed
with ADHD (“family history”) or not told anything about the presence of
familial ADHD. They were then asked whether as the child’s parent, they
would consent to have him tested for a gene that was causally related to
the disorder, and whether, in the absence of parental consent, the school
should require that the child be tested. Participants were subsequently
told that the parents agreed to testing and were randomly assigned to
receive information that the child had tested positive or negative for the
“ADHD gene.” The framing of “a gene for” aimed to provide participants
with the necessary information in a simplified manner (a common
characteristic, and limitation, of vignettes) and in language familiar to
the general public. Although ADHD is a genetically complex condition
and PRS may be a more valid means of assessing genetic risk than “a
gene for,” introducing new terminology into a survey for the general
public might have diverted attention from the study’s focus on genetics
and biased the results. Moreover, there was no a priori reason to suspect
that participants’ responses to “a gene for” would be different than for a
PRS score.
Randomization of participants to receive the different types of ge
netic evidence resulted in 4 categories of genetic evidence for analysis:
1) only family history; 2) only positive genetic test; 3) both family his
tory and positive genetic test; and 4) no family history and negative
genetic test (“none” or “neither”)(see Fig. 1). Participants were then
asked to rate their agreement with a series of statements that addressed
issues relating to: 1) the use of genetic data in the child’s education plan
(“The school should consider this genetic result in developing an
educational plan for [the child]”); 2) possible medical and other
(imposed) interventions (“The child should go to one or more of the
following options: 1) pediatrician, 2) psychiatrist and 3) other mental
health professional for help”; “The school should require [the child] to
receive interventions designed to improve behavior control and con
centration”; “The school should require [the child’s] parents to attend
sessions to learn how to help [the child] with his behavior”; “[The child]
should be given medications to reduce symptoms of ADHD”; and 3)
likely treatment efficacy (”[The child’s] situation will improve with the
help of mental health professionals”; “[The child’s] behaviors will
improve with medication”). The wording of the various versions of the
vignette was as similar as possible. We hypothesized that the introduc
tion of positive genetic evidence (i.e., each of categories 1–3 above, with
ascending impact) would be positively associated with interest in the
data being used in educational plans and with endorsement of a need for
treatment, including imposed interventions. Based on studies on adults’
views on psychiatric genetics (Phelan et al., 2006), we also predicted
that genetic evidence would be negatively associated with belief in
treatment efficacy.
The survey, including the draft vignette, was reviewed by 3 educa
tors and an expert in special education to ensure the portrayals were
realistic. The final instrument was modified to address comments from
these reviewers.

2.2. Survey instrument
The survey comprised 2 vignettes, one of which is reported here. The
experimental design was a 2 (family history: present; absent) x 2
Table 1
Demographic characteristicsa (n = 419).
Demographic Variables
Age
18–29 years
30–59 years
60 or older
Mean age = 48.6 years (SD = 17.5)
Gendera
Female
Male
Racea
Black/African American
White
Asian
American Indian/Alaska Native
Native Hawaiian/Other Pacific Islander
Missing
Ethnicity/Hispanica
Hispanic
Non-Hispanic
Education Levela
High School or less
Some-2years College
4 year of College/Postgraduate
Household Income
Less than $20,000
$20,000 - $49,999
$50,000 - $99,999
$100,000 or more
Prefer not to say
State of Residence
Northeast
Midwest
South
West
Marital Status
Widowed/Divorced/Separated
Never Married
Marriedb
Parental Statusc
Yes
No
Missing

n

%

Weighted %d

77
191
151

18.4%
45.6%
36.0%

20.8%
41.4%
37.7%

226
193

53.9%
46.1%

51.0%
49.0%

160
225
8
7
2
17

38.2%
53.7%
1.9%
1.7%
0.5%
4.1%

14.3%
74.7%
3.3%
2.3%
0.6%
4.9%

44
375

10.5%
89.5%

14.7%
85.3%

161
144
114

38.4%
34.4%
27.2%

38.8%
32.1%
29.1%

83
119
113
56
48

19.8%
28.4%
27.0%
13.4%
11.5%

17.1%
32.1%
25.2%
14.4%
11.2%

70
79
96
174

16.7%
18.9%
22.9%
41.5%

17.1%
32.1%
25.2%
14.4%

88
156
175

21.0%
37.2%
41.8%

19.6%
32.1%
48.2%

82
241
96

19.6%
57.5%
22.9%

17.4%
61%
21.6%

a

Included in the logistic regression analysis.
Includes Domestic/civil partnership.
c
Parental status was defined as having a child under 21 years old, the age cut
off for special education services.
d
Weighted Percentage obtained from proc surveyfreq
b
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Fig. 1. Categories of evidence.

2.3. Analysis

3. Results

Our power analysis was based on the primary predictor (psychiatric
genetic data) and the primary outcome of interest (binary responses
regarding education decisions). In the absence of prior research on this
issue and data about likely effect sizes, we aimed to detect a difference of
at least 0.18–0.2 in the proportions between the two closest groups
under the assumption that the overall prevalence of predictors ranges
from 0.3 to 0.7. This required n = 351 participants to have more than
80% power at 5% significance. Our final sample of 419 is thus suffi
ciently powered for this analysis. Using a nationally representative
sample with the original sampling scheme of 351 would have yielded
only 47 Black/AAs, allowing us to detect greater than 0.23 proportion
difference between Black/AAs and White participants with 80% power
at 5% significance. Our oversampling of Black/AAs to 160 participants
allowed us to detect a smaller effect size of 0.15 proportion differences
between two races.
Response options were measured using a 4-point Likert scale and
collapsed into dichotomous categories (disagree/strongly disagree vs.
agree/strongly agree). Multivariable logistic regression was conducted
to examine the impact of genetic evidence (family history, positive ge
netic test, both, none) on the dependent variables. Variables in the
model included the vignette child’s race (AA/White), evaluator of the
child’s behavior (pediatrician/teacher), and participants’ sociodemo
graphic characteristics, i.e., race, ethnicity, gender and education
(Table 1). The decision of which covariates to include in the final
analysis was made by including all common covariates in the regression
analysis (gender, race, ethnicity, education level, household income,
marital and parental status) and retaining only those that showed a
pattern of statistical significance. Household income, e.g., was signifi
cant in some models but only for those who “preferred not to say” their
income, which precluded a substantive analysis. The race variable was
collapsed (White, Black/AA, other racial minorities and missing); the
education variable was dichotomized (≤high school and ≥some
college).
Data were weighted to account for oversampling of Black/AAs. An
alyses were performed using the SURVEY procedures in SAS 9.4 to
incorporate these weights and appropriately construct standard errors
around measures of association. Variables with p-values <0.05 were
considered significant predictors. Analyses of evaluator and child’s race
found no effect on the variables considered here (Table 2), and they are
not discussed further in this article.

3.1. Genetic testing
Most participants stated they would have tested the child (82.2%)
but only a minority (26.4%) agreed that the school should require the
child’s testing in the absence of parental consent. Family history did not
impact either of these responses (respectively, p = 0.21; p = 0.70)
(Table 2).
3.2. Educational plan
Most participants agreed that the genetic test results should be
considered in developing an educational plan for the child (76.6%).
Those provided with positive genetic test results alone (86.1%; OR =
3.42, CI: 1.25, 9.36, p = 0.02) or combined with family history (84.8%;
OR = 3.09, CI: 1.14, 8.36, p = 0.03) were significantly more likely to
concur with this statement compared to those who received neither.
Family history alone was not associated with participants’ responses (p
= 0.73; Table 2).
3.3. Interventions
Most participants agreed that the child should go to a pediatrician
(71.3%) and other therapist or counselor (75%) for help but only 45.3%
endorsed the option of a psychiatrist. Those who received both family
history and positive genetic test results (OR = 2.62, CI: 1.09, 6.26, p =
0.03) were more likely than those who received neither to agree about
the child’s need to see a pediatrician. Family history (OR = 2.93, CI:
1.37, 6.26, p = 0.01), positive genetic test (OR = 3.49, CI: 1.45, 8.42, p
= 0.01), and both family history and positive genetic test (OR = 2.43, CI:
1.10, 5.37, p = 0.03) were all positively associated with selection of a
psychiatrist.
A small majority of participants agreed that the school should require
the child to receive interventions to improve behavior control and
concentration (57.8%) and require the parents to attend training ses
sions (58%), but only a minority believed that the child should receive
medication (37.2%). Neither type of genetic evidence (i.e., family his
tory, positive genetic test, both) was associated with views on these
items (all p ≥ 0.11; Table 2).
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Table 2
Impact of genetic evidence, evaluator, and child race on genetic testing,
educational and other interventions and treatment efficacy.
Dependent Variable (%)a

OR

95% CIb

P
value

Consent to have child’s gene tested (82.2%)
Family history: Family history (no evidence, ref)

1.56

0.21

Evaluator: Pediatrician (Teacher, ref)

1.68

Case race: African American (White, ref)

0.74

School should require genetic testing (26.4%)
Family history: Family history (no evidence, ref)

(0.78,
3.13)
(0.84,
3.39)
(0.37,
1.49)

0.87

(0.43,
1.77)
Evaluator: Pediatrician (Teacher, ref)
0.83
(0.41,
1.70)
Case race: African American (White, ref)
1.53
(0.74,
3.15)
School should consider genetic result in education plan (76.6%)
Genetic evidence (no family history & negative
–
–
test results (“neither”), ref)
Family history (only)
1.16
(0.49,
2.75)
Positive genetic test results (only)
3.42
(1.25,
9.36)
Both family history & positive genetic test
3.09
(1.14,
results
8.36)
Evaluator: Pediatrician (Teacher, ref)
0.81
(0.39,
1.65)
Case race: African American (White, ref)
0.75
(0.38,
1.48)
School should require interventions to improve behavior (57.8%)
Genetic evidence (no family history & negative
–
–
test results (“neither”), ref)
Family history (only)
1.94
(0.86,
4.36)
Positive genetic test results (only)
1.35
(0.59,
3.11)
Both family history & positive genetic test
1.11
(0.49,2.54)
results
Evaluator: Pediatrician (Teacher, ref)
0.92
(0.51,
1.66)
Case race: African American (White, ref)
0.99
(0.55,
1.78)
Child should go to pediatrician for help (71.3%)
Genetic evidence (no family history & negative
–
–
test results (“neither”), ref)
Family history (only)
1.22
(0.53,
2.78)
Positive genetic test results (only)
2.22
(0.92,
5.34)
Both family history & positive genetic test
2.62
(1.09,
results
6.26)
Evaluator: Pediatrician (Teacher, ref)
1.61
(0.85,
3.02)
Case race: African American (White, ref)
0.89
(0.48,
1.67)
Child should go to psychiatrist for help (45.3%)
Genetic evidence (no family history & negative
–
–
test results (“neither”), ref)
Family history (only)
2.93
(1.37,
6.26)
Positive genetic test results (only)
3.49
(1.45,
8.42)
Both family history & positive genetic test
2.43
(1.10,
results
5.37)
Evaluator: Pediatrician (Teacher, ref)
0.84
(0.46,
1.51)
Case race: African American (White, ref)
1.55
(0.86,
2.81)
Child should go to therapist/counselor (75.0%)
Genetic evidence (no family history & negative
–
–
test results (“neither”), ref)
Family history (only)
0.95
(0.40,
2.27)
Positive genetic test results (only)
1.45
(0.57,3.69)

Table 2 (continued )
Dependent Variable (%)a

OR

Both family history & positive genetic test
results
Evaluator: Pediatrician (Teacher, ref)

1.44

95% CIb

P
value

(0.56,
0.45
3.66)
1.28
(0.66,
0.47
2.47)
Case race: African American (White, ref)
1.09
(0.58,
0.79
2.05)
Child’s situation will improve with help of mental health professionals (72.3%)
Genetic evidence (no family history & negative
–
–
–
test results (“neither”), ref)
Family history (only)
1.70
(0.71,
0.24
4.10)
Positive genetic test results (only)
3.79
(1.52,
0.004
9.41)
Both family history & positive genetic test
3.86
(1.54,
0.004
results
9.68)
Evaluator: Pediatrician (Teacher, ref)
0.89
(0.46,
0.74
1.72)
Case race: African American (White, ref)
0.62
(0.32,
0.15
1.20)
School should require parents to attend learning sessions (58.0%)
Genetic evidence (no family history & negative
–
–
–
test results (“neither”), ref)
Family history (only)
1.22
(0.52,
0.64
2.85)
Positive genetic test results (only)
1.17
(0.52,
0.71
2.62)
Both family history & positive genetic test
1.62
(0.73,
0.23
results
3.61)
Evaluator: Pediatrician (Teacher, ref)
0.65
(0.36,
0.15
1.17)
Case race: African American (White, ref)
1.66
(0.91,
0.10
3.02)
Child should be given medications (37.2%)
Genetic evidence (no family history & negative
–
–
–
test results (“neither”), ref)
Family history (only)
1.13
(0.45,
0.79
2.86)
Positive genetic test results (only)
1.26
(0.49,
0.63
3.27)
Both family history & positive genetic test
1.74
(0.71. 4.2)
0.22
results
3
Evaluator: Pediatrician (Teacher, ref)
1.04
(0.55,
0.92
1.96)
Case race: African American (White, ref)
0.95
(0.50,
0.87
1.79)
Child’s behaviors will improve with medication (44.2%)
Genetic evidence (no family history & negative
–
–
–
test results (“neither”), ref)
Family history (only)
1.09
(0.46,
0.85
2.58)
Positive genetic test results (only)
2.14
(0.86,
0.10
5.33)
Both family history & positive genetic test
1.93
(0.83,
0.12
results
4.47)
Evaluator: Pediatrician (Teacher, ref)
0.95
(0.52,
0.88
1.75)
Case race: African American (White, ref)
1.03
(0.57,
0.91
1.88)

0.14
0.41
0.70
0.61
0.25

–
0.73
0.02
0.03
0.55
0.40

–
0.11
0.48
0.80
0.79
0.96

–
0.64
0.07
0.03
0.14
0.72

–
0.01

a

All percentages displayed in table reflect agreement (agree/strongly agree)
with statements and are weighted percentages.
b
Variables in the model included independent variables (i.e., genetic evi
dence, evaluator, child race) and controlled for participants’ race, ethnicity
(Hispanic), gender, and education.

0.01
0.03
0.55

3.4. Treatment efficacy

0.14

A majority of participants believed that the child’s situation would
improve with the help of a mental health professional (72.3%). This
response was positively associated with the presence of positive genetic
test alone (OR = 3.79, CI: 1.52, 9.41; p = 0.004) or in combination with
family history (OR = 3.86, CI: 1.54, 9.68; p = 0.004). Only a minority
believed that medication would improve the child’s behavior (44.2%),

–
0.91
0.43
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but neither type of genetic evidence was associated with this response
(all ps ≥ 0.10).

Table 3
The impact of participants’ race, ethnicity, and education on genetic testing,
educational and other intervention, and treatment efficacy.

3.5. Impact of covariates

Dependent Variable

OR

95% CI*

Consent to have gene tested
Race: Black/African Americans vs. White
1.25
(0.48, 3.22)
Race: Other/Missing vs. White
0.56
(0.19, 1.65)
Hispanic vs. Non-Hispanic
1.47
(0.46, 4.70)
Female vs. Male
0.54
(0.26, 1.11)
Education: ≥Some College vs. ≤High School
0.26
(0.13, 0.54)
School should require to have genetic testing
Race: Black/African Americans vs. White
1.91
(0.96, 3.81)
Race: Other/Missing vs. White
1.79
(0.54, 5.97)
Hispanic vs. Non-Hispanic
3.40
(1.25, 9.26)
Female vs. Male
0.74
(0.36, 1.53)
Education: ≥Some College vs. ≤High School
0.43
(0.20, 0.89)
School should consider genetic result in education plan
Race: Black/African Americans vs. White
1.05
(0.41, 2.71)
Race: Other/Missing vs. White
1.25
(0.43, 3.66)
Hispanic vs. Non-Hispanic
1.11
(0.42, 2.92)
Female vs. Male
0.83
(0.42, 1.64)
Education: ≥Some College vs. ≤High School
1.28
(0.61, 2.65)
School should require interventions to improve behavior
Race: Black/African Americans vs. White
2.55
(1.28, 5.08)
Race: Other/Missing vs. White
0.61
(0.23, 1.60)
Hispanic vs. Non-Hispanic
1.285
(0.54, 3.06)
Female vs. Male
0.89
(0.49, 1.61)
Education: ≥Some College vs. ≤High School
0.35
(0.18, 0.68)
Child should go to pediatrician for help
Race: Black/African Americans vs. White
1.17
(0.60, 2.28)
Race: Other/Missing vs. White
1.70
(0.61, 4.80)
Hispanic vs. Non-Hispanic
3.056
(1.20, 7.79)
Female vs. Male
1.26
(0.67, 2.37)
Education: ≥Some College vs. ≤High School
1.24
(0.63, 2.43)
Child should go to psychiatrist for help
Race: Black/African Americans vs. White
1.70
(0.88, 3.28)
Race: Other/Missing vs. White
4.45
(1.66, 11.94)
Hispanic vs. Non-Hispanic
3.12
(1.17, 8.28)
Female vs. Male
0.95
(0.52, 1.73)
Education: ≥Some College vs. ≤High School
0.90
(0.48, 1.68)
Child should go to therapist/counselor
Race: Black/African Americans vs. White
1.00
(0.49, 2.08)
Race: Other/Missing vs. White
2.96
(0.88, 9.97)
Hispanic vs. Non-Hispanic
1.137
(0.38, 3.40)
Female vs. Male
1.51
(0.80, 2.85)
Education: ≥Some College vs. ≤High School
0.90
(0.46, 1.78)
Child’s situation will improve with help of mental health professionals
Race: Black/African Americans vs. White
1.63
(0.73, 3.66)
Race: Other/Missing vs. White
0.85
(0.29, 2.47)
Hispanic vs. Non-Hispanic
1.139
(0.38, 3.47)
Female vs. Male
0.91
(0.48, 1.72)
Education: ≥Some College vs. ≤High School
0.59
(0.28, 1.24)
School should require parents to attend learning sessions
Race: Black/African Americans vs. White
4.95
(2.54, 9.63)
Race: Other/Missing vs. White
5.57
(1.90, 16.38)
Hispanic vs. Non-Hispanic
1.461
(0.58, 3.66)
Female vs. Male
1.89
(1.03, 3.45)
Education: ≥Some College vs. ≤High School
0.289
(0.15, 0.57)
Child should be given medications
Race: Black/African Americans vs. White
1.99
(1.07, 3.72)
Race: Other/Missing vs. White
1.46
(0.51, 4.19)
Hispanic vs. Non-Hispanic
4.030
(1.58, 10.29)
Female vs. Male
0.62
(0.33, 1.17)
Education: ≥Some College vs. ≤High School
0.64
(0.33, 1.22)
Child’s behaviors will improve with medication
Race: Black/African Americans vs. White
1.62
(0.87, 3.04)
Race: Other/Missing vs. White
1.21
(0.43, 3.38)
Hispanic vs. Non-Hispanic
3.181
(1.22, 8.31)
Female vs. Male
0.76
(0.41, 1.39)
Education: ≥Some College vs. ≤High School
0.88
(0.46, 1.67)

Participants’ race/ethnicity and education impacted responses to
these questions (Table 3; the model for analysis included the indepen
dent variables and demographic characteristics in Table 1). Hispanic
participants were more likely than non-Hispanic participants to approve
of compulsory testing (OR = 3.40, CI: 1.25, 9.26; p = 0.02); to endorse
mental health treatment by a pediatrician (OR = 3.06, CI: 1.20, 7.79; p
= 0.02) and a psychiatrist (OR = 3.12, CI: 1.17, 8.28; p = 0.02), with
medication (OR = 4.03, CI: 1.58, 10.29; p = 0.004); and to believe in
treatment efficacy of medication (OR = 3.18, CI: 1.22, 8.31; p = 0.02).
Black/AA participants were more likely than White participants to
concur that the school should require the child to receive interventions
(OR = 2.55, CI: 1.28, 5.08; p = 0.01), including medication (OR = 1.99,
CI: 1.07, 3.72; p = 0.03), and that parents attend training sessions (OR =
4.95, CI: 2.54, 9.63; p=<0.001). Participants from other racial minor
ities were more likely than White participants to endorse mental
healthcare by a psychiatrist (OR = 4.45, CI: 1.66, 11.94; p = 0.003) and
to agree that the child’s parents should attend training (OR = 5.57, CI:
1.90, 16.38, p = 0.002). To further investigate differential response
among racial and ethnic groups based on the different types of genetic
evidence, interactions between race and evidence variables were added
to all models. However, none of the race-by-genetic evidence in
teractions were statistically significant for these outcomes.
Participants with at least some college education were less likely
than those with a high school education or less to agree to the child’s
testing (OR = 0.26, CI: 0.13, 0.54; p < 0.001)), endorse compulsory
testing (OR = 0.43, CI: 0.20, 0.89; p = 0.02), or require interventions to
improve the child’s behavior (OR = 0.35, CI: 0.18, 0. 68; p < 0.002) and
learning sessions for parents (OR = 0.29, CI: 0.15, 0.57; p < 0.001).
4. Discussion
Although scholars have long debated the ethical and practical issues
surrounding genetic testing of children, the possibility of introducing
behavioral genetic testing in schools—i.e., in a non-clinical set
ting—adds another layer of ethical complexity. Should such testing be
conducted? Who decides? How should such information be used? How
might it impact education-related decisions, such as development of
educational plans and other interventions to improve the child’s
behavioral condition and educational attainment? Surveying a nation
ally representative sample of the general public, this study examined
these questions.
The overwhelming majority of our participants stated that, as the
child’s parents, they would have tested him for a hypothetical ADHD
gene, but they strongly rejected the suggestion of testing without
parental consent. Participants thus clearly endorsed a libertarian
perspective regarding genetic testing of children for ADHD in schools,
preferring a decision made by the parents rather than the state. It is
likely that the more utilitarian view was not endorsed due to Americans’
respect for parental authority over decisions for their children and
worries about outside interference in family affairs. The vignette’s focus
on testing that identifies increased risk for development of ADHD may
have further contributed to this result. Predictive testing and “genetic
fishing expeditions” involving children have been far more controversial
than well-established diagnostic testing (Lethan 2017; Botkin et al.,
2015). Although the testing in the vignette may have had some diag
nostic indication (but see further discussion below), the ambiguity of the
focus of the test (i.e., increased risk rather than a determinative diag
nostic result) may have resulted in participants not thinking that the
societal benefit/burden ratio in this case (as required by the utilitarian
view (Fulda and Lykens 2006; Hodge 2004)) justified overriding the
traditional deference to parental decisions (Wilfond and Ross 2009).

P value
0.65
0.29
0.52
0.09
<0.001
0.07
0.34
0.02
0.41
0.02
0.92
0.68
0.84
0.59
0.52
0.01
0.31
0.57
0.70
0.002
0.64
0.31
0.02
0.47
0.54
0.12
0.003
0.02
0.85
0.74
0.99
0.08
0.82
0.20
0.76
0.23
0.76
0.82
0.77
0.16
<0.001
0.002
0.42
0.04
<0.001
0.03
0.48
0.004
0.14
0.17
0.13
0.72
0.02
0.37
0.69

Variables in the model included independent variables (i.e., genetic evidence,
evaluator, child race) and controlled for participants’ race, ethnicity (Hispanic),
gender, and education.
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Future research can explore participants’ rationales underlying these
findings.
With regard to medical and other interventions, most participants
agreed that the child should seek help from a pediatrician or therapist
and believed that such help would improve the child’s situation. How
ever, they were far less supportive of the child seeking help from a
psychiatrist or receiving medication, as well as of the school requiring
that the child and his parents undergo behavioral and educational in
terventions. The contested nature of ADHD as a medical condition (Stein
2010) may be a possible explanation for these findings. Although the
child’s behaviors as described in the vignette alluded to the symptoms of
ADHD (i.e., being very active, having difficulty concentrating or sitting
still, having challenges with peers), such behaviors are inconclusive in
their diagnostic value and may have not been understood as sufficient to
merit psychiatric treatment or imposed interventions, especially for a
5-year-old child (Sabatello 2016; Alvarado and Modesto-Lowe 2017;
Parens and Johnston 2011).
The introduction of genetic evidence had limited but important
impact on participants’ views. Contrary to our hypothesis, family history
had no significant effects on testing decisions (voluntary or compulsory)
and neither family history nor positive genetic test had an effect on
participants’ support for medicating a child with possible ADHD or for
the school requiring behavioral or parental interventions. However,
participants who read a vignette with positive genetic test alone or in
combination with family history were more likely than those who
received family history alone or neither type of evidence to think that
this information should be considered in educational planning for the
child. Moreover, a positive genetic test as well as both a family history
and a positive genetic test were associated with participants’ agreement
that the child should seek help from a pediatrician and especially a
psychiatrist, as well as a belief that such help would improve the child’s
situation.
What can explain these seemingly inconsistent and even contradic
tory findings? It is possible that family history did not impact partici
pants’ interest in genetic testing for the “ADHD gene” because
participants were already highly invested in testing, or because they
were not sufficiently aware of the heritability of this condition
(Moldavsky and Sayal 2013). Taken together, however, our findings
reinforce other studies showing that the public’s understanding of ge
netic information is complex and that such data generally are utilized to
promote other values or goals (Condit 2019). Although similar to studies
of adults (Phelan 2005), knowledge of the child’s genetic predisposition
increased the perceptions of need for pediatric and psychiatric care, it
did not increase interest in medication for ADHD—a treatment option
that has raised public concerns about the overmedication of children in
the U.S. (Bussing et al., 2012). Positive genetic evidence was seen as
valuable information that can, and should, inform the educational plan
for the child—parents of children diagnosed with ADHD similarly ex
press hope for genetic findings to support their quest for additional
educational resources for their children (Borglet et al., 2014)—but it was
not viewed as determining the child’s behavioral outcomes. Consistent
with other research on the use of children’s genetic information in
non-clinical settings (Sabatello et al., 2021a), and contrary to studies
with adults (Phelan et al., 2006), our findings indicate optimism about
the child’s potential educational future, notwithstanding his genetic
makeup.
Our findings also indicate that participants’ racial/ethnic back
ground may impact attitudes towards the use and impact of psychiatric
genetic information in educational settings.
Hispanic participants in our study were more likely than nonHispanic participants to agree to imposed testing of the child for the
ADHD gene, to endorse mental health treatment by a pediatrician or a
psychiatrist, to agree to the provision of medication for ADHD and to
believe that the medication would be helpful. Similarly, Black/AA par
ticipants were more likely than White participants to support imposed
educational interventions for the child, and all non-White participants

were more likely to support imposed educational interventions for the
parents. These findings are unexpected and counter-intuitive given the
already excessive surveillance of parents and families from racial/ethnic
minorities in the U.S. (Roberts 2014; Grimm 2007; Kreag 2015). Possible
explanations include distrust of voluntary participation in such childand parent-centered trainings, even as such educational interventions
may be needed and potentially beneficial (e.g., a study of Latino parents
found many parental/familial and social barriers to seeking care for a
child with ADHD, regardless of perception of need (Gerdes et al., 2014)).
Or conversely, they may reflect experiences of limited access to services
within the educational system and interest in change. Specifically,
studies show that non-White children are less likely than White children
to be diagnosed with and receive services for ADHD and other behav
ioral conditions (Morgan et al., 2015), and it is possible that Hispanic
and Black/AA parents in our study were aware of this disparity. Future
research can explore these issues.
In addition, participants’ level of education impacted most of the
decisions. Specifically, lower educational attainment was associated
with more interest in the child’s being tested for the ADHD gene (both
voluntary and compulsory) and in required interventions to improve the
child’s behavior or parental skills. The reasons for this disparity are
unclear. Some studies have shown that higher educational attainment is
associated with better knowledge of the disadvantages of and decreased
interest in genetic testing (Jallinoja and Aro 2000), while other studies
found that individuals with higher education assign higher value to
genetic testing and information (Vermeulen et al., 2014; Wilkins et al.,
2019). Although our finding of increased support for genetic testing
among participants with lower education is consistent with the latter,
further research can explore whether views on genetic testing for con
ditions that are associated with educational attainment are grounded in
misunderstandings of risks and unrealistic expectations about the ben
efits of such testing or other explanations, such as less access to
genetic-related services due to lack of health insurance, which is asso
ciated with lower educational attainment (Berchick 2018).
It is hard to predict whether the introduction of PRS for ADHD
(rather than a “gene for”) would have changed our findings. Studies on
public views on a range of issues in genetics, from direct-to-consumer
testing (Lee 2020) to return of secondary genetic findings (Botkin
et al., 2018), and potential usefulness of psychiatric genetic data for
improved health outcomes (Sabatello et al., 2021b) show high interest
(or curiosity) in information about one’s genomic makeup but also its
strategic use, when such data fit with other individual values or goals
(Condit 2019). Similar to our findings, it is likely that as PRS for traits
related to educational attainment continue to emerge and be offered,
there will be interest in learning about PRS for ADHD, especially among
those who experience challenges in obtaining special educational ser
vices for their child. Yet, there is no reason to believe that the public will
perceive PRS for ADHD as offering far superior accuracy to monogenic
testing or will endorse a genetic deterministic view of PRS for educa
tional attainment.
The likelihood of future scientific research untangling the multiple
components of PRS in the near future is also questionable. Despite
growing research on PRS of ADHD, including findings that it accounts
for 5.5% of the variance in inheritance of the disorder, the usefulness of
PRS information is limited by several factors. These include: the still
only small percentage of variance accounted for, the uncertainty as to
how much larger this variance can become, and the concurrent findings
of genetic overlap with other psychiatric conditions such as depression
which can further complicate even efforts to tailor pharmaceutical in
terventions, as well as by strong correlations with factors such as years of
schooling and IQ (Demontis et al., 2019; Ronald et al., 2021). Signifi
cantly, for PRS of ADHD (and other behavioral traits) to revolutionize
how the public views child educational success, such data will need to be
far more informative about how to develop tailored educational in
terventions. Yet, such efforts are complicated by several factors,
including the need to quantify the impact of numerous known and
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unknown environmental factors that affect educational outcomes (Tur
kheimer 2006; Wray et al. 2007) and commitment to a heavy resourceand time-intensive investment in precision education—daunting tasks,
especially given systemically unequal educational environments in the
U.S. (Hart 2016; Sabatello, 2018; Martschenko et al. 2019). Regardless
of how genetic information is studied by scientists or presented to the
public, considerations of equity in education must be factored into dis
cussions on precision education.

behavioral genetics and precision education. Hispanic participants in
particular seemingly were more willing to endorse both the genetic and
environmental components of precision education compared to nonHispanic participants, as were participants with lower level of educa
tion. Why this is the case is unclear, and as discussed above, it may be
intertwined with issues of access and equity. Our findings thus highlight
potential challenges for the wide implementation of precision education
in the U.S.

5. Limitations

Author contributions

The limitations of this study include the possibility, as suggested by
some studies, that participants may have difficulty envisioning them
selves in the role of a vignette’s character, especially when the character
is significantly different than themselves (Hughes and Hub 2004).
However, responses of participants with children younger than 21 (the
cut-off age for special education services; n = 241) were not statistically
different than those without such children (analysis not shown). More
over, vignettes do not require participants to have in-depth knowledge
of the character, and significantly, their major strengths are that they
elicit the automatic meanings that participants generate from the
vignette and reduce the risk of socially desirable responses (Benedetti
et al., 2018), as may arise in discussions on children’s psychiatric con
ditions, including ADHD. Second, it is impossible to know whether
participants who were confronted with similar scenarios in their lives
would react in the same manner as in the survey. Studies with adults
indicate that uptake of genetic testing is often lower than indicated in
studies that ask hypothetically about their interest (Forrest et al., 2012;
Sanderson et al., 2010; Ropka et al., 2006). Similarly, participants in our
study who, in the future, may face recommendations to test their child
for a genetic predisposition to ADHD, may not act on this recommen
dation even though they thought that the parents of the child in the
vignette should do so. Nonetheless, the study provides important in
sights about the general public’s views on genetic testing of children for
conditions that may affect educational attainment and the use of
behavioral genetics in school settings, and suggests directions for future
research.
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